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the world’s widest selection of matching ratios 
10KHz-800MHz...balanced,DC isolated,center-tapped 
46 off-the-shelf models from Mini-Circuits from$295

Select from the economical, microminiature T-series (plastic case) or TMO 
series (hermetically-sealed metal case) covering 10 KHz to 800 MHz. These 
models operate from 12.5 to 800 ohms with insertion loss typically less than 0.5 dB. 

For large dynamic range applications, specify the T-H series which can handle 
up to 100 mA primary current without saturation or distortion. 

Need a connector version? Select from the FT or FTB series, available with 
unbalanced or balanced outputs. Connector choices are female (BNC, Isolated 
BNC, and Type N) and male (BNC and Type N). These units operate from 10 
KHz to 500 MHz with impedances of 50 and 75 ohms. 

Of course, Mini-Circuits’ one-year guarantee is included. 

IK ISOLATED 
PRIMARY & 
SECONDARY 

CENTER-TAPPED 
DC ISOLATED 
PRIMARY & 
SECONDARY 

UNBALANCED 
PRIMARY & 
SECONDARY 

Tl-1 T1-1H 
Model No. TMO1-1 
Imped Ratio 1 1 
Freq (MHz) 1540C 8-300 
T Model (10-49) $2.95 $495 
TMO model (1049) $4 95 

T 1.5-1 T2.5-6 T4-6 
TMO 1.5-1 TMO2.5-6 TMO4-6 

15 2.5 4 
.1300 01 100 02 200 
$395 $395 $.395 
$6 75 $645 $645 

T9-1 T9-1H T16-1 T16-1H 
TMO9-1 TMO16-1 

9 9 16 16 
15200 2 90 3120 785 
$345 $545 $395 $595 
$645 $645 
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Model No. 
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Model No. 
Imped. Ratio 
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T1-1T 
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05203 
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07 200 

T2 5-6T 
TMO2.5-6T 

2.5 
.01 100 

T3-1T 
TMO3-1T 

3 
05250 

$3.95 $425 
$6.45 $675 

$425 $395 
$675 $6.45 

T4-1 T4-1H 
TMO4-1 

4 4 
.2350 8350 
$295 $495 
$4 95 

T51T T13-1T 
TMO51T TMO13-1T 

5 13 
3 300 .3120 
$425 $425 
$675 $675 

T2-1 
TMO2-1 

2 
025600 
$345 
$5 95 

T3-1 
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3 
58(X) 
$4 25 
$695 

T4-2 
TMO4-2 

4 
.2 600 
$345 
$595 

T81 
TMO8-1 

8 
15250 
$345 
$595 

T14-1 
TMO14-1 

14 
.2150 
$4 25 
$675 

FT 1.5- 1 FTB1-1 FTB1-6 FTB1-1-75 
15 1 1 1 
1400 .2 500 01200 .5500 
$2995 $2995 $2995 $2995 
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Our SAW filters can save you 
more than real estate 

Take a look at this pricing 
curve for an Andersen Model BP-
44-5000-1 .2 SAW filter... a typical 
Andersen commercial filter. 
Compare these costs to the cost 
of a conventional approach... in 
this case, a 21-element LC filter 
combined with a 15-element 
delay equalization network. You’ll 
find our costs are not only com¬ 
petitive, but even lower than 
other filter types in production. 

Cost of entry eliminated 
It’s not just the cost of SAW 

filters in production quantities 
that we’ve been able to reduce. 
In the past five years, Andersen 
has developed over 250 standard 
production designs for a wide 
range of applications from CATV 
to digital modems. There’s a 
good chance that your applica¬ 
tion could be handled by one of 
these designs. This means we 
can eliminate your first-time non¬ 
recurring engineering costs. 

And if you need something 
tailor-made, our fast, computer¬ 
ized design capabilities and 
large production volume can 
reduce your costs far below 
what you’d expect. 

Superior performance 
Costs aren’t everything, of 

course. Compare performance. 
With Andersen SAW filters, you 
get a superior shape factor. 
Improved close-in rejection. 
Inherent linear phase. Less dis¬ 
tortion. No tuning. No mainte¬ 
nance. Price vs. performance is 
no longer a consideration. You 
get them both. 

Less real estate 
Andersen SAW filters require 

a fraction of the space of equiva¬ 
lent LC networks. So you get big 
real estate savings, too. ..on top 
of all the other savings. 

Get the facts 
This Andersen SAW-Q-Lator 

will help you make the right 
decision. If s yours FREE. 
In minutes you can determine if 
your filter requirements fall within 
existing low-cost production and 
design parameters. To help you 
evaluate Andersen SAW filters, 
selected samples are available 
for prototyping. Standard 
designs are available 
from stock to 60 days. 

Andersen SAW 
filters. We think 
you’ll agree they / 
give you the 
competitive 
edge in cost 
and performance. 

® ANDERSEN LABORATORIES 
Andersen Laboratories, Inc., 1280 Blue Hills Avenue, Bloomfield, CT 06002 Telephone (203) 242-0761/TWX 710-425-2390 

Andersen SAW products are available in the United Kingdom and Europe through our sister company, Signal Technology Ltd., Swindon, Wiltshire, UK. 
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the world’s highest output phase detectors 
1000 mV (+7 dBm input), less than 1 mV DC offset 
The new RPD Series from Mini-Circuits from$1595

These new high efficiency phase detectors offer state-of-the-art performance 
while still economically priced. These are the only units in the world offering a 
figure-of-merit greater than 125 and at only $15.95. 
The figure-of-merit M or efficiency of a phase detector can be defined as the 

ratio of maximum DC output voltage (in mV) divided by the RF power (in dBm). 
The maximum DC output of the RPD-1 is 1000 mV with +7 dBm applied to the 
LO and RF ports, and DC offset is typically 400 micro volts. Thus, its figure-of-
merit M is 143, which represents a highly efficient phase detector. For compari¬ 
son a double-balanced mixer used as a phase detector offers 350 mV DC output 
with the same LO and RF inputs for a figure-of-merit M of 50. 
So when your system requires a high output phase detector, specify the new 

RPD series. 
For complete specs, performance curves and application 
information request Mini-Circuits technical bulletin. Q & A no. 3. 

RPD-1 SPECIFICATIONS 

FREQUENCY RANGE: 
L and R ports . 1 -100 MHz 
Output ports . DC-50 MHz 

SCALE FACTOR . 8 mV/Degree 

IMPEDANCE 
L and R ports . .50 ohms 
I port . 500 ohms 

L and R SIGNAL LEVELS . + 7 dBm 
ISOLATION. L-R 40 dB min 
MAXIMUM DC OUTPUT. mV 1000 mV typ 

750 mV min 
DC OUTPUT POLARITY 

(L and R in-phase) . Negative 
DC OUTPUT OFFSET 
VOLTAGE . 0.2 mV typ 

1 mV max 
FIGURE-OF-MERIT. M . 143 Typical 

□□Mini-Circuits 
A Division of Scientific Components Corporation 

World's largest manufacturer of Double Balanced Mixers 
2625 East 14th Street, Brooklyn. New York 11235 (212)769-0200 

Domestic and International Telex 125460 International Telex 620156 
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Now you can plug in an all digital-storage 
family of spectrum analyzers. 

Three models provide 
laboratory performance with 

flexibility and versatility. 
With the introduction of the new 

7L14, there are now three members 
of the Tektronix family of digital stor¬ 
age plug-in spectrum analyzers. 
They provide frequency coverage 
from 20 Hz to 60 GHz. This plug-in 
concept brings you high perform¬ 
ance, versatility and flexibility un¬ 
matched by monolithic instruments. 
At reasonable prices. They're com¬ 
patible with any Tektronix 7000 
Series oscilloscope mainframe, 
including the new digitizing GPIB 

7854 for programmable 
solutions to com¬ 

plex measure¬ 
ments. 

»? 
»? 
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Family characteristics that make 
spectrum analysis easier. 

All three instruments feature digital 
storage for flicker-free displays that 
are easy to interpret. This provides 
averaging and peak detection; 
accurate waveform comparisons: 
stores for long periods to measure 
amplitude changes and frequency 
drift. 
The 7000 Series plug-in family 

displays alphanumeric readout for 
referencing and easy documenta¬ 
tion. And each spectrum analyzer is 
protected from up to one watt input 
levels to save expensive front end 
repairs caused by inadvertent 
overloading. 

With a 7000 Series mainframe on 
your bench, you select the spectrum 
analyzers that fit your requirements. 
And they interchange quickly with 30 
other Tektronix test and measure¬ 
ment plug-ins. Use the powerful 

mainframe for logic analyzer, 
oscilloscope and other 
measurements. 
New 10 KHz to 1JB GHz 7L14 

completes the 20 Hz 
to 60 GHz digital 

storage plug-in team. 
Here it is. The new 7L14 for 

digitally-stored close-in, high 
resolution measurements 
from 10 KHz to 1.8 GHz. With 
10 Hz residual FM, the 7L14 
provides stability and jitter-
free 30 Hz resolution dis-

other communications systems. 
At the top of the spectrum you 

get top performance from the 7L18 
Spectrum Analyzer. It provides 
full amplitude calibration in the 1.5 
GHz to 60 GHz range and has 
30 Hz resolution to 12 GHz. Displays 
are sharp, stable and flicker-free. 
Digital storage and digital signal 
processing make complex mea¬ 
surements easy with microprocessor 
aided controls. An automatic 
preselector insures spurious-free 
operation, giving easily interpreted 
displays. 

For baseband measurements 
choose the 7L5 for its precision and 
convenience in the 20 Hz to 5 MHz 
range with 10 Hz resolution. For a 
high performance analyzer, it’s 
unusually easy to operate. 
This family works together to 
make an outstanding value. 

You get this laboratory perform¬ 
ance and measurement flexibility at 
prices that point up the value of the 
Tektronix plug-in concept. 

Call your nearest Tektronix Field 
Office (listed in major city directories) 
for complete details on the 7000 
Series lab performance spectrum 
analyzers. Or call 800-547-1512 for 
descriptive literature. 

Tektronix, Inc., PO. Box 1700, 
Beaverton, OR 97075. In 
Europe: European Marketing 
Centre, Postbox 827, 1180 AV 
Amstelveen, The Netherlands. 

For Literature, circle INFO/CARD 4 

plays. Its digital 
storage can be used 
to eliminate system 
errors and provide 
flat swept RF mea¬ 

surement capability Digital 
averaging provides noise 
reduction which gives 70 
dB spurious-free dynamic 
range. You can check broad¬ 
band RF networks, filter 
networks, amplifiers, cables. 
Measure EMI/RFIand FM, 
navigation, two-way and 
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r.f. design has experienced rapid growth over this past year and is still 
in the process of changing and experimenting. This editor, believing that 
he feels the pulse — oops, pardon 
— complex waveform of the reader¬ 
ship, continues to try to provide 
articles that are pertinent and use¬ 
ful. Consequently the lead-off 
article for this issue is a 1000 watt 
VHF linear amplifier. It is a detailed 
design presentation which includes 
a technique entitled “Envelope 
Corrected Feedback.” It has sup¬ 
planted, at least temporarily, an 
article on “Data Transmission.” 

Jeff Schoenwald of Rockville 
Space Center has provided r.f. 
design with a second manuscript 
on SAW devices covering the Inter¬ 
digital Transducer. It delves into 
the equivalent circuit of a SAW 
transponder, its frequency response, 
delay-line application and para-
sitics. It too has supplanted a 
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a tentatively-scheduled article on pin diodes. 
It is my belief that filters and their subsequent design represent a large 

percentage of an RF engineer’s time. Consequently this is the second 
issue this year to have a filter article. The tabulated format should help 
even the beginner in choosing the closest design to meet his requirements 
without the need of lengthy calculations or comouter time. 

Lastly, Messrs. Blumkin and Schabauer's article on Ceramic and Porce¬ 
lain Multilayer Capacitors concludes in this issue. 

The other “slight” change involves a buyer’s guide that was promo’d 
for the last issue of this year and will be a little delayed. To the hundreds 
who have so enthusiastically replied please accept my warm thanks. Liter¬ 
ally all your cards have been read and comments noted. Gentlemen, I 
know how busy you are and what a pain in the butt it is to stop what you’re 
doing and fill out “another” card. But please realize that there are about 
49,000 buyer’s guide cards still floating around out there that want to come 
home to me. Please flood these offices with them. (Fill them out first please.) 

Lastly, about the subscription card. There’s been a “wee" bit of confusion 
about it. If you have received r.f. design in the past and wish to continue 
receiving it just check the “yes” box and send it in. Period! For all new 
subscribers the cost is $10/year and we appreciate your help. 

I know I ask a lot of you but that’s fair — I try to provide a lot. I hope I 
succeed. 
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Thanks, 

Rich Rosen 
Editor and Assoc. Pub. 
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We did it first. 

And still do it best 

MB 
Solid state Class A linear laboratory 

. power instruments. Outputs up to 200 watts, 
frequency ranges from 1-1000 MHz to 
4-8 GHz instantaneous bandwidth. 

Priced from under $1000! 

It all started when we developed the industry's first standard line of RF/microwave high power solid state 
Class A linear wideband amplifiers (our Series LWA, well-known throughout the world). Since then, 
we've kept on improving and expanding the line. Now, our Series LAB brings all the most wanted 
design features plus exceptional application versatility to the laboratory user. It is, by far, 
the industry’s most complete line of laboratory power—as you like it, with the performance you 
need at a price you can afford. 
Choose from almost 200 models, in self-contained instrument or rack-mount cases. Frequencies 

from 1-1000 MHz up to 7900-8400 MHz, with saturated power ratings up to 200 watts. They all include 
built-in power supply and integral cooling. Other design features include gain control, internal/external 
leveling, external modulation, low distortion, full protection against abnormal conditions, graceful 
degradation, and hi-reliability thermal design. 

For high power applications, these instruments offer important advantages as replacements 
for TWT amplifiers: no tube aging, no misalignment, lower DC voltage, higher efficiency, 
lower noise figure vs. power output. 

It all adds up to the highest level of quality you can find anywhere—at prices that prove you can t 
afford to buy anything less than the best! 

- -^£0140^* 81
See us at _-

Mn 
T) MICROWAVE POWER DEVICES, INC. 

A ̂ COM COMPANY INF0/CARD5 
330 Oser Avenue, Hauppauge, N.Y. Í1788 
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A lOOOWattVHF 
DRIVING ENVELOPE 

Figure 1. Basic Envelope Correction Feedback (ECFB) System. 

Input Module. PZ) Module. 

Figure 2. Detailed ECFB System. 

PEP 
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Linear Amplifier 
Extended range requirements in the VHF communications band have 

made high power solid-state transmitters a product line necessity 
rather than a laboratory curiosity. The most difficult part of such a develop¬ 
ment is to achieve a product design which is consistent in production 
and is field maintainable by the average technician. It is the purpose of 
this article to present one such design. 

Richard W. Broun ley, P.E. 
RF Consulting Engineer 
1414 Madison St. 
Hollywood, FL 33019 

Basic Design 
Considerations and Goals 

The transmitter is designed for the 
Aeronautical Communications air to 
ground service which operates in 
the 118 MHz to 136 MHz band. 
The transmitter as part of a ground 
station with AM service must deliver 
250 watts of carrier. Because of the 
many existing AM transmitters of 
power levels between 5 and 50 watts, 

a linear power amplifier design ap¬ 
proach was undertaken. Customers 
could then have the option of adding 
the linear to their existing transmit¬ 
ters, resulting in substantial savings 
over purchasing a complete unit. In 
addition, the self-contained driving 
transmitter can be used alone by 
bypassing the linear amplifier in case 
of failure or for conditions where 
less coverage is required. 

Basic design criteria discussed be¬ 
low are considered necessary to meet 
the requirements of the desired market: 
Output Power — 300 Watt Carrier 

with 90 percent modulation capability, 
(1100 watts PEP) in order to deliver 

RJ /so - io 

Figure 3. RF Input Module Schematic. 

r.f. design 
11 



MATECI 
I Pulsed 

LE Systems 

High Power 
Gated 

Amplifiers 

250 watts minimum under all condi¬ 
tions and production tolerances. 

Bandwidth — Broadbanded over 
the 118 to 136 MHz frequency range 
without adjustment. 

Envelope Distortion — Within 1 per¬ 
cent of the driving transmitter RF 
envelope. 
Gain — 18 dB in order to op¬ 

erate with a minimum of 5 watts 
of drive. Adjustable to a maximum of 
50 watts of drive. 
Power Supply Requirements — 

+ 28 VDC nominal. Because of the 
complexity of regulators at this power 
level, their minimum use was consid¬ 
ered important. 

Protection — Automatic protection 
against excessive VSWR, temperature, 
drive power, and line voltage. 

Monitoring — Sufficient monitoring 
to enable on site adjustments and 
identification of system failure modes 
without the use of complex test 
equipment. 

Production Efficiency — The design 
must result in a system of fabrication 
and test which, when assembled as 
a complete transmitter, is free from 
“tweaking” and other time consuming 
adjustments. Unless this criteria can 
be met, the complexity of such a 
transmitter design will prevent the 
realization of a successful product. 

Envelope Corrected 
Feedback (ECFB) 

Since the linear amplifier is to be 
driven by existing transmitters, a 
technique had to be developed which 
would produce low envelope distor¬ 
tion independent of the driving source. 
This ruled out commonly used meth¬ 
ods whereby the output envelope is 
corrected by feedback to the low 
level stages of the transmitter. It 
was decided to design the Linear 
Amplifier using Envelope Correction 
Feedback. 
The basic Envelope Correction Feed¬ 

back (ECFB) scheme is shown in 
Figure 1. The driving RF Input En¬ 
velope is fed to the Input Directional 
Coupler where a portion of the forward 
power is sampled. The Input Envelope 
Detector recovers the RF envelope 
waveform and connects it to the Error 
Amplifier. 
The output of the Error Amplifier 

connects to the input of the Electronic 
Gain Control which modifies the drive 
power to the RF Power Amplifier 
in accordance with the feedback 
control current from the Error Ampli¬ 
fier. The RF Power Amplifier connects 
to the Output Directional Coupler 
and then on to the antenna or other 
external circuitry. The Output Direc-

Peak Power Output 
500 to above 1000 

Watts rms 

Frequency Coverage 
0.5 MHz to 120 MHz 

Compatible with our 
Fast Recovery 

Broadband Receivers 

DESIGN SPECIALIST 
Do you have SPECIAL requiremen ts ? Do you need SPECIAL performance ? 

Please call or write 
for more information to: 

MATEC, INC. 60 Montebello Rd. 
Warwick, RI 02886 USA 

Tel: 401-739-9030 

CCC specializes in the design of: 

★ High performance HF and VHF/UHF receivers. 

★ VHF synthesizers for communication equipment 
and active antennas. 

Our most recently completed project was for RCA: the receiver and 

fast-hopping synthesizer for a satellite short-wave topside-sounder was 

taken from initial design concept to a completed working 

prototype. 

We utilize an extensive computer-aided design 

and simulation system, along with top-of-the-line ¿ 
Rohde & Schwarz, Hewlett-Packard and Tektronix Ç'S 
instrumentation to assist us in determining the most 

efficient and accurate solution to any problem. 

Send us your request for R & 0 assistance in the form of a 
detailed technical and time task requirement. You may 
find that CCC can offer the unique specialized 
assistance that you need to bring that difficult project to an exiciting 

MATEC, INC. conclusion. 
Ulrich L. Rohde. Ph D.. Sc.D - President 
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tional Coupler samples a portion of 
the forward power (which is detected 
in the Output Envelope Detector). 
The detected output envelope is then 
compared with the detected input 
envelope in the Error Amplifier. The 
error between the two detected en¬ 
velopes is amplified and modifies 
the gain or loss of the Electronic 
Gain Control Circuit. 
The error between the input and 

output envelope is a function of the 
gain of the feedback loop. If 20 dB 
of feedback is used, the error will be 
reduced by a factor of 10:1. The 
ECFB scheme is only effective within 
the bandwidth of the feedback loop 
and requires the normal gain and 
phase shift considerations. The linear 
amplifier feedback loop has sufficient 
gain so that the output envelope 
essentially duplicates the input en¬ 
velope over approximately a 10 kHz 
bandwidth. 
The one problem in this basic scheme 

is in implementing the Electronic 
Gain Control function. Pin-diode mod¬ 
ulators suffer from envelope distortion 
if very much control range is required 
as well as requiring an initial insertion 
loss to make the envelope correction 
bidirectional. VMOS power FET’s cur¬ 
rently offer good gain control charac¬ 
teristics and would be worthy of com¬ 
parison but were not available when 
the design was initiated. Experimen¬ 
tation revealed that a significant 
amount of gain control could be 
achieved in a class C bipolar amplifier 
by externally controlling the base 
current as long as the drive power 
is kept below the saturation level. 
This is the technique used in the 
linear amplifier and provides good 
correction control up to 200 watts 
PEP output from each module. 
A detailed block diagram of the 

actual ECFB system is shown in Fig¬ 
ure 2. Figures 3, 4, and 5 are sche¬ 
matic diagrams of the modules 
involved. 
The driving transmitter* delivers 28 

watts of CW power (100 watts PEP 
at 90 percent modulation) to the Input 
Module. Overdrive protection is pro¬ 
vided by the Protection Module which 
receives its signal sample from the 
33 dB Directional Coupler and Over¬ 
drive Detector. (The Protection Module 
is discussed later.) A 6 dB power 
Attenuator is used to reduce the input 
to the Pin Diode Attenuator to 7 
watts CW. The Pin Diode Attenuator 
adjusts the drive power to the PA 
Module and also serves as the control 
element for the Protection Module. 
Schematically, the attenuator uses a 
90° hybrid coupler feeding two pin 

•This would be a typical case for a 
nominal 25 watt driving transmitter. 

Projects that require special quadrature 
hybrids or couplers sometimes cause per¬ 
plexing design difficulties. Namely, how can 
you fit that hybrid into the system’s design, 
rather than tailoring the design to accom¬ 
modate the hybrid? There is a solution. 
Wireline® hybrids. The beauty of Wireline 
is that it handles like wire, but performs 
like a machined hybrid. You get the design 
flexibility you want for do-it-yourself hybrid 
and coupler applications, and you get it at 
a tremendous reduction in cost. 

The success of our original 100 Watt CW 
power Wireline led to the new 
braided copper and seamless 
copper tube Wireline that 
handles 200 Watt CW power. 
Each Wireline can be soldered 
into your system easily, and 
the new copper-jacketed style 
retains the shape you put it 

in. For each of the five Wireline styles the 
tightest nominal coupling is 3dB (quadra¬ 
ture hybrid at midband), obtained with a 
length equal to a quarter-wavelength. 
Shorter lengths yield looser coupling. 

Wireline can be supplied pre-cut and 
trimmed in lengths of 26" to 1.08", and in 
a frequency range of 50-2400 MHz. Or in 
bulk lengths if you prefer to make your own 
units. Either way, Wireline hybrids offer un¬ 
matched design flexibility, convenience, 
and cost savings. The next time you’re try¬ 
ing to solve a puzzling design problem, 

bend a little Wireline ... in¬ 
stead of your mind. 

For additional information 
about Wireline, and a compli¬ 
mentary sample of each 
Wireline, write or call Sage 
Laboratories. 

WIRELINEHYBRIDS. 

THE PERFECT SOLUTION 
TO PUZZLING 

DESIGN PROBLEMS. 

gsaqe 
J LABORATO RIES, INC 

3 HURON DRIVE • NATICK. MA 01760 
(617)653 0844 • TWX: 710-346 0390 
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diodes terminated by 50 ohm loads 
as shown in Figure 3. 
The attenuation is maximum when 

no current is being delivered to the 
diodes and decreases as the current 
increases. This type of attenuator 

presents a constant VSWR to the 
driving transmitter throughout its 
range of attenuation since any reflect-

WE’RE 
PROGRAMMED 
TO MEET 
YOUR 
NEEDS J 
Our programmable 
attenuators offer 

with 0 1 

Isolated relay coils provide 
a variety of switching 

methods, including TTL logic. Quartz 
Crystal 
when you need them 

£ Sendee Set fiait 

Call today — ask for Crystals shipped within 

A variety of 
connector types are 
available with 50 or 
75 ohm impedance 

INFO/CARD8 

Ask about 
our new 

subminiature 
and military 
packages 

2446 N. Shadeland Ave 
Indianapolis. IN 46219 

1317) 357-8781 
U.K. 04427 71138 

Deutschland 0811 69 5421 

Texscan 

Savoy Arrow 
Savoy Rush 
Regular Delivery 

24 Hours 

7 DAYS 
30 DAYS 

Phone 800-327-1282 FLORIDA 
Savoy Electronics, Inc. 
R O. BOX 5727 
FORT LAUDERDALE, FL 33310 
phone: 
(305) 563-1333 

TWX: 
510-955-9766 
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A book full of reasons 
, for buying your bipolar transistors 
^f rom an American company. 

Our family of bipolar 
RF and microwave 

transistors is so large 
that it takes 103 pages to 
describe It. 
Avantek covers the spectrum 
from 60 MHz to 4 GHz with 
one of the world’s most com¬ 
plete selections of low noise, 
general purpose and linear 
power transistors in both pack¬ 
aged and chip form. The gain, 
noise figure and power output 
specifications in "Transistor 
Designer's 1981 Catalog" 

show why many of the world’s 
leading military and commer¬ 
cial receivers are built with 
Avantek bipolar transistors. 

Volume deliveries you 
can depend on. 

Avantek honors its delivery 
commitments. We are the 
world's leader in volume pro¬ 
duction of top-of-the-line 
microwave products. Our 
advanced manufacturing facil¬ 
ities turn out the transistors 
you need by the thousands. 

That means your product stays 
on schedule. And efficient pro¬ 
duction techniques make our 
prices very competitive. 

ugged enough for the 
toughest places— 

including satellites. 
When Avantek bipolar transis¬ 
tors go into the field they stay 
there. Four separate bipolars 
are space-qualified and the 
rest of the line has the same 
inherent characteristics. 

Send in the coupon 
for the “Transistor 

Designer’s 1981 
Catalog.” 
Clip the coupon below and re¬ 
turn it to Avantek for your copy 
of the "Transistor Designer's 
1981 Catalog." In addition to 
103 pages of data on our bipo¬ 
lar transistors, you'll receive 56 
pages of information on Avan-
tek’s GaAs FETs. If you’d like 
technical information on Avan-
tek’s new transistors as they 
are released, just check the 
second box too. 



DC to 500MHz! 
Incredible performance in a 

low cost amplifier. 
• 600ps rise/fall times (up to 2Vpp into 
50 ohms) 

• Less than 10% overshoot and no 
ringing 

• Linear phase shift from DC to 300MHz 
• 20dB gain, flat within . 15dB from DC to 
300MHz 

• Recovers from input overloads in less 
than 2ns 

And that's not all—the CLC1 00 is easy to use! No compensation or adjustment 
of any kind is needed. Fifty ohm input and output impedances together with 
unconditional stability, low distortion and fast settling insure high fidelity wave¬ 
form amplification. Just as importantly, DC performance has not been made 
to suffer. Low voltage offsets at input and output as well as low drift over 
temperature allow you to cascade several CLC1 00s or other Comlinear wide¬ 
band DC-coupled amplifiers for increased gain or output power (up to 15Vpp 
into 50 ohms). The low noise, linear phase shift and fast pulse response of the 
CLC100 can add extra performance to your digital communications system. 
For use in applications ranging from radar to nuclear instrumentation you 
won't find anything to equal the CLC100 even at many times its price of 
S240—from stock! Sound incredible? Try one and convince yourself! 

Com I ¡near 
Corporation 

514 Railroad Ave., Loveland, CO 80537 (303) 669-9433 

ed power appears at the isolated 
port. 
The 23 dB Input Directional Coupler 

delivers approximately 100 milliwatts 
PEP to the Input Envelope Detector 
after passing through a Band Limiting 
Filter. The 100 milliwatts drives the 
detector over the same dynamic range 
as the Output Envelope Detector 
and thereby minimizes distortion 
errors created by the detectors. The 
filter has steep skirts outside of the 
desired passband to prevent the 
feedback loop from responding to 
out-of-band signals (which may be 
emitted by the driving transmitter). 
The Input and Output Directional 

Couplers are both shortened A/20 
printed circuit board couplers. They 
exhibit a 1 dB increase in output from 
118 to 136 MHz. Since both have 
the same slope, the PA gain is con¬ 
stant over the band. The A/20 coupler 
results in a length one-fifth of a quarter¬ 
wave coupler or a length of approx¬ 
imately 3 inches in the 118 to 136 
MHz range. 
The RF Power Amplifier module is 

shown in Figure 4 and is a balanced 
amplifier using 90° hybrids on the 
input and output to provide isolation 
between the two transistors and low 
input VSWR. The gain controlling 
element shown in Figure 1 is provided 

(Continued on page 21.) 
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(Continued from page 16.) 
by controlling the base current through 
the current driver Q1 in the Control 
Module. The gain is adjusted for 
10 dB with 5 watts CW input by the 
gain adjust, R3, in the Control Module. 
The base current control has sufficient 
range to correct the non-linear gain 
characteristics of the PA to essentially 
duplicate the input envelope up to 
200 watts PEP output. The ability 
to set the gain to 10 dB also greatly 
aids the combining efficiency when 
the eight modules are operated to¬ 
gether. The output envelope of each of 
the eight modules is corrected by its 
own feedback loop referenced to the 
same input envelope. This technique 
provides very accurate power addition 
over the modulation envelope dynamic 
range and the output distortion is 
essentially the same as each individual 
module. The complete transmitter 
therefore provides the same output 
distortion as the driving transmitter. 
The Output Directional Couplerand 

Envelope Detector are housed in the 
PA Module and connect the detected 
envelope to the error amplifier IC1 in 
the Control module. Here the differ¬ 
ence between the input and output 
detected envelopes is amplified by 
IC1. Current driver Q1 then controls 
the base current to the two PA 
transistors in a manner which will 
correct the output envelope to match 
the input envelope. 

to provide adequate control is suffi¬ 
ciently high to cause destruction of 
the PA transistors when applied 
without feedback. This condition 
can be caused by relatively simple 
failures such as the PA input or output 
cables being disconnected which 
could happen under field operation. 
The purpose of the protection circuit 
is to eliminate this failure mode. 

In Figure 5, both detector inputs 
are connected to comparator IC2. 
Under normal operation, R11 is ad¬ 
justed so that the positive input is 
3 dB less than the negative input 
and the output of IC2 is at its lowest 
potential. Q2, Q3 and Q4 are turned 

off. The inputs to IC2 are integrated 
with a cutoff of about 100 kHz per¬ 
mitting the circuit to respond in about 
10 microseconds. 
When a fault occurs and the nega¬ 

tive input drops below the positive, 
the output of IC2 swings positive, 
turning on Q2, Q3 and Q4. Q3 turns 
on the front panel fault indicator diode 
and Q2 shorts the base of Q1 to ground, 
thereby disconnecting the feedback 
loop and preventing damage to the 
PA transistors. Without feedback, 
the RF output of the PA module is 
reduced to the point where it is im¬ 
possible for the feedback loop to re¬ 
gain control when the originating 

ECFB Requires 
Protection 
The control of the PA transistors 

gain by the base current is a very 
effective technique from all stand¬ 
points but requires protection from 
any failure mode which causes the 
feedback loop to lose control. This 
can be seen by examining the Control 
Module schematic in Figure 5. IC1 is 
the error amplifier of Figure 2, and 
under normal operation, the + and -
inputs are virtually identical in magni¬ 
tude because of the high gain feed¬ 
back loop. The difference between 
these two inputs is amplified with 
a gain of 40 dB by IC1 and is used as 
the error signal to drive Q1, which in 
turn controls the base current of the 
PA transistors. 

If the negative input to IC1 should 
fail for any reason with the positive 
input of IC1 still being driven, Id’s 
output will swing to its maximum 
positive value. Q1 will then turn the 
bases of the PA transistors fully on. 
Although the maximum current is lim¬ 
ited by zener diode D1, the peak 
value required by the feedback circuit 

If high reverse isolation and 
low VSWR will solve 
systems’ problems 

take a look at 
these numbers 

QBH-110 15 Vdc 

r.f. design 

FREQ. 
MHz 

INPUT 
VSWR 

FORWARD 
GAIN / PHASE 
(dB) (deg.) 

10.000 
100.000 
200.000 
300.000 
400.000 
500.000 

1.05 
1.04 
1.04 
1.04 
1.10 
1.23 

NOISE 

3rd 

15.01/-177.03 
15.23/ 
15.20/ 
15.18/ 
15.26/ 
15.41/ 

153.97 
124.20 
96.29 
67.56 
36.31 

FIGURE: 

1 dB COMPRESSION: 

ORDER INTERCEPT: 

VERS 
ISOL. 
dB 

UTPUT 
VSWR 

2.5 dB 

+9 dBm 

+23 dBm 

Q-bit Corporation’s quality system 
meets or exceeds the require¬ 
ments of MIL-Q-9858A, and can 
provide reliability screening in 
accordance with MIL-STD-883B, 
MIL-STD-81 0C and others. 

-44.72 
-40.47 
-36.18 
-33.37 
-31.44 
-30.26 

.18 

.06 

.10 
1.15 
1.21 
1.32 

Call or write: 

Q-bit Corporation 
311 Pacific Avenue 
Palm Bay, Florida 32905 
(305) 727-1838 
TWX (510) 959-6257 

Power Feedback -Technology in Hybrid Amplifiers 

Q-bit Corporation 
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fault is corrected without some reset 
method which temporarily discon¬ 
nects the protection circuit. This is 
the purpose of Q4 and IC3. 
When a fault occurs and Q4 turns 

on, it triggers a 10 millisecond 
delay pulse in 1/2 of IC3. At the end 
of the 10 millisecond delay, a 100 
microsecond reset pulse is generated 
by the other half of IC3. The reset 
pulse drives the negative input of IC2 
positive through diode D5, causing 
the protection circuit to be deacti¬ 
vated for 100 microseconds. If at the 
end of the 100 microsecond reset 
pulse the fault has been removed, the 
output of IC2 remains in its low state 

and the feedback loop returns to 
normal operation. If the fault has not 
been removed, the output of IC2 
swings positive and the cycle is re¬ 
peated. 
The reset cycle continues until the 

fault is removed. The 100 micro¬ 
second reset pulse is short enough 
so that the peak current drawn by 
the PA transistors will not cause 
damage. The 100:1 duty cycle of 
the reset cycle prevents any damage 
due to average dissipation in the PA 
transistors. 
The automatic reset circuit was 

developed because there are a num¬ 
ber of transient conditions which 

New CTS 
subminiature 
hybrid VCXO fits 
almost anywhere. 
CTS Knights hybrid JKTO-100 VCXO can be tucked away on just 0.71 
square inches of board space. It measures only 860" x .830" x .350" 
maximum height Designed for frequency synthesizers and other phase 
locked loop applications, the JKTO-100 weighs in at only .247 ounces, but 
it s a real heavyweight in performance. 
Frequencies available: 10-35 MHz. Center frequency accuracy: ±50 ppm 

from 0° to 60°C. Coldweld crystal assures excellent long-term stability. 
Pullability: ±200 ppm minimum with modulation input of ±5V peak, DC to 
10 KHz Oscillator input: +12 VDC, 10 MA and +5 VDC, 25 MA Output: 
TLL, 5 gate fanout. Tighter accuracies, wider temperature ranges and 
higher pull sensitivities are available by special order. Let us custom 
design this VCXO to your application. 
The coldweld sealed crystal and hermetically sealed enclosure makes 

the JKTO-100 an ideal choice where high reliability must be maintained. The 
JKTO-100 Voltage Controlled Crystal Oscillator. Another "small" first from 
the Frequency Specialists. For this or other special VCXO, TCXO, and oven-
ized oscillator needs, write or call 
CTS KNIGHTS, INC. 
407 Reimann Ave. 
Sandwich, IL 60548 
Phone (815) 786-8411. 

CTS CORPORATION 
Elkhart Indiana 
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CTS Knights. 
The frequency specialists. 

may result in shut down of the feed¬ 
back loop. Some of these are: 

1. Sharply-keyed envelopes from 
the driving transmitter which causes 
the protection circuit to activate 
before the feedback loop gains control. 

2. Temporary decreases in the power 
supply input. 

3. Temporary high VSWR on the 
antenna. 

4. Temporary overmodulation peaks 
from the driving transmitter. 

Without the automatic reset circuit, 
these transient faults would have to 
be reset manually and could present 
a serious operational problem. Normal 
setting of the ECFB protection cir¬ 
cuit requires a 3 dB decrease in the 
negative input of IC2 before activa¬ 
tion. This greatly reduces the sus¬ 
ceptibility to the transient activations 
above while still providing adequate 
protection. 

ECFB Operates Without 
Quiescent Bias 

It will be noted that no quiescent 
bias is applied to the PA transistors. 
This results in a threshold approx¬ 
imately 15-20 dB below the 5 watt 
input level, below which the feedback 
loop is not in control and the output 
is not a linear function of the input. 

Since the Linear Amplifier is to be 
used in an AM application, the mod¬ 
ulation will swing plus and minus 
around the CW output. If the down¬ 
ward modulation extends into the 
threshold region, it would only be 
after reaching about 90 percent down¬ 
ward modulation and the resulting 
distortion would be negligible. No 
problem during testing has been found 
because of this characteristic. The 
only problem which may occur is 
with driving transmitters with audio 
limiters which permit excessive nega¬ 
tive overmodulation. 
The sharply positive going wave¬ 

fronts of the detected envelopes 
following the negative modulation 
peaks may cause activation of the 
protection circuit. In this case, a por¬ 
tion of the following syllable could 
be distorted because of the 10 milli¬ 
second time delay. 

If true linear performance is desired 
for other applications, the addition 
of quiescent bias would have to be 
considered. This would require atten¬ 
tion to the normally encountered 
bias thermal considerations not pres¬ 
ent in this scheme. Also the threshold 
reduces idle noise from appearing in 
the output when not being driven. □ 

Part 2 Next Installment: “System De¬ 
scription.” 
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Pretty easy. 
Taken at face value, our 

Model 3010 Signal Generator is 
simplicity itself. Just flip the 
lever/indicator switches to any 
frequency between 1 MHz and 
1 GHz. No ranges to set, no 
counters to add, no need to 
reset output level. 

Yet, behind that face is the 
most sophisticated instrument in 
its price range. Not only do you 
get synthesized signal 
generation with 0.001% accuracy 
and ±1.0 dB flatness, you 
Demonstration INFO/CARD 13 

get programming and 
modulation features for nearly 
any situation. 

For ATE applications, 
Model 3010 has frequency 
programming as standard 
equipment; GPIB 
programmability is optional. 

Four modulation frequencies 
can be used for complex or 
simultaneous modulation (AM 
on FM, FM on FM, AM on AM). 
Model 3010 makes modulation 
even simpler by letting you 
change center frequencies in 

AM and FM without 
readjusting modulation 
frequency or output level. 
The price is easy too. Just 

$4,950* Call us toll free today 
for a demonstration. 
Wavetek Indiana, Inc., 

P.O. Box 190, 5808 Churchman 
Beech Grove, IN 46107. Toll 
free 800-428-4424, in 
Indiana (317) 787-3332. 
TWX (810) 341-3226. 

FEK 
Literature INFO/CARD 14 “US pnce only 

1 GHz signal generation: 
how easy can it get? 
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SAW 
AT LAST... 

HIGH QUALITY 
SURFACE ACOUSTIC WAVE DEVICES 

YOU CAN AFFORD 

2 MHz/Div. 
446 MHz SAW Filter 

(TV Receiver) 

1 MHz/Div. 
63 MHz SAW Audio Filter 

(CATV Converter) 

20 KHz/Div. 
600 MHz SAW Resonator 
(CATV Converter, 2nd LO) 

VHF-UHF bandpass filters provide superior 
adjacent channel rejection with an insertion 
loss as low as 4dB: frequencies to 600 MHz. 

SAW resonators for use 
in oscillator frequency 
control provide a stable 
frequency source at low 
cost: frequencies to a 
GHz, unloaded Q to 
50,000. 

RF Monolithics is dedicated to production of 
SAW devices using state-of-the-art facilities. 
If you have a high-volume need, we can 
provide you with cost-effective high-perform¬ 
ance SAW components. 

Need to know more? Just give us a call. 
R F MONOLITHICS 

SAW Filters 
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Send for our 
New brochure! 

RFMonolithics, Inc. 
4441 Sigma Road 
Dallas, Texas 75234 

214 233-2903 



SURFACE ACOUSTIC 

for the R.F. Design Engineer 
The Interdigital Transducer 

Jeffrey S. Schoenwald 
Rockwell International/MRDC 
Thousand Oaks. CA 

The Equivalent Circuit 
Of a SAW Transducer 

As I was saying in the first installment of this series,* 
White and Voltmer first demonstrated that a surface 

acoustic wave (SAW) could be excited on a piezoelectric 
substrate by means of a transducer consisting of two inter¬ 
digitated comb-like electrode patterns formed by photo¬ 
lithographic techniques. We refer 'o this interdigital 
transducer as the IDT (Figure 1). In its original conception, 
each electrode finger is a quarter-wavelength long in the 
direction of propagation. Opposing electrode fingers have 
a quarter-wavelength gap between them and, of course, 
the period of repetition defines the wavelength. The period 
or wavelength, Ào, defined by the dimension of the IDT 
in turn defines the frequency, f0, at which a SAW 
is excited and travels down the substrate at the SAW 
velocity, V, namely 

V = foko I1} 

Now several factors come into play that we must 
consider if the RF designer is to make use of this device. 
Viewed as an electrical component, we need a fair repre¬ 
sentation of the equivalent circuit of the IDT to understand 
its frequency behavior. First, regardless of the frequency 
of operation, the IDT looks like a capacitor. An IDT con¬ 
taining N finger pairs will have a static capacitance 
C0=NCFp, where CFP is the capacitance per finger pair. 
The bonding pads will certainly contribute additional ca¬ 
pacitance, and we shall see that it is appropriate to 
include them with other sources of stray capacitance and 
not with the capacitance associated with the active 
portion of the transducer generating the SAW. So, to 
review, we must include a static capacitance, Cq, that is 
independent of frequency. Second, if the IDT radiates 
power at the frequency, f0, the equivalent circuit must 
include a resistive component (R) that serves as a load 
that is frequency dependent and electrically significant 
only in the range of frequency near f0. This is known as 
the acoustic radiation resistance, Ra(co) Third, since the 
transducer has a finite number of finger pairs and, there-

*March/April 1981 r.f. design. 

fore, a finite dimension in the direction of propagation, 
this results in the IDT not having a singular frequency 
of SAW excitation, but rather a finite bandwidth. (Very 
shortly, we will derive a simple, theoretical model response 
of a transducer consisting of N pairs of identical electrodes. 
In the meantime, we may specify the series equivalent 
circuits for the IDT as shown in Figure 2a.) 
The subscript s stands for series. For completeness, 

we may also show the parallel equivalent circuit in Figure 2b. 
The relationships between the components of two equiv¬ 
alent circuits are easily derived, and they are shown in 
the figure. If we can measure the parallel equivalent 
circuit elements (as for examole. with an R-X meter), we 
may convert to series equivalent, or if we only have a 

(b) 

Figure 1. Schematic of an IDT delay line. In 
this example N = 2.5 for each IDT; in (b) N = 4.5, 
the aperture is W and each electrode and gap 
is klA wide in the direction of propagation. 

r.f. design 25 



Rap 

1 + (W Cap Rap )’ 

1 + (to Cap Rap)2

Cap Rap2

p 1 + (to cas Ras y 

1 + (to Cas Ras)2 
Rap --
ap Rasw2Cas2

Figure 2. A simplified representation of the (a) 
series and (b) parallel equivalent circuit of the 
IDT near synchronous frequency fp._ 

vector impedance meter, the series equivalent values are 
measured, and we can convert to parallel equivalent, if 
necessary. The choice usually depends on one’s equivalent, 
if necessary. The choice usually depends on one’s taste. 
I emphasize that the equivalent circuits in Figure 2 are 
approximate and relevant at or very close to the synchron¬ 
ous frequency of the transducer. Away from synchronism, 
Ra changes rapidly. Just how this change occurs will 
become clearer when the frequency behavior of the IDT is 
derived from mathematical arguments. Right now let us 
focus on the factors that determine the value of the 
acoustic radiation resistance. For this purpose, we will 
refer to the parallel equivalent circuit. 

The admittance, Y, is given by 

1 
Y =-+ jwCD = G + ¡B, co = 2nf. (2) 

Rap 

G, the real part of the admittance, is called the conductance. 
The more power the transducer can convert to surface 
acoustic wave power, the higher the conductance. What 
contributes to conductance? For one, the piezoelectric 
properties of the substrate result in an electromechanical 
coupling coefficient expressed as K2. Without piezoelec¬ 
tricity, there is no K2, no conductance and no SAW. 

It is very simple: G is proportional to K2 (an intrinsic 
property of the substrate, the crystallographic plane of 
the substrate surface, and the direction of SAW propaga¬ 
tion). What else? Consider the geometry: an IDT has N 
finger pairs. With twice as many finger pairs, the SAW 
amplitude generated at synchronism is twice as large. 
Then G will be proportional to N2. This is plausible and 
may be seen when we consider that a frequency dependent 
voltage applied across Rap results in power dissipation. 

P=V2/Rap =V2Ga (3) 

If the acoustic power goes as the square of the amplitude, 
and amplitude is proportional to N, the dissipated power 
is proportional to N2, and hence so is G. The actual expres¬ 
sion for Go, the conductance at synchronism (f = f0), is 
given by 

G0=8K2CFPf0N2. (4) 

The factor, Cpp, is the static capacitance of one finger 
pair and takes into account the aperture of the device, 
which we label W. Cpp is proportional to W and the capaci¬ 
tance per unit length for one finger pair, which is deter¬ 
mined by the dielectric constant of the substrate. 
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The Frequency Response 
Of an N Pair Transducer 

Let us look at a transducer with N finger pairs of uniform 
aperture W in a mathematically abstract way. Let each 
electrode have an amplitude of unity and sign + or - de¬ 
pending on which pad it comes from. The position of each 
electrode (Figure 1), taking the first one as being located 
at X = 0, has a position 

An 
Xn=—n n = 0, 1, 2, 3, 4, 5. . .,2N - 1 (5) 

2 

If we define the frequency dependent wave vector, k(f) 
of a SAW, as k = 2 n/A, we can define a function U 

U = eik*n = ei"nkoIK (6) 

Note that f0À0 = V = fA is the SAW velocity which is inde¬ 
pendent of frequency. Then we may substitute 

U = e¡k(f)xn = ei"n "'o (?) 

When f = f0, i.e., synchronism, 

U = ei”n = +1 n = 0,2,4. ..,2N - 2 (8) 
= -1 n=1,3,5. ,.,2N -1 

U can then represent the amplitude of each electrode, 
positioned at the center of each electrode and having 
amplitude ±1. We may think of this amplitude as the 
strength of exciting a SAW when a voltage is applied to 
the electrode or as a detection sensitivity when a SAW 
passed under it. The laws of reciprocity say that the 
transducer efficiency (for detection or excitation) is the 
same whether we go from electric to acoustic or acoustic 
to electric. Then, picture a continuous SAW passing under 
an IDT N wavelength long. Any particular crest in the 
wave train moves with the velocity, V, and can be found at 
a position X = VT + Xq, where Xo is an arbitrarily defined posi¬ 
tion when T= 0. It is convenient to let Xo= 0 at T = 0 when 
the crest of any particular wave passes under the first elec¬ 
trode. If T is the time it takes for that crest to pass from 
one electrode to the next, we have 

Ao 
Xn=Vm =— n, (9) 

2 

since the spacing Vt is a half A, the distance between 
adjacent electrode centers. 

Let us say that we have some rectangular antenna in 
two dimensions (the substrate, naturally) with a constant 
aperture W (of no immediate importance) and extent in 
the direction of wave propagation equal to NAq (see Figure 1). 
This physical strength of each detecting element, i.e., each 
electrode, within the array is constant, because the aper¬ 
ture is constant, and we arbitrarily define this strength 
as unity. We can renormalize the final results later to 
satisfy the electrical properties that we discussed before. 

If we want to determine the frequency response of this 
array to SAW’s, we must take the inverse fourier transform 
of the time domain (which is equivalent to the spacial 
domain) of the transducer array. Given that the time domain 
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IF YOU NEED $5,000...20,000 EVEN UP TO 500,000 TO 
START A NEW BUSINESS OR TO EXPAND AN EXISTING 
FIRM—THEN READ WHY YOU TOO WILL CALL THIS 

INCREDIBLE MONEY RAISING MANUAL 

“THE SMALL BUSINESS BORROWER’S BIBLE’’ 
Practically prepares the loan application for you line-by-line...the “proper” way. 

All properly prepared applications are processed faster...no red tape! 
Guaranteed Loans...Direct Loans...and Immediate Loans are available now! 

Most men and women seriously Interested in starting their own business are eligible to apply — Including those who already own a business and 
need capital fast for expansion...or to stay afloat...even If they've been flatly refused by banks and turned down elsewhere! Yet, too, many never 
qualify, simply because they do not know how to “properly" prepare the loan application... 

In order to help those people 
applying for these guaranteed and 
direct loans fill out their loan 
applications the right way,” ICC 
Business Research, through its 
diligent compilation and research 
efforts, has successfully assem¬ 
bled and published a compre¬ 
hensive. easy-to-follow seminar 
manual The Money Raiser's 
Guaranteed and Direct Loans 
Manual, that will quickly show you 
practically everything you'll need 
to know to prepare a loan applica¬ 
tion to get federally Guaranteed 
and Direct Loans 
Here are just some of the many 

important benefits the Money 
Raiser s Guaranteed and Direct 
Loans Manual provides you with 
• a completely filled in sample set 

of actual SBA loan application 
forms, all property filled In for 
you to easily follow— aids you in 
quickly preparing your own 
loan application the right way. 
Each line on the sample appli¬ 
cation forms is explained and 
illustrated in easy-to-under-
stand language. 

• fast application preparation 
procedures for getting loans for 
both new start up business 
ventures and established firms. 

• advises you on how to properly 
answer key questions neces¬ 
sary for loan approval and in 
order to help avoid having your 
application turned down—gives 
you advice on what you should 
not do under any circumstances. 

• what simple steps you take to 
guarantee eligibility—no matter 
if you do not presently qualify 

• where you can file your appli¬ 
cation for fastest processing 
At this point the most important 

question you want answered is 
Just where is all this loan money 
coming from’’ Incredible as it may 
sound—these Guaranteed Loans 
Direct Loans anc Immediate 

Loans are indeed available right 
now — from the best, and yet. the 
most overlooked and frequently 
the most ignored and sometimes 
outright ridiculed made-fun-of 
source of ready money fast 
capital, in America — THE 
UNITED STATES GOVERNMENT 
Of course there are those who 

upon hearing the words UNITED 
STATES GOVERNMENT will 
instantly freeze up and frown and 
say 

'■ only minorities can get small 
business loan money from the 
government1

Yet. on the other hand (and 
most puzzling) others will rant on 
and on and on that 

dont even try its /ust 
impossible — all those Business 
Loans Programs are strictly for 
the Chryslers, the Lockheeds the 
big corporations not for the little 
guy or small companies etc 

Still there are those who 
declare 

' I need money right now and 
small business government loans 
take too darn long It's impossible 
to qualify No one ever gets one of 
those loans 
Or you may hear these 

comments 
My accountant s tumor 

assistant says he thinks it might be 
a waste of my time1" "Heck, there's 
too much worriesome paperwork 
and red tape to wade through'" 

Frankly — such rantings and 
ravings are |ust a lot of "bull" 
without any real basis — and only 
serve to clearly show that lack of 
knowledge misinformation and 
and not quite fully understanding 
the UNITED STATES GOVERN¬ 
MENT'S Small Business Adminis¬ 
tration s (SBA) Programs have 
unfortunately caused a lot of 
people to ignore what is without a 
doubt — not only the most 
important and generous source of 
financing for new business start 
ups and existing business 
expansions in this country — but 
of the entire world* 
Now that you ve heard the bull" 

about the United States Govern¬ 
ments SBA Loan Program — take 
a few more moments and read the 
following facts 
• Only 9.6% of approved loans 
were actually made to minorités 
last year 

• What SBA recognizes as a 
small business actually 

applies to 97% of all the 
companies in the nation 

• Red tape comes about only 
when the loan application is 
sent back due to applicant not 
providing the requested infor¬ 
mation. ..or providing the wrong 
information 

• The SBA is required by 
Congress to provide a minimum 
dollar amount in business loans 
each fiscal year in order to law¬ 
fully comply with strict quotas. 
(Almost 5 billion this year) 

Yet. despite the millions who 
miss out — there are still literally 
thousands of ambitious men and 
women nationwide who are pro¬ 
perly applying — being approved 
— and obtaining sufficient funds 
to either start a new business a 
franchise, or buy out or expand an 
existing one Mostly they are all 
just typical Americans with no 
fancy titles who used essentially 
the same effective know-how to 
fill out their applications that you II 
find in the Money Raiser s Guar¬ 
anteed and Direct Loans Manual 

So don't you dare be shy about 
applying for and accepting these 
guaranteed and direct government 
loans Curiously enougn the 
government is actually very much 

•••••••••••••••••••• 
• GUARANTEE #1 
• Simply — look over this most • 
• effective money raising loan • 
• preparation assistance manual • J for 15 days — and. then, if you J 
• are not convinced that it can • 
• actually help you obtain the • 
• Business Loan you need right • 
* away — just return it for a full £ 
• and prompt refund • 
•••••••••••••••••••• 

interested in helping you start a 
business that will make a lot of 
money Its to their advantage — 
the more money you maxe the 
more they stand to collect in taxes 
In fiscal 1981 . our nation's good old 
generous uncle will either lend 
directly or guarantee billions of 
dollars m loan requests along with 
technical assistance and even 
sales procurement assistance 
Remember If you don't apply for 
these available SBA funds 
somebody else certainly will. 

Don't lose out — now is the best 
time to place your order for this 
comprehensive manual It is not 
sold in stores. Available only by 
mail through this ad. directly from 
ICC Business Research, the ex¬ 
clusive publisher, at just a small 
fraction of what it would cost for 
the services of a private loan 
advisor or to attend a seminar 
For example: 

Initially, this amazing Guaran¬ 
teed and Direct Loans Manual was 
specially designed to be the basis 
of a Small Business Loan Seminar 
— where each registrant would 
pay an admission fee of S450 But 
our company felt that since the 
manual's quality instructions were 
so exceptionally crystal-clear that 
anyone who could read, could 
successfully use Its techniques 
without having to attend a seminar 
cr pay for costly private loan 
advisory assistance services 

Therefore, for those purchasing 
the manual by mail. no3day class 
no course and accommodations 
are required And rather than S450 
we could slash the price all the 
way down to just a mere S35 — a 
small portion of a typical seminar 
attendance fee — providing you 
promptly fill in and mail coupon 
below with fee while this special 
semmar-in-print ' manual offer is 

still available by mail at this rela¬ 
tively low price* 
Remember this most unique 

manual quickly provides you with 
actual sample copies of SBA Loan 
application and all other required 
forms—already properly filled m 
for you to easily use as reliably 
accurate step-by-step guides— 
thus offering you complete 
assurance that your application 
will be properly prepared and 
thereby immediately putting you 
on the right road to obtaining fast 
no red-tape loan approval 

• ••••••••••••••••••• 
• GUARANTEE «2 • 
• Even after 15 days — here s J 
• how you are still strongly • 
• protected — if you decide to • 
• keep the manual — and you • 
• apply for an SBA Loan anytime • 
• within 1 year your loan must • 
• be approved and you must • 
• actually receive the funds or • 
• your money will be refunded in e 
• full • •••••••••••••••••••• 
YOU GET NOT 1 BUT 2 
STRONG BINDING 
GUARANTEES! 

YOUR LOAN MUST 
ACTUALLY BE 

APPROVED OR YOUR 
MONEY BACK 

Of course, no one can guaran¬ 
tee that every request will be 
approved — but clearly we are 
firmly convinced that any sound 
business request properly pre¬ 
pared — showing a reasonable 
chance of repayment and submit¬ 
ted to SBA — will be approved 
Only because we are so confident 
that this is a fact do we dare make 
such a strong binding seldom-
heard-of Double Guarantee No 
stronger guarantee possible! It 
actually pays for you to order a 
copy of this remarkable manual — 
100% tax deductible as a business 
expense ...Don t delay—send for 
yours right now! 

pNO RISK LOAN OPPORTUNITY FORM« 

I 
I_ 
I RFD/2 

■ Please rush me _ copies of 
the Money Raiser's Guaranteed I and Direct Loans Manual, each 

1 at a S35 fee plus S2 50 handling I and shipping under your 2 strong 
. binding Guarantees 

Detach and rush lor 
COMPLETE PREPARATION 

ASSISTANCE FOR LOAN APPROVAL 

I Enclosed is full payment 
ID Check □ Money Order □ COD S5 Deposit required 

I Send payment with order Save COD Fee 

THE EASY NO-NONSENSE WAY TO RAISE CAPITAL FAST 

»'ease Print Clearly 

I Adorns 
| C ty -

I State _ - Z'D -

IMv WSpnont 'S _ t" case we -a »e i auest'on aoout vour order' 

I MAIL TO ICC Business Research 
307 Forest Hill Avenue 
Winston-Salem N C 27105 
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- 5n - 3n - n 0 T 3n 5n 

Figure 3. Power vs. frequency response of a 
single IDT (left scale) and a delay line consisting 
of two identical IDTs (right scale). Frequency is 
expressed in terms of the normalized quantity 
X = Nn(f — f0)/f0. 

extends from t = 0 to t = T = NA0, and the function value is 
+ 1 or - 1 every half Ag and 0 elsewhere, we have 

f=T 
1 

A(f)=— ei<JÚQte-ÍWt (jf 

t = 0 

(10) 

1 

i(œo-co)T 
e' <wo ~ 

- re/(œ0 _ fl 
i(œ0 -œ)T j

= e' gi (wq -w)j_ — e~ ' 
- 2 2 

2 -
i (u0 - cu)T 

sin (œ0 - cù)T 
A (f) = e'l^o - _ 

2 (œ0 - w)T 
2 

Recall that T = NAo/V= N/f0. Then A (f) may be defined as 

sin nN (f0 - f) 
A(f)= e^fo-DNn/fo f

- (11) 
nN (fp-f) 

(o 

A (f) is the amplitude response of the IDT and is complex, 
as the exponential factor indicates. The power that the 
IDT detects depends upon the square of the magnitude. 

28 

sin2x Nn (f0 - f) 
|A ,x=- -

X2 to 
(12) 

This is the celebrated sin x/x dependence that an un¬ 
weighted (uniform electrode aperture) SAW IDT possesses. 
Up to this point, we have assumed that the amplitude of 

the SAW incident on the IDT was constant amplitude, 
regardless of frequency. If that were so, then we would 
observe a power versus frequency response like the 
one shown in Figure 3. Whenever x= ± n, ±2n, 3n, etc., 
there is null in the transducer response. Similarly, when¬ 
ever X is nearly equal to ± 3n/2, ± 5n/2, etc., a local peak 
(sidelobe) occurs in the power. At x = 0 (f = fg), the value 
of |A (f0)| is unity. Then x = n/2, we have 

Expressing the ratio of the power at this power of x to the 
power at center frequency (x = 0) in the familiar logarithmic 
form yields 

10 log = w,°9(—) -10 log 1 \A(r0)\ gn 2 

= - 13.45 dB (14) 

This is the magnitude of the power in the first sidelobe 
relative to the power at the center frequency of the 
transducer response. 
Any filter or delay line, however, consists of two IDT’s. 

The filter power response is the product of the power 
responses of the individual transducers: 

P(f) « \A t(f)\2-IA2(f)\2 (15) 

If the transducers are identical, the first sidelobe in the 
frequency response is 27 dB below the main lobe (Figure 3). 
In real life, matters turn out to be very much like the 
simple model derived above. If we make a delay line with 
two transducers having different numbers of finger pairs, 
the response is a bit more complicated, but easy to model 
from the above analysis. 

The IDT as a Frequency 
Dependent Element 

In the previous section, we dealt with the IDT as an 
electrical element with an equivalent circuit. For simplicity, 
we restricted our interest to the synchronous frequency 
fo in order to focus on the main concept that a SAW IDT 
could be modeled (approximately) by a series or parallel 
equivalent circuit consisting of a capacitor and a resistor. 
Now that we understand from mathematical arguments 
how the acoustic power a transducer detects or radiates 
varies with frequency, we may include this frequency 
dependence in the model. 

In the parallel equivalent, the conductance is Go at 
center frequency, but varies with frequency as 

sin x Nn(f — f0) 
G (()= Go- , x =- (16) 

x f0

This conductance may also be referred to as an equivalent 
parallel resistance 
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Rp(f) = [G(f)]~ 
/sin X 

(8K3N2Cppfo) -
\ * , 

(17) 

Far from center frequency, Rp (f), the acoustic radiation 
resistance goes to infinity, and thus no power is radiated 
as a surface wave. 

It turns out that bulk waves can be generated by the 
IDT as well, but a variety of techniques are available to 
suppress them, and they are not included in the foregoing 
model. 

Keep in mind that the equivalent circuits in Figure 2 
are still useful; we have only added frequency dependence 
to the equivalent resistance that represents the IDT’s 
ability to dissipate power by acoustic transduction. 
Suppose then that a voltage source with a characteristic 

impedance Zq (usually equal to 50Q) drives an IDT, surface 
waves are excited, and another IDT detects the surface 
waves and converts the acoustic energy back to electrical, 
where it is delivered to a load impedance. For conven¬ 
ience, the load is also Zo. What is the total insertion loss 
through the whole SAW device? Before we proceed with 
the details, I will outline the plan. 

1. By reciprocity, the efficiency with which an IDT 
converts electrical power to acoustic is the same for the 
reverse — acoustic to electric; so the insertion efficiency 
need only be computed once for one IDT. In that case, 
I chose to analyze the case for acoustic excitation. 

2. SAW IDT is a bidirectional device — acoustic waves 
emerge from both ends of the IDT. That means if there is 
only one receiving (output) IDT — to one side of the input 
IDT — half of the acoustic energy — 3 dB — is lost out 
the other side. It may seem difficult to accept at first, 
but by reciprocity another 3 dB will get lost at the output 
IDT, for a total of 6 dB. The 3 dB loss a. each transducer 
has to do with the fact that the SAW IDT is a 3 port device — 
one electrical and two acoustic — and we are following 
the acoustic signal into or out of only one acoustic port. 
When all is said and done, we add up the insertion loss 
for acoustic excitation, bidirectional losses, and output 
reconversion. 

Referring to Figures 1 and 2 we will use the parallel 
equivalent circuit model for the IDT. The insertion loss is 
defined as the power dissipated by the IDT relative to that 
dissipated in the load conjugate to Zo — which would be 
Zo‘, the complex conjugate of Zo. Since we will assume 
Zo is real and equal to Ro, we see an immediate problem 
in that an IDT always has a static capacitance Co. 
Based on the equivalent circuit, a SAW IDT can never be 
designed that is a perfect match to a pure real source or 
load. A capacitor doesn’t dissipate energy. All the power 
that becomes acoustic is dissipated in the parallel resist¬ 
ance Rp which we have also referred to as the parallel 
equivalent acoustic radiation resistance. To determine 
how much power is radiated from Rp, we must determine 
the voltage across it and the current through it. Circuit 
analysis shows that the ratio of power dissipated in RP 
relative to that dissipated in a matched load Rq is 

VOLTAGE CONTROLLED 
ATTENUATORS 
H 50 to 1250 MHz 

Frequency Range 
& 20 or 40 dB Attenuation 

TYPICAL 
30 

S 10 
t 
< 5 

0 i 
CONTROL VOLTAGE 

[^±0.5 dB Linearity 
[^1.25 VSWR Max. 

SPECIFICATION 

Frequency 
VSWR 
Linearity 
Insertion Loss 
RF Power 
Impedance 
Attenuation Range 
Control 
DC Power 

P/N DA0244 

50-200 MHz 
1.25 max. 
±0.5 dB 
1 dB max. 

P/N DA0243 

50-1250 MHz 
1.5 max. 
±2.0 dB 
3.5 dB max. 

10 dBm 
50 ohms 
20 dB min. 
0 to + 5 volts 
15 volts at 60 mA 

—15 volts at 80 mA 

Conforms to MIL-STD-883, Level B 

P(Rp) 4 R$Ro 

P(R0)~ Ro2 + RsRp + 2 Ro Rs 

where rp
Rs =-

1 - (coCpRp)2

(18) 

(19) 

Industry Leader in 
Hybrid Switches, 
Delay Lines, Step 
Attenuators, Voltage 
Control Attenuators 

is the same series equivalent resistance we found for 
the equivalance relations between the two formulations 
of the circuit (see Figure 2). 

r.f. design 

DAICO INDUSTRIES, INC. 
2351 East Del Amo Blvd., Compton, Calif. 90220 
Telephone: (213) 631-1143 • TWX 910-346-6741 
© 1980 Daico Industries, Inc. INFO/CARD17 mp794n 



AILTECH high-quality, high-power 
Broadband Linear Amplifiers. 

Frequency range 10 kHz 
to 1 GHz in 4 bands, 8 
models available 
• ALC signal provided. 
• Dual directional true wattmeter 
reads true forward and 
reflected power. 

• Up to 50 watts output power. 
• All Solid State. 
• Positive no-load protection. 
• True linearity (ask for a side-
by-side comparison before 
you buy). 

Modules for OEM 
applications. 

Applications: Wattmeter calibra¬ 
tion, EMI susceptibility testing, 
high power testing of transistors, 
amplifiers, components, NMR 
systems. 

AILTECH RF Power Signal 
Sources 

Broadband amplifier modules 
tailored to customer 
requirements are supplied for 
OEM applications at 
considerable cost savings. 
They are packaged in RFI proof 
modules and operate from a 
standard 28 volt power supply. 
For further information on 
AILTECH products, contact 
Eaton Corporation, Electronic 
Instrumentation Division, 19535 
East Walnut Drive, City of 
Industry, CA 91748. 
Telephone (213) 965-4911 

• 10 kHz to 
2.5 GHz 

• Plug-in versa¬ 
tility 

• Up to 50 Watts 
output 

• AM/FM options Advanced 
Electronics 
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Figure 4. (a) Two IDT delay line, (b) Three 
IDT delay line. 

Example 
A measurement made on an R-X meter yields the follow¬ 

ing results for an IDT that is used in a delay line: 

f0 = 100 MHz 
Rp = 103Q 
Cp= 5pf = 5x 10- 12 Farads 

This results in 
Rs = 92 Q 

Suppose the source and load connected to either IDT 
are the usual 50 Q. The power that the 50 Q source dis¬ 
sipates in Rp relative to a 50 Q resistor is 

P(RP) 
= 0.1774 

P(R0) 
In logarithmic terms, the insertion loss per IDT is 

P(RP) 
IL = - 10 log 7.51 dB 

P(Ro) 

Together, two transducers will contribute 15 dB of insertion 
loss, but half of the energy that makes it onto the sub¬ 
strate goes off in the wrong directions, which causes a 
50 percent loss in signal — or another 3 dB. By reciprocity, 
another 3 dB is not absorbed by the receiving transducer 
and slips on down the substrate. This adds up to a grand 
total of 21 dB insertion loss. 

If we wish to build a delay line with three equidistant¬ 
spaced IDT’s (see Figure 4) and drive symmetrically — 
one input IDT and two output IDT’s connected in parallel, 
or vice versa — we can reduce the total insertion loss 
by 3 dB to 18 dB, or so it would seem. Actually, by connecting 
the two outboard IDT’s in parallel, RP is reduced by a factor 
of 2, but Cp is doubled. This results in a Rs that is half 
of that for a single IDT. In that case, the power ratio for 
the two IDT’s electrically in parallel is given by 

P(Rp) 
- — = 0.30565 or IL = 5.5 dB 
P(50) 

r.f. design 

One 
phone 

call^Sive 
all your 

Texscan gives you 15 years of experience in 
16 standard filter types for any application. 

Call us today for our new 68 page 
component catalogue. 

Texscan 
Texscan corporation 
2446 North Shadeland Avenue 
Indianapolis, indiana 46219 
Ph: 317-357-8781 
TWX: 810-341-3184 
Telex: 272110 

Texscan instruments Ltd. 
1. Northbridge Road 
Berkhamsted, 
Hertfordshire 
England, UK 
Ph: 04427-71138 
Telex: 82258 
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Texscan GMBH 
Peschelanger 11 
D8000 Munchen 83 
West Germany 
Ph: 089/6701048 
Telex: 5-22915 
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HF/VHF JFET RF AMPLIFIER 

Use the low noise, wide dynamic range CP643 in 
applications through 500 MHZ. The versatile device has a 
gm of 25,000 pmhos @ 25 mA IDS, and makes an ideal 
IF preamp, presenting a constant 50 Ohm input impedance 
over 1 to 108 MHZ range, a near-perfect termination for 
diode double-balanced mixers. Other applications are: 
receiving multicouplers, high purity oscillators, active 
mixers, RF and IF amplifiers. 

"TT TELEDYNE 
CRYSTALONICS 
147 Sherman St. Cambridge, MA 02140 
Tel. (617) 491-1670 • TWX: 710-320-1196 
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I The total IL would then be 

7.5 + 6 + 5.5= 19dB 
We still include 6 dB loss for bidirectionability because 
half of the acoustic power at each of the two outer IDT’s 
is still lost. This second method of computing insertion 
loss for a 3 IDT delay line is analytical and more correct 
than the hand waving argument given above about an 
additional IDT being used to capture 50 percent more 
energy, but the difference is only in error by 1 dB in this 
example 

Parasitics 
Life is not so simple if we cannot ignore other 

factors that must be considered when specsmanship be¬ 
comes important. For example, the IDT’s are formed 
photolithographically in an evaporated film usually on 
the order of 1000 A thickness of Al. This may lead to 
a static resistance, on the order of a few ohms in some 
cases, and must be properly considered as an element 
in the equivalent circuit. In addition, at high frequencies, 
lead inductance between the bonding pads and the pack¬ 
age leads and the electrical ground can mask the true 
circuit parameters we are trying to measure at the port of 
a vector impedance meter, an R-X meter, or network 
analyzer. The capacitance to ground of the sum bars (pads) 
to which we make wire bonds was specifically excluded 

j in the formulas for the equivalent circuit Co, but will 
never-the-less be measured by any instrument. The best 
way to measure the pad capacitance is to photolitho-
graphically remove the fingers and measure the remaining 
capacitance — at as low a frequency as possible. This 

SOLVE RF 
SWITCHING 

From... ovenaire 
...OVENS FOR TO5 

CRYSTAL, TRANSISTOR, IC OR OTHER 
Temperature Sensitive Component in T05 Case 

Need to switch RF signals? Call Leroy Tichy at MarLee 
Switch Company. He can help you fit high reliability 
switches, matrices or status controls/displays into 
your system. RF range (actually DC to 1.2 GHz); one 
millisecond switching (including bounce); life into the 
hundred millions of operations; isolation as high as 
- 110 db; insertion losses as low as 0.2 db. Various in¬ 
terfaces. Standard components or custom systems. 
Anything to solve your problem. After all, “Switch” is 
our middle name. 

Model T05C 

MarLee Switch Company_ 
933-D NO. CENTRAL AVE UPLAND, CA 91786 

Call MarLee Switch 
714-982-8988 
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• Solid state proportional control circuitry 
• Miniature size—only 0.50" high X 0.75" diameter 
• 5VDC to 28VDC heater voltage 
• Select any oven cavity operating temperature 
from 35°C to 95°C in 5° increments. 

• Low power—0.5 to 0.9W nom. at stabilized +25°C ambient 
• Temp, stability ±3°C typical for -30°C to +60°C 
• Warm up from -30°C—3.0 minutes max. 
• T05P—component cavity opening in bottom of oven 
• T05C—component cavity access by removing top cover 

OVENA1RE-AUDIO-CARPENTER 
Dn^onot Walter K.dde & Company. Inc 706 Forrest Street

K“** Charlottesville. Va 22901 
804-977-8050 • TWX 510-587-5461 
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(b o- ¿- -

Figure 5. 
Series (a) and parallel equivalent (b) circuit with parasitic 
pad capacitance and metalization sheet resistance in¬ 
cluded. The choice of placement of these lumped ele¬ 
ments in the circuit is not unique. Other configurations 
could also be valid. 

in the two versions — parallel or equivalent, but that 
Rap and Ras are very different). One can see that what one 
obtains on a piece of impedance measurement equipment 
are not the relevant device parameters. Modeling of 
parasitics can become a full time job. In fact, describing 
the process of measuring parasitics can be a full time 
job, and I will leave a fuller discussion to a subsequent 
article. 

Next Episode: Impedance Matching 
Reduction of signal losses are often a critical require¬ 

ment when the system dynamic range must be maximized 
against some limiting background noise floor, whether 
caused by the system, the device itself, or the package 
in which it comes. One very important technique in the 
implementation of SAW devices is the use of impedance 
matching (or transformation) networks between the device 
and the system in which it is placed. It is quite obvious, 
then, that the more we know about the equivalent circuit 
and the parasitic elements that cannot be ignored or 
eliminated, the more chance of success we have in 
optimizing the transfer efficiency of the SAW device. I 
will devote much of the next article to this matter. □ 

parasitic capacitance can then be subtracted from the 
measurement made on a complete IDT, since it is modeled 
as a parallel element. In Figure 5, we show how these 
parasitics might be incorporated in the parallel equivalent 
circuit. Parasitic electrode resistance is indicated in the 
series equivalent circuit as being in series with Rap , but 
we could have placed it in parallel to Co and Rap , and 
pad capacitances, in parallel with the rest of the circuit. 
(The reader can verify that Co is very nearly the same 

References 
'H. Matthews, Ed, “Surface Wave Filters,” Wiley-
Interscience, New York, 1977. 
’Proceedings, IEEE Ultrasonic Symposium, 1972-
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HP’s Small Wonders 
Are precision components for 
systems designers 

• Four models of electro-mechanical latching 
SPDT switches. DC-18 GHz, 26.5 GHz. 

• 25 models of manual or programmable step 
attenuators, DC-4 GHz, 18 GHz. 26.5 GHz. 
0-11 dB. 0-70 dB. 0-110 dB. 

• Two models of broadband detectors, 
10 MHz-18 GHz. 26.5 GHz 

• OEM prices 
More than 350 other measurement 
components are described in our new, 
96-page microwave test catalog. For your 
copy call your nearby HP sales office, 
or write Hewlett-Packard Co., 1507 
Page Mill Road. Palo Alto, California 
94304. 

87618 18 GHz 
Switch 

33330B 18 GHz 
Detector 

33311B 18 GHz 
Switch 

04913 

HEWLETT 
PACKARD 
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lowpass filters 
Table of Precalculated Chebyshev Lowpass Filters 
with Inductive Input and Output. 
Edward E. Wetherhold 
Honeywell Inc. 
Annapolis, MD 

Introduction 

Solid-state RF amplifiers usually re¬ 
quire output filtering to attenuate 

their harmonic frequencies to accept¬ 
able levels' 2. This required filtering 
can be obtained by connecting a low-
pass filter between the amplifier out¬ 
put and its load, and several articles 
have been published describing filters 
that are suitable for this purpose 3 4 5 6. 
These filters consist of 7 elements 
(4 capacitors and 3 inductors) in a 
ladder configuration in which shunt 
capacitors alternate with series in¬ 
ductors. To simplify construction of 
these filters, the C input/output con¬ 
figuration was used (as opposed to 
the alternate L in/out configuration) 
and all these filter designs required 
only standard-value capacitors. 

Unfortunately, there are situations 
where a C input filter (with its de¬ 
creasing input impedance with in¬ 
creasing frequency) causes RF ampli¬ 
fier instability 78 . This amplifier insta¬ 
bility sometimes can be eliminated 
by changing the cutoff frequency 
or the number of filter elements. 
However, in some situations these 
two solutions may be inconvenient 
or impractical. If that is the case, 
then the L input/output lowpass filter 
configuration should be considered. 
To simplify the design, selection 

and construction of the L input/output 
filter, a table of precalculated low-
pass designs, similar to those of the 

C input filter table, would be ex¬ 
tremely useful. Although the three 
capacitors of the 7 element L input/ 
output filter have standard values, the 
four inductors can have any odd value 
that the design might require. These 
odd inductor values present no prob¬ 
lem because any required value can 
be realized by hand-winding iron-
powdered toroidal cores using the pro¬ 
cedures recently explained by DeMaw9. 

Computer-Calculated 
Values 

A table of L input/output 7 element 
lowpass Chebyshev filter designs 
using only standard value capacitors 
has been computer-calculated using 
the same technique employed in the 
tabulation of the C input/output de¬ 
signs. A schematic diagram and typi¬ 
cal attenuation response of these 
filters is shown in Figure 1. Table 1 
lists 89 precalculated designs with 
their 3 dB frequencies covering the 
1-10 MHz range. The 3 dB cutoff 
frequency increments are sufficiently 
small so that virtually any cutoff 
frequency can be realized. Designs 
for other frequency decades are easily 
scaled by shifting the decimal points 
in the tabulated data to the right or 
left. Although the designs are based 
on equal 50 ohm terminations any 
value of equal impedance termination 
can be accommodated using a simple 
scaling procedure while still main¬ 
taining the advantage of standard¬ 
value capacitors'0. These inherent 
characteristics permit the table of 

precalculated designs to serve as a 
universal filter table for any cutoff fre¬ 
quency or impedance level. The L 
input/output table, in combination 
with the previously referenced C input/ 
output table, provides an excellent 
solution to the design of the 7 element 
equally-terminated Chebyshev low-
pass filter. 

Explanation of Table 1 
The Table 1 precalculated designs 

consist of 13 columns of filter data. 
The first and last columns list iden¬ 
tification numbers of each design 
for convenient reference. Starting 
from the left of Table 1, the second to 
seventh columns list those frequen¬ 
cies (in MHz) associated with the 
attenuation levels (in dB) given in 
the column headings. Figure 1B de¬ 
picts a typical attenuation response 
and shows the relationship between 
the attenuation levels in the column 
headings and the tabulated frequen¬ 
cies. 
The Ap frequency (second column) 

denotes the end of the filter pass¬ 
band and the start of the stopband. 
Above this frequency, the filter input 
impedance departs from the nominal 
50 ohm value, and the attenuation 
increases above the peak level of the 
passband ripple. The frequencies at 
the .01, 3, 10, 30 and 50 dB attenuation 
levels are listed so that the attenua¬ 
tion response of different designs 
can be conveniently compared. 
The .01 dB frequency corresponds 

to a VSWR of 1.10 and a reflection 
coefficient of 4.796 percent. This 
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VSWR is an arbitrarily selected value, 
and it is suggested as a suitable 
maximum level for RF filtering appli¬ 
cations. Knowing this frequency, and 
assuming that a 1.10 VSWR is accept¬ 
able, it is possible to use the .01 dB 
frequency instead of the FAp fre¬ 
quency as the amplifier cutoff fre¬ 
quency. This will provide consider¬ 
ably greater second harmonic atten¬ 
uation in those designs having a very 
low reflection coefficient. For those 
four designs having a reflection co¬ 
efficient greater than 4.8 percent, 
the .01 dB frequency is not applicable 
because it is less than the FAp fre¬ 
quency, (indicated by a dashed line). 
The R.C. (percent) column lists the 

reflection coefficient in percent. This 
is a parameter that is of particular 
interest to the RF engineer. Other 
filter parameters, such as the peak 
passband ripple amplitude (AP), VSWR, 
ripple factor (c) and stopband atten¬ 
uation (As), can be calculated from 
the reflection coefficient. The equa¬ 
tions relating these parameters are 
given in Appendix A. Because of the 
wide range of the R.C. values, they 
are tabulated in an exponential format. 
The next four columns in Table 1 

list the component values of the 
capacitors and inductors. The column 
headings of “C2,6,” “C4,” “L1,7” and 
“L3,5” correspond to similarly-labeled 
components in Figure 1A. 

The ratios of C4/C2 are such that 
most designs have reflection coeffi¬ 
cients of less than one percent. This 
limits the VSWR of these designs to 
less than 1.02 for all frequencies be¬ 
low the FAp cutoff frequency. Unfor-

1.604, R.C. = 0% (Butterworth) 

1.125, R.C. - 10.7% 

(A) Filter Schematic Diagram 

Figure 1. 7-Element Chebyshev Lowpass Filter with Inductive 
Input and Output. 
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tunately, the selectivity of all designs 
becomes progressively poorer as the 
reflection coefficient becomes small¬ 
er. Consequently, when an amplifier 
second harmonic must be attenuated 
by more than 30 dB, those designs 
with reflection coefficients less than 
about 0.6 percent are not recommend¬ 
ed for RF amplifier filtering because 
of their poor selectivity. (Nevertheless, 
perhaps a filter design with a very low 
reflection coefficient may be preferred 
because of convenient capacitor val¬ 
ues, such as are found in des.gns 
#15, 31 or 60.) In either of these ex¬ 
amples, a relatively low attenuation 

should be expected one octave above 
the FAp frequency. For example, de¬ 
sign #60 has an FAp frequency of 
1.836 MHz, and less than 1 dB of 
attenuation one octave above the 
FAp frequency. However, if a maxi¬ 
mum VSWR of 1.10 is acceptable, 
then second harmonic attenuation 
can be improved by 20 dB if the 
desired cutoff frequency is changed 
from the FAp frequency to the .01 dB 
frequency. A generally satisfactory 
procedure in selecting a lowpass filter 
to operate with an amplifier is to 
select a filter having both the highest 

AMERICAN TECHNOLOGY ... 
IT’S STILL THE BEST IN THE WORLD 

1 w W ? 

MCCOY IS ADVANCING AMERICAN^ 
TECHNOLOGY IN QUARTZ CRYSTALS, 
FILTERS AND OSCILLATORS 

For over three decades MCCoy Electronics 
Company has pioneered the custom frequency 
control industry, and has established leadership in 
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To assure the market place the finest performance 

available, MCCoy manufactures all of its crystals, 
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acceptable reflection coefficient and 
an Ap or 0.01-dB cutoff frequency 
just above the amplifier operating 
frequency. 

Note that all capacitor values in 
Table 1 are standard except for de¬ 
signs #21 and 26. 

Verification of Data 
In Table 1 
Whenever computer-derived design 

data is published, such as shown in 
Table 1, an explanation of how the 
data can be verified should be pro¬ 
vided. Since the computer calculates 
the data for each design in the 
same manner, the verification of only 
one or two designs should suffice 
to establish the validity of the entire 
table. The correctness of the attenua¬ 
tion vs. frequency data can be verified 
by plotting the 10, 30 and 50 dB fre¬ 
quencies of Design #81 (this is a But¬ 
terworth design) on semi-log graph 
paper. This plot has a 42 dB/octave 
slope, and the validity of the attenu¬ 
ation vs. frequency data is therefore 
confirmed. (The attenuation of any 
Butterworth filter has a slope of 6 dB/ 
octave per each element.) Design #81 
is theoretically not a Butterworth 
design because the C4/C2 ratio is 
not exactly equal to the ratio of a 
Butterworth design; however, because 
C2 and C6 are within 0.3 percent of 
the exact value, the approximate 
design is sufficiently close to a Butter¬ 
worth to be included in the filter 
table. The other designs having higher 
values of reflection coefficient will 
have correspondingly higher slopes 
of attenuation. 

Confirming the C and L component 
values is more involved, and two 
“dummy” designs (#21 and 26) are 
included in Table 1 to facilitate the 
calculations. This is the reason why 
C2 and C6 for these two designs are 
not standard values. Reflection co¬ 
efficients of 5 percent and 1 percent 
were chosen" ” for these two designs. 
(Using the normalized component 
values from either of these two ref¬ 
erences for the 1 and 5 percent 
Chebyshev filters and the tabulated 
AP frequency, it is possible for the 
reader to independently calculate the 
C and L values of the computer-
calculated designs.) 
Two verifications are provided — 

one for designs with reflection co¬ 
efficients less than 1 percent, and the 
other for reflection coefficients great¬ 
er than 1 percent. The computer pro¬ 
gram uses different equations to 
cover these two ranges. A demon¬ 
stration of this verification procedure 

(Continued on page 41.) 
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(Continued from page 36.) 
follows for design #21 with an R.C. 
of 5 percent. 
From the C0705 tables of Saal or 

Zverev, the normalized values of C2, 
C4, L1 and L3 are, respectively, 
1.397F, 1.634F, 0.8068H and 1.757H. 
Using the AP cutoff frequency (1.334 
MHz) of design #21, the Cs and Ls 
scaling factors are calculated as 
follows: 
Cs = 1/Rœ= 1/(50-2n-1.334-106) = 

2386.1-10-12 
Ls= R/o) = 50/(2n-1.334-106) = 

5.965-10-6 

The normalized C and L values are 
scaled to the desired cutoff frequency 
and impedance level by multiplying 
them by the appropriate scaling fac¬ 
tors. The scaling equations and scaled 
component values are: 
C2,6= 1.397 (2386.1) 10- 12F = 

3333.4 pF or 3333 pF 
C4= 1.634(2386.1)10 -12F = 

3898.9 pF or 3900 pF 
L1,7 = 0.8068(5.965)10-6H = 4.81 PH 
L3.5= 1.757(5.965)10- 6H = 10.48 PH 
(Note how these independently calcu¬ 
lated values agree with the tabulated 
values.) 

This concludes the data verifica¬ 
tion calculations. 

How to Use Table 1 
To Design for Any 
Termination Impedance 

The tabulated filter data is based 
on equal terminations of 50 ohms 
since this impedance is most fre¬ 
quently encountered in RF design 
work. 

However, the filter data can easily 
be scaled to other impedance levels 
while still maintaining standard ca¬ 
pacitor values. The following exam¬ 
ple demonstrates the scaling pro¬ 
cedure. 

Scaling Example 
Assume that an inductive input/ 

output lowpass filter is desired to 
filter the 8 MHz output of a 75 ohm 
amplifier. Let Zx=75 ohms and the 
desired AP cutoff frequency, F^ = 
8.0 MHz. 

1. Calculate the impedance scaling 
factor, R = Zx/50. 

2. Calculate the AP cutoff frequency, 
F|? of a 50 ohm filter from F^ 
RF^. If F^° exceeds ten, then scale 
the table into the next frequency 
decade. 

3. Select the 50 ohm design from 

the table that most closely matches 
the calculated F|° value and has a 
high enough reflection coefficient to 
assure adequate selectivity at the 2nd 
harmonic of the AP cutoff frequency. 
The tabulated values of C2,4 and 6 
will be used in the new design, and 
the inductor values will be scaled. 

4. Calculate the new inductor values 
by multiplying the tabulated values 
by the square of the impedance 
scaling factor, R. 

5. Find the corresponding AP, 
0.01, 3, 10, 30 and 50 dB attenuation 
frequencies of the new filter by divid¬ 
ing the tabulated frequencies by the 
impedance scaling factor. 

For F^ = 8.0 MHz and Zx = 75 ohms, 
R = 75/50 = 1.5, R2 = 2.25, and F^= 1.5 

8.0)= 12.0 MHz. Because F^°is greater 
than 10 MHz, the 50 ohm table is 
scaled to the 10-to-100 MHz decade 
by multiplying all frequencies by ten 
and by dividing all component values 
by ten. 

Design #22 is selected because 
its reflection coefficient is high 
enough for good selectivity (4.16 
percent) without being excessive, and 
the AP cutoff frequency (13.28 MHz) 
is just above the F|°value of 12.0 MHz. 
From design #22, C2,6 and C4 

are 330 and 390 pF, respectively. 

— cO^ 

po*®’ a

"'% MTS uca-
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FLTR 
HO. 

FREÛ(MHZ) RT RP. .01 .3. 10> 30 & 50-DB R.C 
H F-DB 01-DB 3-DB 10-DB 30-DB 50-DB 

C2,6 04 LI, 7 L3,5 FLTR 
(PF) (PF) (UH) (UH) NO. 

FLTR FREQ(MHZ) RT RP. .01 >3. 10, 30 i 50-DB 
NO. RP-DB .01-DB 3-DB 10-DB 30-DB 50-DB 

0.818 

3 
4 0.165 

0.83 
0.79 
0.73 
0.67 

0.98 
1.01 

Fl. 02 
il. 03 

1.08 
1.13 
1.17 
1.20 

1.39 
11. 50 
1.58 
1.67 

1.84 
2.02 
2. 17 
2.32 

2.44E+00 
4.62E-01 
3.83E-02 
4.60E-06 

5100 
4700 
4300 
3900 

6200 
6200 
6200 
'6200 

6.45 
5.02 
4. 14 
3.50 

15.72 
14.84 
14.40 
14.00 

2 
3 
4 

49 
50 
51 
52 

2.859 
2.849 
2. 197 
1.530 

2.88 
2.61 
2. 44 

3.11 
3.37 
3.50 
3.52 

3.34 
3.69 
3.97 
4.06 

4. 13 

5.33 
5.58 

5.36 
6.22 
7.24 
7.69 

7 
8 

0.819 

0.337 

0.93 
0.88 
0.81 
0.76 

1.08 

1.13 
1.13 

1. 18 
1.25 
1.29 
1.32 

.1.50 
1.64 
1.75 
1.83 

1.98 
2.21 
2.39 
2.53 

3.57E+00 
6. 14E-01 
4.44E-02' 
3.77E-04 

4700 
4300 
3900 
3600 

5600 
5600 
5600 
5600 

6.33 
4.68 
3.77 
3.27 

14.58 
13.49 
13.02 
12.73 

5 

8 

53 
54 

56 

3. 126 
2.7-28 
2.055 
0.336 

3.20 
3.03 
2.82 
2.58 

3.84 
3.92 
3.95 
3.98 

4.24 
4.41 
4.53 
4.65 

5. 46 
5.84 
6.17 

7.96 
8.46 
9.04 

9 
10 

12 

1.014 
Û.892 
0.719 
0.407 

1.02 
0.97 
0.90 
0.84 

1.18 
1.22 
1.24 
1.24 

1.29 
1.37 

1.45 

l.*3 
1.81 
1.91 
2.00 

2. 15 
2.43 
2.60 
2.77 

3.S9E+00 
5.61E-01 
6.99E-02 
7.56E-04 

4300 
'3900 
3600 
.3300 

5100 
5100 
5100 
5100 

5.89 
4.22 
3.52 
3.01 

13.37 
12.26 
11.91 
11.62 

9 
10 

12 

57 
58 
59-
60 

3.475 
3.269 
2.753-
1.836 

3.39 
3. 18 
2.92 

3.90 
4. 12 
4. 19 
4.22 

4.22 
4.56 
4.74 
4.87 

5.29 

6.33 
6.70 

6.91 
7.89 
8.58 
9.22 

13 
14 
15 

1.087 
0.971 
0.765 
0.353 

1.10 
1.05 
0.98 
0.90 

1.29 
1.33 
1.34 
1. 35 

1.42 
1.49 
1.53 
1-. 57 

1.81 
1.96 
2.08 
2. 19 

2,40 
27 64 

3.03 

2.88E+00 
5.82E-01 
5.87E-02 
1.46E-04 

: 308 
3600 
3300 
3000 

4700 
4700 
4700 
4700 

5.06 
3.90 
3.21 
2.71 

12.04 
11.30 
10.96 
10.66 

13 
14 
15 
16 

62 
63 
64 

3.985 
3.538 
2.734 
0.902 

4.00 
3.81 
3.52 
3.21 

4.61 
4.80 
4.85 
4.89 

5.03 
5.37 
5.55 
5.71 

6.37 
7.06 
7.52 
7.97 

8.39 
9.49 

11.06 

18 

:0 

1.197. 
1.065 
0. 816 
0.213 

1.21 
1.15 
1.06 
0.97 

1.45’ 
1.47 
1.48 

1.54 
1.62 
1.68 
1.73 

1.96 
2. 14 
2.28 
2.42 

2.58 
2.88 
3.11 
3.35 

3.41E+00 
6.07E-01 
4.73E-02 
2.08E-06 

3600 
3300 
3000 
2700 

4300 
4300 
4300 
4300 

4.81 
3.59 
2.90 
2.42 

11.15 
10.35 
10.01 
9.71 

17 
18 
19 
20 

65 
66 
67 
68 

4.274 
3.726 
2.660 
0.448 

4.32 
4.08 
3.74 
3.45 

5.05 
5.21 
5.27 
5.30 

. 5.54 
5.85 
6.05 
6.20 

7.06 
7.73 
8.26 
8.68 

9.33 
10.42 
11.33 
12.05 

¿4 

1.334 
1.328 
1.179 
0.870 • 

1.33 
1'.27 
1.16 

1.52 
1.54 
1.60 
1.62 

1.66 
1.68 
1.79 
1.85 

2.09 
2. 12 
2.35 
2.52 

2.74 
2.80 
3. 16 
3.45 

5.00E+00 
4. 16E+00 
6.38E-01 
3.58E-02 

3333 
3 300 
3000 

39Ü0 
3900 
3900 

2700 _3900 

4.81 
4158 
3.28 
2.59 

10.48 
10.29 
9.40 
9.05 

21 
22 
23 
24 

69 
70 

4.633 
3.912 
2.869 

4.70 
4.39 
4.07 

5.53 
5.70 
5. 75 

6.08 
6.42 
6.60 

7.78 
8.54 
9.02 

10.29 
11.54 
12.38 

29 
30 

32 • 
33 
34 

35 
36 

38 

39 
48 

43 
44 
45 

46 

48 

1.326 
1.212 

1.528 
1.223 
0.835 

1.634 
1.377 
0.918 

1.906 
1.859 
1.570 
1.020 

2. 137 
1.818 
1.148 
0.224 

2.291 
1.835 
1.4 35 

2.452 
2. 182 
1.097 

1.44 
1.40 
1.35 
1.22 

1.56 
1.43 

1.69 
1.59 
1.46 

1.90 
1.78 
1.62 

2. 16 
2.02 
1.83 
1.72 

2.34 
2. 15 
2.03 

2.54 
2.43 
2. 14 

1.68 
1.72 
1.74 
1.76 

1.86 
1.91 
1.92 

2.06 
2.09 
2.11 

2.07 
2.27 
2.32 
2.35 

2.53 
2.61 
2.64 
2.65 

2.78 
2.86 
2.87 

3.09 
3. 13 
3.17 

1.85 
1.92 
1.96 
2.03 

2.04 
2. 16 
2.22 

2.28 
2.37 
2. 44 

2.23 
2.51 
2.62 
2.71 

2.77 
2.94 
3.05 
3. 10 

3.07 
3.24 
3.30 

3.42 
3.53 
3.68 

2.35 
2.51 
2.60 
2.79 

2.63 
2.89 
3.05 

2.96 
3. 16 
3.35 

2.75 
3.22 
3.49 
3.72 

3.53 
3.90 
4. 19 
4. 34 

3.94 
4.34 
4.51 

4.44 
4.68 
5. 10 

3.11 
3.35 
3.51 
3.84 

3.49 
3.93 
4. 19 

3.95' 
4.29 
4.61 

3.57 
4.28 
4.73 
5. 12 

4.66 
5.26 
5.76 
6.03 

5.23 
5.89 
6. 19 

5.92 
6.32 
7.04 

Inductors L1,7=R2 (.458) = 1.031 pH, 
and L3,5=R2 (1.029) = 2.315 pH. The 
new frequencies are scaled by dividing 
the tabulated frequencies of design 
#22 by the impedance ratio, R=1.5. 
Thus, the AP, .01, 3, 10, 30 and 50 dB 
frequencies are 8.85, 8.87, 10.3, 11.2, 
14.1 and 18.7 MHz, respectively. The 
amplifier operating frequency is 8.0 
MHz, and the selected 8.85 MHz AP 
cutoff frequency of scaled design 
#22 is about 10 percent above the 
desired AP cutoff frequency of 8.0 
MHz. The amplifier second harmonic 
(16 MHz) falls on the filter attenuation 
response curve about half-way be¬ 
tween the scaled 30 and 50 dB fre¬ 
quencies of 14.1 and 18.7 MHz, such 
that the second harmonic attenuation 
is around 40 dB. 
The exact value of VSWR seen 

3. 12E+00 
9.99E-01 
3.61E-01 
6.57E-03 

2.21E+00 
1.67E-01 
6.57E-03 

1.43E+00 
2.08E-01 
6.57E-03 

1.07E+01 
2.04E+00 
2.68E-01 
6.57E-03 

3. 12E+00 
3.61E-01 
6.57E-03 
4.82E-08 

2.21E+00 
1.67E-01 
1.96E-02 

1.43E+00 
3.61E-01 
1. 15E-03 

3080 
2829 
2700 
2400 

2700 
2400 
2200 

2400 
2200 
2000 

2400 
2200 
2000 
1800 

2000 
1800 
1600 
1500 

1800 
1600 
1500 

' 1600 
1500 
1300 

3600 
3600 
3600 
3600 

3300 
3300 
3300 

3000 
3000 
3000 

2700 
2700 
2700 
2700 

2400 
2400 
2400 
2400 

2200 
2200 
2200 

2000 
¿000 
2000 

3.95 
3.21 
2.84 
2.24 

3.36 
2.42 
2.05 

2.83 
2.24 
1.86 

4.31 
2.71 
2.07 
1.68 

2.63 
1.89 
1.49 
1.34 

2.24 
1.62 
1.42 

1.89 
1.58 

9.27 
8. 78 
8.58 
8.27 

8.32 
7.78 
7.58 

7.09 
6.89 

8.19 
6.78 
6.40 
6.20 

6. 18 
5.72 
5.51 
5.41 

5.54 
5. 18 
5.09 

4.94 
4.77 
4.56 

25 
26 
27 
28 

29 
30 
31 

J 2 
33 
34 

35 
36 
37 
38 

39 
40 

42 

43 
44 
45 

46 
47 
48 

by the amplifier due to the filter 
depends on the position of the ampli¬ 
fier frequency in the filter passband 
relative to the peaks (maximum atten¬ 
uation) and troughs (minimum atten¬ 
uation) of the passband ripple. That 
is, if the amplifier frequency coin¬ 
cides with one of the peaks of the 
filter passband ripple, the VSWR 
will be maximum, and equal to 1.087. 
On the other hand, if the amplifier 
frequency coincides with a trough of 
the ripple, the VSWR will be unity. 
Generally, it is sufficient to know 
that the maximum VSWR will not be 
exceeded anywhere in the filter pass¬ 
band. (See Equation (3a) in Appendix 
A for the calculation of VSWR.) 

Part 2 continues with the construc¬ 
tion and testing of filter design #31. □ 

72 
73 
74 

75 

78 
79 
80 
81 

82 
83 
84 
85 

86 
87 
88 
•89 

5.053 
4.364 
3.112 

5.581 
4.756 
3.455 

6.229 
5.418 
3.881 
N/R 

6.791 
5.760 
4. 149 
1.037 

7.463 
6.418 
4.956 
1.899 

5. 15 
4.85 
4.46 

6. 12 
6.26 
6. 32 

6.73 
7.05 
7.27 

8.64 
9.35 
9.94 

12.63 
13.64 

5.67 
5.32 
4.91 

6.31 
5.95 
5.47 
5.03 

6.89 
6.45 
5.95 
5.53 

7.59 

6.66 
6. 15 

6. 70 
6.89 
6. 95 

7.37 
7.76 
7.98 

9.44 
10. 30 
10.91 

12.51 
13.93 
14.97 

7.41 
7.63 
7. 71 
7.76 

8. 12 
8. 36 
8.43 
8.48 

8.97 
9.21 
9.29 
9.35 

8. 14 
8.57 
8.86 
9.08 

8.92 
9.42 
9.69 
9.92 

9.87 
10.37 
10.64 
10.91 

10.40 
11.34 
12.09 
12.71 

12.51 
13.25 
13.86 

12.65 
13.75 
14.48 
15.22 
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PTS SYNTHESIZER FLEXIBILITY 
R.C. C2.6 C4 Lt. 7 L3.5 FLTR 
% <PF> <PF> <UH> <UH> NO. 

1.07E+01 1600 1800 2.88 5.46 49 
3. 12E+00 1500 1800 1.97 4.64 50 
1.38E-01 1300 1800 1.30 4.23 51 
6.57E-03 1200 1800 1.12 4.13 52 

1.93E+00 1300 1600 1.59 4.00 53 
3.61E-01 1200 1600 1.26 3.81 54 
2.75E-02 1100 1600 1.05 3.71 55 
4.82E-08 1000 1600 .893 3.61 56 

6.53E+00 1300 1500 2.00 4.17 57 
1.43E+00 1200 1500 1.41 3.70 58 
2.08E-01 1100 1500 1.12 3.55 59 
6.57E-03 1000 1500 .931 3.45 60 

4.16E+00 1100 1300 1.53 3.43 61 
6.38E-01 1000 1300 1.09 3.13 62 
5.30E-02 910 1300 .883 3.03 63 
’1.20E-05 820 1300 .736 2.94 64 

3.12E+00 1000 1200 1.32 3.09 65 
4.66E-01 910 1200 .972 2.87 66 
2.15E-02 820 1200 .779 2.78 67 
4.82E-08 750 1200 .670 2.70 68 

2.72E+00 910 1100 1.17 2.81 69 
3.13E-01 820 1100 .854 2.62 70 
1.96E-02 750 1100 .711 2.54 71 

2. 30E+00 820 1000 1.03 2.53 72 
3.61E-01 750 1000 .788 2.38 73 
1.74E-02 680 1000 .643 2.31 74 

2.54E+00 750 910 .954 2.31 75 
3.31E-01 680 910 .711 2.17 76 
1.90E-02 620 910 .587 2.10 77 

2.85E+00 680 820 .881 2.10 78 
4.36E-01 620 820 .659 1.96 79 
2.09E-02 560 820 .532 1.90 80 
«4ZER0»» 510 820 .456 1.85 81 

2.68E+00 620 750 .796 1.91 82 
3.25Er01 560 750 .585 1.78 83 
1.74E-02 510 750 .482 1.73 84 
6.54E-07 470 750 .421 1.69 85 

2.50E+00 5*60 680 .711 1.73 86 
3.61E-01 510 680 .536 1.62 87 
3.37E-02 470 680 .451 1.58 88 
Î.39E-85 430 680 .387 1.54 89 

Table 1. 
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CABINET, ATTH 
EXTRA OUTPUTS 

I— 1^^160 200 
More basic performance per dollar. . . 
and more options to meet your specifications 

•E.E. Wetherhold, “7-Element Cheby¬ 
shev Filters for TEMPEST Testing,” 
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tion Practices and Techniques,” r.f. 
design, Septem ber/October 1980. 
’M F. DeMaw, “Magnetic Cores in RF 
Circuits, r.f. design, April 1980. 
”E.E. Wetherhold, Letter to Editor, 
p. 19, r.f. design, June 1980. 
" R. Saal, The Design of Filters Using 
the Catalog of Normalized Lowpass 
Filters, Telefunken GmbH, Backnang, 
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”A. Zverev, Handbook of Filter Syn¬ 
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PTS 
160/200 

FLUKE 
6160B 

WAVETEK I 
ROCKLAND i 

5600 | 
160 MHz or 
200 MHz NO NO ! 
Built-in 
GPIB or 
par. program 

NO NO ' 

Optional 
Resolution 

I 0.1 Hz — 100 KHz 
NO pX j 

Metered 
I Output NO NO 
I 20 gs 
I Switching NO pX 

99 dB 
I programmable 
I Attenuator 

pX NO NO 

Price: PTS160, 1 Hz Res, Rem. only, TCXO, $4,625.00 — (Sample) 

r.f. design 
S PROGRAMMED TEST SOURCES, INC. 
J BEAVERBROOK RD., LITTLETON, MA 01460 

FREQUENCY SYNTHESIZERS (617) 486-3008 INFO/CARD27 
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Part 2 

Ceramic and Porcelain 
Power and Current Rating Determinations. 

where, at TA » Tj - 25°C; Pdmax 

and at Pd = 0; Ti^ = 125°C 

slope = £14 
1 ATj 

where, Pja = Power dissipation allowed for an internal temperature 

Figure 7. 

July/August 1981 



Multilayer Capacitors 
F.M. Schabauer & R. Blumkin 
American Technical Ceramics 
Huntington, N. Y. 

Power Rating 

As previously stated, the allowable 
power dissipation can be deter¬ 

mined by the knowledge of the thermal 
resistance 0cap, the equivalent series 
resistance ESR of the capacitor, the 
maximum allowable internal tempera¬ 
ture. and the maximum temperature 
that the solder or epoxy on the ter¬ 
mination can tolerate without de¬ 
struction. 
The simplified equivalent thermal 

circuit, when the capacitor termina¬ 
tions are connected to an infinite heat 
sink, is shown in Figure 6. 

The thermal equation for the circuit 
in Figure 6 is given by: 

®cap(Pd) = (Tin ~ ^1 ) (6) 

and is plotted in Figure 7. 
If the vertical scale name is changed 

from power dissipation Pd to power 
dissipation allowed Pda , this curve is 
really a maximum power rating curve 
for the capacitor, where the allowed 
internal temperature Tin is equal to 
Tlmax = 125 °C. 

For example, if the heat sink and, 
therefore, the terminations are set to 
50°C, then the internal temperature 
will be 125°C for a Pda of 7.2 watts. 
This is the particular condition shown 
by the dotted lines in Figure 7. Sim¬ 
ilarly, one can determine the power 
rating of the capacitor for any given 
heat sink temperature or termination 
temperature. It should be stressed 
that this equivalent circuit and curve 
is for the specific condition where 
the terminations are connected to 
an infinite heat sink. (Values of Pda 
for actual capacitors are plotted in 
power temperature rating curves (1 & 2) 
available from ATC). 

The allowable power dissipation for 
the capacitors in Table 1 (see Part 
1, May/June issue) with an infinite 
heat sink at 25 °C connected to the 
termination is given in Table 2. 

The thermal situation taking into 
account external thermal resistance 
is shown in Figure 8. 

Assuming that T, = T2, the thermal 
circuit becomes Figure 9. 
The thermal circuit is described by: 

Pd^cap + F d^x — T/n — Ta (8) 

Since Tin is a maximum of 125°C 
and both 0cap and 0X are known, the 
circuit designer can solve for the 
maximum allowable Pda either alge-

Assuming that T] = T2 , the thermal circuit becomes FIGURE 10. 

HEAT ¿EN. 
PLÄNE . 

where ’ = ^^2 (7) 

Figure 9. 

r.f. design 45 



SERIES 100A 100B 

Cap Value (pF) 1 100 1 100 1000 

6tap (°c/w) 13.7 11.4 7.9 7.2 5.9 

Max Power Diss, 
(watts) at 25°C 7.3 8.8 12.6 13.9 16.9 

Table 2. 

Figure 10. 
80dB DYNAMIC RANGE 
1dB LOG ACCURACY 
DC COUPLED VIDEO 

GUARANTEED BY 5 DAY SHIPPING 
OPTIONS 

LIMITED I.F. OUTPUT 
LOG TRACKING 

VIDEO OUTPUT TRACKING 
FOR SPECIAL ORDERS 

CALL US 
WE WANT TO BE 

YOUR AMPLIFIER PEOPLE! 

Radar 
T ECHNOLOGY 

Inc. 
15 Hale Street 

Haverhill, MA 01830 

617-372-8504 
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braically or graphically. To solve 
graphically, use Figure 7 and then 
superimpose: 

Pd=-(Ti-TA ) (9) 
©X 

This is shown in Figure 10. 
Starting at T, = TA plot a line whose 

slope is 1/0X; the intersection of the 
two lines gives the allowed power 
dissipation and the actual termination 
temperature for this thermal circuit. 
The internal temperature (Tin) is 125 °C. 

Current Ratings 
Knowing the allowed power dissipa¬ 

tion (Pda) in the capacitor, for a given 
external thermal path, and knowing 
ESR at the frequency of interest, the 
dissipation limited current can then 
be calculated: 

Superchips.™ 
They’re indestructible. 

ATC's.lOO'Series UHF/Microwave porcelain capacitors offer outstanding per-
formaneeTinder extremes of voltage, frequency, time and temperature; in short, 
the best in the industry. They’re ideal for the most demanding design applica¬ 
tions because they're virtually indestructible. Their rugged, self-encapsulated 
porcelain construction insures ultra-high Q, high power handling and ultra¬ 

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

(ESR values can be obtained from 
ATC drawing 102-584*). 
IDL is valid as long as the maximum 

rated voltage of the capacitor is not 
exceeded. The voltage limited current 
due to the maximum rated voltage 
is calculated from Equation 11. 

Era fftH 
lVL =- = (Eraled 2nf)C (11) 

A plot of maximum allowable current 
vs. capacitance from Equations 10 
and 11 results in a family of curves 
as shown in Figure 11. From Figure 
11, it is clear that when lVL is 
smaller than lDL , Ivl becomes the 
rated current. (Current-rating curves 
for the ATC 100A & 100B capacitors, 
curves 3, 4 & 5 are available from 
ATC). 

Conclusion 
Information and methods for arriving 

at RF current ratings of multilayer 
monolithic ceramic capacitors have 
been presented. It has been shown 
that the general shape of the current 
rating curves can be established. Ex¬ 
pressions for the effect of various 
capacitor parameters (such as Equiv¬ 
alent Series Resistance, RF Voltage 
Rating and Thermal Resistance), 
on the current ratings have been de¬ 
veloped. This data was developed 
theoretically and then verified experi¬ 
mentally. Examples of how to use this 
information to arrive at current ratings 
for specific thermal conditions have 
been included. □ 

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

value and tolerance. 

For rapid delivery, call ATC at (516) 271-9600 or write: 
american technical ceramics 
div. of phase ind., inc. 
One Norden Lane, Huntington Station, N.Y. 11746. 

INFO/CARD29 

Rotary T 
Switches $ 
•Molded ' 
•RF Power 
• Subminiature 

Radio Switch specializes in producing a complete line of custom 
designed Rotary and Lever Switches. Write or telephone for free 
catalog. 

RADIO SWITCH CORPORATION 
ROUTE79 • MARLBORO, NEW JERSEY • 201-462-6100 

r.f. design 
INFO/CARD30 47 



nwniinipMii« 
Solid State Class A Amplifier 
The ENI model A1000 Solid State 

Class A hybrid coupled power ampli¬ 
fier delivers over 1000 watts from 
0.3 to 35 MHz. The unit has a gain 
of 60 dB with a variation of only ±1.5 
dB over its entire bandwidth. It is 
designed to handle any amplitude 
modulated, frequency modulated or 
single-sideband signals. The amplifier 
is unconditionally stable and fully 
protected against both overdrive and 
overload, enabling it to drive non¬ 
linear loads without damage. 
The A1000 has an input/output im¬ 

pedance of 50 ohms. The low dis¬ 
tortion characteristics of the ampli¬ 
fier make it suitable for communica¬ 
tion systems. At 800 watts all har¬ 
monics are more than 25 dB below 
the fundamental. It has a low noise 
figure of less than 12 dB. An RF 
voltmeter is provided on the front 
panel which also is calibrated to read 
watts into 50 ohms. 
The 370-lb. unit, stands just over 4 

feet tall measuring 52 1/2 by 16 3/4 
by 21 1/2 inches. The A1000 is 
powered by its own highly regulated 
three-phase AC power supply from 
208 to 230 VAC 50-60 Hz drawing 
about 22 amperes per phase. The 
power supply includes short circuit 
foldback features and extensive RFI/ 
EMI filtering. The amplifier contains 
an integral forced air cooling system. 

Contact: Electronic Navigation In¬ 
dustries Incorporated, 3000 Winton 
Road South, Rochester, NY 14623. 
INFO/CARD #140. 

Siliconix Offers FET Design Kit 
Siliconix is offering a new FET 

Designer’s Kit which consists of: 
(1) A copy of Designing with Field-

Effect Transistors which covers theory 
and practical applications of FETs 
as well as a brief introduction to 
power MOSFETs. Published in Feb¬ 
ruary 1981 by McGraw-Hill and written 
by Siliconix, the book has a retail 

value of $24.50. 
(2) A copy of the Siliconix FET 

Design Catalog, published July 1981, 
which includes data sheets and appli¬ 
cation notes on their entire FET prod¬ 
uct line. 

(3) Ten sample FETs: N-channel, 
P-channel, amps, switches, amp/ 

48 

Your one stop source for 

Crystal Oscillators 
Clock 
OSCs 

Oven 
Types 
(Low Noise) 

TCXOs 

TTL Modela: 1 Hz to 100 MHz 
CMOS Models: 1 Hz to 10 MHz 
ECL. Models: 5 MHz to 300 MHz 
Sine Models: 1 KHz to 500 MHz 
Stability: 

Standard: 
Optional: 

Frequency: 
Aging: 

Temperature: 

0/+ 70°C:±25ppm 
0/ + 50°C: ± 3 ppm 

— 55/ + 125°C: ‘50 ppm 

<1 MHz to 400 MHz 
Models range from 
1x10-7day to 
1x1 0-7 °C to 

Sine Models: 1 MHz to 400 MHz 
TTL Models: 50 Hz to 70 MHz 
CMOS Models: 50 Hz to 10 MHz 
ECL Models: 20 MHz to 280 MHz 
Stability: 0/ + 50°C: ±'1x10-7

— 55/ + 85°C: ±1x10-‘ 

For both linear low distortion 
. . and phase lock applications VCXOS ̂raquancy: 
* Deviation: 

VECTRON 

Linearity: 

<1 MHz to 400 MHz 
± 003% to ±1% 
to ±1% 

Call our Applications Eng. Dept, at 
203/853-4433 TWX: 710-468-3796 

VECTRON LABORATORIES, INC. 
166 Glover Ave. • Norwalk, CT 06850 

INFO/CARD 31 

SOLID STATE SWITCHES 

Series A64 are ultra wide band PIN diode solid state 
switches for transfering both 
with negligible distortion, high 
Availab e for VHP and UHF. 

» I-900 MFIz RF Instruments 
• RI Amplifiers 
» RF Comparators 
» RF Analysers 

"Available SO : 

low and high level signals 
isolation, and minimum loss. 

• Impedance Transformers 
• Impedance Bridges 
• Precision Terminations 
• Directional Couplers 

r 7 S ohm 

WIDE BAND ENGINEERING COMPANY, INC. 
1838 F. University Dr., P.O. Box 21652 

Phoenix, AZ 85036 Phone (602) 254-1570 

Select Employment Oppor tunities Available 
Contact S. Ticknor 

INFO/CARD 32 
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time. 
... in San Francisco. September 15 - 17, 1981. 

• Professional Program — San Francisco Hilton Hotel 
• Exhibition — Civic Auditorium/Brooks Hall and 

San Francisco Hilton Hotel 

Wescon/81 — nearly 1,000 exhibit booths, more than 150 Professional Program 
presentations. America’s premier high-technology electronics exhibition and 
convention brings together more than 50,000 design, manufacturing, and test 
engineers and other professionals. 

Join us in San Francisco and help celebrate Wescon’s 30th Anniversary! 

For complete show details, including registration and transportation information, 
call and ask for the “Wescon/81 Preview.” 

In California — 800/262-4808 
213/772-2965 

Outside California — 800/421-6816 
Wescon 
INFO/CARD33 

Wescon is sponsored by the San Francisco Bay Area and Los Angeles Councils of IEEE and the Northern and Southern California Chapters of ERA 
Produced by Electronic Conventions, Inc,, a non-profit corporation / 999 N, Sepulveda Blvd , El Segundo, CA 90245 



switch combinations, low leakage 
FETs, and high frequency FETs and 
design tips on how to use them. 
The kit, a retail value of $42.50, is 

being offered to qualified engineers 
for $28.00 through the end of 1981. To 
order, send check and request to: 
Siliconix Incorporated, P.O. Box 4777, 
Santa Clara, CA 95054. INFO/CARD 
#139. 

Ceramic Variable Capacitors 
Seal-Trim high performance ceramic 

trimmer capacitors are now available 
in a smaller (.170” diameter) series. 

The moisture-proof housing eliminates 
intrusion of dirt, dust, solder flux, 
and cleaning agents. Available in 

capacity ranges from .5-2.5 pF through 
6.0-25 pF with various Temperature 
Coefficents and Q values. Terminals 
for printed circuit mounting are spaced 
.140”. Johanson square drive tuning 
insures captive, non-slip, tamper¬ 
proof, backlash free adjustment. Typ¬ 
ical applications include crystal trim¬ 
ming, microprocessor clock oscilla¬ 
tors, RF amplifiers, filter networks, 
and interstage coupling. 

Contact: Johanson Manufacturing 
Corporation, 400 Rockaway Valley 
Road, Boonton, NJ 07005. INFO/CARD 
#138. 
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LOOK WHAT'S IN TH€ BOX! 
10 of our QPL* SPDT Coaxial switches with SMA connectors along with 
the following special TRANSCO products. 1 TTL compatible switch driv¬ 
ing network. 34 coble assemblies with RG 188 flexible coble and 
UT 085/UT 141 rigid cable. 10 directional couplers, 20 to 1 band¬ 
width and 110 way power combiner. All of that assembles into TWO 
20 to 1 bandwidth RF distribution networks, packaged ever so sweet¬ 
ly into a 10" X 8" x 2" rugged, EMI/moisture sealed enclosure to pass 
stringent RF leakage tests and withstand the most severe airborne 
environments. 

If you hove a packaging problem, remember we're not just In the 
component business. We can provide quality component integra¬ 
tion as well. TRANSCO quality. Nothing less, since 1942. 

Request a set of the TRANSCO component data sheets. 

’Qualified Product List MIL-S-3928 

TRANSCO PRODUCTS, INC. 
4241 Glencoe five. 
ffiarina Del Rey, Californio 90291 U.S.R. 
FOR EmPLOYmENT OPPORTUNITIES IN RE ENGINEERING, CAIL CHARLIE TALBOT. 
AN EQUAL OPPORTUNITY EIT1PLOYER m/f. 

Tel: (213) 822-08 00 Telex 65-2448 TWX 910-343-6469 

INFO/CARD 34 

Microprocessor Based 
RF Level Meter 
Model 9303 RF Level Meter intro¬ 

duced by Racal-Dana Instruments 
combines advanced RF technology 
with microprocessor LSI to achieve 

major advances in the state-of-the-art 
of RF measurements. The unit func¬ 
tions as both a true RMS RF milli¬ 
voltmeter and an RF power meter. 
Measurement features include an in¬ 
ternal calibration source, automatic 
self-calibration, variable signal smooth¬ 
ing, two input channels, program 
memory, and an optional GPIB (IEEE-
STD-488) interface with full program¬ 
ming capabilities. 

Contact: Racal-Dana Instruments 
Inc., 18912 Von Karman Avenue, P.O. 
Box C-19541, Irvine, CA 92713. Circle 
INFO/CARD #137. 

RF Wattmeters to IEEE-488 
GPIB Interface 
A new IEEE-488 Bus Interface Unit 

provides connection of the Bird direc¬ 
tional RF Power Analyst™ Wattmeters 
to a General Purpose Instrumenta¬ 
tion Bus (GPIB) for automatic meas¬ 
urement and recording of data. Digi¬ 
tal Thruline® Wattmeters equipped 
with a bus-compatible output can 
now become a talker and a listener 
via GPIB central control. 

Typical applications are unattended 
periodic measurement of one to nine 
RF signal parameters; hard-copy 
print-out of data for logging; scope, 
graphic terminal or curve plotter feed 
for dependent variables display such 
as attenuation or SWR vs. frequency, 
power vs. time, etc.; alarm or warning 
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temperature characteristic covering 
the capacitance range from .5 pF to 
330,000 pF. Chip dimensions are 
.079 X .049 X .049 and .126 x 0.63 x .049. 

Contact: Murata Corporation of 
America, 1148 Franklin Road, S.E., 
Marietta, GA 30067. INFO/CARD #135. 

RF Enclosures And 
Interchangeable Connectors 
A new line of off-the-shelf RF en¬ 

closures with interchangeable SMA, 
BNC, TNC and N connectors is avail¬ 
able from Compac, Deer Park, N.Y., 
manufacturers of RF shielded en-

functions of performance levels; re¬ 
mote RF Power Analyst™ interroga¬ 
tion and response readout; automatic 
testing of equipment or components; 
minimum/maximum level memory dur¬ 
ing a specified time period, etc. 
The digital Thruline® RF Power 

Analyst™ Wattmeters operate from 
1/2 to 2300 MHz at 100 milliwatts 
to 250 kilowatts depending on model 
and plug-in elements. The new Bus 
Interface Unit model 4380-488 opens 
up automatic testing to any industry 
utilizing radio frequency power within 
these wide limits of frequency and 
power. 

Contact: Bird Electronic Corpora¬ 
tion, 30303 Aurora Road, Cleveland 
(Solon), OH 44139. INFO/CARD #136. 

Chip Capacitors On 
Tape and Reel 
A complete line of monolithic chip 

capacitors in 25 volt and 50 volt ratings, 
supplied in tape and reel packaging 
for high speed auto insertion, is now 
available from Murata Corporation of 
America. This new packaging config¬ 
uration is compatible with a variety of 
automatic insertion equipment and 
allows very high speed component 
placement on PC boards. 

Chip capacitors offered in this line 
include units with NPO, X7R, Y5Z 

Our Coaxial Switching 

Computer Compatible' 

Another Reason Why MATRIX is 
the Leader in Coax Switching Systems. 

MATRIX programmable switching 
systems ore designed to operare directly 
off your minicomputer or microprocessor 
16-bit parallel output. 

Using reliable, hermetically sealed 
reed relays, a computer-controlled 
MATRIX switching system can handle any 
format. Apply your control input to your 
MATRIX and rhe system will route your 
signal to as many points os you wish — 
and in one millisecond! 

MATRIX systems can be controlled 
manually os well. And now, with our new 
IEEE-4ÔÔ Interface, any MATRIX switching 
system con be tied into the general 
purpose interface bus. 

So when a coaxial or audio switching 
requirement comes up, be sure to contact 
MATRIX first. Most likely, we've got the 
solution sitting on our shelf. 

Phone or write for details. 

r.f. design 

•• •••' •• ••• •• 
MATRIX 
SYSTEMS CORPORATION 

5177 NORTH DOUGLAS FIR ROAD • CALABASAS. CALIFORNIA 91302 
(213) 992-6776 -TWX 910-494-4975 

INFO/CARD 35 51 



closures and accessories. 
Compac’s new product line enables 

manufacturers to readily switch con¬ 
nectors to meet changing customer 
requirements. Using a basic RF en¬ 
closure for his product the manu¬ 
facturer can attach the specific Compac 
SMA, BNC, TNC or N connector, 
as needed. Enclosure users — labor¬ 
atories, designers or OEM manufac¬ 
turers — can purchase standard en¬ 
closures and additional quantities of 
the connectors to anticipate their 
requirements. 
The interchangeable flange mounted 

“female” connectors have four uniform 
screw holes matching the screw holes 
in the enclosure. They are available 
for Compac’s standard case series 
and custom series. 

Contact: Compac, 279 Skidmore 
Road, Deer Park, NY 11729. Circle 
INFO/CARD #133. 

Terminations And 
Feedthru Terminations 
Frequency range DC-2000 MHz, 

50 and 75 ohm available, VSWR 1.1:1 
maximum. One-year warranty, delivery 
stock — 2 weeks. Price $10.00. 
Terminations (1-9 pc. qty.) $11.00 
Feedthru (1-9 pc. qty.). 

Contact: JFW Industries, Inc., P.O. 
Box 226, Beech Grove, IN 46107. 
INFO/CARD #134. 

High Resolution 
Frequency Source 
A 0.5 Hz to 50 MHz frequency source 

for pulse echo overlap ultrasonic 
velocity measurement systems and 
similar applications is available from 
Matee, Inc. of Warwick, Rhode Island. 
The Matee Model 110 High Résolu-
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ERiE EMI FILTERS 
LOW PASS 
Coaxial Low Pass Filters 
provide the highest possible 
insertion loss in a compact 
package The chosen 
component values result in 
the widest range of cut-off 
frequencies available in 
industry today. 

POWER LINE 
Designed to filter a broad 
spectrum of frequencies 
ranging fpm 10 KHz to 10 
GHz. maintaining a 
RFI/EMI Free Supply line to 
your system Available in C, 
“PI", “T", or “L" networks to 
match your system 
impedance 

HIGH 
FREQUENCY 
Small, efficient economical 
filters designed to operate 
as low as 1 MHz. With the 
increasing use of logic lines, 
these components can offer 
filtering of the desired 
transmission. Operating 
well into the 15 GHz region 
and at extreme temps. 

TNC and BNC 
Designed for audio signal 
lines these in-line filter 
assemblies eliminate EMI 
from entering sensitive 
circuits. 

FILTER 
NETWORKS 
ERIE has expertise in the 
design and production of 
custom black box filters for 
use in hi-rel military (air. sea 
and land) aerospace and 
industrial applications. 

FILTER “D” 
CONNECTORS 
ERIE offers a complete line 
of modified MIL-C-24308 
“D" Connectors in all contact 
arrangements and many 
filter styles 

Write for EMI Filter catalog 9001. 

MURATA ERIE NORTH AMERICA, INC. 
Trenton, Ontario, Canada K8V 5S1 "613-392-2581 
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tion Frequency Source produces 
square waves from below 0.5 Hz to 
above 50 MHz, and features a high 
stability oscillator tunable over a 12 
to 50 MHz range. Output frequency, 
characterized by high spectral purity 
and low residual FM, adjusts to better 
than 6 places, even at low frequencies. 

Suitable for phase-locked or fre¬ 
quency modulated operation, the Matee 
Model 110 High Resolution Frequency 
Source permits external frequencies 
to be divided by up to 4 x 107. Pro¬ 
viding a 50 ohm output impedance, 
it is also ideal for use as a cw source 
for tuned RF gated amplifiers. 

Contact: Matee, Inc., 60 Monte¬ 
bello Road, Warwick, RI 02886. Circle 
INFO/CARD #132. 

New Wide Band Amplifier 
Instruments for Industry, Inc. re¬ 

cently introduced its new self-con¬ 
tained, ultra-broadband laboratory am¬ 
plifier, the IFI model 5300. It provides 
instantaneous bandwidth of 10 kHz to 
320 MHz minimum; gain control of 40 
dB (minimum); and unconditional sta¬ 
bility. 

Features which are standard on this 
new IFI solid-state amplifier include 
its electronic gain control with front 
panel adjustment and remote detector 
input for controlling gain by sampling 
power directly at load. For constant 
output, an automatic leveling system 
allows input from a remote sensing 
device, thereby enabling the amplifier 
to maintain a constant field level as 
the output is varied. Both the ampli¬ 
fier and its power supply have been 
designed to protect against overload 
with protection circuitry and automatic 
shut down. Using an efficient switch¬ 
ing power supply, the amplifier oper¬ 
ates as a standard pre-amplifier in 
kW amplifiers, or it can be used sep¬ 
arately as a standard laboratory am¬ 
plifier. 
The IFI amplifier is rated for 15 

watts continuous power output; and 
is applicable primarily for RFI/EMI 
susceptibility testing, as well as an¬ 
tenna testing; driving ultrasonic trans¬ 
ducers; testing broadband communi¬ 
cations; biological research testing; 

Errata 
In the “Need a Helical Filter,” 

article in the May/June issue of 
r.f. design on page 46. the expres¬ 
sion for© should read: 

0= Arcsin 
I Rb Rfap 
V 2Z0’ 

July/August 1981 



THE RF TECHNOLOGY 
OF THE FUTURE 

IS BEING 
DEVELOPED AT 

E-SYSTEMS TODAY! 
E-Systems Melpar Division, a leader in state-of-the-
art special application receivers, is searching for RF 
engineers at all levels to participate in the development 
of HF, VHF and UHF technology of the future. 

You will be involved in low-noise/high-dynamic range 
design applications; specifications, design and 
construction of amplifiers, filters, mixers and other 
receiver-related circuits; mixer and phase detector 
application; frequency synthesizers, both direct and 
indirect, operating to 2.5 GHz. 

r.f. design 

You should have experience with various synthesis 
techniques and IC devices including high-speed 
prescalers. You should be familiar with various 
RF circuits such as VCO’s, buffer amplifiers and 
power dividers. 

U.S. Citizenship Required. 

You will thrive in our environment— stimulating, 
challenging, exciting. You will enjoy our outstanding 
compensation and benefits— as good as any in 
the industry. 

If you qualify and if your career objectives include 
a challenging position with a company that offers 
professional growth and job satisfaction, send us your 
resume. Address it to: E-Systems, Inc., Melpar Division, 
7700 Arlington Blvd., Falls Church, VA 22046. 

Division 

The problem solvers. 

An equal opportunity employer M/F, V. H. 
We practice and support affirmative action. 
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and general laboratory applications. 
Contact: IFI, 151 Toledo Street, 

Farmingdale, NY 11735. INFO/CARD 
#130. 

Temperature Compensated 
Crystal Oscillator 
Greenray Industries now offers a 

Temperature Compensated Crystal Os¬ 
cillator holding a stability of ± 1 ppm 
over a 0 degrees to + 70 degrees C 
range utilizing a single + 5V DC input. 
This oscillator is available at any spe¬ 
cific frequency in the range of 1.25 to 
25 MHz. The output is TTL compatible 
to drive up to 5 standard TTL loads. 

Advertiser Index 

Contact: Greenray Industries, Inc., 
840 West Church Road, Mechanics¬ 
burg, PA 17055. INFO/CARD #131. 
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r-F 
by HELPER 
INSTRUMENTS 

Classifieds 

Model RF-801 $599 Complete 

An RF Voltmeter with 
the traditional HELPER quality 

at a realistic price. 

• FULL VOLTAGE RANGE 
300 Microvolts to 100 Volts 

• FULL FREQUENCY RANGE 
Beyond 1 Gigahertz 

• UNIQUE PROBE DESIGN 
Permits low inductance ground 

connection for repeat able accurate 
measurements New Teflon' 

tip extender 

• LESS THAN 2 PICOFARADS 
Circuit loading in any 
measurement mode 

Engineer 

RF Systems 
Engineer 
Major Southern California aerospace electronics 
firm is seeking a senior RF Systems Engineer with 
a diversified background in VHF/UHF high fre¬ 
quencyapplications including receivers, transmit 
ters, antennas, couplers and filters. Waveguide 
experience will be helpful but is not a requirement. 
Successful applicant must be able to communi¬ 
cate effectively with the customer community, 
make formal presentations, prepare formal pro¬ 
posals and interface directly with technical and 
management personnel. MS in EE (or equivalent) 
and 10 years related work experience in system 
design, system modeling and performance pre 
diction and assessment are required. 

We offer an excellent salary and complete benefits. 
For immediate consideration, send resume in¬ 
cluding salary requirements to: 

Box RF-7-81-1, R.F. Design Magazine. 3900 
S. Wadsworth Blvd.. Denver. CO 80235 

Equal Opportunity Employer M/F/H 

RF ENGINEER 
Key engineering position in company 
committed to development and expan¬ 
sion of high technology products in 
the test and measurement field. 
You will provide design and technical 
expertise for RF frequency synthesizer 
product line. 
Requires BSEE and at least 7 years of 
RF design experience. 
Qualified candidates should forward 
resumes to: 

Wavetek Rockland, Inc. 
Rockleigh Industrial Park 

Rockleigh, NJ 07647 
Attention: Personnel Dept. 

or call (201) 767-7900 
We are an equal opportunity employer, M/F. 

Wavetek 
ROCKLAND 

AVAILABLE FROM STOCK AT: 

HELPER INSTRUMENTS COMPANY 
305/777-1440 P. O. BOX 3628 
INDIALANTIC, FLORIDA 32903 
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Perform a 
death-defying act. 

Exercise regularly. 
Give Heart Fund J American Heart Association 

ZEEZ INDUSTRIES 
HYBRID DIVISION 

• RF and Microwave Circuits and Systems 
Design 

• Digital/Analog Interface Circuitry Design 
• Breadboarding and Prototype Development 
• Hybrid Prototype Design and Manufacturing 

(714)898-1247 
5132 Bolsa Ave., Suite 107 

Huntington Beach, CA 92649 



Background Rendering of 
lhe famed Great fiehula in Orion 

Flame retardant 
plastic case 
to UL94V-O. 

Blind hole -
rotor adjustment slot 
accommodates 
standard tuning tool. 

Stationary dielectric 
provides stable 
characteristics. 

Unique stator design 
contributes to stable T.C. 

Regional Sales Offices: 
West—415-327-1520 
Southeast—305-644-0954 
Central-312-297-5560 
Northeast—617 -245-7880 
Canada—613-392-2581 

DISCOVER 

OUR WORLD 
OF LOW-COST 
TRIMMER 
CAPACITORS 

Color-coded cases 
indicate capacitance 
ranges. 

[—Mounted height 
less than .197 in. 

Case seats flat 
against pc board. 

One piece 
flanged-case construction 
minimizes flux 
and dust contamination. 

shown actual size 

For under 20C in volume quan¬ 
tities, JFD's new DV-2 Series of 
ceramic trimmers introduces 
an expanded world of low-cost 
performance, stability and 
reliability for communications, 
data processing, consumer and 
industrial applications. Their 
unique no-shaft, flange-encased 
construction significantly 
reduces flux and moisture 
paths while providing excep¬ 
tional shock and vibration 
resistance. 

An integral color-coded dust 
cover, meeting C1L-94V-0, 
assures long-term, noise-free 
performance. Check some of 
the DV-2’s specifications listed 
below. You'll find they are hard 
to beat at any cost. 

Capaci¬ 
tance (pF) 

6.0 50 
9.0-90 
10 120 

207

3.0 11 
4.2-20 
5.2 30 
7.0-45 
10-60 

Q 
(IMHz) 
300 
300 
300 
500 
500 
500 
500 
250 
250 

(ppm/"C) 

NPO 

N750 
N750 
HPO 
13450 
13750 
13750 
N1200 
131200 

Rated 
Voltage 

50 
50 
50 
100 
100 
100 

100 

Let JFD show you how to ex¬ 
pand your world of trimming 
capacitor performance at the 
lowest possible costs. Write for 
complete details. 

MURATA ERIE bfORTH AMERICA. INC. 
OPERATING DIVISION 

JFD electronic components 
INFO/CARD40 
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Wherever you need 
1OO Watts of RFpower 

from 10kHz to 400MH 

ENI hasi (’covered 
Imagine the tremendous versatility 
you could enjoy with the extremely 
wide coverage of just these two 
broadband power amplifiers. 

The ENI 5100L spans the frequency 
range of 1.5 to 400 MHz with a Class 
A linear output rating of 100 Watts 
and a flat 50 dB gain. And it will de¬ 
liver 200 Watts from 1.5 to 200 MHz. 

The ENI 2100L covers the range from 
10 kHz to 12 MHz with a Class^Jinear 
output of more than 100 Watts. And it, 
too, can deliver 200 Watts over much 
of its useful frequency range. 

Both units are solid state. Both units 
are unbelievably rugged. Uncondition¬ 
ally stable. Will not oscillate for any 
conditions of load or source imped-

anee. And will withstand all mis¬ 
matched loads including short and 
open circuits. 

Now there's no need to buy a whole 
expensive spread of individual units. 
With just these two portable ampli¬ 
fiers, you can work on an almost 
infinite range of applications. If it's 
100 Watts ... ENI has it covered! 

For more information, a demonstra¬ 
tion, ora full line catalog, please 
contact us at ENI, 3000 Winton Road 
South, Rochester, NY 14623. Call 716/ 
473-6900, or telex 97-8283 ENI ROC. 

{ 
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The advanced design line of RF power amplifiers 




