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When your message means business

A NORTH AMERICAN PHILIPS COMPANY

Now —reliable RF Transistors from 900 MHz
down to 1 MHz for Mobile Communications.

MOBILE APPLICATIONS

Power (W) | Freq. (MHz)| Gain (db) min.| VCC (V) Package
900 9.0 125 SOT-103/E1 Type Power (W) | Freq. (MHz)| Gain (db)min.lvcc V) Package

900 7.5 125 |SOT-172 BLW96 200 30 135 | 50 SOT-121
900 6.5 125 |SOT-172 BLV25 175 108 10.5 28 SOT-119
900 73 125 |SOT-122 BLVB0/28 80 175 ) 28 SOT-119
900 8.0 125 [SOT-171 BLV33F 85 225 ! 28 SOT-119
900 6.0 125 [SOT-171 BLV36 120 225 ! 28 SOT-161
900 6.0 125 [SOT-1M1 BLUS3 100 400 ] 28 SOT-161

; BLV97 30 860 \ 24 SOT-171
BLVS7 38 860 ' | 25 SOT-161

BASE STATIONS

900 MHz

400 to
512 MHz

BLU60/12 470 4.8 T 125 [ SOT-119
BLU45/12 470 5.1 \ 12.5 SOT-119 Freq (MHz) | P In (MW) | P Out (W) I vCcC Package
\

MOBILE APPLICATIONS
AMPLIFIER MODULES FOR LAND MOBILE

BLU30/12 470 6.0 125 | SOT-119 e 7 — s e
12,5 | SOT-132
132-156 | 150 20 125 | SOT-132
148-174 | 150 20 125 | SOT-132

SOT-119
SOT-122

BLWS2 470 5.0 1255
BLWS1 470 60 | 125

SLuge o e §°¥“22 148174 | 150 13 125 | SOT-1328
BLWE0 470 ol B 400-440 | 100 75 12.5 | SOT-132C
SL‘)’(‘”Q 29 ‘ :5 e ?8”22 400-440 | 150 13 12,5 | SOT-132C

LX65 470 1S -39 440-470 | 100 75 12.5 | SOT-132C
440-470 | 150 13 12.5 | SOT-132C
470-512 | 100 75 | 125 | SOT-132C
175 MHz MOBILE APPLICATIONS hoke %5 2 e frechlped

BLV75/12 175 f 7.0 [ 12.5 SOT-119 68-88 150 30 12,6 | SOT-301-A-03

|

BLU20/12 470 65 | 125 ISOT"‘9 80-108 | 100 20
|
|

BLV45/12 175 6.5 12.5 SOT-119 [ 144-175 (150 30 12.5 | SOT-301-A-03
BLV30/12 175 8.2 | 125 SOT-119 400-440 30 1.5 9.6 | SOT-26NC
BLW60C 175 50 12.5 SOT-120 | 400-440 | 45 22 9.6 | SOT-26NC
BLW31 175 9.5 12.5 SOT-120 430-470 45 2.2 9.6 | SOT-26NC
BLYBSC 175 6.0 12.5 SOT-120 460-512 | 45 22 9.6 | SOT-26NC
BFQ43 175 12.0 12.5 TO-38E 380-512 50 29 SOT-75A
BFQ42 175 10.5 12.5 TO-39 380-480 | 2.5 WATTS % SOT-75A

Amperex. 230 Duffy Avenue, Hicksville. New Yorkz 1802, or phone 516/931-6200. TWX 510/221-1839




One of the purest signals

your radios will ever receive.

The Fluke 6071A Signal Generator

Leading mobile radio manufacturers
worldwide have selected the Fluke
6071A as their preferred synthesized
signal generator.

Why?

As a critical element in RF tests sys-
tems, the 6071A meets their demands
for receiver testing to 1040 MHz.

How?

Its —140dBm to + 13 dBm output
is strong enough to reach the upper
limits required for distortion tests, and
pure and quiet enough to easily make
multi-order intermodulation, adjacent

channel rejection, and other off-chan-
nel measurements. Spurious ouput
levels are on the order of — 90 dBc to
—100 dBc, while the typical broad-
band noise floor is — 150 dBc/Hz. Plus
the 6071A offers built-in AM, FM, @M,
and IEEE-488 compatibility!

The 6071A is backed by Fluke's 20
years of experience in RF technology.
And it’s available at a price that’s half
of what you might expect to pay for
equivalent performance. Only $18,100.

Picture the 6071A in your RF test
system. Then to find out how to get it
there give us a call at 1-800-426-0361

or contact your local Fluke Sales
Engineer or Representative. You'll pre-
fer the 6071A too. Pure and simple.
AR ORI PO L A e

IN THE U.S. AND NON-
EUROPEAN COUNTRIES:
John Fluke Mig. Co., Inc.
P.0. C9090, M/S 250C P.0. Box 5053, 5004 EB
Everett, WA 98206 Tilburg, The Netherlands
(206) 356-5400, Tix: 152662  (013) 673973, Tix: 52237

IN EUROPE
Fluke (Holland) B.V.

FLUKE]

Copyright © 1984, John Fluke Mfg. Co., Inc. All rights reserved.  Ad No. 6112-6070  For technical data circle number
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March/April Cover — The front cover for this issue shows a
schematic and test fixture described in the article “Designing
Transistor Test Fixtures for the 800 MHz Frequency Spectrum.”
This month’s cover photo is courtesy of Motorola Inc., Semi-
conductor Products Sector.
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RF switches

10 to 2500 MHz
from $1995PSW 1211 (500 qty.)

Now, for your wideband systems design, under —$20.00
SPST and SPDT pin diode switches that operate over the
10 to 2500 MHz range with less than 1 dB (typ.)
insertion loss at 1000 MHg, 1.5 dB at 2500 MHz.

No waiting, immediate delivery . . . with one year guarantee.
Call or write for 64-page, catalog or see our catalog in the
Gold Book, EBG, EEM or Microwaves Product Data Directory.

SPECIFICATIONS for
PSW 1111 (spsT) and PSW 1211 (spoT)

FREQUENCY RANGE 102500 MHz
INSERTION LOSS
10-2000 MHz 1.7 dB max
2000-2500 MHz 2.7 dB max.
ISOLATION
10-500 MHz 40 dB min
500-1000 MHz 30 dB min
1000-2000 MHz 25 dB min
2000-2500 MHz 20 dB min.
SWR 1.5 max. (“on” state)
SWITCHING SPEED 1 psec. (max.) —
MAXIMUM RF INPUT 20 dBm ’ r
CONTROL +5V (5 mA max.)

OPERATING TEMPERATURE 54°C to +100°C M Y C' 't
STORAGE TEMPERATURE 54°C to +100°C l n I. I rcu l s

A Division of Scientific Components Corporation

PRICE (6-24) World's largest manutacturer of Double Balanced Mixers
PSW 1111 $29.95 P.O. Box 166, Brooklyn, New York 11235 (212) 934-4500
PSW 1211  $29.95 Domestic and International Telex 125460 International Telex 620156 C80 REV. ORIG.
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“Basic, The Universal
Language?” Part il

Dear Editor:

Mr. O’Neil (Sept./Oct. 1983) has in-
deed sparked a controversy! Sides
are forming as loyal defenders of the
faith are rushing to the battlements
to defend the Holy Grail; in this case
either the programmable calculator or
the personal computer. As one who
has walked down both paths the last
16 years, | would like to share a few
comparative thoughts.

The programmable calculator and
the personal computer are as alike,
and as different, as the tack hammer
and the sledge; each is a tool and
each has its uses.

| have some 44 programs that | reg-
ularly use on my HP-41CV program-
mable system. In terms of size, the
average program takes up 57 storage
registers. One is only 10 registers long
while another is 296; the short one re-
turns physical line length as a func-
tion of frequency and dielectric con-
stant, while the long one will tell you
almost everything you could want to
know about all types of microwave
bandpass and bandstop filters and
exactly how to fabricate each one. In
between, almost every conceivable
eventuality is covered: one determines
the Fano bandwidth limits, another
fully implements the Smith Chart in
both lumped and distributed form, still
others cover all forms of single and
coupled line calculations.

| can use my programmable at my
desk, on the bench, in a car, or on
business trips all thanks to its porta-
bility and battery power source. And,
because of the extensive built-in
math functions, | can quickly program
a solution to most any design prob-
lem. | do not have to write a subroutine
to make a simple polar to rectanqgular
conversion! | can even use it at the
supermarket to add up the groceries.

On the other hand, my personal
computer is faster and has a good deal
more memory. However, these are
relative terms in actuality since my
average program is so short. Who
cares if | can shave off a few tenths of
a second in calculating a line length?
And who really runs programs requir-
ing 5 to 64K of memory everyday? |
use my PC for what it is best at, word
processing, spread sheet, and gener-
ating reams of data on microstrip,
stripline, and coupler characteristics;

6A

| have 5 programs that do all of that.
| also run one program employing a
gradient search adaptive algorithm for
wide band amplifier design. It needs
the speed of my PC and runs for hours;
it is so big it takes up 40 feet of printer
paper!

| only use my personal computer in
my office. | don’t like to carry it around.
| use it for big things. On occasion |
even take command of the Enterprise
and go out to fight off the Klingons!

| think the point has been made?
The majority of the calculations made
by the average RF/Microwave Engi-
neer are relatively short and can be
handled quite well on a little handheid
that you can slip into your shirt pocket.
We mostly deal with “tack hammer”
type tasks. On the other hand, the gen-
eration of tabular data, the optimiza-
tion of large networks, or the creation
of ones own in-house version of COM-
PACT are all “sledge hammer” tasks
and make good use of the speed and
memory of a personal computer.

Perhaps something that would make
everyone happy would be for a young
and knowledgeable engineer with time
on his/her hands to just sit down and
write an article detailing a transiator
program? Translator routines exist in
the larger PC world, why not a routine
that could simply and quickly turn an
HP or Tl program into Apple, Commo-
dore, IBM, or Radio Shack Basic? Is
anyone out there listening? If you have
been waiting for an idea, something
that many would appreciate and use,
something that r.f. design would snap
up and publish in an instant, get off
the dime and GO FOR IT!

Sincerely,

James J. Lev
Mgr. RF/Microwave Design
Cartwright Engineering Inc.

Dear Editor,

Should “Basic” be the universal
language. | do not think it should. | am
presently converting a Fortran 4 pro-
gram published in the April 1980 r.f.
design, page 28, Design of a Miniature
Quadrature coupler to use on my TI59.
| feel you have published interesting
solutions in the past and programs
that | can use on calculators | can carry
in and out of the plant. We do have the
large circuit design systems here at
Hughes but they are not always avail-
able to the working circuit designer,
when he needs them. Most circuit

men | know like their handheld pro-
grammable calculators, and | have yet
to see the personal computer run a
Fortran 4 program with complex cal-
culations.

Sincerely,

Robert Gunderson
Hughes Aircraft Co.

Dear Editor:

| have been reading with some
amusement the BASIC versus Calcu-
lator “‘controversy.” It seems to me
that any well written article would not
have this problem because it would
include the kind of complete docu-
mentation one would expect of an en-
gineer, namely: alt formulas used, def-
inition of all variables, and an example
or two for reference.

Perhaps proponents of each tool
(for computer and calculators are
merely tools for an RF Engineer) could
provide an article on ‘“Translating
BASIC to Calculators” and “BASIC
Translations of Calculator Subroutines
and RPN,"” especially in the Rectang-
ular to Polar, Radians to Degrees, and
Stack usage areas. There are differ-
ences in Labeling and use of sub-
routine calling, etc. as well.

| use both an HP-25 and Timex 1000
in my work . . . the Timex for formatted
calculations with hard copy, the HP
calculator for general simple calcula-
lations. Each has its strengths and its
weaknesses. Both are equally useful
depending on application.

Sincerely,

James Eagleson
R.F. Engineer
Identronix, Inc.

Dear Editor,

| would like to congratulate you on
the improvement in the quality of the
articles in RF Design in the last year.
Many of them have been very useful
for some of my recent projects.

The recent letters on the usefulness
of calculator programs versus Basic
programs for home computers were
interesting. As an unbiased observer,
| find it hard to beat the usefulness of
a programmable calculator for engi-
neering applications. Besides that,
most of the programs for the calcula-
tor are free while the computer pro-
grams are over priced in many in-
stances. Also, most computer pro-
grams are not well documented be-
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n the margin is slim,

our Attenuator Diodes help stretch the odds.

Alpha’s new
attenuator diode
series combines
flexibility with

wide dynamic range
and a variety of
packaging options

to satisfy your most
pressing design needs.

i
(

Alpha

The Microwave People

Alpha Industries, Inc.

20 Sylvan Road

Woburn, Massachusetts 01801
Telephone: 617-935-5150
Twx: 710-393-1236

Telex: 949436

When it comes to designing transportabie radios, dependabie performance must
be taken for granted. An entire mission may depend on it.

Alpha helps you meet the challenge with a new line of current-controlled
attenuator diodes that are ideal for applications involving attenuators, modulators,
electronically tuned filters, phase shifters, limiters, switches, and AGC applications.

Offering a broad selection of features, these devices operate over the entire RF
range, with their low capacitance permitting attenuation well into the microwave
spectrum. Furthermore, their thick intrinsic region permits their use at frequencies
as low as 1MHz with low distortion. And they are capable of generating a 50-ohm
impedance at many different current loads, ranging from 200 uA to 2 mA.

Other distinguishing characteristics include a low level of harmonic distortion
and a wide selection of glass packaging configurations. In addition, when our
standard curves don’t match your design requirements precisely, we'll go back to the
drawing board and come up with a set that will.

Features and Specifications

. . e 1000
@ Wide Resistance Variation - o N o LBt Gurves
® Low Harmonic Distortion £ . « l
® Low Capacitance % 100 “n \‘s Your Requirement
® Low Series Resistance § V.
@ Long Operating Life and Thick £, 2,
Intrinsic Region 8 PNUT
54 \N~ ~~s~
1 —
When your design requirements fall in between
two of our standard curves, our design engin- 1.A 10,A 100 A ImA 10mA 100 mA
eers will come up with the curve to meet them. Forward Current
Typical High Low 2 1% Cy Vg Series
Resistance | Resistance | Resistance Resistance
Part 1.0 mA 10.0 LA 20.0 mA =10mA | -50V |Ig = 10.A 100 mA
Numbers | 100 MHz 100 MHz 100 MHz R = 6mA | 1.0 MHz -— -
ohms ohms (min.) | ohms (max.)| ns (min.) | pt (max.)| volts (min) | ohms (max.)
DSB 6419-52 15 800 - 800 0.3 100 15
DSB 641953 20 1100 - 800 0.3 100 15
DSB 6419-55 25 1200 - 800 03 100 15
DSB 6419-59 40 1500 8.0 1000 0.4 100 25
DSB 6419-61 60 1500 - 1300 0.4 100 35
IN5767 40 1000 8.0 1000 0.4 100 25

Alpha Semiconductors. Our built-in flexibility lets you come as close as possible to
meeting your design requirements...so that you don't have to compromise! Send for
more information today.

INFOICARD 4



. Now, HP packs more value
into its economical RF spectrum
analyzers with digital

display and rugged portability:

Measuring RF signals? HP's economy RF spectrum
analyzers now give you even more value for your
money. We've added digital display, versatile data
I/0 and rugged portability to the excellent
performance and operating simplicity of these
popular spectrum analyzers. The new HP 853A
digital display spectrum analyzer mainframe with
the HP 8557A (10 kHz-350 MHz) or 8558B (100
kHz-1500 MHz) spectrum analyzer plug-in
combines accurate performance and simple
three-knob operation to meet a wide range of RF
measurement applications.

Digital display adds clarity and
convenience.

The HP 853A provides two independent 480-by
800-point resolution traces for flexibility in
storing trace data and monitoring signal changes.
You get a crisp, flicker-free, easy-to-read display.
And the microprocessor-managed display system
includes maximum hold for storing peak signal
values, digital averaging over successive sweeps to
reduce noise effects, and trace normalization to
help detect signal changes in a crowded spectrum.

Rugged portability lets you take it
almost anywhere.

The 853A is designed for transportable use in
rigorous environments. Weighing less than 48 |bs.,
the analyzers can be taken outdoors for field test
use,oreasilymoved aroundlaband productionsites.
The 853A comes with a tilt-bail handle, rubber
bumpers. and a drip-proof front panel cover. What's
more, the HP 853A with plug-in installed is type-
tested to meet shock, vibration and driptest

2 ¢

HEWLETT
PACKARD

=111, Class 3, S performance tests.
choice of RF plug-ins covers
your applications.
Notable performance specifications of
the 8557A and 8558B plug-ins include
70 dB dynamic measurement range,
1kHz to3 MHz variable resolution,
full range frequency response of
+1 dB and 70 dB IF substitution amplitude
accuracy of * 1dB. Basic measurements require
only a three-knob sequence: TUNE to a signal
and read frequency from the LED display, narrow
the FREQUENCY SPAN for closer analysis and
adjust REFERENCE LEVEL to read amplitude
directly. Resolution and sweep speed are auto-
matically adjusted.
U.S.A. list prices for the plug-ins are: HP 8557A
(350 MHz) $6,520; HP 8558B (1500 MHz) $7,925.
The new 8353A display mainframe is listed at $5,550*

For a permanent ]
record or com- |
parison of many |
displays, the |
853A push- ‘
button controls |
can directly
“operate an HP-IB ‘
plotter for hard copy data
recording. Or connect the |
853A to acomputer (like |
the HP-85) via HP-1B and get
trace 1/0 as well as operator prompts
| on the CRT.

g

sNE

SYSTEMS

To add portability and digital display con-
venience to your RF spectrum analysis applications,
call your nearest HP sales office and ask for
“Instruments’’ For the same simplicity and per-
formance in microwave applications, ask about
HP's economical microwave plug-in for the 853A.
For more information about these instruments.
write Hewlett-Packard, 1820 Embarcadero Road,
Palo Alto, CA 94303.

*U.S.A. list prices only
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cause of the excessive secrecy de-
sired by most programmers, so the N
engineer in using them, must rely on
the competence of the person writing Q
them and sometimes the assumptions |
used. As a professional engineer, | |
prefer to know how a program was de-
veloped before paying a lot of money I
for it.

Perhaps some manufacturer would l
be interested in developing a combi-
nation machine with a calculator and
computer keyboard together. It is cer- ]
tainly faster to press the button 1/x
than to perform the operation in BASIC. |

Yours truly,
Jon GrosJean

“Divider Time Delay”

The “divider time delay” discussed ‘
by Mr. Przedpelski in your July/August
1983 issue is an important effect in |
phase-locked frequency synthesizer
design but it is not as simple as is
suggested there. l
It is true that information cannot be
passed from frequency divider to |
phase detector except at divider out- |
put transitions. This happens, at most,
twice per reference period and, with |
some types of phase detectors (phase/ '
frequency, sample-and-hold), only once
per reference period. However, this
does not necessarily cause a delay |
equal to the reference period (or to
(N-1)/ (FgN) as shown below your Eq. l -
(11)). For example, a sudden phase arla e
change at the VCO output could be
seen at the phase detector almost im- -
mediately if it happened to occur just apaCI ors
before the divider's output transition,
or it could be delayed as much as a

Johanson air and sapphire dielectric variable capacitors

reference period if it occurred slightly are designed for RF applications from HF through micro-
later. wave frequencies. They incorporate a patented self-lock-

What is operating here is a sampl- | ing constant torque drive mechanism which insures uni-
ing process. If a sine wave of phase form torque and low dynamic noise, Johanson Thin-Trim
modulation should exist at the input and Seal-Trim® capacitors are an advanced development
to the frequency divider, the width of in micro-miniaturized variable capacitors. They feature
the narrow pulses from a phaselfre- low drift rates and high Q and are ideal for high frequency
52 applications. Thin-Trim® and Seal-Trim® incorporate the

ol — T T T ] | Johanson square drive tuning mechanism to assure non-
48

B. Sampler-and-hold approximated as [ ' slip tamper proof adjustments.

44 ot Ts ,SINWT /2) Electronic Accuracy through Mechanical Precision
40| ,‘

= A. From Z-transforms |

o 36| l \ ‘ l

3 /\

C. Sampler-and-hold
approximated | '
el Tg2

\

‘ Manufacturing Corporation
| Rockaway Valley Road Boonton, New Jersey 07005

T j ' 201-334-2676 TWX 710-987-8367
0 2 4 6 810 12 14 16 18 20 | Johanson products are covered by
Mew T.) [ U.S. Patent No. Re. 30.406. U S Patent No 3,701,932, U.S. Patent No. 4,179.722
No 06 033 o02-"'/ ‘
fift I
e INFOICARD 6

Figure 5.40 Maximum loop gain w,, for stable oper-
ation versus low-pass corner frequency Wos both 9A
normalized to sampling period T.. From Frequency
Synthesis by Phase Lock, p. 138, Copyright 1981,
John Wiley & Sons, inc. Reprinted by permission.



quency detector (e.g. MC4044) would
represent the divided and sampled
sine wave and the “fundamental”
component of that pulse train would
not be delayed relative to the input
phase modulation. Of course other
newly-created frequencies would also
exist at the phase-detector output.!
The sampling rate is signal depen-
dent but for small percentage frequen-
cy changes it is approximately equal
to the reference frequency into the
phase detector. Constant-sampling-
rate systems can be analyzed exactly

using Z-transforms. One approxima-
tion sometimes employed where there
is a sample-and-hold circuit, such as
with a sample-and-hold phase detec-
tor, is to ignore all but the lowest (in-
put) frequency generated by the samp-
ling process. The sampled system is
then replaced by an approximately
equivalent continuouis system. In this
case the zero-order hold has a trans-
fer function of

T 2) sin(wT/2)

@T 2)

"Our Coaxial Switching
Systems are
Computer Compatible’

10A INFO/CARD 7

where T_ is the sample period equal
to the reciprocal of the reference fre-
quency. A futher simplification re-
tains only the phase term. This gives
a time delay of approximately half the
value indicated by Mr. Przedpelski
but it is actually associated with the
hold circuit rather than the divider.
Figure 5.40 (reference 1) shows how
these approximations compare to the
exact analysis of a simple phase-
locked loop with a sample-and-hold
phase detector and a loop filter con-
sisting of a single-pole low-pass at
w .2 The verticle scale gives maximum
aflowed gain w  (at w = 1) for stability.
The approximations are seen to be
good if the low-pass corner frequency
(w,) is low compared to the sampling
frequency (1/T)).

Other important effects due to this
inherent sampling process are the
translation of noise frequencies ' ¢
and the existance, under some cir-
cumstances, of loop oscillations of
finite magnitude — that is, they neith-
er grow nor die out.3

On a different topic in Mr. Przedpel-
ski's article, the transfer function
shown in Fig. 18(b) is for a zero-im-
pedance source. When a charge pump
(such as is included in the Motorola
MC4044 1C) is used, however, the
source is an open circuit at times,
usually most of the time, which surely
complicates the generation of a trans-
fer function for this filter.

Sincerely,

William F. Egan
Sylvania Systems Group —
Western Division
GTE Communications Products Corp.

1. W.F. Egan, “Frequency Synthesis
by Phase Lock,” (New York, N.Y.: John
Wiley, 1981), pp. 75-81.

2.Ibid, pp. 131-135.

3. Ibid, pp. 209-211.

4. W.F. Egan, “The Effects of Small
Contaminating Signals in Nonlinear
Elements Used in Frequency Synthe-
sis and Conversion,” Proceedings of
the IEEE, July 1981, pp. 797-811.

Dear Editor:

I appreciate Dr. Egan’'s comments.
The point of the PLL articles was to
provide the designer with some degree
of assurance that the circuit he was
designing would perform more-or-less
as expected. We found that using the
standard references this was almost
impossible in most instances without
deriving the presented formulae, which
were not available in literature. It is
difficult to put all the information into
an article that is not available even in
textbooks, but it has been our exper-
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IN BROADBAND
COMMUNI-
CATIONS
TECHNOLOGY

W Acrianis a world leader
In high power, high-reliability
RF and microwave broad-
band power devices. We got
there by going the dis-
tance—meeting a diversity
of telecommunications
needs with a non-stop com-
mitment to engineering and
manufacturing teamwork,
no matter how tough the
challenge, or how basic.
Take a hard look at the
0105-100, an internally in-
put-matched balanced NPN
power transistor, with 100
watts output for 100-500
MHz broadband applications.
Gold thin-film metaliza-
tion and surface passivation
deliver proven high MTTF,

he date: February 1,
1925—Togo, a 10-year-
old Siberian husky, led
his team in the desperate
dnive to carry diphtheria anti-
toxin to the children of Nome

O Alaska—going the distance for an

incredible 340 miles, non-stop,
in the face of 80 mph winds and
50-below-zero temperatures.
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making the 0105-100 an out-
standing example of the
Acrian communication
transistor series.

Call us for complete
specifications on the 0105-
100, or any of more than 500
Acrian products that go the
distance in communications,
radar, and avionics. Call or
Telex: (408) 996-8522
TWX (910) 338-2172.

Acrian Inc. 10060 Bubb Road
Cupertino, California 95014
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ience that, using the material present-
ed, predictable PLL circuits can be
built. To comment on Dr. Egan’s com-
ments:
¢ Delay in frequency dividers is sel-
dom mentioned in PLL references.
Even Dr. Egan in his book (which |
consider as one of the basic refer-
ence texts on the subject) talks
about divider delay as the propaga-
tion delay, which is a function of the
logic used and the divider configur-
ation. This is not the delay in ques-
tion (and usually is small enough,
in comparison, to be neglected).
Westenkamp seems to be the first

Edisomn
didn’t need
Modpalk .

But modern electronics involves more than a bulb, a vacuum,

and a filament.

to try to reduce this delay to some
manageable form. The inclusion of
this delay in the overall PLL equa-
tion seems to have removed the
last discrepancies between paper
design and actual hardware in the
more complex PLL designs. This
delay would be independent of the
type of phase detector used.

e Yes, it is, of course, true that
equation of Fig. 18(b) assumes a
zero source impedance. Any source
resistance has to be included in the
tirst R, resistor. This is common
practice and works well with phase

detectors such as Motorola MC12040

Your vulnerable RF circuit needs the
protection only Modpak can give: a

sturdy, RFI-shielded enclosure, user-
designed with a choice of four inter-

Find out why

you need Modpak,
send for our
complete catalog.

changeable connectors and more than
30 standard off-the-shelf sizes or cus-
tom-fabricated in virtually any size.
Top and bottom covers are easily re-
moved for access to both sides of your
PC board. All this at an affordable low

Adams [ §Russell

MODPAK DIVISION

80 Cambridge St., Burlington, MA 01803

(617) 273-3330
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and MC4044 (without the charge

pump — Motorola does not recom-

mend the charge pump for critical

applications).

Again, | would like to thank Dr. Egan
for taking the time to send his com-
ments.

Yours very truly,

Andrzej B. Przedpelski

Diagram Error

Dear Editor,

In the article November/December
(1983) Issue “How The Isofet Enhances
Stability in Broadband High Gain Am-
plifiers” some errors were found in
Figure 1. More specifically,

[o]

8
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< i i i

oas ras

Please publish this in the letters or
corrections section so that this over-
sight on my part can be corrected.

| would like to thank Nathan O.
Sokal, President of Design Automation,
Inc., for informing me of this error.

Larry Leighton

AccurcY

An accurate return
means a faster
refund!

A public service message from
the internal Revenue Service
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ANNOUNGING
THE END OF
THE GaAs GRISIS.

_ Feel like you're waiting
* ) in line every time you order
A gallium arsenide devices?
S Maybe it’s bad enough
» when they're standard
products you're after.
“¥ And just plain intoler-
able when you need something

PLATED HEATSINK
S 4. GUNN CHIPS
The ideal “chip form” Gunns
for hybrid circuits. Feature
= power up to 500mW

AN and 6% efficiency.

ngehband
made to your specs. PACKAGED GUNN DIODES Bt

The rugged, reliable, MIL-SPEC

Well, here’s relief. o o e e emions, o

Announcing a full line of "™“"t50mw. "

high performance gallium

arsenide diodes for C Band to milli- ¢
meter applications, made the way

you need them, available when you

need them.

‘ 8 HIGH Q TUNING

VARACTORS

The highest Q (up to
16,000) and lowest series
resistance of any tuning varac-
tor in the industry. Made to your
specs in voltages from 15 to 60 volts. RF

K

And th ey’r e all fl’ om Fr e- ; 3 through millimeter tuning.
quel}cy Sources. SO you knOW . | MUL:It‘}Pl}lER AND PAR!t\MPc\lI.ARﬁCTf(f)'R_S y
they’ve been measured, tested, ealEiphiers. Avalable i a wide range of hermetic packages to
retested and optimized in some match your exact application — from S Band through millimeter.

f th t ad d mi
rowtsamywhere. FREQUENCY

We have a sales and engineering sup- SEMICONDPUCTOR PDIVISION
port staff eager to help you find exactly ASUBSIDIARY OF LGare/AL CORPORATION

the right gallium arsenide diode solution g)] l‘l1ap}e IEOﬁA o124 &
for your special problem. Why not call (617) 256-8101 ‘

today? TWX (710) 343-0404
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Designing Transistor Test Fixtures
For The 800 MHz Frequency Spectrum

Test fixtures tend to be the last consideration for most RF
power amplifier development programs, yet they are the most
valuable tool available for measuring and maintaining

By Dan Moline

Motorola Inc.

Semiconductor Products Sector
Phoenix, AZ 85008

inimum power gain, collector ef-

ficiency and broadband perform-
ance requirements, though they are
always detailed in some form of writ-
ten specification, are meaningless
unless they are demonstrated and
controlled by a test fixture. A good
test fixture will assure correlation be-
tween the customer and vendor while
functioning as a trouble shooting tool
in the event of radio problems. When
alternate sources are pursued for a
stage, test fixtures can shorten quali-
fication cycles. But the prevention of
gradual shifts in RF performance
over the lifetime of a product is the
major purpose of a test fixture. Al-
though this article presents techn-
niques for the general case of UHF-
800 MHz circuit design, the emphasis
is placed specifically on test fixture
design for 800 MHz.

Motorola has recognized the impor-
tance for good test fixtures and has
established general guidelines for
their implementation.

All the hi-tech products are tied to a
well defined test fixture, which have
the following general specifications:

Broadband performance, demon-
strating typical characteristics through-
out the band. (Ex.: UHF; 450-512 MHz,
800; 800-870 MHz)

A 3" x 5” mechanical format, which
is rugged for large quantity test appli-
cations.

Simple RF match construction to
represent realistic radio performance.

Devices will meet all minimum test
requirements at the specified test fre-
quency. UHF: 470 MHz, 800: 870 MHz.

14A

device consistency.

The repeatability, mechanical rug-
gedness and broadband performance
are all very important factors needing
consideration in the design of test fix-
tures. The remainder of this article
goes into detail, using the MRF846 as
an example.

The schematic representation of the
fixture outlined in this article is shown
in Figure 1.

C, and C,, represent the shunt ca-
pacitors at the input and output (re-
spectively) which cancel most of the
inductive reactance associated with
the transistor’s input and output im-
pedance. Mini clamped-mica capaci-
tors are used for these components
and are physically located beneath
the common lead wear blocks. In-
ductance “L” is introduced by the in-
put (and output) wear blocks. Because
of this parasitic inductance, L, trim-
mer capacitors (C', or C’ ;) are require
to transform the now reactive impe-
dance back to real before launching
off into the /4 transmission lines.

The transistor's input and output
impedance can be represented as a
combined series resistor and induc-
tor as shown in Figure 2.

This series combination can be
transformed into a parallel equivalent
by using the equations shown in Fig-
ure 3. The capacitors C, and C, are
selected by calculating t‘\e value nec-
essary to form a parallel resonance
with X,. Since all capacitors have a
finite, series lead inductance, the ca-
pacitor is actually considered as a
simple series resonant circuit. The re-
sulting effect is the capacitance is al-

ways higher than the marked vaiue
and goes through resonance at some
frequency. Mini clamped-mica capaci-
tors are recommended for test fixture
design due to the very low parasitic
inductance associated with them;
which increases the usable range of
capacitances. (They are also extremely
high “Q"). A typica! measured series
inductance for clamped-mica capaci-
tors is about 0.5 nH. The equivalent
capacitance is calculated by subtract-
ing the series lead inductance from
the capacitive reactance, or X
=X X 50my

Since two capacitors are used in
parallel, the total capacitance is de-
rived as shown in Figure 4.

A value of 2X . is used in the example
since each capacitor will contribute
only %2 to the total capacitance. By
setting X ., equal to the parallel
equivalent reactance calculated in
Figure 3, the exact capacitor values
may be determined.

X,=2X_-X
2

X, = 2Xp +X

2

(X, =1/21C)

c(equiv)

L(0.5nH)

L(0.5nH)

9

nf (2X, + X 05nH))

Introducing an actual example at
this time should help in explaining the
remaining steps involved in a test fix-

March/April



AUTOMATIC PEAK POWER
MEASUREMENTS -icermes

-umu MICROWAYE CORPORATION . BT AR T e

MUTOMAIE PYAK POWER METER MODHT 478

MODEL 478

No other peak power meter World’s most powerful,

can give you all this... most flexible,
most accurate Peak Power Meter

Now you can measure: This fully programmable, microprocessor-based instru-

_ Peak power automatically ment automatically selects the optimum time base and
. instantaneous power at any point on a waveform $ower range to fully characterize a microwave puise.
he instrument self-corrects for linearity and frequency
From 0.1 to 26.5 GHz response of the power head, enabling measurement
-30 dBm to +15 dBm accuracy to within +0.3dB.
10 nsec rise and fall times The puise waveform is presented on a calibrated CRT,
Pulse widths from 15 nsec to CW displaying a graph in linear or logarithmic units. Peak and
instantaneous powers as well as rise/fall times and pulse
Built-in features include: widths are also digitally displayed.
High-contrast 7”CRT display An offset feature automatically scales the readout to
|IEEE B compensate for external gain and loss with 0.01 dB
us ) resolution.
Power head self correction Other features include: Keyboard Programmability
e Manual/Automatic Operation » Optional ClIL Compat-
POWER HEADS AVAILABLE ibility » Trigger Delay * X-Y Recorder and Video Outputs
P ; A Py e Digital Averaging
ode req. Range wr. Range : .
Number (GHz) (dBm) For complete details, write or call
N436 0.75-18 -30to +15
*For delivery fall 1984 "
Note Low frequency limits extendable with moderate decrease in video M icrowave
bandwidth Option 02 100 MHz; Option 03 500 MHz 155 Marine Street, Farmingdale, New York 11735, Tel: (516) 694-3600
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— AIMAGE REJECT

Typical Specifications

* RF Operating Bands Up to 4 GHz
Octave to 10:1 Bandwidths
*Image Rejection 20/25 dB

*IF Output Frequencies............. 0.5 to 500 MHz
Octave to 5:1 Bandwidths

+10to +13 dBm

50 Ohms, Nominal
All Ports

*Conversion LOss
*LO Power Input
*Input/Output Impedances

Typical Features

* Hi-Rel Versions Available

* Hermetically Sealed

* Operating Temperature: —35° to +85°C

* Lightweight: < 2 oz.

* Compact Packaging: 1.3" x1.75" for Sample Pictured
* Low Profile: < 0.2” High

* SSB Generators Available in Same Package Outline

Send for complete specifications or contact factory
for your specific needs.

—__Md Menmimac

~ INDUSTRIES, INCORPORATED ~

P.O. BOX 986, 41 FAIRFIELD PLACE, WEST CALDWELL, N.J. 07007
—201-575-1300 » TWX 710-4314 » TELEX 6853128
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ture design. The MRF846 is a 40 W,
12.5 V, 800 MHz device whose input
and output impedances are:

TABLE 1.
Freq. Zin Zout
800 MHz 1.1-j48 1.20+j24
836 MHz 1.0-j49 1.15+j25
870 MHz 1.0+j5.0 1.10+j2.7
900 MHz 0.9+5.1 1.10+j2.8

Since X, will vary as a function of
frequency, C,and C, need only be cal-
culated for one point within the fre-
quency band. Typically, the input re-
sponse of an RF power tansistor is
optimized about the center of the
band. Hence, the input Rp and Xp are
generally calculated at this frequency
[(f,+f )2

The output response is different.
If C, were selected for a resonance to
occur with X _, at band-center, an un-
acceptable performance roll-off would
be seen at the upper end of the fre-
quency band. Overall performance is
best when C, is calculated at a fre-
quency within 20% of the upper end
of the band. Since device gain increases
as frequency decreases, the perform-
ance at lower frequencies is generatly
no problem.

Using the MRF846 as an example,
input and output capacitor values may
be determined as follows:

INPUT: Freq. = 836 MHz
Zin=1+j4.9 Q=49M1=49
XD =4.9(1 + 1/(4.9)2) =5.1 ohms

X o5 = 21!(8_326 ()5(31 é):) n({?“ 0-9)

C =1/[n(836 X 10%) (2X5.1 + 2.63) ]
=29.7 pF

2-15 pF Capacitors would be

the best choice.

OUTPUT: Freq. =870 MHz
Z,=11+j2.7 Q=271.1=2.45
X,=2.7(1 + 1/(2.45)2) = 3.15 ohms

X, 0505 = 21870 X 109 (.5X10-9) = 2.7 ohms

C =1/[n(870 X 105 (2X3.15 + 2.7) ]
=40.7 pF

2-20 pF Capacitors would be

the best choice.

(20 pF Capacitors were not available,

soan 18 pF & a 24 pF capacitor were

chosen instead. The total C = 42 pF).

Though the MRF846 test fixture
used at Motorola does use these
capacitor values, the above calcula-
tions may act only as a good starting
point. Imperical measurements and
more precise impedance measure-
ments for a given applications may

March/April



How to avoid

g3

Now there’s a code of silence in
Washington. It's called FCC Docket
20780. And the Cannon® Shielded/
Shrouded D Series of subminiature
connectors helps manufacturers
meet all its stringent EMI/RFI
requirements, while helping to
maintain the integrity of the entire
shielded system.

Qur shield is crimped to the
cable to maximize shielding effective-
ness and provide a low-impedance
path to the ground.

The shroud/plastic backshell

rotects the equipment from

SD (Electro Static Discharge) and
isolates the user from ground
potentials that may exist on the
shield. Plastic strain-relief members
are provided to prevent cable
pullout. The center-latched version
is available in configurations of 9,
15, 25 and 37 contacts.

Cannon’s quality D Subminia-
ture Transverse Monolith Filter
connectors reduce EMI/RFI noise.

The addition of the transverse
monolith filter expands the overall
shielding versatility of the D Sub-
miniature without adding to the
overall dimensions of the connectors.

Capitol Punishment.

Silence FCC Docket 20780
with D Series subminiature
connectors.

INFO/CARD 13

And these Cannon connectors are
available in contact arrangements
of 9, 15, 25 and 37, with a wide
range of capacitances and cutoff
ﬁeq*i_lgncies offered.

e Shielded/Shrouded D and
Transverse Monolith Filter Series
connectors from ITT Cannon.

The best way to give FCC Docket
20780 the silent treatment.

For more information on Trans-
verse Monolith Filter Connectors,
contact Phoenix Division,

ITT Cannon, 2801 Air Lane,
Phoenix, AZ 85034. Telephone:
(602) 275-4792.

Or for more information on
the D Subminiature Shielded/
Shrouded D Series, contact Com-
mercial/Industrial products. [TT
Cannon, a Division of [TT Corpora-
tion, 10550 Talbert Avenue, Fountain
Valley, CA 92708. Telephone:

(714) 964-7400. For the local sales
office nearest you, call toli-free:
(800) 845-7000.

cannon ITT

The Global Connection




plug-in|
attenuators

DC to 1500 MHz
onIy 3195(1,000 aty.)

$3.95 (10-49)

IN STOCK...IMMEDIATE DELIVERY

* rugged...meets MIL-STD-202
« hi-stability, thick-film construction
e miniature 0.4 x 0.8 x 0.4 in.

« flat frequency response...
+0.3dB (typ.)

* VSWR less than 1.2:1 (typ.)
* 1W maximum power

* designer’s kit available,
4 of each type (12 units) $39.95

SPECIFICATIONS

MODEL ATTEN.
AT-3 3a8
AT-6 6 dB
AT-10 10dB
AT-20 20dB

ATTEN. TOL.
+0.2dB
+0.3dB
+0.3dB
+0.3dB

For complete specifications and performance

curves refer to the Microwaves Product

Data Director, the Goldbook, EEM,
or Mini-Circuits catalog

finding new ways

mMihi-Ciréuits
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Figure 1

Colisctor
Bias
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Cpc-BLOCK

result in minor deviations from these
values.

Assuming no additional circuit
parasitics had to be accounted for,
the quarter wave transmission line
sections could now be determined.
the input (and output) fixture wear
blocks do, however, contribute addi-
tional series lead inductance to the
impedances. These inductances are
counteracted by the trim capacitors
C’,and C',. The wear biock inductance

| could be calculated and then used to

determine the proper capacitance val-
ues. However, since there are other,
less obvious frequency and grounding
effects which may influence the im-
pedance transformation, it is a more
practical (and generally a more accur-
ate) procedure to measure the impe-
dance which will be transformed by
the transmission line to 50 ohms.

The capacitors C,and C, should be
mounted into the test fixture and a
known characteristic impedance trans-
mission line soldered into place as
shown in Figure 5.

Triple stub tuners are used on the
input and output to tune for maximum
output power and minimum reflected
power at various frequencies through-
out the band. Band edges and band
center are generally adequate for a
good circuit design. Due to higher
impedance levels produced by adding
C, and C,, [Zin] and [Zout] are meas-
ured instead of the real transistor im-
pedances, Zin and Zout. Also, by
measuring impedances in the actual
applications fixture, the design can
be optimized for that particular fixture.
Perhaps a maximum gain tuning point
is not desired. Obtaining impedances
for an efficiency/gain compromise may

+ lx’

Z=R +jX, =>

Figure 2

Ry =R,(1+0%
X=Xyt + 1163
Q=X R,

2XC-X L(.5nH)
2

X

Clequiv) =

Xc (equiv) =

| == j2x, I
I |
l +iX(5) |

Figure 4

World's largest manufacturer of Double Balanced Mixers

2625E. 14th St. B'klyn, N.Y. 11235(212) 769-0200
INFO/CARD 14 (94 3REV ORIG
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ing into an
Anechoic Chamber?

And you’ll find the performance that has made
us the leading source of RF shielded anechoic
test systems — including microwave absorbers
produced in our Advanced Absorber Products
facility.

Customers like IBM, DEC, GE, Tl and Bell Labs
have selected Ray Proof. And Ray Proof provides
performance — a quality product, on-time
delivery and a commitment to service backed by
over 50 years of experience.

Take a look at Ray Proof today!

KEENE

CORPORATION

RAY PROOF DIVISION

50 KEELER AVENUE, NORWALK, CONNECTICUT 06856-5060 TELEPHONE (203) 838-4555 TELEX #96-5812
EUROPEAN OFFICE: KEENE INTERNATIONAL LTD., RAY PROOF DIVISION, UNIT 23, MITCHAM IND. ESTATE
STREATHAM ROAD, MITCHAM, SURREY CR42AP ENGLAND, TELEPHONE 01-640-9214, TELEX #25635

INTERNATIONAL REPRESENTATIVES.
AUSTRALIA: Epping N.SW, 477-5494 e BELGIUM: Brussels, 02-7352135 o DENMARK: Copenhagen, 02-80420 ® ENGLAND: Hitchen, 0462-57181
GERMANY: Frankfurt, 06194-2788 e HONG KONG: 5-220964 e INDIA: Bangalore, 567443 @ |ISRAEL: Tel Aviv, 49-19-22
ITALY: Milan, 02-4982451, Rome, 06-5139455 ® JAPAN: Tokyo, 3-270-5921, Osaka, 6-231-5051, Nagoya, 52-935-7486 ® NETHERLANDS: Ryswik, 070-99-63-6(
NORWAY: Oslo, 02-282624 e PORTUGAL: Lisbon, 19-682185 e SINGAPORE: Sembawang, 65-2570211 e SOUTH AFRICA: Brixton, 8391824
SPAIN: Madrid, 01-6194108 e SWEDEN: Stockhoim, 08-820400 & SWITZERLAND: Zurich, 01-7105566 e TAIWAN: Taipes, 2-7077111
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Figure 5

be more desirable. If this is the case,
an impedance table for the appropriate
conditions may be obtained. It is then
for these impedances that C,, C, and
Z. will be calculated.

the procedure for obtaining the
impedances is simple and requires a
vector voltmeter (VVM) or a network
analyzer. Both are used at Motorola,
but a vector voltmeter is less expen-
sive and if used with a high directivity
directional coupler, (>40 db), is very
accurate. The set-up is constructed
as shown in Figure 5. With the fre-
quency set, stub tuners are adjusted
for the desired performance. Again,
using the MRF846 as an example, the
foliowing numbers were measured:

Pin = 12.0 watts, Vcc = 12.5 volts

806 MHz 838 MHz 870 MHz
P —500WP_ =48.3WP_ =44W
eff' = 53.3% Eff' = 55.2% Eff. = 58%
Preﬂ. = OW Pretl. = OW Prell. = OW

The output stub tuners were adjust-
ed for maximum gain at each frequen-
cy and the input stub tuners were ad-
justed for 0 watts refiected power.
After each measurement, the impe-
dance presented to the fixture by the
triple stub tuner and load (or source)
combination is measured by the vec-
tor voltmeter. The impedance is then
translated by the transmission line
used in the test fixture to obtain [Zin]
and [Zout]. In the above example, a
26 ohm, .3091 (@836 MHz) transmis-
sion line was arbitrarily chosen to be
in the MRFB846 measurements. By
using the equation: Z/8 = R.[(1 +/6))
1(1-T/8)]. or various computer or cal-
culator programs, the transforma-
tion is easily calculated. The most im-
portant part of the whole procedure
is obtaining an accurate measurement
from the stub tuners. Prior to making
any measurements, the vector volt-
meter must be referenced to a short
(180° on a Smith Chart). As a means
of accounting for the errors introduced
by the connectors at the fixture’s in-
put and output, that same connector
is used for a referencing short as
shown in Figure 6.

The measurement reference plane
is now the edge of the connector used
on the test fixture, which is also the

20A

beginning of the transmission line.
Assuming the same reference plane
is maintained during the measure-
ments, an accurate impedance value
will be produced. A good technique
for maintaining the appropriate ref-
erence plane is accomplished by cre-
ating a new connector to measure the
triple stub tuners. Two connectors
are attached as shown in Figure 7.

The triple stub tuner, load combi-
nation may now be measured with an
adequate degree of accuracy, as
demonstrated in Figure 8.

Repeat the process for the input
stub tuner combination. Two numbers
are obtained for each frequency from
which [Zin] and [Zout] can be calcula-
ted from, as shown in the MRF846
example below:

From Table 4, notice the calculated
values of C, and C, come close to
giving the desired frequency response.
C, is zero at the band center, indicat-
ing the capacitors selected for the in-
put is optimum. The values for C',
produce a slight skew in performance
toward the high end of the band. Ca-
pacitor values for the output could be
reduced slightly, but they will remain
the same until final fixture perform-
ance is determined.

Since C', and C',, are very small
capacitor values, little or no capaci-
tance is actually needed for C’, and
C’.. However, to allow minor tuning
adjustments, a small trimmer capaci-
tor is included at the wear block/trans-
mission line interface.

The final calculation which needs
to be performed is that of finding the
optimum characteristic impedance
for the transmiss:on line. The recom-
mended approact for doing this is to
use a computer optimization program
which will iterate any number of vari-
ables for a desired frequency response.
The variables available to be optimized
at this point are Z,. C', and C',, and
even ni (transmission line fength)
Z,, C',and C’, are the very minimum
variables.

in the example of the MRFB846,

I /9 converted Impedance Trans-
Ak Measured /6 tolianedance formed over 26Qline
806 MHz Input 0.35(155 24.97 + j8.42 20.72-j5.64 [Zin]*
Output 0.37144 24.86 +)12.53  17,72-j6.66 [Zout]*
838 MHz Input 0.26[166 29.78 +j3.98 21.35+j0 [Zin)*
Output 0.22/154 33.30 + j6.58 18.68+j.74 [Zout]*
870 MHz Input 0.14[:169 38.25-j1.99 20.21+)6.92 [Zin]*
Output 0.07/-158 44.10-j2.24 17.90+j83 (Zout|"
Table 3
Note: [Zout]* is conjugate of {Zout] [Zin]* is conjugate of [Zin]

The new impedances can be ob-
tained by using a Smith Chart or using

the equation 2/6 = Ry[(1+ I /611 /8)).

These impedances (Sshown in L.1e 1ast
column of Table 3) are the impedances
around which the test fixture will be
optimized. Once again, it is con-
venient to convert these numbers into
parallel equivalents. By doing so, the
values of C', and C', become more
obvious. Table 4 shows this process.

where input Rp varies from 22.3 ohms
to 21.6 ohms over the frequency band,
a close approximation can be had by
using a mean value of 21.9 ohms. This
results ina Z, of V50 X 21.9=33 ohms
The output &p starts at 20.2 ohms,
dips to 19.7 ohms and goes back up
to 21.75 ohms. Using the same method
as before, Z, is calculated as V50 X
70.2 = 31.7 ohms where 20.2 ohms is
the mean value of 18.7 and 21.75. Using

Series Impedance Rp Xp Capacitance
[Zin] & [Zout] Required

20.72 + j5.64 22.26 j81.8 2.42pF C
17.72 + |6.66 20.2 j53.8 3.67pF Cg
21.35+j0 21.35 o 0pF C,
18.68-j.74 18.7 j472 40pF C'g
20.21-j6.92 21.6 -j68.3 -2.68 pF C’,
17.90-j8.3 21.75 -j46.9 -3.90pF C'g

Table 4
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Silicon Monolithic IC’'s

Small Package and Low Cost
Cascadable RF Amplifiers

NEC's Silicon Monolithic IC series, now available in small “can” Broadband performance
packages, is the ultimate choice for your narrow or broadband
appilications up to 1300 MHz. Available in chip form or metal Matched &~ 500
hermetic packages, the series assures uniform performance and reli- Chip or hermetic packages
abilitiy at a low cost. High reliability
The MM765 and MM766 series, both matched to 501), are cas- Cascadable
cadable for multistage applications. The MM765 features excellent
linearity with over +10dBm output power at
1dB compression. The MM766, with an out-
put power of over +3 dBm, is an excellent
driver for the MM765.
NEC's Silicon Monolithic IC’'s are now
ready for delivery to meet all your production
needs. Forimmediate information, circle #150
on the reader service card.

4

* ——
-

=

MM PART NUMBER MM76515 MM76612
Package Code 15 (TO-33) 12(T0-72)

PARAMETERS AND CONDITIONS

:

(%]

500 MHz, Vcc = 10V
Vi

500 MHz, Vcc = 10V
Vce = 5V

Bandwidth at Vicc = 10V, (3dB BW/)
Ve = 5V, {3dB BW)

Output Power (ldac) at f= 500 MHz, Vcec = 10V
Vec = 5V

3rd Order Intermodulation at fi= 500MHz, f2 = 510 MHz
f=2f1-f2, Vcc =10V, Pou = OdBm
vee = 5V, Pouwt = =7dBm

Input Retum Loss at f = 500 MHz, Vcc = 10V
vce = 5V

Output Retum Loss at f = 500 MHz, Vi = 10V
Vce = 5V

Isolation at f = 500 MHz, Vcc - 10V
Vce = SV

e

wn o

CALIFORNIA EASTERN LABORAT =S, .—U.S. and Canada
Exclusive sales agents for NEC Corporation, Microwave Semiconductor Products.

Headquarters, Santa Clara, CA 95050 ¢ 3260 Jay Street o (408)988-3500 ¢ TlIx. 34-6393 or 171197




a computer optimization program, a Signat 4008 Directional

32 ohm, quarter wave transmission | Genera! Coupter ||

line is optimum for the input and a 30 {FND REF |  osm Copper strap
SHORTED to shorted end

ohm quarter wave line is optimum for
the output. These are the values used
in the MRF846 test fixture.

After constructing the MRF846 test
fixture and tuning the small trimmer
capacitors for best overall gain and
input reflected response, the average
data shown in Graph 1 was obtained.

The goal was to demonstrate 12/40
W across the band with better than
2.0:1 input VSWR and better than 45%
collector efficiency. Further optimi-
zation could be done by performing
impedance measurements on addi-
tional transistors or characterizing the
test fixture more accurately. How-
ever, the above performance is very
satisfactory to the required perform-
ance. The best compromise for a sec-
ond pass fixture would be to tradeoff
gain at 806 and 838 MHz for efficiency,
and redesign input and output match-
ing networks for the new impedance
tables. This, of course, is only one
of the many procedures which may be
followed in developing an 800 MHz
test fixture.

b

Port A PortB
VM VVM

FIG. 6

OSM
tiange

of connector

caa

b

Cut center pins
flush to tiange

FIG.7

Solder

Pull remaining

pins out & solder

together

Attach 2
ends together

PIEZO’s Little Wonder.

Superb performance in a plug-in compatible replacement for
HP 10544A/B/C or HP 10811A/B oscillators.

O High short term stability [J Low power consumption [J Rugged construction for
O Low phase noise 0 DRAT* SC cut crystal extra shock and vibration
O Fast warm up [0 Fast delivery control

PIEZO’s new Model Number
2810007 Series oscillators are de-
signed for equipment requiring a
compact, rugged, precision fre-
quency source. The DRAT (*doubly
rotated AT) stress compensated (SC
cut) crystal offers the advantages of
a longer life and a lower operating
cost. This makes the 2810007 an
ideal, cost effective oscillator for
precision time keeping, instruments,
communication and navigation
equipment.

The PIEZO standard of quality
guarantees you this kind of perfor-
mance:

e Aging rates: <S5 parts in 10"°/day

¢ Phase noise: Better than 160 dbc
at 10 kHz offset

o Warm up: Within 5 parts in 10° of

22A

final frequency in 10 minutes
¢ Time domain stability: Better than
5 parts in 10" for a 1 second aver-
aging time
® Power consumption: Approxi-
mately 2 watts after warm up
¢ Output frequency: 10 MHz or
10.23 MHz standard
We offer fast delivery, with lim-
ited orders shipped directly from
stock. PIEZO Systems is an affiliate
of PIEZO Crystal Company, a
leader in the production of piezo-
electric crystals since 1936. For
more information call your nearby
PIEZO representative, or write to
PIEZO SYSTEMS, P.O. Box 619,
Carlisle, PA 17013. Telephone
(717) 249-2151.

Gi==r] CRYSTAL
| ] -
F.'”fj-(g OSCILLATOR

LN 2310007-1 |
GLN 1000 Mz |
seriaL vo. [IFTO

P.0.80X §19, CARLISLE, PA

* Best aging available to date: parts in 10”/day!
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These signal generators from Marconi
will change your way of thinking.

Think about testing receivers quickly.
Wouldn't it speed your operations if all your
signal generators gave the same answers and
if your operators could recall complete test
settings at the touch of a button even after the
instrument had been switched off. Orwhen
setting up a GPIB system, wouldn't you like
your controller to be able to leam the settings
of the generator.

Think about maintaining your signal
generator easily. How much down time could
microprocessor assisted fault diagnosis and
recalibration from the GPIB or front panel save
you? Wouldn'tyou like the reliability of a
cool-running instrument, with No noisy fan to
maintain.

Think about cost ... would a quality
signal generator giving all this with wide

frequency coverage and 10Hz resolution really
cost more than you can afford? Marconi have a
pleasant surprise for youl

2018 and 2019 Well Worth Thinking About
80kHz to 520MHz or 80kHz to 1040MHz frequency coverage

Non-volatile memory Save operator ime — recall up to 50 setings
at any ume - even after switch off

RF Level offset Save arguments — standardise your microvolt
and compensate for cable losses

GPIB Talker facility Save program preparation time — let the GPI8
controller learm the instrument settings

Reverse Powver Protection Save maintenance costs — no more bumt out

attenuators to repawr
Recalibration via Keyboard Save recalibration costs — adjust r.f. level and

orGPIB f.m. deviation cahbration without removing
the covers
Fully programmable Save measurement ime — automate your

testing

Contact Marconi today — they will change

your way of thinking. marcon'
instruments,>—

U.S.: 100 Stonehurst Court, Northvale, NJO7647

INFO/CARD 19 {201) 767-7250 (East) (714) 857-2326 (West)

U.K.: Longacres, St.Albans, Herts. AL40JN
Country Code 44 (0727) 59292 TELEX 23350
FRANCE: (1) 687-36-25 GERMANY (089) 845085



Some Questions You
Should Ask Your EMI/RFI
Test Equipment Supplier

How long has your company
been in the EMIURF! Testing
Equipment business?

The Electro-Mechanics Company has
been designing and manufacturing
EMI/RFI Test Accessories for over 25
years.

We began with Magnetic Field
Instruments and Radio Frequency
Antennas for the military. Since the
mid-sixties we have been working
closely with the military and industry
standard setting groups, and EMCO
now has one of the broadest lines of
Test Antennas and EMI/RFI Test Ac-
cessories in the World.

What exactly is your major
product line?

EMCO’s primary business is Test
Antennas for use in Emissions and
Immunity (Susceptibility) Testing as
reguired for MIL Standard, FCC, VDE,
and CISPR Test Procedures.

Typical Military Antennas for Radi-
ated Immunity (RS) and Emissions
(RE) Testing cover the frequency
ranges from 30 Hz to 18 GHz, and are

noted in MIL STD 462, Notice 3, Table
Antenna, Parallel Strip Line, both
Log Spirals and
tennas shown on

1. EMCO currently manufactures
Biconical Anten-
i
'l' the Double
N\
2.

Magnetic Field Loops, the 41" Rod
nas, the Conical
AN Ridged Guide An-

this table.

Antennas which are currently ac-
ceptable for use in FCC Volume i,
Part 15 Emissions Testing include,
Adjustable Element Dipole Sets,
Broadband Biconical Antennas and
Broadband Log Periodic Antennas.
EMCO manufactures all of these sep-
arately or can include them as part of
an FCC “Class A” and “Class B” An-
tenna Test System.

What differentiates your anten-
nas from your competitors?

One major difference is Calibration.
Each Antenna is calibrated using NBS
Traceable Testing Equipment, on our
own FCC open field test site. Calibra-
tion data includes Antenna Factor, Nu-
meric Power Gain, and dBi Gain for
each individual Antenna. For Immunity
Testing Antennas we include Field
Strength measurements in Volts Per
Meter, and Radiation Patterns where
applicable.

Another difference is Design and
Construction. Each Antenna is de-
signed to be durable and long-lasting,
yet functional in varied applications,
such as in Anechoic Chambers or
Outside Test Sites. Antennas and ac-
cessories are machined and con-

structed “in-house” for Optimum
Quality Control.

One last differ-

- ence and maybe

T the most impor-

2 tant, is EMCO’s

X continual Product

improvement thru Research and De-
velopment. For example, our Dipole
and Biconical Balun design is much
improved from the old DM-105 and
military designs . . . and we are con-
tinually researching and redesigning
to make EMI/RFI Testing simpler and
more accurate.

What other Test Equipment and
Accessories do you offer?
EMCO adds efficiency to
EMI Testing with an An-
tenna Positioning Tower J
(1-6 meters) and an Equip-
ment Testing Turntable.
Both are suitable for out- {;
side or indoor use, come
with a standard Digital
Readout Controller and are
available with |EEE-488 |

Bus Option.

For Conducted
Emissions Testing,
EMCO manufac-
tures Line Imped-
ance  Stabiliza-
tion Networks to satisfy FCC and
VDE requirements. Our unique design
allows production of as many as 4
separate lines (three phase) in one

L

Coil

unit.
Other Related
Equipment in-

clude: Signal Re-
jection Networks,
Acceptance Net-
works, Magnetic
Field Intensity
Meters, Magne-
tometers and
Systems.

Helmholtz

Why should my company buy
your EMI/RFI Test Equipment?

The Electro-Mechanics Company is
more than just another manufacturer.
We realize that in order to grow and
help improve EMI/RFI Testing we
must constantly forge ahead . . . not
live in the past.

As the FCC moves toward better
and more Standardized Test Proce-
dures, EMCO is staying close to ANSI
(American National Standards Insti-
tute), NBS (National Bureau of Stan-
dards) and other standards groups so
we can keep improving our equip-
ment. Involvement with current and fu-
ture industry needs also helps us plan
for design of new equipment . .. an
ongoing process at EMCO.

EMCO is committed to offering
Technical Assistance, as well as Test
Accessories, to help solve EMI Testing
Problems. Part of that Technical Assis-
tance is advice on purchasing only the
equipment needed, not kits or systems
with unnecessary items. We can also
advise on various manufacturers of
other complimentary test equipment.

I you have more guestions and are looking for Helpful Answers, Call us at (512) 835-46884

The Electro-Mechanics Company
P.O. Box 1546/Austin, Texas 78767 /Telex 767187
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High Performance
VSWR Measurements

The Return Loss Bridge is a useful device for making
low power precision VSWR measurements. This
article describes the operation and use of this

By James S. Beck
Eagle Consultants
Fallbrook, CA 92028

his article describes the operation

and use of the Return Loss Bridge.
This includes a basic definition of
terms, outlines of test and other back-
ground information. Although there are
many methods available to perform
VSWR measurements, ranging from
sliding lamps down a transmission
line to highly precise slotted lines,
only directional bridges will be
addressed in this article.

Background
What is VSWR, rho, and return loss?

When reading specifications des-
cribing various equipment one often
see references to VSWR, or possibly
rho or return loss. These are all
expressions for the same quantity
and if one is known the others can
be determined by simple mathematics.

These quantities are defined as
follows:

VSWR: This is the maximum ampli-
tude on a transmission line to the

r.f. design

instrument.

minimum amplitude on the trans-
mission line; this is expressed mathe-
matically as:

V(MAX)

VSWR = ———
V(MIN)

p : Is the Greek letter “rho” and
expresses reflection coefficient; this
is described mathematically as:

VSWR-1
[
VSWR + 1

It can be seen when VSWR is infinite

p =1 and when the VSWR =1 then
p =0. By muitiplying

times 100 and
squaring the percentage of power
reflected into the source is found.

Return Loss: This is simply the
logarithmic expression of rho. This is
defined as return loss (dB) =-20 log,,p .
This quantity is the amount of power
returned to the source relative to the
amount of power delivered.

Return Loss Conversion Chart
Return Loss Rho SWR
1.0 0.89 17.4
3.0 0.71 3.0
5.0 .56 3.6
10.0 .32 1.9
15.0 .18 1.4
20.0 10 1.2
25.0 .056 1.12
30.0 .032 1.07
35.0 .018 1.04
40.0 .010 1.02
50.0 .003 1.006
60.0 .001 1.002
Table 1
Measurements

The measurement equipment will
determine the type of data that will
be presented. Use of a VSWR meter
will provide a scale that presents
the data in terms of VSWR. If directional
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couplers are used then the absolute
reflected power will be known and
calculations will put this data into any
desired form. A directional bridge will
present either rho or return loss
depending on the ancillary equipment.
It should be noted that directional
bridges appear under many names
which can be confusing. A directional
bridge may be referred to as a rho
bridge, return loss bridge, directional
bridge or impedance bridge. Generally
speaking a bridge that has an internal
detector is called a rho bridge while
bridges with an RF output use the
other terms.

Directional Bridges

Directional Bridges are available in
all form and fashion, frequencies
range from audio to microwave, some
contain internal references while
others do not. Bridges may contain
internal detectors at the MEASURE-
MENT PORT or the port may be of the
RF variety; finally the price range of
these bridges is from $100 to $2000.

Figure 1 is illustrative of a typical
return loss bridge. The arrows and
lines indicate the direction and gain
of the power flows through the bridge.
For VSWR measurements the source
(stimulus or generator) is connected

MEASUREMENT PORT

-86dB #1
TEST < —>

SOURCE
PORT - 848 PORT

v

- _J

Arrows indicate direction of flow, magnitudes
are port to port gain for the path.

1. See text

RETURN LOSS BRIDGE PORT CONFIGURATION
Figure 1

coils—just call your local HP
Sales Office listed in the tele-
phone white pages. Ask for
the Components Department.
Or write: Hewlett-Packard
Co., 1820 Embarcadero
Road, Palo Alto, CA 94303.

33311B-C05
with a common terminal

04083058

26A

HP’s Small Wonders WS
Reliable switches for repeat performance. ‘ ‘ -

©33311B, SPDT, DC—18 GHz, $570

¢ 33311C, SPDT, DC—-26.5 GHz, $750

¢ 33311B-CO4, 4 Port, Matrix, DC —18 GHz, $735
© 33311B-CO5, 5 Port, Transfer, DC —18 GHz, $735

If you need switches that perform with typical 0.03 dB
repeatability after 1,000,000 switching operations—and
give you features like a momentary 24 VDC (5 VDC
optional) magnetic latch that automatically de-energizes

<.
0

2

&/

DESIGNED FOR

Use as a two SPDT switches Build a microwave matrix Use for signal transfer Program on HP-IB using

 HP-IB 4

SYSTEMS

11713A Switch Driver

USA list pricesonly. QTY 19

(ﬁp HEWLETT

PACKARD
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V16 autoranging mullivoltmeter

The Texscan TM8 is an autoranging. true r.m.s. millivoltmeter

with a specified operating range of 10kHz to 1GHz with usefu! indica-

tions to 1500MHz. [t measures r.{. voltages from ImV to 3V full scale

in eight ranges and mav be operated automatically (in the autorang-

ing mode). manually or remotely. The maximum voltage measured
can be increased 1o 300V r.m.s. using the 100:1 divider provided and
readings on any range can be held for at least three minutes hy
momentary depression of the probe switch.

Measurements are true r.m.s. but average responding can also he
selected with a front panel switch. The meter reads [00uV-3V and
also features a corresponding dB scale from —60 to +23dBm. A

2446 North Shadeland Avenue

single logarithmic range is also provided and covers Tour decades
scaled —30 to +10dBm. Fast or slow meter response may be selected
to permil the observation or removal of rapid signal amplitude changes.

Remote programming is a standard feature and the sockel is
located on the rear panel. An output to drive a pen recorder is also
provided from this socket and this can be used wilh an interface

module, 0B2, to connect to IEEE-488 hus systems.

The TM8 is supplied complete with probe (integral wilh input
lead). probe to BNC adapter, ‘T’ connector, and a 100:1 high imped
ance divider.

— v EXT
10
p J A

MODE

£ r

Avarag®

Powfﬁ

TRV TG S R ST A T I TS T ML T
Texscan Instruments T
Indianapelis, Indiana 46214

Phone: (317) 3578781
TWX: (810)341-3184
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MINIATURE
WIDEBAND PIN
DIODE SWITCHES

Now you can select the state-
of-the-art miniature wideband
pin diode switch you need from
our stock. AMC Series SW-2000
pin switches (SPST and SPDT)
measure only 1” H x 1.2 W x
0.75” L. And, hundreds of these
units have already been used to
solve solid state switching
design problems in communica-
tion, aerospace, microprocessor
and surveillance applications.

Check these specifications:

e SPST through SP5T Con-
figurations Available

¢ Frequency: 2-2000 MHz
(usable to 4000 MH2)

¢ Switching Time: 5 usec
Typical

¢ Insertion Loss: 1.5 dB, maxi-
mum (SPDT)

¢ |solation: 40 dB, minimum
* SMA Connectors

¢ RFIControl Terminals

e RF Power 1 watt CW

* Available with one load
TTL Drivers

Standard models and quan-
tities available from stock.
Special switches designed to
your specifications.

For solutions in solid state
switching contact:

fAmMERICAN
MICROWAVE CORP.

T .
6835 Olney-Laytonsville Road
Gaithersburg, Maryland 20879
(301) 948-6800

28A INFOICARD 23

NOTCH FILTER { &
:\

enro [LO0-75

to the right hand port, SOURCE PORT,
while the device to be measured
(load) is connected to the left hand
port, TEST PORT. When the power is
applied it flows from the right to
left hand port losing 6 dB through
the internal resistors in the bridge.
If the left hand port is terminated
perfectly no power will be reflected
from the left hand port. Since no
power is reflected there will be no
power appearing at the MEASUREMENT
PORT, at least theoretically.

Some power will be present at the
MEASUREMENT PORT, however, this
is due to imperfections in the bridge.
This is illustrated by the path from
the right hand port, SOURCE PORT,
to the top port, MEASUREMENT PORT.
The gain of this path will be -52 dB if
the bridge has a directivity of -40 dB.
The directivity of a bridge is measured
by terminating it in a perfect, or
near perfect, load and measuring the
residual power at the MEASUREMENT
PORT. The residual power is then
referenced to the amount of power
appearing with the TEST PORT term-
inated in an open or short; the result
is converted to dB and becomes the
directivity of the bridge. This paramenter
is very difficult to measure because
of the difficulty in finding “perfect”
terminations.

Above 500 MHz or so the connector
VSWR becomes significant in precision
bridges; thus even if a perfect load
is presented to the connector inter-
face there is the possibility that the
bridge itself is seeing reflections from
its own connector. Bridges operating
above 500 MHz with specified direct-

ivities of 40 dB or better should
use an external reference termination
so that the interface connectors at
the TEST PORT and REFERENCE
PORT are identical. If this is the case
then the connector VSWR will factor
out.

If the TEST PORT is shorted or
opened then all of the power is reflected
back to the MEASUREMENT PORT
again losing 6 dB due to internal
losses in the bridge. Because of the
internal losses the infinite VSWR
(open or short) will be 12 dB below
the amount of power that is present
at the SOURCE PORT.

Power may also be applied to the
MEASUREMENT PORT. If this is the
case it will be transferred to the TEST
PORT again losing 6 dB. Thus if a
generator is connected to the MEA-
SUREMENT PORT and another gener-
ator is connected to the SOURCE
PORT the signals from these gener-
ators will be combined by the bridge.
This combined power will appear at
the TEST PORT. If the TEST PORT is
terminated in a reasonable load no
power will be reflected back from the
TEST PORT; thus the generators will
be well isolated from each other.
This technique is useful in making
intermodulation distortion tests and
other measurements requiring two
generators.

It should be remembered that the
losses through the paths in the bridge
are theoretical 6 dB. In actual practice
these losses will be somewhat greater
than 6 dB. In a good bridge 7 to 7.5 dB
is not unreasonable at higher fre-
quencies.

March/April



50 watts minimum is a lot of rf
power throughout a bandwidth of
1 to 1000 MHz. But that’s what our
new Model 50W1000 delivers for
all your broadband test needs.

As your hunger for power plus
bandwidth grows, this year and
next, our all-solid-state “W” series

wo'— -T——: - -l[- -T
so‘—!-—T-—:-

RF POWER (WATTS)

.+'-‘I'.‘ olpln'n P'a-iy
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| Wn?;n
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SWe

(] [€;

N S W W— . e 1 J
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of 100-kHz-to-1000-MHz linear

amplifiers should become more and
more important in your plans. Today
you may need only 1 watt (the little
portable on the top of the pile), or 5,
or 10—all with that fantastic band-
width instantly available without

tuning or bandswitching—the kind

of bandwidth that lets you sweep
clean through with no pausing for
adjustment.

And next year?

But chances are good that next
year you'll be moving up into higher-
power work in the same bandwidth.
Then you'll be glad you have a 50W,
the only rf power amplifier in its
power-to-bandwidth class. At that
point, your smaller “W” series
amplifiers can be freed for lower-
power work around your lab.

What you can’t see in the
performance curves shown below
is the unconditional stability of
all Amplifier Research amplifiers
—immunity to even the worst-
case load mismatch or shorted
or open cable with no fear of
damage or system shutdown.

The “W" series is part of a
complete line of amplifiers
offering rf power up to 10,000
watts cw, for such diverse
applications as plasma/fusion
research, NMR, RFI susceptibility
testing, and a host of other test
situations that demand the very
finest in broadband f power.

Send for our free booklet,

“Your guide to broadband
power amplifiers.”

AMPLIFIER
RESeARCH

160 School House Road, Souderton, PA 18964 USA
Phone 215-723-8181 « TWX 510-661-6094
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tors to customer tion as
well as for use in our own
sources. Precision-engineered
for accurate, trouble-free tuning,
each is capable of long life
reliability in even the most de-

manding military environments.

Featuring:

« Broad frequency range

« High stability at all frequencies

» Wide power output range

+ Pulse width/duty cycle
variability

« Silver-plated and rhodium
finished

TO MEET YOUR SPECS

For more information or discus-

sion of rour specific needs, give
us a call today.
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FIGURE 2

tures high power cavity oscilla-

EEE) (micowave

411 Providence Highway
Westwood, MA 02090

(617) 329-1500.
TWX: (710) 348-0484.
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Bridges that provide an RF signal
at the MEASUREMENT PORT tend
to be more expensive because of the
increased complexity of manufacture.
These bridges are much more versatile.
By using a spectrum analyzer several
signals can be measured at one time.
With an internal diode detector, this
would be impossible and the signals
would have to be removed in order to
get an accurate measurement. With
an RF MEASUREMENT PORT, phase
information is present which can be
very useful. Also, power can be fed
into the MEASUREMENT PORT thus
allowing the bridge to be used for
power combining purposes.

Depending on the application an
external or internal reference might
be desirable. In most applications
an internal reference is preferred
because it simplifies the measurement
and the requirement to maintain
precision terminations. High precision
measurements require the connector
VSWR to be factored out by using
identical connectors on the reference
and test ports. On bridges equipped
with the “F” type connector this is a
must to obtain any reasonable reading
atall.

Applications

In addition to the standard function
of making return loss measurements,
return loss bridges may also be used
for other tests that are very common
in the RF laboratory. The following
uses are just some of the many appli-
cations of an instrument equipped with
an RF MEASUREMENT PORT.

Drive Power Measurement

In this circuit (Figure 2.) the power
meter will read the amount of power
being delivered to the DUT, assuming
the DUT has the same impedance as
the bridge. In this case the power rating
of the bridge will determine the amount
of drive power that can be applied

to the input port. Remember that since
the power is split there will be a 6 dB
power reduction. Bridges are available
with up to a five watt power rating
which would allow 1.25 watts drive
to the DUT.

Power Combining for TWO-
TONE Tests.

In this case (Figure 3.) the output to
the TEST PORT will be the combina-
tion of signals produced by the two
generators. The generator port to port
isolation will be approximately the
same as the specified directivity of
the bridge at the two test frequencies.
This feature will aid in preventing in-
termodulation distortion because the
signal generators will be well isolated
from each other. The above test set
can be used for measuring the IM per-
formance of a DUT. If intermods are
present, set the spectrum analyzer to
10 dB of RF attenuation to check that
the intermods are not coming from the
spectrum analyzer.

Amplifier Input Return Loss

A signal generator (Figure 4.) is con-
nected to the SOURCE PORT of the
return loss bridge and the amplifier
(DUT) is connected to the TEST PORT.
A power meter connected to the
MEASUREMENT PORT will now indi-
cate the amount of power reflected by
the DUT. Be sure to add six dB to the
power meter’s reading because of the
six dB loss in the arm between the
TEST and MEASUREMENT port.

There is also a power loss of six
dB between the SOURCE and TEST
port; this means that the amount of
drive available to the DUT will be
reduced by six dB. The maximum
amount of drive that can be applied
will depend on the power rating of
the bridge. A one watt rated bridge
will deliver .25 watts while a bridged
rated at 5 watts can safely deliver
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1.25 watts. If more than 1.25 watts
is required a different technique will
have to be utilized.

Arpplifier Output Return Loss

In this test (Figure 5) the amp-
litier (DUT) is connected to the TEST
PORT while an attenuator is connected
to the SOURCE PORT. A signal gener-
ator is then connected to the other
side of the attenuator. A second
attenuator is connected to the MEA-
SUREMENT port of the return loss
bridge. The attenuators are to protect
the spectrum analyzer and signal
generator from damage.

The test procedure is as follows:

1. Adjust the signal generator (#2) to
the amplifier carrier frequency plus or
minus the narrowest separation required
by the spectrum analyzer to discriminate
between the two signals.

2. Apply enough power from generator
2 so that the power level at SOURCE
PORT is approximately 10 dB below
output level of amplifier under test.
3. Apply drive to amplifier and adjust
for maximum or test output power.
CAUTION! Bridges can handle no
more than rated power!!

Antenna System Return Loss

Antenna measurements can be
readily made using return loss bridges.

BRIDGE

Figure 3

Before covering the actual measure-
ments it will be beneficial to discuss
some of the considerations involving
real world antenna measurements.
Antenna measurements present a
unique and sometimes hazardous
situation due to congestion and
colocation of equipments. Antennas
that are connected to high power
transmitters may be located within
several hundred feet of each other.
Thus, there may be considerable energy
present at the terminals of the antenna
to be tested.

Before commencing any measure-
ment, study the location to determine
if any other system could radiate
enough power into the antenna under
test to cause equipment damage.
The chart below will aid in making this
determination:

Minimum
Safe Power
Power Level Distance Received
1000 watts 100 feet .24 watt
10000 watts 500 feet .10 watt
100000 watts 1000 feet .24 watt

The above chart is based on both
stations using unity gain antennas
on an operating frequency of 50 MHz.
If frequency is lower gain will be
higher and vice versa.

If there is some doubt as to whether
the measurement can safely be made
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or not the exact power can be calculated
by the following formula:

P, =P GGAYA4AR)

Where:

A = wavelength in meters
G, = gain of receiving ant.
G, = gain of transmit ant.
P = transmit power

R =distance in meters
P, =received power

After making the calculation if there
is still any doubt than connect a power
meter such as a Bird thru-line to the
antenna system; and measure the
power level present. Remember if there
is more than one transmitter, the
power levels are cumulative.

CAUTION: Insure that the colocated
transmitters are on while making
antenna power measurement.

As long as the incoming power
level is below the rated power level
of the bridge the measurement can
be safely made. A bridge rated at
five watts can normally be used with
no problem. The Figure 6 illustrates
a typical measurement system for
antennas:

The power meter is indicating 1.25
watts at the MEASUREMENT PORT
of the return loss bridge; and the signal
generator isn't even turned on yet. The
power meter is reading the power from
the FM station which is being received
by antenna at KTV. It was anticipated
that the generator would supply a
signal of +12 dBm and the directivity
of the antenna would be 35 dB. Since
12 dB is lost through the arms of the
bridge, the signal returned would be
-35 dBm. This is 66 dB below the
signal being received from KFM which
is +31 dBm. No way can the measure-
ment be made while KFM is on.

If the return loss bridge has a DC
MEASUREMENT PORT you are out of
luck. Your reflected signal and KFM'’s
are combined by the detection diode;
internal in the return loss bridge. The
only hope is to shut KFM off while
the measurements are being made.
If the return loss bridge has an RF
MEASUREMENT PORT then simply
replace the power meter with a
spectrum analyzer.

The Figure 7 illustrates the test
system with a spectrum analyzer
substituted for the power meter. A
notch filter is also installed and is
adjusted to suppress KFM an additional
25 dB, this insures that the analyzer
front end is not overloaded. Note that
the dynamic range is narrowed to
approximately 40 dB; well within the
60 dB limit of an economical spectrum
analyzer.
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Mixer Port Return Loss and
Isolation

The advent of high level diode mixers
has brought with it associated problems
in testing these devices. Parameter
measurement is a time consuming
and elaborate process that requires
much care. The test system shown
below will measure all important
mixer parameters simultaneously, this
includes port return loss, port to port
isolation and intermodulation distortion.
If sweep generators are used, this
can be a swept test that covers the
frequency range of the return loss
bridge. Using this setup mixer can
easily be tested in less than five minutes.

The test procedure is as follows:

1. Apply drive and RF power at desired
levels. Read LO port return loss on
SA 1. Since the return loss bridge
incident (MEASUREMENT PORT) port
is sourced by the mixer read RF feed
through on SA 1. If desired LO power
can be varied while return loss and
feed through are monitored.

2. On SA 2 observe the RF port
reflected power and feed through from
the LO and IF ports of the DUT.
To run intermodulation select generator

THE
PROBLEM:

Design and build a distribution Ampli-
fier with noise immunity and drive capa-
bility to interface a localized frequency
standard to other equipment at distances
up to 1000 feet.

THE
SOLUTION:

The Austron Model 1295C, which
receives any one of four (4) standard
frequencies (10 MHz, 5 MHz, 1 MHz and
0.1 MHz) and distributes up to 40 indi-
vidual outputs of the input frequency.
Frequencies different than the input can
be created and distributed in groups of
four.

. The harmonic distortion is down more
. The non-harmonic related distortion is
. Channel isolation is greater than 50 dB.
. Reversible mounting (all outputs on

. Modular design for expandability (up

. Built-in test equipment with fault

THE
FACTS:

than 40 dB from the 1 Vrms output.
down more than 60 dB from the rated
output.

back or front of chassis).

to 40 outputs) and reconfiguration.

isolation to card.

40/100 kHz — 10 MHz
Outputs ]6 6‘ r) 6
0| |9 <
| €Y
Fault Lights . g’_ é o Te
Input Module o |0 e |e
oolo

) AUSTRON e

P.O. Box 14766, Austin, Texas 78761
(512) 251-2313 TWX 910/874-1356

For additional information, contact Austron
Time and Frequency Division.

Power On
Fault Alarm

r.f. design
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One Antenna_
with everything,
to go please.

Antenna kits that meet your specifications of high quality and
frequency response, and that are also responsive to your demands
of portability and easy use. A.H. Systems offers nine different kits
that fill the bill. Each comes in a single, lightweight case. Just one kit
can contain all the antennas, probes and cables to perform E-Field
1KHz-18GHz, H-Field 20Hz-50KHz and conducted 20Hz-100MHz

testing. Antenna factor calibrations are provided with each antenna.

So order one to go, with everything, or one of our other tantalizing
specials.

e
MODEL # FREQ. RESP. DESCRIPTION MODEL # FREQ. RESP. DESCRIPTION

SAS-200/510  300- 1800 MHz Log Periodic SAS-200 542 20- 300 MHz Biconical, Foiding
SAS-200/611 1000 - 12000 MHz Log Periodic SAS-200550  001- 60 MHz Active Monopole
SAS-200/612 200~ 1800 MHz Log Periocic . ST1D.. 3
Sodtosts 1o amoum Loppwiods  SSA0s o MLSTO Lo Ennn,
SAS-200/530  150- 550 Mhz Broadband Dipole
SAS-200/540 20- 300 MHz Bscomioal BCP-200'510 20 Hz- 1 MHz LF Current Probe
SAS-200'541 20- 300 MHz Bicen'l Celapnible BCP-200'511 100 KHz-100 MHz HF VHF Crnt. Probe
e
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A complete line of kits
with upper limits to
18GHz that satisfy FCC,
VDE, and MIL-STD 461
specifications, and more.

~ Available now from your

source for the finest
EMI test equipment and
accessories.

A.H. Systems

9710 Cozycroft Avenue
Chatsworth, CA 91311
(213) 998-0223




KFM

KTV

N

! TNF-2
—— NOTCH FILTER
wan, | Fe0:(100-250 mie |

KEM KTV | CNGAF J

nnnnnnnnn Ce w2028

BPECTAUM AnALYIER

—

—
© o0

©© P
|

SIONAL GENERATOR

s = .

00t 00 000

11 °
> o000 ooo cooo QO D+ O
RETUAN LOSS BAIDGE
Figure 7
8A-2
SPECTRVA ARALYIRR sA- '

| o

2 -0000 000 QOO 3

(g OO GEN-3 sienac eanenaton

SPECTAUY AmALYZER

O GEN-2 SISNAL SENERATOR —
I r com ¥ c__|
Do T C asm
000 6o ado -a-;s caga
00 cO ooc X35 og 999
- e O

| O]

é_

clelere L

Lo
000 GO ooa
-:00 06 oda

—]
© oo

#lE .| l90606

S 0000 060G 0000 9 O]

8A 3

SPICIAUL amAL Y2ER

@@((DG((_)) MIXER

Figure 8

GEN=1  jieuai sanenaton

ooa So 000
00 Cco coo

B2 2l

=)

§ =

J

C

r.f. design

35A



2 on RF port, the return loss bridge
now becomes a power combiner thus
supplying a two tone signal to the
RF port of the DUT.

3. On spectrum analyzer 3 observe IF
output, intermodulation distortion as
well as feedthrough from the RF and
LO ports of the mixer.

Naturally the bridges used for this
system must have an RF MEASURE-
MENT PORT. A bridge with a five
watt rating can easily supply the
required drive levels to any diode
type mixer.

Impedance Using a Vector
Network Analyzer

A vector network analyzer may be
connected directly to the MEASURE-
MENT port of a return loss bridge
provided that it has an RF type port.
Both magnitude and phase of the
reflection are present at this port. A
reference signal can be derived by
using an isolating power divider at the

EMI PROBLEMS?

Let Eagle Magnetic solve your
magnetic shielding problems!

[ enciNeERING DEPT. | g

For more information write or call:
P.O. Box 24283 ¢ Indianapolis, Ind. 46224 -
Phone (317) 297-1030
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SOURCE PORT. The second output
is then fed into the network analyzer
as a reference signal. It is recommended
that a resistive divider be used because
of the excellent phase balance inherent
in this device.

Summary

The Return Loss Bridge is a useful
device for making low power precision
VSWR measurements. Most of these
devices will be able to yield a -40 dB
directivity which is equivalent ot a 1.02
VSWR. Performance in excess of this
is only possible using slotted line
techniques. Return loss bridges can be
used for characterizing passive net-
works, antennas and low power RF
amplifiers.

Because of the size, price, high
performance and ease of use the return
loss bridge is, or should be, a standard
piece of test equipment in the RF
laboratory or service center.

Manhattan Beacl

Last
more leyl:rd cancer
of the colon-rectum
than any other cancer.

And you
- | haven’t had
| aprocto
| lately?

Procto: an everyday way
of saying proctoscopic
examjnation.

It's a simple diagnostic
test for cancer of the colon
and rectum.

And it helps save more
lives than any other step in the
checkup.

So, if you're over 40, you
should have a procto as part of
your health examination.

dJust think of it as a

|

|

|

|

|

: regular part of living.
|

| : :
t  American Cancer Society
|

THIS SPACE CONTRIBUTED BY THE PUBLISHER AS A PUBLIC SERVICE

CONSULTING,

DESIGN,
and FABRICATION

= EM SENSORS
Current Probes
Antennas
FCC & CISPR LISNs

* NANOSECOND TRANSIENT SUPPRESSORS
Coaxial Lines
Power Lines
Telephone Circuits

1/0 Semiconductor Circuits

Fischer Custom Communications, Inc

P.0. Box 581 Dept.J
Ca 90266

213) 545-4617
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. actual size

tiny

the world's smallest hermetically-sealed mixers from$1195
40 KHz to 3 GHz, MIL-M-28837 performance*

Increase your packaging density, and lower your costs. . . specify Mini-Circuits PLUG-IN FLAT MOUNT  EDGE MOUNT
miniature TFM Series. These tiny units 0.5” x 0.21” x 0.25" are the smallest,

off-the-shelf Double Balanced Mixers available today.

Requiring less PC board area than a flat-pack or TO-5 case, the TFM Series offer PIg
greater than 45 dB isolation, and only 6 dB conversion loss.

Manufactured to meet the requirements of MIL-M-28837*, the tiny but rugged

TFM units have become the preferred unit in new designs for military equipment. E-Z Mounting for circuit layouts
Use the TFM series to solve your tight space
problems. Take advantage of the mounting

MODEL FREQUENCY, MH:z CONVERSION ISOLATION dB, TYPICAL PRICE versatility—plug it upright on a PC board or
I'T(\)(%fcﬂ' mount it sideways as a flatpack
1 Octave Lower Band Upper Band
from Total Edge Mid Range Edge $
LO/RF IF Band Edge Range | LO-RF LO-IF LO-RF LO-IF LO-RF LO-IF| EA. QTY.
TFM-2 1-1000 DC-1000 6.0 7.0 50 45 40 35 30 25 |11.95(1-49)
TFM-3 .04-400 DC-400 5.3 6.0 60 55 50 45 35 35 [19.95 (5-49)
TFM-4 5-1250 DC-1250 6.0 7.5 50 45 40 35 30 25 [21.95 (5-49)
eeeTFM-11 1-2000 5-600 7.0 75 50 45 35 27 25 25 [39.95 (1-24)
eesTFM-12 800-1250 50-90 — 6.0 35 30 35 30 35 30 |39.95(1-24)
«=TFM-15 10-3000 10-800 6.3 6.5 35 30 35 30 35 30 4995 (1-9)
«TFM-150 | 10-2000 DC-1000 6.0 6.5 32 33 35 30 35 30 139.95(1-9)

see]f Port is not DC coupled
=+10 dBm LO, +5 dBm RF at 1dB compression

“Units are not QPL listed

For complete specifications and performance curves
refer to the Goldbook, EEM, EBG, or Mini-Circuits catalog

finding new ways . ..
setting higher standards

- - - -
[JMini-Circuits
A Division of Scientific Components Corporation
World's largest manufacturer of Double Balanced Mixers
P.O. Box 166, Brooklyn, New York 11235 (212) 934-4500
Domestic and International Telex 125460 International Telex 620156
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Reference-Level Control In
Spectrum Analyzers:
Simplification Through
Internal Intelligence

By Morris Engelson
Tektronix, Inc.
Beaverton, Oregon

oth users and designers of spec-

trum analyzers are constantly
seeking ways to simplify instrument
operation. While a modern spectrum
analyzer includes many control func-
tions, three are essential: frequency
tuning, frequency span across the
screen, and amplitude level. Unfor-
tunately, each of these functions in-
volves several circuit operations, so
that more than one control is usually
required for each function.

Inclusion of increasingly more
sophisticated circuits, coupled with
microprocessor intelligence, has
moved the spectrum analyzer closer
and closer to a true three-knob-con-
trol instrument, For example, micro-
processor monitoring of which local
oscillator is to be tuned, depending
on phaselock condition, has resulted
in just a single center-frequency con-
trol, with internal switching among
oscillators transparent to the user.

Changing the amplitude function
into a single control is much more
complicated. The solution chosen for
the Tektronix 492, 494, and 496 Spec-
trum Analyzers departs from previous
practice, although the control opera-
tion is quite similar to that used in the
popular 7L5. The arrangement may seem
strange to those not used to it, but
once understood, it saves the user
much extra control manipulation.

The Reference-Level Function

Amplitude-calibrated spectrum an-
alyzers provide a logarithmic vertical
display in dB/div, in addition to a linear
volts/div scale. Because dB (decibels)
is a relative amplitude measure, dB
differences must be compared to a

38A

“reference level"” to obtain an absolute
measure of amplitude. Theoretically,
the reference level could be anywhere
on screen, although by convention it
is the top graticule position. The ref-
erence level is defined as the absolute
input signal level, in dBm, that pro-
duces full screen display.

The reterence level is changed when-
ever instrument transmission gain is
increased or decreased (attenuation).
An increase in gain permits a smaller
input signal to produce a full screen
display; thus, the reference level is
decreased (e.g., from -30 dBm to -40
dBm). A decrease in gain, or an in-
crease in signal attenuation prior to
the gain stages, means that the input
signal level has to increase to produce
a full screen display; thus, the refer-
ence level is increased (e.g., from -30
dBm to -20 dBm).

Clearly, there are two separate in-
strument areas that affect reference
level — gain and signal attenuation.
Ideally, it would be desirable to in-
fluence both of these areas with one
control. Gain change or input signal
attenuation can also reduce the sig-
nal level and create different instru-
ment behavior for noise level and dis-
tortion. The user then needs to choose
between these parameters. Further-
more, input impedance characteristics
and mixer protection against large
(especially pulsed) signals depend on
the choice of input attenuation.

A Model

Circuitry for controlling the refer-
ence level in spectrum analyzers can
be represented by the model shown in
Figure 1. At some particular level of
input attenuation (call it 0 dB), and

mixer gain

signal
atten
FIG. 1
Lights
i /'//‘/ controlled
Vs \ by
\

\

GAIN
(Read ref level against lit position)

FIG. 3

ATTENUATION

display'

!

+10 0

+20

L[]
\\
T l+20 G +30

+30 ATTENUATION

(Add to gain to get
ref level)

FIG. 2
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Don't you wish someone
could showyoua
cost-effective, flexible,
efficient way to transmit
data and handie your
monitor and control needs?
Someone can. Repco.

Our RF communications link products and
design services can meet your telemetry
needs. Economically. Efficiently.

\J

=T

Manya,

Send for our new applications manual.
It’s unique in the industry. A far-reaching
exploration of the possibilities for RF links.

You'll see why businesses and industry
from oil to security to nuclear plants
depend on Repco for imaginative solutions
to tough problems.

We'll help you design an entire system,
or provide one small piece of equipment
or anything in between.

Someone can show you a cost-effective,
flexible, efficient way to transmit data
and handle your monitor and control

needs. Repco.

Repco, Incorporated

2491 North Orange Blossom Trail

Orlando, Florida 32804 : m
(305) 843-8484, TELEX 56-6536 e

Distributed in Canada by
Repco Radio Canada, Ltd.
1750 Plummer St. - Unit 20
Pickering, Ontario, Canada
L1W3L7 - (416) 839-5911

r.f. design INFO/CARD 31 39A



Figure 4

amplifier gain (call it 0 dB), the zero-
reference input signal produces a full-
screen reference-level dispiay. The
zero-reference signal is defined as
the input level which, on the whole,
provides the best dynamic measure-
ment range as noise, distortion prod-
ucts, and on-screen display capability
are balanced against each other. High
amplifier gain increases internal noise
and thus reduces the measurement
range, while very low gain requires
high input signal levels into the mixer
and results in measurement-limiting
distortion products. There is no one
absolutely best zero level under all
measurement conditions. The range
runs from about -20 dBm to -40 dBm,
with most spectrum analyzers de-
signed around a -30 dBm level. A zero
level of -30 dBm is used in the 490
Series.

How It Was Done Before

In the earlier years of calibrated
spectrum analyzers, reference levels
were set by two independent controls;
one for gain (or IF gain), and another
for input (or RF) attenuation., Both
controls were calibrated in dB, with
zero corresponding to the zero-refer-
ence input signal level. Knowing the
zero level (e.g., -30 dBm), the user
could add or subtract gain or attenua-
tion to compute the reference level.
In a more sophisticated variation of
this method, the zero-reference gain
position was labeled at -30 dBm, as
shown in Figure 2. Gain changes would
then indicate the reference level direct-
ly, so long as attenuation was not
changed.

A later improvement provided a
moving reference indicator around the
gain control, as shown in Figure 3.
The indicator was either mechanically
or electrically (lights) coupled to the
attenuator control. This method elimi-
nated the need for the mental arith-
metic of the previous approach.

Another version provided for a
mechanical interlock between the two
controls so that an indicator window

40A

or other mechanism would move to
provide for direct readout of reference
level.

Whatever the arrangement, the user
had to manipulate two controls to get
the desired reference level because
gain and attenuation were indepen-
dent variables, with reference level
dependent. In the 490 Series, how-
ever, reference level is set directly,
while gain and attenuation change as
needed to accommodate the desired
reference level. This solution results
in a single control arrangement.

Figure 5

The Tektronix Arrangement

Reference level (R in dBm), gain
(G in dB), and attenuation (A in dB) are
related through the following simple
equation: R=G+A+C, whereCis a
normalization constant. Clearly, the
same value of R can be obtained
through more than one combination
of G and A. Therefore, it is necessary
to have independent access to either
gain or attenuation even when the ref-
erence level can be manipulated direct-
ly. In the 490 Series, such access is
provided by providing a “minimum at-
tenuation’ control that sets the mini-
mum level of attentuation below which
the instrument will not go. (This con-
trol should not be confused with the
attentuation setting control in pre-
vious arrangements.) Once the *“min-
atten” control is set, the reference

Figure 6

Figure 7

level is actuated by a single control
that switches in gain or attenuation
as needed to provide the desired ref-
erence level. The choice of gain and
attenuation is determined by two re-
strictions: attenuation cannot go be-
low the minimum chosen, and gain
will not be reduced below the point
that provides a good dynamic range.

Trading Dynamic Range For
Noise Reduction

A signal with an amplitude greater
than the reference I2vel will produce
an off-screen display. The spectrum
can be brought on-screen by reducing
the apparent signal level in either of
two ways, front-end attenuation or gain
reduction. Gain reduction reduces the
displayed noise level and thus permits
more of the screen to be used for sig-
nal display. However, the front-end
spectrum analyzer circuits are then
subjected to greater signal levels and
produce more distortion (compared to
the attenuation technique of signal-
level reduction). In the 490 Series,
the choice of operating conditions is
provided by a min-distortion/min-noise
control The minimum noise setting
provides 10 dB of nocise reduction in-
stead of 10 dB front-end attenuation
(although attenuation will still not go
below the minimum setting).

Although other spectrum analyzers
provide 20 dB, 30 dB, or even as much
as 40 dB of gain reduction, a limit of
10 dB is used in the 490 Series to as-
sure that the on-screen display reflects
real signals rather than spurious re-
sponses. This choice (of how much
gain reduction to provide) is not re-
lated to how the gain attenuation and
reference level are controlled, but
rather to the fact that the intermodu-
lation dynamic range drops by at least
twice the rate of gain reduction. For
example, a 40-dB gain reduction cuts
an 80-dB dynamic range to zero — not
a particularly useful measurement ar-
rangement. Reductions of 10 dB or 20
dB do provide a reasonable intermod-
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Plan to be in SAN FRANCISCO
MAY 30 - JUNE 1, 1984

To Attend The

1984 |EEE/MTT-S MICROWAVE
SYMPOSIUM/EXHIBITION MTT-S
and Take Full Advantage of ...

AN OUTSTANDING TECHNICAL PROGIRAM — the rad

tional forum for announcing significant microwave technology and application developments will
feature sessions on:

Field Theory « Acoustic and Magnetic Devices o Biomedical Aspects of Microwaves « FET
Amplifiers « Filter Systems « FET Oscillator Stabilization « Communications Filters « Semiconductor
Control and Frequency Conversion « mm-wave Applications e MIC Techniques « FET

Modeling « mm-wave Techniques « Pianar Transmission Line Structures « IMPATT and Bipolar
Oscillators « Dielectric Waveguides « Microwave and mm-wave Measurements o Optical and
Submillimeter-wave Technology « mm-wave Mixers « Six-port Measurement Techniques

SPECIAL WORKSHOPS AND PANEL SESSIONS — provde

unique opportunities for dialogue with recognized specialists from all over the world on these
subjects:

mm-wave Measurements « MMICs « Japan/USA Competition in Technology Testing and
Timming of Miniature Batch Processed MICs « 40 GHz+ Coaxial Connectors « Clinical
Hyperthermia

« Suspended Stripline Filters « Field-Theoretical Methods for Microwave Problems « Industrial
Applications of Microwaves

THE LARGEST MICROWAVE EXHIBITION OF THE YEAR —

more than 200 microwave component, device, instrumentation, material and
subsystem suppliers will display their latest products and be prepared to discuss
your needs at production or engineering levels.

A FULL SOC|AL PROGQAM — spouses tours, an exhibitor reception

and the MTT-S award banquet complement the program and exhibition activities.

Complete the coupon below and retum it to Microwave Joumnal to receive the
Advance Program, advance registration form and hotel reservation forms.

MICROWAVE JOURNAL e 610 Washington Street « Dedham, Massachusetts 02026
send me additional information on attending MTT-S '84

Name Title
Organization

Address

City, State, Zip Code

Country Phone

MTI-Ss Member? O Yes [ No
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The 490 Series Arrangement Compared To Others

Advantages

+ Permits presetting the minimum at-
tenuation desired. Set it, then forget it.
* True single knob reference level
control. No need to manipulate two
controls to get the desired ref.

level.

* Choice of minimum distortion or
minimum dain algorithms. The user
knows what he is getting. Comes up
the same way (minimum distortion)
every time the instrument is turned on.
+ Does not provide too much gain re-
duction to avoid mistaking spurious
responses for real signals. Additionat

gain reduction can be simuiated by
going off screen.

Disadvantages

* New scheme, people are not used
toit.

* Noise level will be high and stay high
if the min-atten is set at a high levei
(e.g. 40 dB), and the user does not re-
alizeit.

¢ Not obvious how to get a desired
gain and attenuation setting as op-
posed to areference level.

¢ Only 10 dB of gain reduction means
that for some rare applications one
needs to drive the signal off screen.

ulation measurement range. Each has
its merits and disadvantages, and the
choice is pretty subjective. In any
event, it is always possible to drive
the signal off screen, thus simulating
a larger gain reduction.

Advantages and disadvantages of
the arrangement used in the 490 series
are listed in the table above.

Photographic Examples

The vertical calibration arrangement
provided by the 490 series permits

For a power resistor that
stays non-X up to vhf,

there’s only one choice.

The Carborundum® Type SP. Only
Carborundum has a ceramic power re-
sistor that behaves like a pure resis-
tance rather than an inductor and/or
capacitor. It operates from low audio
frequencies up into the vhf range.
Each unit is a solid body of resistive
material. No windings, no film. Ideal
for frequency-sensitive rf applications
like feedback loops.

And it gives you extremely high
power density, with great surge-
handling capability because it's solid.

Our Type 234SP, for example, is

setting all combinations of gain, at-
tenuation, and reference level. Figure
4 shows the normal setting intended
for best dynamic range, which occurs
at -30 dBm for 0 dB front-end attenua-
tion. The microprocessor sets 10 dB
of attenuation to reach -20 dBm refer-
ence, although the minimum attenua-
tion was preset at 0 dB.

Figure 5 shows what happens when
the minimum noise position is chosen.
The 10 dB of rf attenuation is removed,
and gain (aiso on-screen noise) drops
by 10 dB. The reference level is un-

e————

immersed in oil, it will handle even

changed, and the full-screen signal
display remains full-screen.

Figure 6 shows what happens when
the minimum attenuation is preset to
20 dB. Gain and noise increase, atten-
uation is up to 20 dB, and the reference
level and signal display amplitude are
unchanged.

Figure 7 shows a similar situation
at 40 dB minimum attenuation. As
stated earlier, all possible combina-
tions of gain (normal, -10 dB, and in-
crease by over 100 dB in 1-dB steps),
attenuation (zero to 60 dB in 10-dB
steps), and reference level can be set
with the control system in the 492, 494,
and 496.

Although the 49C Series provide a
maximum 10 dB of gain (noise) reduc-
tion, the equivalent of greater reduc-
tion can be achievad by driving the
signal off-screen. This approach has
the advantage thal most on-screen
displays are real; -hus, there is no
possibility of erroneously identifying
a spurious response as a real signal.
The disadvantage is that on-screen
displays cannot be achieved on those
occasions when noise reduction great-
erthan 10 dB is desired.

Figure 8 shows a normal two-signal
display. Intermodulation products are
below noise level.

Figure 9 shows th2 same two 0-dBm

—

' ’ /,../ \

greater power overloads.

Other Carborundum Type SP resis-
tors—including high-power, water-
cooled configurations—are rated from
2.5 10 1000 watts. For further details,
call or write E. B. (Woody) Hausler at
(716) 278-2143.

about the size of a 2-watt carbon comp,
but dissipates a full 10 watts in 40°C
ambient air. Moreover, it can consis-
tently absorb surges of over 10X rated
power for several seconds and come
back for more with very little AR.
Forced-air-cooled, water-cooled or

The Carborundum Comr.pany
Electric Products Division
P.O. Box 339

Niagara Falls, New York 14302

CARBORUNDUM
A Sohio Company
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When looking for a Synthesizer
for frequency agile systems (such
as FSK, secure communications
or radar), our new Model 5135A
is the fastest now on the market.
Latest in our series of 160 MHz
units, it completes frequency
changes as large as 10 MHz in
less than 1 usec (5 usec for
larger ones). For low-noise,
phase-coherent radar systems,
switching is also phase-
continuous with frequency

changes of 100 kHz or less.

Its .001 Hz resolution over the
full 160 MHz range makes it
ideal as a local oscillator, where
small frequency changes are
reflected as large ones in a
transmitted signal. Adjacent
channel interference for high
resolution systems is kept to a
minimum by our very low SSB
phase noise of — 95 dBc/Hz, as
close as 10 Hz from the carrier.

1 usec switching
makes it hard
to cavesdrop

or interrupt...

o~
Nl

N
"N

N
&;&\

To find out how this unique
synthesizer can fit your
application, contact us or your
local Wavetek representative.

Wavetek Rockland Scientific, Inc.
10 Volvo Drive

Rockleigh, NJ 07647

(201) 767-7900

WAVETEK:

...and our NEW Synthesizer
has 1 usec switching,
the fastest you can buy

ST ¢ e s o St oy S oo

TR EEH

Model 5135A

Literature Info/Card 85
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Figure 8

signals in the minimum noise mode.
The noise level has dropped by 10 dB,
and the input circuits are subjected
to 10 dB greater signal level as the
front-end attenuator is down from 30
dB to 20 dB. Third-order intermodula-
tion products can now be observed on
the screen. The information provided
by Figure 9 can also be obtained by
changing the reference level by 10 dB
and driving the signal 10 dB off-screen,
as shown in Figure 10.

Going another 10 dB off-screen
brings the third-order products up to
only 50 dB below the input signals,
as shown in Figure 11, a composite of
two photos. Finally, Figure 12 shows
the display on a competitive instru-
ment, where gain reduction greater
than 10 dB is possible. Although the
signal spectrum is all on-screen, the
intermodulation products are not real.
Figure 8 shows that these products
are significantly more than 50 dB down.

Figure 11

Conclusion

Perhaps one day, artificial intelli-
gence will reach a level where human
judgment will be replaced by machines.
We are certainly not there now. There-
fore, we continue to have some degree
of ambiguity in applications involving
complicated interactions or relation-
ships. The vertical display level of the

Figure 10

Figure 12

spectrum analyzer is no exception.

Current efforts are in the direction
of assuring that the more common
measurements can be done more or
less automatically; that the control
arrangement is as simple to use and
learn as possible and that the human
operator knows when to, and is able
to, override the computer.

You Demand Precision. ..

We Build It!

High precision ovenized crystal oscillators for use in counters,
synthesizers and communications systems.

* Up to 1x10 '°/24 hr. aging

* Single side band phase noise (BW-1Hz) at 1 KHz-160dB

* Frequencies from 1 to 120 MHz

* MIL-SPEC, JANTX Radiation-hardened capability

* + 5x10 ' from 0 to 50°C

* MIL-SPEC temperature ranges
» Fast warm-up options available
* Various mechanical configurations

Call or write with your oscillator requirements!

@ AUSTRON wc

P.O. Box 14766 * Austin, Texas 78761 » (512) 251-2313 « TWX 910-874-1356
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It you checked any or all of the
items below, then you must order
from Wavetek. Because Wavetek
specializes in small, lightweight,
high-performance programmable
attenuators for OEM systems.

They're available in 50- or a

75-ohm versions covering a
frequency range up to DC to
2000 MHz. They have a switching
life of 10 million operations and «a
switching speed of less than

8 milliseconds with a typical
12 VDC address.

In addition to three standard
configurations, Wavetek
programmable attenuators can be

NALON S T o
! ! PROGRAMMABLE ATTENUATOR
i

moos L CITTIOCC12_Jou/n

. 60dB
A -
{ ,’

World's smallest
DC-2 GHz programmable attenuator

DEMONSTRATION INFO/CARD 36
LITERATURE INFO/CARD 86

custom-designed for your specitic
applications. And we can produce
them in volume quantities at
surprisingly low prices.

For complete information, contact:

Wavetek Indiana, Inc., 5808

Churchman, PO. Box 190, Beech

Grove, IN 46107. Or call TOLL-FREE
1-800-428-4424. In Indiana, call (317)
787-3332. TWX 810-341-3226.

WAVETEK




“Near Field”’
Communication

The “Near Field” low frequency communication applications
have been neglected for quite some time. However, suitable
applications still exist and should be more closely examined.

By Andrzej B. Przedpelski
R & D Laboratory

A.R.F. Products, Inc.
Boulder, CO 80301

Despite the fact that “microwaves” became quite a buzz-
word in the last few decades, there are still some appli-
cations for the lowly low frequencies. In the thirties, high
power low frequency broadcasting stations were quite de
rigueur practically everywhere but in the United States.
| remember, as a child, putting together my first crystal
set to listen to Warsaw | at about 200 kHz. Thanks to the
high power output and a good ground wave, reliable reception
could be had with the simplest equipment. In those days
all you needed was a crystal (not a JANTX diode, but a hunk
of galena with a “'sensitive spot”), some wire, a cold pipe
for ground and the power line for an antenna (if you were
very careful -1 almost burned the house down when my
“antenna” shorted to my ‘“ground’’) and you were in bus-
iness. During World War |l, when amateur transmissions
were restricted, low frequencies enjoyed a short revival
in the United States. Some hams, not willing to give up their
hobby, switched to carrier current as means of communi-
cating. This meant operation below 100 kHz, using the
power lines as transmission lines. Theoretically, the radiation
was supposed to be negligible, but it was possible to
“jump” from one power line to another. This was handy in
places like Boston, where some of the power was AC and
some DC therefore line jumping was necessary to obtain
reasonable distances.

Long range (high power) applications for low frequencies
always existed, such as: communicating with submarines
at sea, navigation (Omega, Loran-C, Decca), and timing
(WWVB and US Navy standard frequency and time stations
such as NAA, NSS NLK).

For a while things were quiet on the low frequency front,
until garage door openers first became popular in the late
forties. To provide ‘“‘license-less’ operation (it is doubtful
if the average motorist could pass any kind of FCC exam), a
very low power operation was required by the FCC. This is
where ‘“‘near field” operation comes in [Reference 1). To
meet the low maximum allowable field strength permitted,
the fact that the field varies as the inverse cube of the
antenna separation for distances considerably less than a
wavelength, was utilized. At distances over one wavelength,

46A

the usual inverse law applies. Thus, using very low fre-
quencies (long wavelengths), a usable signal level could be
obtained while still satisfying the FCC requirements.

It may be desirable, at this point, to define what is meant
by “near field."” An RF current in a transmitter loop antenna
produces an oscillatory magnetic field. This field, in turn,
induces a proportional current in a receiver loop antenna
placed in it. Thus, the transmitter loop — receiver loop
system can be thought of as a very loosely coupled (“leaky”)
transformer (see Figure1).

The formula for mutual inductance of two parallel coils,
as shown in Figure 1, is [Reference 2]:

um aror;
M= 16 Vr.r, [———] (1)

(rp + 1p)2 + d?

which, for ry + r.<<d (the usual case), can be simplified to:

4]

Using the formula for induced voltage:

e = -jwMi @)

and taking into account the fact that multiturn coils are
used, the overall system formula for induced voltage in the
receiver ioop antenna becomes:

r2re2nyng
€ =04n — " i (@)
d3

Basically, the same results can be obtained using
Henney's formula for radial near field [Reference 3]

18.85n,r,2_ ,
ST i:rx10 (5)

March/April



‘j-v—
;:

g0

—p [Cmm—

IFR, Inc. Model FM/AM 1500 Communications
Services Monitor uses Weinschel Model 3100-127
to achieve a high degree of accuracy and
dependability

IFR, the leading designer and manu-
facturer of precision test equipment
for the Avionics Electronics and
Communications industry, chose
Weinschel's 3100127 variable attenu-
ator for use in their FM/AM 1500
Communications Services Monitor. A
member of the National Conference of
Standards Laboratories, IFR demands
a high quality and dependable OEM
product.

The 3100-127 is the smallest available
precision variable attenuator with an
incremental range of 127 dB. Design-
ers appreciate the small front panel
dimensions and flat frequency
response which enhance broadband
OEM instrumentation designs.

CALL

800-638-2048

to receive literature next week

WEINSCHEL
ENGINEERING

One Weinschel Lane

Gaithersburg, MD 20877

(301) 948-3434

Telex: ITT440702

or WU89-8352 C-49

Weinschel’s 3100
| Variable Attenuator
& Chosen by IFR for
- their FM/AM 1500

Actual Size

Here’s why. . .

Continuously Variable
127 dB incremental range between minimum
insertion loss (6 dB) and 133 dB

Broadband
DC to 2 GHz

Low Frequency Sensitivity

+0015 —I8 15 133 9B absolute
dB x GHz

Calibration Frequency Accuracy

(at 1 GHz)

0.5 dB or 1% (whichever is greater) to 120 dB,
2% to 133 dB (including resetability)

Environmentalized
Against humidity, salt, shock, and vibration; 0 to
85°C operating temperature range

Long Life
Rated for and tested successfully to 50,000
operations
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A guariz
resonator
for UHF
oscillators
has
surfaced...

Introducing the surface acoustic wave (SAW) reso-
nator. This fundamental-mode UHF resonator is
manufactured with semiconductor processing tech-
niques using quartz as a substrate. The high-Q reso-
nance of the SAW resonator arises from phased
reflections across the surface of the device — similar
mathematically to the resonance of a laser. The
quartz SAW resonator makes an excellent frequency
control device for UHF oscillators from 300 to over
1000 MHz. SAW resonators are used in RF applica-
tions from precision instrumentation to high-volume
consumer electronics.

For more information on the characteristics and ap-
plications of the quartz SAW resonator please

contact:
ll' | ||
of? [fo |

RFMonolithics, Inc.
4441 Sigma Road
Dallas, Texas 75234
(214) 233-2903
TWX: 910-860-5474
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* and Terman'’s for induced receiver loop voltage [Reference
4]
A

| en=2neN (6)
A whereecanbee ore,
l The induced receiver antenna voltage thus becomes:
r2r2neng
| eg = 3.9585n fiy (7)

For comparison, the “far” field transfer function was
derived:

| r2re2ngng @)
| ea= B0 e S
d

. using [Reference 5]:

| 120n3n, 1,2
e =— i, ©)
da?

and Equation (6).

| The inverse and inverse cube relationships are clearly
visible in Equations (8) and (7). Figure 2 shows them for
normalized conditions (r; = r; = ng = n; = i; = 1) foran
RF frequency of 100 kHz. It can be seen that at a distance
of just under v wavelength the performance of the two
approaches is equal. At shorter distances, the “near field”

| s clearly superior. At longer distances, the more common
“far field”’ performance is better.

4

1

a>>r 41,
M, r<<A

— |
[
—_ —t—

(i

FIG. 1 Two Coaxial Parallel Loop Antennas
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DALE
MEASURES UP
to your

TCXO NEED!

Check our expanded line of temperature
compensated crystal oscillators. It includes both
military and commercial models in frequently
specified styles — with stock frequencies available
fast! Here's a quick look at our lineup, including the
new hermetically sealed TCXO-30 and TCXO-32
now in production.

Table 1
Definitions

f = frequency, hertz

d = loop antenna separation, meters

n, = number of turns in transmitter loop antenna
n, = number of turns in receiver loop antenna

r, = radius of transmitter and antenna loop, meters
r, = radius of receiver antenna loop, meters

iy = transmitter RF loop current, amperes

e near-field strength, microvolts per meter

n

e, = far-field strength, microvolts per meter
e, = voltage induced in receiver loop antenna, microvolts

M = mutual inductance, microhenries

u, = permeability of free space, 4n x 107 henries per meter
A = wavelength, meters
A = loop antenna area, square meters

Table 2
FCC Regulations - Part 15

Maximum allowable field strength for nonlicensed

operation:
Frequency -kHz Distance - meters Field Strength
10-490 300 2400/frequency
510-1600 30 24,000/frequency
Frequency - MHz
70-130 30 50
130-174 30 50-150 (linear interpolation)
174 30 150
260-470 30 150-500 (linear interpolation)
470 and above 30 500

Model No. | TCX0-22| TCX0-24 | TCX0-26 | TCXO-30 | TCX0-32
Freq. Range 3 MHz to 15 MHz
[ StockFreq. | 4, 5, 10 MHz _
Stabi?t;/ 1 +1, 5 [7‘;1 ﬁ +3 [ 4¥1 )
XSPT&"E‘; (O +55°0) Yo | Cee | Geo
Case Styl: I Epoxy T‘ ) Metai v]th H;r;netic géal _

Contact Dale today for complete price and delivery
information, plus assistance with custom models.
Phone 602-967-7874

Dale Electronics, Inc., 1155 West 23rd Street, Tempe, AZ 85282
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There are many applications where the “near field”
approach provides important advantages. They are basically
low power short range systems which can be divided into
two main categories:

-systems which cannot exceed a certain field strength
at a specified distance, and

-systems where partial security of transmission is desired.

A typical example of the first is the FCC low power require-
ment mentioned before in connection with the garage
openers. To operate without a license, the low power FCC
requirements have to be satisfied, as shown in Table 2.
Figure 3 shows a comparison of operation at two frequencies:
100 kHz and 200 MHz. The maximum FCC allowable signal
strengths are indicated. At distances of over about 400
meters the 200 MHz system will provide higher field strength,
but at very short distances over 40 dB higher field strengths
are provided using the low frequency approach. A free
bonus is the reduced interference with other receivers
located nearby, since the inverse cube relation applies
to a distance of about 670 meters.

In addition to the above advantages, the lower frequency
usually provides better propagation characteristics. It
penetrates solid objects better and does not exhibit the
usual nulls encountered in VHF operation.

The other application is in partially secure (or non-inter-
fering) short distance communication systems. Let’s assume

March/April
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g™ CRYSTAL OSCILLATORS

Clock | Oven

i
| Oscillators Controlled TCXOs
: M 0/ +50°C: +1x10-5totl x 10”7
I NS 1 M. 19 M gl g 20/ +70°C: 51 1010 25x 10!
| L . 1 5 10 o 0w -55/+85°C: 25x10-$to 1 x 10
] SINE: 50 Hz- 1000 MH: 00 M T avalatie Aging: 1x10%/day, 1 x 10y
Standard:  0/+ 70°C: £.0025% Temperature: 2x 10-%/°C to Input: 5-30 VDC, 4-30 ma
I Option 1: -55/+ 85°C: +.005% B 0-1/°e Output: Sine: 1 MHz - 400 MHz
Option 2: -55/+125°C: ¢ 005% " 50 He . 100 MH:
I Option3:  0/+ 50°C: +.0003% Noise: 3s low as -160dBc/Hz CMOS: 50 Hz- 10 MHz
at 10KHz :
] 1 MHz - 280 MHz
! PLEASE
I Name CiClock (JTEX0 [ VEX0 (] OvenType
I Mail Stop Title Freq Output
I am _ Temp Stab
| Address _  Other (e.g. aging)
| oy State Zip Quantity i
] Phone Ext. [0 Immediate Need [ Send your Catalog
I You can reach us at 203/853-4433 ) Have Sales Engineer contact me
| INFO/CARD 41
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VECTRON LABORATORIES, INC.
The Crystal Oscillator Company
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REF LEVEL

INPUT ATTEN LOG SCALE

Many of today’s complex instrumentation systems
depend on programmable frequency synthesizers.
Varian Instrument Division, Palo Alto, is using
PTS 160 and PTS 200 low noise sources in their
state-of-the-art-products.

The reliability record established by these
synthesizers over the years has been outstanding.

If you need VHF-UHF Synthesizers for precision
frequency control in your system or lab,
follow the leaders, specify PTS with confidence.

FREQUENCY SYNTHESIZER MODELS
T e MHz, 160 MHz, 200 MHz, 500 MHz

JI(
SRR

PROGRAMMED TEST SOURCES, INC. Littleton, MA, 617-486-3008




PRECISION CRYSTAL

OSCILLATORS
SERIES 8000

STANDARD FREQUENCY 5.0 MHz
AGING RATE MODEL ER8001 1 x 10 —°%/day
MODEL ER8003 1 x 10— '9/day
MODEL ER8005 5 x 10— 'l/day
PHASE NOISE __ SSB 1 Hz BW at 10 Hz offset
MODEL ER8001 . .. 124 db
MODEL ER8003 . .. 135 db
INPUT VOLTAGE __12 VDC =+ 10% STANDARD
OUTPUT SINE-WAVE 1VRMS INTO 50
ohm LOAD
MODEL ER8001 and
MODEL ER8003
2 x 2" x 4" H
MODEL ER8005
2.25" x 2.25" x 4.25" H
____MANY OPTIONS ARE AVAIL-
ABLE TO INTERFACE WITH
YOUR REQUIREMENTS

SIZE

OPTIONS

that a system is needed having a minimum signal-to-noise
ratio of 40 dB at transmitter/receiver separation of 100
meters. The intelligence bandwidth is 10 kHz. Two systems
will be compared: one at 400 MHz and one at 50 kHz.
Assuming a receiver noise level equivalent to a field strength
of one microvoit per meter [Reference 6}, a field strength
of 100 microvolts per meter at 100 meters is needed, as
shown in Figure 4. At a distance of 10,000 meters the sys-
tem will have a 0 dB S/N.

On the other hand, the 50 kHz system, while requiring
considerably higher field strength to provide the required
SIN, will be lost in the atmospheric noise [Reference 6]
(SIN of 0 dB) at a distance of only about 460 meters, as
shown in Figure 5. Thus, security is considerably enhanced
compared to the VHF system.

The necessity of using loop antennas is sometimes
considered a disadvantage of the low frequency, near
field systems. While modern loop design data is somewhat
scarce, it is possible to design efficient structures [Refer-
ence 7] with minimal effort.

The above analysis is not meant to be all-inclusive, but it
shows that the long neglected low frequencies still have
some modern applications. Each individual short-range
system requirements have to be considered before a final
decision can be made, but in many cases the low frequency
approach may have considerable advantages. In addition,
after working at VHF and UHF it is quite a revelation to
find out that capacitors really behave like the book says
and an inductor is + j and not -j.

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

For information and prices, send your specifications to:

FREQUENCY CONTROL PRODUCTS
electronic research company

7618 Wedd, Overland Park, Kansas 66204
TWX:(910) 749-6477
Telephone: (913) 631-6700
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The high performance

requirements of your Your Choice

2 G . -
"5354‘2,’} For High Quality

can be realized with Communiqations
Reaction Instruments® ECIUlpment

standard or customized
Receiving Equipment,

DISTRIBUTION
AMPLIFIERS

The Model 7298 Video Line Driver
Amplifier is a general purpose, dc to
8 MHz amplifier, with up to 15 plug-in 6
output distribution amplifiers, each with
output rated at +20 dBm.

The Model 7292A FDM Distribution Amplifier System,
with up to 15 plug-in 6 output amplifier channels, features
low noise (BINR>70 dB) and intermodulation (npr>65 dB)
for distributing CCITT FDM demodulator outputs.

The Model 7291 Distribution Amplifier is a general purpose, wideband
(dc to 32 MHz), low distortion video distribution amplifier with dual 6
output channels.

RLACTR B TR

Please Write or Call

BN REACTION
INSTRUMENTS
1916 Isaac Newton Square West

Reston, Virginia 22090
Phone: (703) 471-6060

icouplers @ Receivers @ Signal Distribution ® Frequency Converters ® Processors
INFO/CARD 44




- ¢ / 7 W
f \ R

“unraq

-

v Grystals
 for Yourr Most
- Demanding

Applications

Better resolution,
improved stability—greater
performance all the way around—
are yours. This new generation of 10 MHz,
Sth-overtone, AT- and SC-cut quartz
resonators processed in Colorado
Crystal’s new precision clean room, can
make the difference in your design. Use
Uitra-Q crystals wherever you need more
reliable signal information or improved ac-
curacy in frequency or timing standards.

Better Crystals

Mean
Better Products

For typical specifications and information
on custom ultra-precision crystals,
call or write:

(J0)0)

— '

YSTAL
CORP

(303) 667-9248
2303 W. 8th St. * Loveland, Colorado 80537
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Fig. 3 Operation Under FCC “Low Power” Rules.
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Divider Delay:
The Missing PLL Analysis Ingredient

This article will analyze PLL divider delay using control systems
models and demonstrates the impact of delay on loop stability.

By Stan Goldman
Texas Instruments
Dallas, Texas 75230

hase Lock Loops are used in many applications, but

frequency generation is the most common. As design
requirements for Phase Lock Loops (PLL) become more
stringent, so does the importance of accurate analysis
for loop performance. Most of the demanding PLL design
decisions are related to increasing loop bandwidth to reduce
noise and improve loop switching speed. The component
values calculated using classical loop analysis equations
have been used in circuits where the measured electrical
response was not always in agreement with the calculated
electrical response.

The discrepency between theory and experiment was
found to be attributed to divider delay which caused a
decrease in phase margin significant enough in many cases
to cause unstable loop performance. Divider Delay is one
of the most significant parameters which limits larger
Phase Lock Loop bandwidths. It is defined as the time
delay from a changing frequency input to the dividers
until the detection of the changing frequency by the phase
detector. The time delay results from the many clock pulses
required to change the divider's output state which is
sampled by the phase detector’s input reference clock
frequency rising or falling edge. This article will analyze

Divider Delay using control systems models and demon-
strate the impact of delay on loop stability.

To begin the analysis, Control Systems Theory will be
reviewed, followed by the derivation of a PLL control system
model. Next, through several algebraic rearrangements,
equations will be derived to solve for circuit elements
from which Bode plots of magnitude and phase of the Open
Loop Transfer Function can be made. Finally, an example
will be used to show the effects of Divider Delay.

The generalized Phase Lock Loop Function can be
expressed in terms of Control Systems Theory as follows:

%) G(s)

8,(s) ~ 1 + G(s)H(s) (1)

Stability is determined by the G(s) H(s) function, which is
referred to as the Open Loop Gain Function. If G(s) H(s)
ever becomes equal to -1, then equation 1 becomes unstable.
Naturally, the parameters that define the G(s) H(s) function
must be carefully scrutinized.

A type 2 second order loop is used to illustrate the
analysis technique as shown in Figure 1. This circuit con-

Ry

Vv

[ R

O———

1
Phase X ’k
Detector VvV AMP
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K K,
, Volts/Radian

Voltage
. Controlled -—>
Oscillator
Output
Frequency

. =
" |
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|

[

L +N

l Divider

Figure 1. A Type 2 Second Order Loop.
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figuration is generally used in frequency generation appli-

cations. From Figure 1 the Open Loop Gain Function can

be mathematically described as follows:

GH(s) = (Phase Detector Gain) (Filter Transfer Function) X
(VCO Transfer Function) (Divider Transfer Function) (2)

(L)) () (o) o
= ( ':,%K,;‘ ) (&) (scr,e1) (o) @

where:

T = 1/Reference Frequency K, = VCO Transfer Function
K, = Phase Detector Gain N = Integer divider value

Equation 4, the Open Loop Transfer Function, is organized
into terms which can be expressed easily using Bode
Plot graphic techniques. The first term represents a gain
constant; the other terms represent Bode Plot functions
of frequency. Notice the two poles at the origin. This
term represents two integrators which will force the error
function closer to zero with decreasing frequency. The last
term is the mathematical representation of delay. Equation
4 was derived using references 2 and 3.

When designing a Phase Lock Loop, the loop require-
ments are generally specified by loop bandwidth, output
frequency (N x Reference Frequency), and stability (Damping
Factor) parameters. Using these parameters and equation
4 one can determine circuit elements necessary to meet
the loop performance requirements.

To calculate circuit elements for the PLL requires several
operations. First, an equation for phase variations versus
frequency must be developed and used to solve for the
frequency location of the Zero (1/2nR,C). Next, a magnitude
versus frequency equation must be calculated and used to
solve for the value of the Gain Constant term (K K, / NCR,).

Stability requirements are determined by the phase of
GH(s). If the phase equals 180° and the magnitude equals
unity, then oscillations will occur. The loop bandwidth is
the frequency where the Open Loop Transfer Function
equals unity. The last term of equation 4, ((s CR, + 1)e*")
contains phase variations versus frequency, while t11e other
terms have a constant phase. Therefore, the other terms
can be put aside. Now, solving the last term in equation
4 for phase:

[ (sin(wT) + (wR,C)HCos(wT))

Phase = ARCTAN | ~coq( oT) - (@R CYsin(wT) ) ©)
Where:

w = 2nf

f = Frequency variable

Equation 5 can be used to plot the Open Loop Transfer
Function’s phase variation as a function of frequency. To
find the frequency location of the Zero and thereby insure
the required loop stability, equation 5 has to be rearranged,
and values substituted. The stability requirement can be
expressed by Damping Factor values and then expressed
in terms of phase by the following formula:
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Figure 2. Classic PLL Solution
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Phase Angle = 2DX
where:
D = Damping Factor

X =(2D2+ (4D%+ 1) °°) °° =YW
wy

w,, = natural frequency

fow X
fowaes  (1+2D2+((1+2D9%+1)%%)%°

=1

EXAMPLE

Optimum Solution of Figure 4

Given: Detector = .4V/Radian (Fairchild 11C44)
K, = 125,000 (XR 2207)
N =64
D =.27
BW =10Hz
Ref. Freq. =100 Hz

Choose: C =1ufd

Solution: R, = 489K
R =35.9K
Bfv (30B) =15 Hz
Freq.Crossing =10Hz

L RJR, =.0735

Now, the phase angle value where the magnitude of the
Open Loop Transfer Function equals unity determines
phase stability. The number of phase angle degrees greater
than -180 degrees (ie. instability) is calied the Phase Margin.
The frequency where the Open Loop Transfer Function
equals unity is defined as the Loop Bandwidth. Therefore,
equation 5 can be solved for the Zero Frequency Location:

N [ (wgy SiN(wg, T) ) (TAN(phase angle) + wg,, Coswg,T)

zero

[ (TAN (phase angle) ) (cos(w, T) + S(wgyT) ] 2n

where:

f _ 1

“° T 2nR,C

= 2nf (—_—fBW ) = zero magnitude crossing of GH

Waw = €M gwsap) \ T - 9 g
BW(3dB)

T = 1/Reference Frequency = N/Output Frequency

N = Loop Frequency Multiplication Factor

faw = LOOp Bandwidth (Zero Crossing)

f = 3dB Bandwidth

BW(3dB)

Now that the frequency location of the Zero is deter-
mined, more circuit parameters can be calculated. The
magnitude response of equation 4 can now be solved:

o= () (D L Gee] e
1 zero

where;
w = 2nf

Equation (8) can be used to plot the Open-Loop Transfer
Function magnitude versus frequency. However, since the
Zero frequency is located by solving equation 7 and the
bandwidth is a known requirement, then equation 8 can
also be used to solve for the Gain Constant after being
set equal to unity at the Loop Bandwidth frequency:

March/April



Ky K, o
Gain Constant = —2—~ = @nfg,)

NCR, [ - (fwa )'2 05 9)

zero

This leaves the parameters K, K,, N, C, R,, and R, to be
determined. The parameters K, and K, are determined
by component selection. N is determined by the frequency
multiplication requirement. Thus, C, R, and R, remain to
be calculated. From equation 7.

C= 1\ (10)

2R, f

Substitution of equation 10 into equation 9 results in the
following resistance ratio:

zero

R, _ N(GainConstant) (11)
R, KoKy 2nf

zero

Unfortunately, there are two equations and three unknown
variables. Therefore, engineering experience can be used
to select component values. First select a reasonable cap-
acitor value which will make the circuit component non-
electrolytic or one with excellent frequency response
characteristics. Now, equation 10 can be solved for R, and
then R, can be calculated from equation 11. Check the
resistance values calculated and compare these values to
the range of resistances that the Phase Detector data
sheet specifies. Also check the Op Amp specification sheet
for gain (RJR,) for frequencies less than the loop band-
width and resistance ranges. If these critereon are not met
then recaiculate until they are achieved or find other devices
which can accomodate the design calculations.

Examples

The effects of delay can be shown through examples.
The PLL example design requires a 10 Hz Loop Bandwidth,
a Damping Factor of 0.27, and a Reference Frequency ot
100 KHz. Figure 2 shows a Bode Plot with the results of a
Zero Frequency Location of 17 Hz and a Gain Constant of
71 dB. Note the Phase Margin is = 30 degrees at 10 Hz
and the magnitude is at 0 dB to give a 10 Hz Loop Band-
width. These results are the common classic solutions seen
in several references. Many references suggest no Loop
Bandwidth limitations; however, unexplained bandwidth
limitations were encountered in circuit applications. Note
the reference frequency is a factor of 10,000 greater than
the Loop Bandwidth.

A new plot can be calculated with the Reference
Frequency at 100 Hz or 10 times greater than the Loop
Bandwidth. The new plot is shown in Figure 3. One notices
that the Phase Margin has gone negative and that resuits
in an unstable loop. This demonstrates the dramatic effect
of delay on loop performance.

A new solution for the example with reference frequency
at 100 Hz can be calculated. Using the derived equations
which include Divider Delay effects, results in Figure 4
which shows a 4 Hz Zero Frequency Location and a 64 dB
Gain Constant and has a 30 degree Phase Margin (0.27
Damping Factor). Also notice the magnitude of 0 dB at 10
Hz (3dB BW = 15Hz from Equation 7.) results in a Loop Band
width of 10 Hz. Thus an unstable loop in Figure 3 can be
adjusted to meet loop requirements as shown in Figure 4.

With the establishment of these equations, a few tables
can be used to aid PLL design. The first table in Figure
5 shows Damping Factor versus Loop Bandwidth to

r.f. design
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HIGH PERFORMANCE

POWER DIVIDERS

Janel offers a wide variety of standard power
dividers. The chart below shows a sampling of
what's available. All feature high guaranteed
performance and yet are competitively priced.
Many models are available from stock.

Model Outputs  Frequency Isolation  VSWR

PD7724 2 20-512MHz 25d8 1.35
PD7725 B 20-512 25 1.35
PD7726 8 20-512 25 1.35
PD7852 12 2-512 25 1.5
PD7905 B 2.50 30 1.2
PD7848 8 800-960 25 1.35

In oddition to Power Dividers, Janel manufactures a wide range of
standard Amplifiers and other rf components. Custom designs can be
provided tor unusual applications. For detailed information, call or
write Janel Laboratories, Inc., 33890 Eastgate Circle, Corvallis, OR
97333. Telephone (503) 757-1134.

@JANEL LABORATORIES
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DAMPING  BWI/REF RATIO

0.10 0.22
0.20 0.19
0.30 0.16
0.40 0.13
0.50 0.1
0.60 0.09
0.70 0.07
0.80 0.06
0.90 0.05

Figure 5. Bandwidth to reference frequency ratio
for a zero location at OHz.

DAMPING ZERO/BW RATIO GAIN CONST (dB 1Hz BW)
0.05 1.12 29.38
0.1 0.92 28.53
0.15 0.75 26.26
0.2 0.61 24.75
0.25 0.49 22.9
0.3 0.38 20.56
0.35 0.28 17.45
04 0.19 12.84
0.45 0.11 357
0.5 0.04
0.55 negative

Figure 6. Calculation of damping factor versus normalized zero location for
BWI/REF ratio of 0.1

Reference Frequency ratios. This table show ideally how
close the Reference Frequency can be to achieve the
Damping Factor shown. System choices in determining
Loop Bandwidth, Reference Frequencies and stability
can be aided with this table.

Figure 6 shows another table which locates the Zero
Frequency Location relative to Loop Bandwidth for different
Damping Factors at a 0.1 Loop Bandwidth to Reference
Frequency ratio. Notice to achieve higher Damping Factor
(greater stability), the Zero Frequency Location approaches
0 Hz, while the Gain Constant decreases to compensate
for the Zero Frequency Location. This table gives insight
into the Zero Frequency Locations effect on stability.

Conclusion

The results of this paper will allow more analysis of Phase
Lock Loops before they are built and modifies the classic
PLL approach to solve an increased number of PLL prob-
lems. It has been shown that for wide bandwidths the delay
term is a dominanting factor in determining bandwidth.
Thus, an aid to System Designers has been developed
so that the feasibility of proposed Phase Lock Loops can
be determined.
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Figure 4. Modified PLL Solution.
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' A Wideband, Low Intermodulation Electroni
Attenuator Using PIN Attenuator Diodes

By Robert Dennison
| Channel Master Satellite Systems
Oxford, NC
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Bridged T Network

Application

Broadband systems such as cable
television a.g.c. circuits where inter-
modulation is of prime concern.

Circuit Description
Based on the well known bridged -

Actual Circuit Developed

R1 and R2 set the current and isolate
the DC. D2 tends to be off.

At low input voltage and high atten-
uation, D1 tends to be off. D2 tends
to bypass the signal to ground. R3
and R4 set the current and isolate
the DC. R5 and R6 maintain the char-
acteristic impedance.

struction techniques. The follc
results were obtained using star
components with ultra short lea
a printed circuit board. Chip
ponents would greatly enhance
performance.

When fed by every cable T.V. ch
up to 400 MHz at levels up to -&
per carrier, intermod products

- B —— T

T network shown above: .
At high input voltage and low atten- Performance A2
uation, D1 tends to conduct the signal. This is largely dependent on con-
The following summarizes attenuation, flatness and return - loss:
One Section INPUT VOLTS 100 MHz 200 MHz 400 MHz
LOSS dB, R-LOSS dB LOSS dB, R-LOSS dB LOSS dB, R-LOS!
20 2 18 2 24 3 1
16 4 26 4 20 5 i
12 6 23 6 17 6 1
8 8 28 8 18 8 1 -.1
4 10 24 10 20 10 158
2 14 18 14 18 13 %
1 18 15 18 15 18 3
0 22 14 21 14 18 3
3
g 100 MHz 200 MHz 400ME
Two Series INPUTVOLTS LOSSdB,R-LOSSdB LOSS dB, R-LOSS dB LOSS dB, R-L 4
: . 20 4 15 4 16 5 R
Sections 18 7 23 7 18 8 A
14 10 16 10 14 10 *
8 15 20 15 15 14 !
5 19 30 18 18 16 b
3 24 25 23 19 20 i
2 29 20 28 18 4 B
1 38 15 35 15 28
0 46 13 40 14 31
68A Mini-Circuits Insert  Info #88 March. Ay e
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A 50-350 MHz, 50 OHM Amplifier With 24dB Gain

By Gary McCollum
California Eastern Laboratories, Inc.

Introduction

This two stage amplifier is designed to operate over the
50-350 MHz communication band. Using NEC’s NE99532
transistor in a 50 ohm system, the design achieves noise
figures at the band edges of 3.1 dB and 3.0 dB with a typical
gain of +24 dB. P,da at the band edges is 11.6 dBm and
20.4 dBm. Construction is on a single sided copper clad
G10 circuit board material.

Specifications

The electrical parameters of the NE99532 amplifier are
shown below:

uses L, to series tune the output of the second stage trans-

istor; the two-section high pass filter matches the output
to 50 ohms. Any out-of-band response is stabilized by plac-
ing a 68 ohms resistor in parallel with an RF choke con-
nected to the collector of each transistor. Figure 2 shows
the printed circuit board’s actual size and component lay-
out.

Tuning And Performance

Tuning of the input, interstage and output circuits is ac-
complished by spreading the turns of the inductors to ob-
tain the best matching conditions and frequency responses.
Figures 3 and 4 show the performance of the prototype am-
plifier.

30 T
Ve =18V, 1= 55mA | ‘ |
Frequency NF Gain Input P1dB é | IT
| Return Loss ;g | | |
{MHz) (dB) | (dB) (dB) | (dBm) | UL B B i
50 3.1 | +24.2 —-20.0 1.6 z [ | ‘ .
100 26 | +240 -17.0 13.6 g | |
150 2.2 +24.1 -220 16.5 g | ‘ [
200 2.3 +24.4 -13.5 19.7 2 ‘
250 2.4 +24.0 —24.0 210 £ 1 | | |
300 2.6 +24.0 -215 21.8 H |
350 3.0 +24.6 | —20.0 | 204 § | | l
21— T 4 +
Circuit Description ]
Figure 1 shows the amplifier's circuit design. The input Yo 150 250 350
circuit is a 50 ohm low pass/high pass network followed by o
a transformer for matching to the first NE99532 transistor.
In the interstage matching network,.inductor. L, series Figure 3. P, _ vs. Frequency.
tunes the output of the first stage transistor and is followed
by a high pass filter to flatten the gain. The output circuit
NE99532 NE99532
Ly L2 47 27 200 8200 Ls 47 6.8 3300 Lg 68

[ L1, Ly 3T, 222 gsuge enamel wire, 1/8"ID, air core.
L. Lg 2T, 222 gauge enamel wire, 1/8"1D, air core.
L3 7T, 822 gauge enamel wire, 3/16” 1D, air core.
Lg 8T, #22 gauge enamel wire, 3/16°'I1D, air core.
Le 10T, 222 gauge enamel wire, 3/16°'ID, air core.
! Lg 4T, 222 gauge enamel wire, 1/8”ID, air core.
\ Lg 6T, 222 gauge enamel wire, 3/16”1D, air core.
T4, T2 lron Core.Indiana General F754-1-Q1 or equivalent.
) 1 Turn, #26 gauge, 2 Conductor Insulated Wire. NS
"RFC  Iron Core, Indiana General F754-1-Q1 or squivalent. —-18V >

4 Turns, 226 gauge enamel wire, svenly spaced on core.
Heat Sink ; Wakefield #256-ST.

All resistors 1/4 Watt.
All capacitances in pFuniess noted
All coils tightly wound and then spread when necessary for tuning

Figure 1. Amplifier Schematic.
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Figure 4. Gain/Return Loss/Noise Figure vs. Frequency.

Based on an application note,
(AN83301) from California
tern Laboratories, Inc.

Model VSC & VSU
® 1-750 MHz

® 35 mA @ +15-32V
® 222" x1.3"x0.5"

Model USC & USU
® 750 MHz - 4 GHz
® 150 mA @ +15-32V
® 222" x1.3"x0.8"

Stability:
VSC & USC: £.0005% +10 Cto+45C
VSU & USU: £.003% —25 Cto+85 C
RF Power Output: +10 dbm min. Harmonics: > —50 dbc

Delivery: 45-60 days

Wi/manco

MANUFACTURERS OF MICROWAVE PRODUCTS
19529 Business Center Drive, Northridge, CA 91324
(818) 993-1662

Our Reader Service Card
brings you more information
about products, companies,
and services advertised in
the pages of

Ifuclesigni

Be sure to use this valuable
free service to help you
make better informed
management decisions.
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Consider the source.

HP’s 8656A
programmable signal

generator

86564 SIGNAL GENERATOR 0.1-990 MHz

HEWLETT - PACKARD

EXT AN @VixT A

EXTFM @ T M

LO EXT @)1 hHz

MOD

INPUT / OUTPUT SOUACE

1 ¥V PEAK

RESET STBY ON

MODULATION

onsider the value.

Versatility.

The HP 8656 A synthesized RF signal
generator is fully HP-IB programmable.
Even your most time-consuming tests can
be readily automated, increasing pro-
ductivity in the laboratory and through-
put on the production test floor.

Performance.

With a frequency range of 100kHz
to 990MHz, the 8656 A's signals are
accurate and stable with good spectral
purity. You get 100 or 250Hz resolution,
an output range of +13 to —127dBm
with microprocessor-controlled unit
conversion, *1.5dB absolute
accuracy and 0.1dB resolu-
tion. Low RFl leakage provides
confidence in micro-volt

| 1 -

r.f. design

level signals. AM and FM are avail-
able from both internal and external
sources and simultaneous modulation
modes are easily generated. All this and
reverse power protection and HP-IB
are standard.

Quality.

The 8656A incorporates HP's 30 years
of experience in designing and manu-
facturing high performance signal gen-
erators. Our reputation for designed-in
quality and reliability is backed
world-wide by a responsive sales and
service network.

Consider HP

HEWLETT
PACKARD

()

INFO/CARD 58

Economy.

At $7150%, the 8656 A is HP's lowest-
priced programmable signal generator.
It's a price-performance value that makes
good economic sense for both laboratory
and production environments in a broad
range of applications.  gResiGhEpFon
Consider the m
exceptional value of the ~SYSTEMS
8656A. You may find that it s just the right
source for you. To put the 8656 A to work
in your particular application, or for help
in choosing from our broad line of signal
generators, contact your nearby HP sales
office. Or write, Hewlett-Packard
1820 Embarcadero Road,
Palo Alto, CA 94303.

*U.S. domestic prices only.

-
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Microwave
Circuit
Analysis
Program

NODAL® runs on a standard
IBM PC® with 128K memory.

This program will analyze a cir-
cuit with up to 50 elements and
15-nodes. 19 different element
types are avallable including
resistor, inductor, transformer,
current source, transmission
lines, microstrip, stripline, 2
port models and data files. 9
unique graphic outputs with
plot times typ < 4 sec. give fast
design information. Abundant
print options with up to 50 fre-
quency points.

Other features include:

® Operating manual

® Step-by-step procedure

¢ Program on 5-1/4 disk plus
file disk including demo

® Large element library

* Low cost design tool

* Simple node connection system

* Verified, high accuracy

* Easy editing

* Multiple plots

¢ Eliminates main frame time

e Store element & data files for
future use

This is an engineering program...

Ready to generate parameters

on products.

You can do all this for $695.00.

Ready now!

IBM is a registered trademark of Interna-
tional Business Machines Corporation.

L.___....,

O I want to order
programs now! (10% off
second order)

D Please have salesperson call.

Name

Company
Address

City

State Zip

Telephone ( )

II.' IRAT)]

ELECTRONICS
2218 Old Middlefleld Way, Suite M
Mountain View, CA 94043

Phone: 415/969-5484
L = e i
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Wideband Microwave
Network Analyzer
Hewlett-Packard Company’s new
HP 8510 network analyzer system
brings to the microwave-design engi-
neer what HP officials believe are truly
profound microwave-measurement
capabilities. Foremost among thes are:

e Error-corrected measurement of
vector transmission and reflection
parameters in real time, permitting
real-time operator adjustments on the
test device.

¢ Measurement accuracies that are
10 to 100 times more precise than pre-
viously attainable with commercially
available instrumentation.

e 45-MHz to 26.5-GHz vector testing
in a single setup with no change of
connections.

¢ Optional transformation (using
fast-Fourier-transform techniques) of
error-corrected data between frequen-
cy and time domains at speeds per-
mitting real-time adjustments.

The HP 8510 system can measure
forward and reverse transmission and
reflection characteristics (i.e., a net-
work’s scattering parameters) —
measurements that have been vector-
error corrected for systematic errors
at 401 frequency points — in less than
one second.

HP engineers believe that the HP
8510 system is the first commercial
instrument able to measure magnitude
and phase of transmission and reflec-
tion characteristics from 45 MHz to
26.5 GHz with a single test set. Further-
more, the measurement accuracies
and resolution are believed to be 10 to
100 times better than is currently
achievable in commercial practice.

List prices and current delivery es-
timates for the units comprising the
new analyzer system are:

8510A, Network analyzer Option

010: Time-domain capability, $33,500
add $9,500, 12 weeks ARO; 8511A Fre-
quency converter (45 MHz to 26.5 GHz),
$17,300, 20 weeks ARO; 8512A Reflec-
tion/transmission test set (500 MHz to
18 GHz), $17,300, 12 weeks ARO; 8513A,
Reflection/transmission test set (45
MHz to 26.5 GHz), $25,000, 20 weeks
ARO; 8514A, S-parameter test set (500
MHz to 18 GHz), $28,000, 12 weeks
ARO; and 8515A, S-parameter test set
(45 MHz to 26.5 GHz), $37,200, 20
weeks ARO.

Hewlett-Packard Company,
Alto, CA 94304, Info/Card #110.

Palo

Spectrum Analyzer

As a leading supplier of portable
and rugged spectrum analyzers, Tek-
tronix, Inc. is adding a new set of
“twins’ to its 490 Series spectrum an-
alyzer family. The two major new
products — the 494 and its program-
mable compatible counterpart, the
494P — offer many features never be-
fore available in a spectrum analyzer.
The new spectrum analyzers cover the
frequency range from 10 KHz to 325
GHz and offer an exclusive “HELP”
mode which provides explanations of
controls and functions, on the CRT it-
self, at the push of a button. Fitting a
competitive niche in the marketplace,
the 494 and 494P will sell for $40,950
and $45,950 respectively. Delivery at
introduction is eight weeks after re-
ceipt of customer orders. Tektronix,
Inc., Beaverton, OR 97077, Info/Card #109.

L/C Meter

The Model 522 digital L/IC meter and
test fixture combination is being of-
fered by Cambridge Technology, Inc at
a new low price. This instrument com-
bination allows measurement and sort-
ing of inductances and capacitances
at a basic accuracy of 0.25%, with
dual measurement frequencies, and 0
to 10 VDC internal capacitor bias, for
less than $1000; and industry first. A
built-in comparator allows simulta-
neous sorting for high and low toler-
ances, and dissipation limits. Measure-
ment frequencies of 120 Hz or 1 KHz
are automatically selected. The instru-
ment is autoranging and a range-hold
feature permits fast repetitive measure-
ments. The electrical contacts of the
test fixture provide four terminal
measurement capability. A push but-
ton allows both electrical contacts to
be held open simultaneously so that
components with very find leads can
be inserted conveniently. A second

March/April
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Watkins-Johnson
Cascadable Amplifiers
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Watkins-Johnson has the optimum cascadable amplifier for your application. W-J cascadable amplifiers
are designed for maximum performance and manufactured to the highest standards of quality.
W-J’s extensive product line provides the utmost in system design flexibility. The amplifiers are
grouped by families where there is commonality of design to ease the selection process.
Choose Watkins-Johnson, where top performance and quality leadership are the norm — not the

exception.

AdBg,,
@ The reliability goes in before the component goes out.

wJ

WATKINS-JOHNSON

watkins-Johnson—U.S A  Calilornia, San Jose (408) 262-1411; E1 Sequndo (213) 640- 1980 e Florida. Fort Walton Beach (304) 863-4191 e Georgia. Atlanta (404) 458-9907 e Illinois. Palatine (312) 991-0291
* Maryland, Gaithersburg (301) 948-7550 e Massachusetts, Lexington (617) 861-1580 e Texas. Dallas (214) 234-5396 e United Kingdom: Dedwor th Rd.. Oakiey Green, Windsor, Berkshire SL4 4LH e Tel: (07535)
69241 « Cable: WIUKW-WINDSOR e Telex: 847578 » Germany, Federal Republic of: Keferloher Strasse 90, 8000 Muenchen 40 e Tel: (089) 3523 46 « Cable: WIDBM-MUENCHEN e Telex: 509401; Deutsch-
herrenstrasse 46, 5300 Bonn 2 e Tel: (228) 332091 « Telex: (886) 9522 o Cable: WJBN BONN e ttaly: Piazza G. Marconi 25, 00144 Roma-EUR e Tel: 532 4554 or 59125 15 e Cable: WJ ROM | o Telex: 612278
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EPSCO’S family of GaAs FET

power amplifiers features low

distortion and high efficiency for

telecommunications and other

applications.

Computer-aided design flex-

ibility and modular construc-

tion provide quick turnaround

and a broad range of customer-

specified characteristics, includ-

ing these available options:

+ Gain

+ Output power to 10 watts

+ Wide operating temperature
range

+ Qutput monitor

« Custom packaging if required

+ Broad supply voltage range

TO MEET YOUR SPECS
For more information and
discussion of your high power
amplifier needs, give us a call
today.

' = wm) [ microwave

411 Providence Highway
Westwood, MA 02090

(617) 329-1500.
TWX: (710) 348-0484.

INFO/CARD 60

push button allows each set of con-
tacts to be individually opened for
components with flying leads such as
coils or transformers. Other features
include rugged all-metal enclosure,
tilt stand, and lead capacitance null.
The instrument is protected against
damage from charged capcitors and
comes with a one year warranty on
materials and workmanship. A full re-
fund within 30 days is available if the
instrument is found unsatisfactory for
any reason. The Model 522 is available
from stock to 4 weeks and is priced at
$875. Cambridge Technology, Inc.,
Cambridge, MA 02140, Info/Card #107.

Magnetic Field Strength Meter
Holaday Industries’ new lsotropic

|| Broadband Magnetic Field Strength

Meter, Model HI-3006, measures mag-
netic fields from 300 KHz to 300 MHz.

Our standard magnetic field probe
covers the range from 5 MHz to 300
MHz and our new low frequency mag-
netic field probe covers the range from
300 KHz to 10 MHz. With this instru-
ment, one can easily make accurate
measurements of potentially hazard-
ous fields in the vicinity of RF induc-
tion heaters, as well as near RF heat
sealers, broadcast antennas, and
other industrial and communications
RF sources. The HI-3006 has all the
features of the HI-3000 series includ-
ing fully automatic zero adjust, audio
output and peak reading memory. The
HI-3006 comes complete with both
probes, batteries and ins.ruction man-
ual in an attractive and protective car-
rying case. It is an ideal companion to
the HI-3001 which, when configured
with the optional high-sensitivity probe,
can measure electric fields from 0.3
VIM to well over 3000 V/M. Holaday
Industries, Inc., Eden Prairie, MN
55344, Info/Card #106.

Frequency Synthesizer

With the introduction of two new
synthesizers, PTS has created the
most complete selection of cost-ef-
fective direct synthesizers. The PTS
500 now in production delivers low
phase-noise and 0.1 Hz resolution at
$7,300 while the PTS 040 has even

_— g : ..
FT oy
6615 CH-35/58

~SCRUE |

Frequency control.

We can fine tune

it for virtuoso
performance

and critical

reliability in your circuit.

Why fiddle around with anything less?
Quartz Crystals ¢ Crystal Oscillators  Free Catalog

We're The First Name In Frequency Control

BLILEY ELECTRIC COMPANY
2545 West Grandview Blvd.
PO. Box 3428 Erie, PA 16508

{814)838-3571

TWX 510-696-6886
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FERRON, (i
ALIBRATION,

SUPERIOR'
CONSTRUCTION.

Monitors, TEM Gells and E-Field
Sensors. All from IFl.

-~
wrieew s odh &

suscepnbmty testmg perm safe genera‘r ion of
extremely high E-Field levels with a moderate amount
of RF power.

RADIATION
HAZA
ONﬁonl a0

RADIATION HAZARD MONITORS E-FIELD SENSORS TEM CELLS

FEATURES APPLICATIONS

For measurement of
strong electric fields
in the VLF through
VHF regions of the
spectrum, An
optional dielectric
handle will permit it
to be used as a
probing device for
sources of radiation

Ideal tor radiated
susceptibility
testing. A versatile,
cost-effective
instrument, the
EFS-1 monitors
electromagnetic
environments,
measures field
strength, and more.

Suitable for various
test applications
ranging from dc to
1 GHz, IFI has
produced the first
commercial TEM
Cell for lab and RF
susceptibility
testing. The IFI
TEM Cell offers an
efficient means of
accurate and
broadband E-Field
testing.

Instruments for Industry, Inc.
151 Toledo St., Farmingdale, N.Y. 11735 (516) 694-1414

“Depend on IFI” INFO/CARD 62



flatpack
mixers

(+7 dBm LO)

5to 1000 MHz
only S149 6 24

IN STOCK...IMMEDIATE DELIVERY

« pin-for-pin replacement
of competitive models

- MIL-M-28837/1A performance*
« extra-rugged construction
» hermetically-sealed

« every unit thermal shock tested,
5 cycles, —54°C to +100°C

« low conversion loss, 6.2dB
« hi isolation, 40dB
1 year guarantee

*units are not QPL listed

LMX-113 SPECIFICATIONS
FREQUENCY RANGE, (MHz)
L 5-1000

O, RF
IF DC-1000

CONVERSION LOSS, dB TYP.  MAX.
one octave from band edge 6.2 70
total range 7.0 8.0
ISOLATION, dB TYP.  MIN

5-50 MHz LO-RF 50 45
LO-IF 45 40

50-500 MHz LO-RF 40 30
LO-IF 35 25

500-1000 MHz LO-RF 30 20

LO-IF 25 17

SIGNAL 1dB Compression Level

mMml-Clrcmts

A Dvision ot Scientiic Components Corporation
World's largest manutacturer of Double Balanced Mixers

2625E. 14th St. B'klyn, N.Y. 11235 (212) 769-0200
INFO/CARD 63  C91-3REV ORIG

0dBm min

lower noise and equal resolution at
$4,400. It addresses the ATE, Labora-
tory, and communications markets.
Features common to all models of the
line are: 200u sec switching, remote-
only (OEM) models, choice of resolu-
tion, choice of integral interface BCD
or GPIB. Programmed Test Sources,
Littleton, MA 01460, Info/Card #105.

FFT Analyzer

Wavetek Rockland Scientific, Inc.,
has announced the introduction of
their Model 5810A real-time spectrum
analyzer, which incorporates extensive
built-in data reduction to simplify the
solution of typical measurement prob-
lems in vibration, acoustics, and elec-
tronics. The 400 line single channel
analyzer also processes and displays
new data at a high rate of 17 spectra
per second even whlle averaging as

many as five spectra simultaneously
(4 zoom and on baseband). Using a real
time bandwidth of 7.2 KHz, the Model
5810A covers frequencies from 0.0025

ZOTHE FIELD

REPLAGEABLE

- GONNEGTION

FOR HERMETICALLY SEALED MIB’S

e 16 quality models for
sealed, modular MIC use.

® In 2 or 4 hole mounts e Any
quantity, any size run.

® Accepts leads from .011 to
.021". @ Designs available

for special bead sizes.

e Freq Range: DC to 18GHz/18
to 24GHz. e VSWR (Max):

1.05 + .005 fGHz/1.05 +
.010fGHz. e Insertion Loss
(Max): .03dB x VfGHz.

® Captivation (Center): 6lb. ‘/
min. Axial force.

Flanged SMA

Plugs & Jacks
with 50( Glass
Feedthroughs ¢

Write for details and specs.

P APPLIED ENGINEERING PRODUCTS
1475 Whalley Ave., P.O. Box A-D, Amity Station, New Haven, CT 06525
(203) 387-5282 TWX 710 465 1173
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Hz to 100,000 Hz. A built-in non volatile
memory can store 200 spectra together
with all information for later recon-
struction of test conditions, including
set-up, calibration, date, and time.
Automatic storage at preset time in-
tervals allows unattended logging of
long term events such as drift or ma-
chine coastdown, or of short term data
collection for stack (“waterfall”) plots.
Built-in data reduction routines per-
mit data analysis in any of 11 different
formats. These include stack plots of
spectra at time or RPM increments,
plots with the highest peak amplitudes
and frequencies listed, time histories
of four selected frequencies or orders
of machine rotation, polar plots of
phase vs. amplitude for balancing,
and optional 3 octave and full octave
conversions of live and stored narrow
band spectra. Portable with on-line
data storage, the Model 5810A is de-
signed for use on-site. It also provides

mains, PDS calculation, RMS overall
or in spectrum regions, and consistent
calibration in English or Metric units.
Price of the Model 5810A is $12,400.
Delivery is within 60 days after receipt
of order. Wavetek Rockland Scientific,
Inc., Rockleigh, NJ 07647, Info/Card #103.

Waveform/Vector Monitor
Combination With SCH
Capability

A rackmountable, single unit wave-
form/ivector monitor combination from
Tektronix, Inc., is now available for
use by television personnel in all NTSC
and PAL system countries. Similar in
appearance and identical in mechan-
ical configuration to the recently in-
troduced 1740 Series, the new 1750
Series Waveformi/Vector Monitor in-
struments offer a unique SCH phase
(subscarrier to horizontal sync) mon-
itoring and measurement capability,
and full function vertical interval line

high sensitivity and wide coverage for
laboratory testing. Simple set up, using
any of 3 stored panels and 12 stored
measurement cursor positions, in-
sures repeatability in production or
other high volume usage. In addition,
the Model 5810A is GPIB compatible
for fully automatic data collection and
testing. Computational capabilities of
the analyzer include single or double
integration in time or frequency do-

110400 MHz
only S13% 5.24)

SHORT

WAYS
to simplify
design

provides
a variety of “F”
connectors for OEM

IN STOCK...IMMEDIATE DELIVERY

« tiny...only 0.23 x 0.5 x 0.25 in.

- can be mounted upright
or as a flatpack

* low insertion loss, 0.8dB (typ.)
* hi isolation, 25dB (typ.)
* hermetically-sealed

* excellent phase/amplitude
balance

* 1 year guarantee

TSC-2-1 SPECIFICATIONS
FREQUENCY (MHz) 1-400

chassis or printed circuit INSERTION LOSS, dB TYP.
applications. You can select (above 3 dB)
any connector configuration which fits 1-10 MHz 0.25
R 10-200 MHz 0.4
the space limitations of your PC board and 200-400 MHz 0.8
chassis design. Ease of installation reduces your ISOLATION. dB 25
assembly costs. Direct interface between PC board and 0
chassis lowers RF loss and VSWR. Our “F" connectors are engi- AMPLITUDE UNBAL. 0.2
neered to meet todays' stringent demands limiting PHASE UNBAL. 2°
RFI under new FCC regulations. Ava connectors IMPEDANCE 50 ohms

are available in all the most wanted standards
and our custom designs are as unlimited as
your imagination. Take the shortest distance Lo

to a good connection. Contact Ava today. A'A

Ava Electronics Corp.
\_ 0t 4000 Bridge Street, Drexel Hill, PA 19026 (215) 284-2500 /

finding new ways.
setting higher standards

HMini-Circuits

A Dwvision of Scientific Components Corporation
Worid's largest manufacturer of Double Balanced Mixers

2625E. 14th St. B'klyn, N.Y. 11235(212) 769-0200
INFOICARD 66 81A
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2o0W
CW SIGNAL
SOURCE

The EP250C is a versatile,
self-contained, CW generator.
One of many EPSCO high
power signal sources, both CW
(as high as 500W) and pulsed
(as high as 100KW). For years,
these quality instruments have
been performing reliably in such
applications as Metrology, EMC,
Medical Research, Plasma
Research, Component Testing,
and Simulation.

The EP250C features:

|

and field selection capabilities. The
new 1750 (NTSC), 1751 (PAL), and 1752
(PAL-M) Series is intended to extend
and compliment the line of television
products offered by Tektronix. This
new instrument provides unique SCH
display capability, line and field select
with LED readout, and the features of
both the widely used 528A Waveform
Monitor and 1420 Vectorscope Series.
It requires the space of only one of
the earlier units (5.25 inch, half rack)
and costs just slightly more than a
528A/1420 combination. The 1750
(NTSC) and 1751 (APL) will each cost
about $5,600. The 1752 (PAL-M) will
cost about $6,160. The 1750 Series
can be serviced at designated Tek-
tronix facilities in the U.S.; and the
company’s service centers in Canada,
Mexico, Japan, and Europe. Product
availability is six weeks after the 1750’s
first public showing at the National
Association of Broadcasters (NAB)
62nd Annual Convention and Inter-
national Exposition, April 29-May 2, in
Las Vegas, Nevada. Tektronix, Inc.,
Beaverton, OR 97077, Info/Card #102.

Hybrid Amplifier Module For
Cellular Radio

A new series of three-stage com-
mon emitter hybrid amplifiers modules,
designed and fully characterized for

800 MHz cellular mobile radio applica-
tions, has been introduced by Motorola.
The new series (MHWB808A1, MHW808A2
and MHWB808A3) has a typical power
output of 7.5 watts and a typical power
gain up to 25 dB. Its class A input
stage allows automatic gain control
over 35 dB in output power range. The
automatic gain control capability is
necessary for cellular operation. The
series employs three gain stages with
transistors connected in a common-
emitter configuration. The devices are
specified at 12.5 volt, UHF character-
istics. Included in the series are the
following devices: MHWB808A1, 806-
870 MHz, 25 dB 7.5 W, $68.20; MHW-
808A2, 806-890 MHz, 25 dB, 7.5 W,
$74.80; and MHWB808A3, 870-960 MHz,
23.2 dB, 7.5 W, $79.20. Availability is
approximately 12 weeks from the fac-
tory and through authorized Motorola
distributors. Motorola Semiconductor
Products Inc., Phoenix, AZ 85036, Info/
Card #101.

Air Variable Capacitors
Trim-Tronics, Inc., has introduced a
line of air variable capacitors designed
with a self resonant frequency greater
than 5 GHz. The new multi-turn con-
centric ring capacitors complement
Trim-Tronics tubular capacitor and air
plate trimmer lines. They are suitable

AMPLIFIERS, 5MHz-1 GHz

¢ MIL-STD-883B Screening .i

s/~ IEEE}

AVDlN
)‘V(CTDR oiv

e Cascaded

Y Assemblies
* 50-2000 MHz tuning range ’ e Shipped Fi Stock .C itively Pri
« Solid State mainframe ‘ ipped From Stoc ompetitively Priced
+ Wide range power adjustment Freq Tvp. Noise VSWR input
» Digital readout forward and Series | Range | Gain | L9ure | Output ol o
(MHz) (dB) Range Range In Out Style
reflected power (dBm) (dBm) vde | Ima
* Plug-in RF heads GA
. Frequency stabmty SSi?gle- kHz-400 13 4.5-6.0 5-15 20 20, | +15 117-70}| TO-12
« Remote control option o2 L L
MHT
TO MEET YOUR SPECS Single-or | 5-1000 14 2570 | —-2to | 20 | 20 | +15 [10-108) TO-8
For more information and e 2 Bk o Lol s e
discussion of your high power S,G*I*T
ampllfler needs, give us a call Mullr:ig-set'aogre 5-400 13 4.0-7.0 5-15 2.0 20 ‘:y‘ps. (:a7r;;2) TO-8
today.
MHD
Multi- 1-500 21 2!6:6:5 5-2 16 1.6 I +15 |50-115 4-pin
Stage {typ) | (typ) | typ. |(range) DIP

' =W )| microwave
411 Providence Highway

Westwood, MA 02090

(617) 329-1500.
TWX: (710) 348-0484.
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for sensitive telecommunications ap-
plications such as satellite, micro-
wave, two-way radio and test instru-
mentation, where very precise toler-
ances are required. Typical functions
include RF amplifiers, oscillators, cry-
stal trimming, coupling, impedance
matching and filter tuning. A unique
component design produces a high Q-
factor (greater than 5000 at 200 MH2),
allowing the capacitor to operate at
microwave frequencies. The capaci-
tor’s vertical slotted rotor mechanism
results in complete surface area con-
tact, producing uniform torque and
contact resistance less than 1 milli-
ohm. Available in several mounting
styles, the Trim-Tronics air variable
capacitor has a temperature coef-
ficient of 0 + 15 ppm over a tempera-
ture range from -55 to + 125 degrees
C. it is rated to 250 V DC. Trim-Tronics,
Inc., Cazenovia, NY 13035, Info/Card #100.

AVX Single-Layer Ceramic
Capacitor Chip

A new single-layer ceramic and por-
celain capacitor chip uniquely suited
for stripline width matching in micro-
wave integrated circuitry is now avail-
able from AVX. This new SLC is de-
signed specifically for low-noise am-
plifiers, GaAs FET amplifiers, voltage-
controlled oscillators, and other EW/
ECM components. The new capacitor
chip, called Pathguard™, employs
sputtered electrodes with pure gold
metallization and a leach-proof inter-
mediate layer. The dielectric is fine-
grained high-density ceramic with NPO,
P090, X7R, or X7V temperature char-
acteristics. Six different chip sizes
are available depending on the capaci-
tance required. The smallest chip
measures nominally 0.015” x 0.015" x
0.006""; the largest measure nominally
0.090” x 0.090” x 0.010”. These dimen-
sions are precisely controlied for high
repeatability. The capacitance range
of the chips is from 0.5 pF to 2700 pF,
with tolerances of +0.1 pf to +20 per-
cent. Working voltage rating is at least
50 Vdc. Mechanical and environmental
specifications are in accordance with
applicable Mil Standards (883B and
202). Price of the chips ranges from
$0.50 to $2.00 each in 1000-unit quan-
tities. Delivery time is from stock to
eight weeks. AVX Corp., Myrtle Beach,
SC 29577, Info/Card #99.

Also available with TNC connectors

WATTS
THRULINE

watts, in from h
MHz, CW or FM signals. Accuracy
READING from

+5%
milliwatts up (2-1000 Mtﬁ)

over a compensated tarnpemuu range of
0°C-50°C. g:i
7-in-1 Elements $135 to $175.

Ask for Bulletin No. 4410-83

30303 Aurora Rd., Cleveland (Solon), Ohio 44139
216 * 248-1200 TLX: 98-5298 Cable: BIRDELEC
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1000 MHz PULSE
@ GENERATOR

PRINCIPLE FEATURES OF THE

PG 1000A PULSE GENERATOR:

High-speed ECL/TTL Pulse Generator

Risetime: 200 ps ECL, 750 ps TTL

Transition times (20-80%):

150 ps for ECL, 500 ps for TTL

Frequency range: 1 MHz to 1000 MHz
ECL (350 MHz TTL), extendible to
dc in EXT MODE. Frequency indi-
cated by 4%z digit LED display.

Low transient aberration.

Time-domain Reflectometry through
separate DRIVER AMPLIFIER.

Precision duty cycle control.

Min, pulse width: 500ps ECL, 2 ns TTL.
Short pulse width also producible
independent of frequency.

Variable rise/fall time possible.

All outputs are truly differential and
are available simultaneously.

250 ps GATE on/off capability.

Output amplitude and offset can be
set independently for ECL.

Price: $4950

HIGH-SPEED
PULSE DRIVERS

The high-speed driver amplifiers of the
PG 1000A 1000 MHz Pulse Generator
are available as separate modules.
These modules exhibit features and
performance rather similar as stated
above. Additionally, the outputs are
available as voltage or currents or
both. Output amplitude and offset are
programmable.

Four models are available: 1 V (40 mA)
per side at $795; 2 V (80 mA) per side
at $995; 5 V per side at $1250; TDR
unit (40 mA) with reverse termination
brought out at $950.

We now offer leasing on all of our
equipment.

For further details please call or write:

Colby Instruments, Inc.
P.O. Box 84379
Los Angeles, CA 90073-0379
Phone: (213) 450-0261
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11.5dB
directional
couplers

Teant

0.5 to 500 MHz
only S11% 549

INSTOCK.. . .IMMEDIATE DELIVERY

* MIL-C-15370/18-002
performance*

* low insertion loss, 0.85dB
* high directivity, 25dB

« flat coupling, +0.5dB

* miniature, 0.4 x 0.8 x 0.4 in.
¢ hermetically-sealed

¢ 1 year guarantee

*Units are not QPL listed

PDC 10-1 SPECIFICATIONS

FREQUENCY (MHz) 0.5-500
COUPLING,dB 115

INSERTION LOSS, dB TYP. MAX.
one octave band edge 065 1.0
total range 085 13
DIRECTIVITY, dB TYP. MIN.
low range 32 25
mid range 32 25
upper range 22 15
IMPEDANCE 50 ohms.

For complete specifications and performance
curves refer to the Microwaves Product

Data Director, the Goldbook, EEM,

or Mini-Circuits catalog

finding new ways. .
setting higher standards

[JMini-Circuits

A Dwision of Scientific Components Corporation
Worid's largest manufacturer of Double Balanced Mixers

2625E. 14th St. B'kiyn, N.Y. 11235(212) 769-0200 |
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Minature Chip Attenuators

New miniature thin film chip atten-
vators from EMC Technology, Inc., are
designed for high density circuit ap-
plications which also require stable,
predictable performance. Model
TS0500 chip attenuators are available
in 1 to 20 dB values, with 3, 6 and 10
dB as standard, and for the frequency
range from DC to 18 GHz. Attentuation
accuracy is +.25 dB. Measuring only
.075” x .060” with .025” terminals,
the new automatically trimmed atten-
uators require one-fourth the space
used by similar attenuators. As a re-
sult, they are suitable for hybrid cir-

cuits of all kinds where packaging
density of add-on devices as well as
improved high frequency performance
are important considerations. Atten-
uators may be solder mounted by all

commonly used mehtods. EMC’s new
chip attenuators meet or exceed all
applicable requirements of MIL-E-5400
and MIL-R-55342, and are fully RF
tested through the X-band. For en-
hanced electrical performance, VSWR
is 1.25 from DC through 4 GHz, 1.35
from 4-8 GHz, and 1.50 up to 18 GHz.
Power dissipation is .1 watt, and im-
pedance is 50 ohms. Attenuators op-
erate from -55° to 150°C. Prices of the
new Model TS0500 attenuators are
based upon quantity and bandwidth
desired; delivery is stock to 4 weeks
A.R.O. EMC Technology, Inc., Cherry
Hill, NJ 08034, Info/Card #98.

Crystal Oscillator

Piezo Systems has developed a cry-
stal oscillator with improved SSB
phase noise characteristics. The P/N
1830025 offered in the range of 50 to
110 MHz will provide SSB phase noise
levels of -120 dbc/Hz at 100 Hz, -150
dbc/Hz at 1 kHz and -158 dbc/Hz at
10 kHz and beyond from the carrier,
with a typical noise floor of -165 dbc/
Hz (100 MHz measurements) the out-
put power is 0 dbm into 50 ohms.
(higher power available). The frequency
stability is + 10 ppm over an operating
temperature range of 0°C to +55°C.
A volume of 3.3 cubic inches makes it
attractive for compact systems where

Johnson delivers variable capacitors
when you want them.

Air variable, tubular, ceramic or teflon
dielectric, no matter what variable
capacitor type you need, Johnson can
meet your specifications—for both
design and delivery.

Our engineering and manufacturing

staffs produce innovative, cost-effective

products. Our national network of 200

INFO/CARD 72

distributors helps with your prototypes.

Write for your free catalog or call

1-507-835-6307. Telex: 290470.
TWX: 910-565-2161.

JOHNSON

® Components Division

E. F. JOHNSON COMPANY, WASECA, MINN. 56093
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low phase noise is desired, such as
synthesizers. The input voltage is +15
VDC (others available). Piezo Systems,
Carlisle, PA 17013, Info/Card #96.

20 GHz GaAs FET

Harris Microwave Semiconductor,
a subsidiary of Harris Corporation, has
announced the product release of its
newest Gallium Arsenide Field Effect
Transistor (GaAs FET), the HMF-0310.
The HMF-0310 addresses the needs of
broadband and narrow-band amplifier
manufacturers for a high yield gain
stage device which offers high gain
and wide dynamic range at a reason-
able cost. An extremely versatile GaAs

FET, the HMF-0310 provides 15 dB
gain at 8GHz, 8 dB at 18 GHz. Power
bias and tuning conditions produces
a typical linear power level of 100 mW
(20 dBm) at 18 GHz. Low noise match-
ing conditions typically result in a 1.2
dB Noise Figure at 8 GHz. Priced at
$16.25 (US) each at 1000 pieces and
designed for consistent performance
and high yield through asembly, the
HMF-0310 represents a cost-effective
solution to a wide array of high fre-
quency, high gain amplifier require-
ments. Harris Microwave Semicon-
ductor, Milpitas, CA 95035, Info/Card #95.

Passive Delay Line

A new economy series of 14 pin DIP
(Dual Inline Package) passive delay
lines manufactured by Automatic Coil
Corp. are compatible with various logic
systems including TTL and video.
These 180 standardized units, identi-
fied as the CD300 Series, have exten-
sive applications in telecommunica-
tion, computer and instrumentation
areas. These units are produced at
the firms off-shore Carribean facilities
to ensure extremely competitive pric-
ing. They feature reliable hybrid con-
struction and precise, stable delays
in accordance with the specification
of MIL-D-23859. Operating tempera-
tures range from -55° to +125°C.
Mounted dimensions of the units

Cubi

" Give us .24 )
Inch

~ power
splitter/
combiners

-04 way 0°

- 1010 500 MHz
only $749 .4

AVAILABLE IN STOCK FOR
IMMEDIATE DELIVERY

* rugged 1% in. sq. case

* BNC, TNC, or SMA connectors
* low insertion loss, 0.6 dB

« hi isolation, 23 dB

| ZFSC 4-1W SPECIFICATIONS
] FREQUENCY (MHz) 10-500

, ] . | INSERTION LOSS, dB TYP. MAX.
And we'll take miles off your oscillator | (above 6 dB) 0.6 15
design problems. . . and put the crystal 10-500 MHz '
A , 4 3
in the same pgckage. International s AMPLITUDE UNBAL., dB 0.1 0.2
new MTE oscillators are packaged in a
standard 14 pin DIP for design P:ASE UNBAL. 1.0 4.0
convenience. A complete oscillator (degrees)
and our FM-1 crystal are included in a ISOLATION, dB TYP. MIN.
package measuring .630''x.5''x.86"" (adjacent ports) 23 20
excluding pins. Convenienttop trimmer ISOLATION, db 23 20
access hole. Frequencies from 7 MHz (opposite ports)
to 60 MHz are available now IMPEDANCE 50 ohms.
Specifications:
DC Input +9V dc @ 10ma max For comp:etei s?hec:figceagi(:r;% 1ar'\;1 perfoarmanFt’:ed t
RF OUtDU( +5 DBm curves reter to the o Icrowaves rroauc
Output Impedance 50 Ohms Data Directory, the Goldbook or EEM.
Freq. Stability .002 to .0002%*
Temp Range —30°C to +60°C finding new ways

setting higher standards
- - - -
[IMini-Circuits

A Dwision of Scientthc Components Corporalion
World's largest manufacturer of Double Balanced Mixers

2625E. 14th St. B'klyn, N.Y. 11235(212) 769-0200
83-3 REV. ORIG
85A

*Depending on crystal supplied

International Crystal Manufacturing Company, Inc.
10 N. Lee, P.O. Box 26330, Oklahoma City, OK 73126
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measure .800” long by .300” wide by
.300" high. The solder coated phos-
phor bronze leads are .15” long and
are evenly spaced at a center distance
of .100”. They are offered with overall
delays ranging from 5 to 300 NS and
with rise times ranging from 2.5 to
60.0 NS. Three basic styles are of-
fered. One without taps and two styles
with 10 taps each in different config-
urations. All units are available with
standard impedances of 50, 100 or
200 ohms. Total delay tolerances are
+2NS or 5% whichever is greater.
Impedance tolerance is +10% and
the attenuation standards are 10%

max. These units are also available
to meet custom specifications which
could include: intermediate delays,
special taps or electrical parameters,
tighter toleances, lower profiles, inde-

GET 10 TIMES MORE RFI PROTECTION
WITH A LINDGREN “DEI” SCREEN ROOM

Lindgren’s double-electrically-isolated (DE[) screen rooms offer 120 dB RF
attenuation of electric and plane waves from 14 KHz to 1 GHz. . .up to 10
times more shielding than any other type of screen room.

This patented design keeps your design/test area interference-free
despite rising ambient RF| levels. You get shielding equal to conventional
solid-sheet-metal enclosures without sacrificing the see-through,
hear-through and lighter-weight advantages of screen.

DEI design is superior because inner and outer screens of 0.011” dia. 22 x
22 bronze mesh are electrically separated, except for a single grounding
point. Doors feature separate inside and outside RF seals on all four
edges, with a single handie that assures an RF-tight closure by applying
cam pressure at three points.

Built of panel modules, Lindgren RF enclosures can be moved, expanded
or reshaped easily. Our patented overlapping pressure joints maintain full
shielding integrity no matter how many
times they're reassembled.
For more details, ask for our
technical catalog on
RF enclosures.

LINDGREN
RE ENCLOSURES
1228 CAPITAL DRIVE

ADDISON, IL 60101
(312) 628-9100
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pendent delay increments or internal
terminations. Automatic Coil Corp.,
Hialeah, FL 33010, Info/Card #93.

Matched Power GaAs FETS

A series of internally-matched pow-
er GaAs FETs for operation at C-band
has been introduced by Raytheon
Company’s Special Microwave Devices
Operation. The RIM series consists of
four devices that deliver 3 watts power
at 3.7-4.2 GHz, 5.9-6.4 GHz, 6.4-7.1 GHz
or 7.1-7.8 GHz. Each device contains a
single 10 mm periphery pellet mount-
ed between double-section matching
networks. A hermetically-sealed,
metal-ceramic package is utilized.

Raytheon’s exclusive “via-hole” source
connections makes possible low
common-lead inductance. This results
in highly-stable operation as well as
virtual elimination of spurious oscil-
lations. Other features include thinned
chips with integral-plated heat sink
for low thermal resistance, thick bond-
ing pad metallization for bond strength,
and dielectric passivation for environ-
mental protection. RIM series inter-
nally-matched power GaAs FETs are
priced at $300 each (1-9 quantity). De-
liveries are 2-4 weeks after receipt of
order. Raytheon Co., Northborough,
MA 02254, Info/Card #92.

50-Watt Microwave Power
Transistor

Acrian, Inc., has announced a 50-
watt microwave power transistor for
broadband amplifiers for military and
commercial markets. The new transis-
tor, called the Acrian 0510-50, is a
Class AB part capable of supplying 50
watts (28 volts) of instantaneous and
continuous power broadband across

March/April



the 500-1000 MHz frequency range.
The 0510-50 has high efficiency and
good linearity. The 0510-50 has 50 per-
cent collector efficiency and can with-
stand 5:1 VSWR. Maximum power dis-
sipation is 125 watts, rated at 25 de-
grees centigrade case temperature.
The 0510-50 is currently in full produc-
tion and available for immediate ship-
ment, at a cost of $210.80 in quantities
of 1-99. Acrian, Inc., Cupertino, CA
95014, Info/Card #141.

VHF RF Amplifier

RF Gain, Ltd. introduces the RF6140V
RF Power Amplifier in the 450-470
MHz band. With an input of 2-6 watts
and output of 120-150 watts this 8 MHz
spread amplifier features and anodized
aluminum case heat sink. This makes
the eighth model in their line of VHF
amplifiers, including two repeater
models. RF Gain, Ltd, Rockville Cen-
tre, NY 11570, Info/Card #142.

FA-2000 Filter Amplifier

HDS anounces the availability of
the FA-2000 Filter Amplifier. The FA-
2000 is a dual channel, low-noise, wide
dynamic range video amplifier for use
with low impedance sources. Remote
control of gain, low frequency cutoff,
and high frequency cutoff are provided.
Connections for first stage output
and external offset trimming are aiso
provided. A nickel-iron enclosure
shields against electric and magnetic
fields. Voltage gain control ranges

from 10 to 10K; high pass filter con-
trol ranges from DC to 1 kHz; and low
pass filter control ranges from 0.3 to
300 kHz. Features include 6 dB noise
figure, 100 uV DC offset referenced to
input, 50uA input bias current, and
distortion less than 0.1% The FA-2000
is packaged in a 5.5 x 5.5 x 2.0 inch
nickel-iron enclosure. Signal input and
output connections are SMA. Control
input is via a DB-25 connector. The
FA-2000C Controller/Power Supply is
available for remote operation. Single
channel, fixed gain, and differential
input versions are available, Delivery:
Stock to 90 days. HDS, Inc., Reston,
VA 22091, Info/Card #143.

Broadband Power Amplifier

A new generation of RF Amplifier,
designed to replace those bulkier,

March/April

less efficient and more costly tbe am-
plifiers. The new 3100LA is compact,
lightweight (60 pounds) and capable
of producing more power, over a wider
frequency range than its predecessors.
The 3100LA will operate from any or-
dinary single phase power receptable.
The 3100LA will produce more than
100 Watts of linear Class A power and
up to 180 watts of pulse and saturated
CW power, with a useable operating
range from 100 kHz to 180 MHz. The
unit is unconditionally stable and will
not oscillate for any condition of load
and source impedance. Any signal
generator, synthesizer or sweeper will
supply adequate signal level to drive
the 3100LA. The unit offers 55 dB of

gain and will amplify AM, FM, SSB,
TV and Pulse as well as other com-
plex modulation with minimum distor-
tion. Output RF Voltage level as well
as power output into 50 ohms is mon-
itored by a front panel meter. Both the
integral power supply and forced air
cooling system are conservatively de-
signed to permit operations over a
wide range of temperatures and AC
line conditions. Electronic Navigation
Industries, Inc., Rochester, NY 14623-
2881, Info/Card #144.

Microwave Power Source
Antennas, waveguides and elec-

tronic components can now be tested

and evaluated under microwave power

Dedicated to Quality.

Continuously Variable
$ 90.00 (1-9 qty.)
50AP-008
PCB Mount
mable
m MHz

135.00 -'W) i
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low
_ distortion

MiXers

hi level (+17 dBm LO)

o to 1000 MHz
only $31% 529

IN STOCK . . . IMMEDIATE DELIVERY
» micro-miniature, pc area only
0.5x0.23 inches
* RFinput up to + 14dBm

* guaranteed 2 tone, 3rd order
intermod 55 dB down
at each RF tone 0dBm

» flat-pack or plug-in mounting
* low conversion loss, 6.2dB
* hiisolation, 40 dB
* MIL-M-28837/1A performance*
* one year guarantee
“Units are not QPL listed
TFM-2H SPECIFICATIONS
FREQUENCY RANGE, (MHz)

LO, RF 5-1000

IF DC-1000

CONVERSION LOSS, aB TYP. MAX.

One octave from band edge 6.2 7.0

Total range 70 100

ISOLATION, B TYP. MIN.
LO-RF 50 45
LO-IF 45 40
LO-RF 40 30
LO-IF 35 25
LO-RF 30 20
LO-IF 25 17

SIGNAL 1dB Compression leve! +14 dBm min

finding new ways ..
setting higher standards

Mini-Circuits

A Dwision of S C poral
World's largest manufacturer of Double Balanced Mixers

2625E. 14th St. B'klyn, N.Y. 11235(212) 769-0200
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using Cober’s new Model 4169 Power
Generator. Employing commercially
available klystrons, the Model 4169
will deliver 2 kW of continuous power
and can also be used in a pulse mode
with duty factors to 100%. Power out-
put and frequency of the Model 4169
is determined by the klystron selected.
Typical tubes provide 2 kW at a tunable
frequency in S band (1.7 to 2.4 GHz),
C band (4.4 to 5.0 GHz) and X band
(10.0 to 12.4 GHz). The Model 4169 will
power other klystrons requiring beam
supplies up to 10 kV at 1.25 A and 10V/
10A floated filament supplies. Con-
necting a conventional PIN diode
RF modulator to the unit’s input, en-
ables pulse mode operation. Pulse
widths are narrow as 50 ns or repeti-
tion frequencies to 10 MHz are achiev-
able. Under typical test conditions,
10 ms pulse widths at 10 KHz produce
200 W of average power. The Model
4169 is available as a single or dual
tube configuration. In the latter, two
klystrons are included in the cabinet
permitting operator selection of apar-
ticular output of interest. A fully inte-
grated and instrumented test console,
the Model 4169 monitors key para-
meters with analog meters with over-
load relay protection. Safety interlocks
are provided and equipment functions
are displayed with clearly identified
status lights. The Model 4169 is

priced at $44,900 in the single tube
configuration and $49,500 as a dual
tube model. Klystrons are selected and
provided by the customer. Delivery is
6 months. Cober Electronics, Inc.,
Stamford, CT 06904, Info/Card #87.

Yagi Antennas

Childs Corp has introduced two new
control station Yagi antennas that are
heavy-duty and yet are low in cost. The
6 element 806 to 870 MHz Yagi and
the 3 element 144-174 MHz Yagi fea-
ture a square boom for rugged accurate
element alignment together with heavy-
duty 3/8 inch and/or 1/2 inch elements.
The 800-Yagi comes factory tuned and
covers the entire 806-870 MHz fre-
quiency range with low VSWR. The
Yagi-150 is field tuneable over the 144-
174 MHz range for optimum low VSWR.
All 3 models feature an extra large L-
bracket mount that allows horizontal
or vertical mounting to the tower,
mast or wall mounting. The antennas
are completely preassembled and
tested at the factory for easy instal-
lation. Childs Corp., Janesville, MN
56048, Info/Card #86.

Dual Directional Coupler

Sage Laboratories, Inc., is now of-
fering a compact, low-loss, dual direc-
tional coupler operating from 1-18 GHz.

HI-POWER RF

HENRY RADIO

(If we don’t have it, we'll make it.)

APPLICATIONS:

PLASMA Generation

MEDICAL Applictions

NUCLEAR Magnetic Imaging
COMMUNICATIONS Applications

The new, dynamic

AMPLIFIERS, TRANSMITTERS,
POWER GENERATORS

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

HAS THE PRODUCT YOU NEED.

NMR, Nuclear Magnetic Resonance

HENRY RADIO

2050 S. Bundy Drive, Los Angeles, CA 80025
TOLL FREE: 1-800-421-8631 * In California cail (213) 820-1234
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Dimensions of this broadband coupler,
model FC3428, are 3.70 x 8.50 x 0.6
inches. The unit has both a 10 dB
coupler and a 15 dB coupler. Main-
line insertion loss is 1.5 dB maximum,
including coupling loss. Directivity is

15 dB minimum and the VSWR is 1.5/
1 maximum. The coupler has a 1 dB
roll off with frequency to compensate
for system insertion loss-increase fre-
quency. Delivery is 60 days. Sage Lab-
oratories, Inc., Natick, MA 01760, Info/
Card #147.

New Literature

Microwave Products Catalog

A new 44 page catalog covering at-
tenuators and accessories for micro-
wave applications has been published
by Alan Industries, Inc. This edition
updates electrical specifications for
the company’s programmable, cam
actuated, rotary, manual switch and
fixed attenuators as well as their ac-

cessories of loads, dividers, termina-
tions, RF fuses and bridges. Among
new attenuators in the catalog are a
continuously variable series and ad-
ditions to the programmable and
manual switch series. New acces-
sories include high frequency termin-
ations and directional couplers. Prod-
uct details are complete with photo-
graphs and line drawings. Alan Indus-
tries, Columbus, IN 47202, Info/card #140.

EMI/EMC Equipment Catalog

Tucker Electronics Company an-
nounces publication of a 52-page cat-
alog featuring a full range of EMI and
EMC equipment. This catalog, avail-
able now, contains descriptions and
specifications on over 500 items. In-
cluded in the catalog are such items
as: receivers — ELF, LF, VHF, micro-
wave and surveillance; spectrum ana-
lyzers, antennas and probes, transient
detectors and recorders, impulse and
special purpose dgenerators, power
oscillators, signal sources, sweep
generators, and power amplifiers. This
equipment is manufactured by com-
panies like Electro-Metrics, Singer-
Stoddart, Empire, Collins, Honeywell,
Hewlett-Packard and Tektronix. All
equipment is expertly reconditioned
and calibrated in Tucker’'s extensive
lab facilities. A new feature of this

When it comes 1o high-quality rimmer ca-
pacitors, nobody comes close 1o Sprague-
Goodman.

We have the world's largest selection of
models, styles and dielectrics: sub-miniarure

turn, Mica compression, Aifrim®
air dielectric, multi-turn plastic
and miniature LC runers any
Stab-L® metalized in-
ductors.

Sprague-Goodman.

Nobody
a Broader Selection
of Trimmer Capacitors.

glass, quartz and sapphire Pistoncaps® g lectronics, Inc. GOODMAN |
plastic Filmrrims® or Ceramic singlevy '*3
g -

Offers

need standard or custom products, you can
count on Sprague-Goodman. The first and
last name in rimmer capacirors.

Sprague-Goodman ;‘

(An offiliate of the Sprogue Elecmc Company)
. 134 Fulron Avenue,
Garden City Park, NY 11040
516-746-1385
TLX 14-4533

|

MISSING
LINK

If high rel crystals and filters
are the weak links in your
space, military, and com-
mercial systems, you've been
missing out on SCP.

Our ruggedized (Swept
Quartz; high G’s; shock; and
h.f. vibration to 3000 Hz)
problem solvers tough it out
for you.

Monolithics, time delays, and
matched filter sets (smallest
in the industry) from 1-200
MHz. Quality and Inspection
to MIL-1-45208.

When you need high rel and
tight specs in small pack-
ages, call us.

We're the missing link you're
looking for.

Never the weak one.

Crystal Products, Inc.
Where the Impossible Becomes the Ordinary

121 Water St., Box 249, Mineral Point, W1 53565
Phone 608-987-3363, Telex 467581
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catalog is the Technical Book Store.
This section contains a full selection
of handbooks on EMC/EMI technology,
including the six-volume library from
Donald R.J. White. Another section is
devoted to items new to Tucker’s in-
ventory. These include amplifiers, an-
alyzers, bridges, frequency measuring,
meters, microwave, scopes and probes,
phase/synchrolresolver, recorders, and
sweep and signal generators. All of
these items are also reconditioned
and calibrated. All reconditioned and
calibrated equipment purchased from
Tucker Electronics carries a 90-day
warranty on parts and labor. In addition

Tucker offers a 10-day return privi-
ledge, with full refund, if the buyer is
not completely satisfied. Tucker Elec-
tronics Co., Garland, TX 75046, Please
circle Info/card #138.

Communications Catalog
Cross-Reference Guide

RF Gain releases new first edition
communications catalog/cross-refer-
ence guide. This new catalog.contains
never before published cross-refer-
ences. In addition to expanded cross-
references for Motorola, G.E., John-
son, RCA/TACTEC, Quintron, Regency,

Analyze the Universe
for Under $10,000.

The Data6000

Universal Waveform Analyzer

The Data 6000 Universal Waveform Analyzer is modestly
priced at under $10,000. But that’s where the modesty ends.
No other instrument offers so much power to observe, analyze,
and display the waveforms of the physical universe in a single
benchtop system. No matter what your application — from
high-energy physics to audio signal processing, from automatic
testing to ballistics — the Data 6000 offers more versatility,
accuracy and computational power than you'’ll find
in any other instrument.

Built around a powerful M68000 microprocessor and armed
with real-time operating system, a super-fast Fast Fourier
Transform algorithm, a convenient user-interface and easily
readable graphics, the Data 6000 is the superior choice for
waveform analysis.

Delivery in 30 days or less. \
For further information, call: 800-343-8150 or ¥ 2

in Massachusetts, 800-892-0528

ANALOGIC =

(i-DATA PRECISION

Data Precision Division of Analogic Corporation,
Electronics Avenue, Danvers, MA 01923. Telephone: 617-246-1600. Telex: 6817144
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Wilson and Aerotron, and pricing at
20%-50% below the manufacturers
dealer prices, the new catalog now in-
cludes cross-references for Standard,
Repco and a comprehensive list of
Japanese transistors for Midland,
Yeasu, Force, lcom., etc. Richardson
Electronics, Ltd., Rockville Centre, NY
11570, Info/Card #139.

Antenna Catalog

Watkins-Johnson Company has re-
leased a new 112-page catalog describ-
ing the company’s entire line of an-
tennas and antenna systems. The fully
illustrated catalog details W-J's direc-
tional, omnidirectional, aerospace,
direction-finding, search and surveil-
lance, high-power and special-purpose
antenna products. Compatible pede-
stals and controllers are also described
in the catalog. Watkins-Johnson Co.,
San Jose, CA 95131, Info/Card #137.

Multi-Turn Capacitors Brochure

A new six-page brochure highlights
the Trim-Tronics, Inc., line of air vari-
able capacitors including the com-
pany’s recently introduced multi-turn
tubular capacitor. The 19 trimmers dis-
cussed are suitable for sensitive tele-
communications applications such
as satellite, microwave, two-way radio
and test instrumentation where very
precise tolerances are required, Ca-
pacitance of the line ranges from 3pF
to 16pF, with four mounting styles to
meet almost any application. The bro-
chure includes photographs of each
product, along with detailed dimen-
sional diagrams, specifications and
ordering information. Trim-Tronics,
Inc., Cazenovia, NY 13035, Info/Card #136.

Military And Commercial
Coil Catalog

A new 28-page catalog from Auto-
matic Coil Corp. includes 655 military
and commercial coils plus RF chokes.
A highlight of the catalog, identified
as AC-36, is a detailed 15-page coil
specification guide for 5 popular mil-
itary radios. These include the AN/PRC
104, AN/PRC 77, AN/VRC-12, AN/GRC-
106 and WRC-1 radios. In addition to
the Signal Corps module numbers
used in each radio the catalog identi-
fies all coils, toroids and filters used
by Signal Corps part number and by
Automatic Coil cross reference num-
ber. In addition, photographs of each
radio plus all coil types are shown.
The catalog will make it easier than
ever for U.S. and overseas contractors
to formulat their military radio com-
ponent requirements. The commercial
section of the catalog is devoted to
standardized toroidal inductors and
encapsulated toroidal RF chokes.
Toroidal inductors are used in a myriad
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of applications including: EMI and RFI
filters, power supplies, switching reg-
ulators, triac and SCR controls, trans-
formers and loading coils. The catalog
emphasizes that Automatic Coil has
specialized in custom toroidal coil
production for over 33 years because
they represent a nearly perfect induc-
tor. This is because their magnetic
field is almost wholly confined with-
in the core and the flux density is es-
sentially uniform over the entire mag-
netic path. Automatic Coil Corp., Hia-
leah, FL, 33010, Info/Card #135.

Crystal Filter Catalog

Piezo Filters has introduced its new
Crystal Filter catalog. Contained are
technical specifications and data on
standard crystal filters in the range of
2 to 155 MHz. A detailed description
of the Engineering and Manufacturing
capabilities of Piezo Filters is also
included. Piezo Filters offers crystal
filters in the range of 1 to 175 mHz with
bandwidths of .01 to 3% of center
frequency. Piezo Filters, Carlisle, PA
17013, Info/Card #134.

Power Inductors Data Sheet

The Inductive Products Division of
TRW offers engineering specifications
for its SR and LL lines of power induc-
tors. The data sheet includes applica-
tion, packaging, performance and mil-
itary specifications. Included are
charts listing inductance at 0 DC, max-
imum DCR, and current for each mili-
tary part number and product type.
Additionally, photographs, outline
drawings and a chart provide size and
construction information. SR and LL
power inductors are recommended for

switching regulator and AC filter choke
applications. Inductive Products Divi-
sion TRW Electronic Components
Group, New York, NY 10013, Info/
Card #131.

Cadec Software Package
Brochure

Communications Consulting Corp.
has just released a new brochure
describing CADEC a computer aided
design of electronic circuits software
package. Available in standard and
microwave versions, this software
package is used for analysis and op-
timizations of any kind of electronic
circuit on desk top computers in both
the time and frequency domain. This
8-page brochure describes the features
of CADEC, a program description,
hardware requirements, technical data,
and some typical circuit responses as
analyzed by CADEC. Communications
Consulting Corp., Upper Saddle River,
NJ 07458, Info/Card #130.

Rectifier Bridges And Diodes
Catalog

Electronic Devices, Inc.’s new cata-
log provides information on its line of
standard, fast, and superfast recovery
silicon rectifiers that includes silicon
bridge rectifiers, high voltage axial
lead rectifiers, high voltage packs and
cartridges, and other rectifier devices.
Extensive electrical and mechanical
specifications are included, as well
as information on new, state-of-the-
art, 50ns. recovery rectifiers, 100
ampere rectifier bridges, and integral
heat sink designs. Electronic Devices,
Inc., Yonkers, NY 10710, Info/Card #119.

MINIATURE
BANDPASS
FILTERS

We hold the state-of-the-art
filter technology inside the
palm of our hand.

State-of-the-art filter technology at

its best. Only .325” H x .25” W and

as short as 1.25"*, FBC Cavity

filters are setting the standard in

communications, aerospace, EW,

surveillance and ECM applications.

* 8 GHz—17 GHz

* 3 to 10 Poles

* Typical Butterworth amplitude,
phase and group delay responses

* 1dB BW of 1 to 70% of Fy

* 1.5:1 or less VSWR

e As low as < 0.5 dB insertion
loss ;

* Up to 10 watts CW

* 50 2 impedance

* SMA female/male connectors

*Length depends on number of

poles and frequency

FBC cavity filters designed to your

specifications within 6 to 8 weeks.

Small quantities as soon as 2

RF BRIDGES

Fixed or Variable
Directivity (balance) 40 or
50 dB options.

1-900 MHz RF
Instruments

RF Amplifiers

RF Analyzers

RF Comparators

RF Switches

Hybrid Divider/Combiners
RF Detectors

Impedance Transformers
Precision Terminations
Precision DC Block
Filters

Available 50 or 75 Ohms

WIDE BAND ENGINEERING COMPANY, INC.

P.O. Box 21652, Phoenix, Arizona 85036, U.S.A,

Telephone (602) 254-1570

INFO/CARD 15
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Call (301) 946-1800. Let CIRQTEL, a
leader in filter technology for 21 years,
solve your filter problems.

Superior Products by Design

CIRQTIEL

INCORPORATED
10504 Wheatley Street
Kensington, Maryland 20895
Telephone: (301) 946-1800
TWX: 710-828-0521
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SIGNATURE TECHNOLOGY
SPECIALISTS

GENERAL DYNAMICS CONVAIR DIVISION, an acknowledged leader in defense and
aerospace systems, offers you professionalism and career enhancement in a stimulating
environment. We are expanding our team of talented engineers to accommodate the needs of
our exciting high technoldgy programs in ground, air and sea launched missiles; vehicles for
launch, orbital insertion and station keeping; aircraft subsystems; energy development.

We are currently seeking qualified Signature Technology Specialists experienced in the
following areas:

e RCS Prediction & Analysis
Radar Absorbing Materials & Structures
RCS Control Techniques
Data Reduction & Display
RCS Measurement Instrumentation
Specialized Radars (High Resolution & Bistatic)
¢ Infrared, Acoustic & Visual Measurements & Analysis

We offer challenging assignments that will let you grow technically and professionally. These
positions require a BS, MS or PhD in Engineering, Physics or Mathematics.

We can provide one of the best benefit packages in the industry. In addition to the San Diego
environment, we offer competitive salaries, a stock/savings plan, company paid insurances,
retirement plan, tuition reimbursement, liberal relocation allowances including temporary
company funded housing and exceptional recreational facilities. ’

Please send your resume to: Division Vice President — Research & Engineering,
GENERAL DYNAMICS CONVAIR DIVISION, P. O. Box 85357, MZ 11-1342-1361,
San Diego, CA 92138. An Equal Opportunity Employer/U.S. Citizenship Required/
Principals Only.

LAUNCH A PROMISING
FUTURE wiTH Convair
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Detense

Northrop DSD Electronic Counter-
measures Technology is the heartbeat
of today’s national defense. It quickens
to the challenge and represents our
ability to out-think . . . out-maneuver
. . . and out-calculate rapidly.

Experienced professionals can join our
opportunities and work along with an
outstanding corps of R&D engineers in
an exciting, technologically progressive
and advanced product design and
development environment.

Northrop DSD. The Core of advanced
ECM technology. The place for a new
career.

ELECTRICAL DESIGN/
DEVELOPMENT
ENGINEERS

Positions require BSEE or equivalent,
and design and development ex-
perience in one of the following
specialized areas:

POWER SUPPLIES: Develop high/low
voltage linear/switching power systems
and modulators: magnetics and feed-
back theory analysis.

MICROWAVE: Active/passive micro-
wave integrated circuit design (2-26
GHz); familiarity with filter detectors,
wave guides, high frequency solid state
amplifiers and S-parameters.

America’s

NORTHROP

MAKING ADVANCED
TECHNOLOGY WORK

RECEIVERS: Conceptual design,
fabrication, and test of state-of-the-art
receiver systems for ECM/Elint applica-
tions. Familiarity with system architec-
ture, signal processing (26GHz frequen-
cy range), and channelized, set-on, and
micro-scan techniques is desirable.

ANALOG: Specialist in videoampilifiers,
fiters, A/D and D/A conversion;
background should include feedback
theory analysis and computer-aided cir-
cuit analysis.

PROJECT ENGINEERS

BSEE, or equivalent; experience in one
of the following areas:

» High efficiency broad band solid state
RF power amplifiers having precision
linearity. Strong documentation skills
required.

« Military receiver HW design for preci-
sion phase track receivers to DOA re-
quirements using ultra-precision inter-
nal phase/amplitude alignment.

MANUFACTURING

TEST EQUIPMENT
DESIGN ENGINEERS
Individuals with BSEE, BSCE, BSCS or
equivalent, and related experience. Pro-
jects will involve design of automated/
semi-automated test equipment
systems.

e HARDWARE: Microprocessor/MSI,
LS|, analog and RF circuits.

* SOFTWARE: Real-time microproces-
sor controlled software programming
in Assembly, PASCAL and Fortran.

Northrop offers an outstanding salary
and comprehensive benefits package
including complete medical and dental
coverage, company supported savings
program, profit sharing and more. For
immediate consideration, please for-
ward resume with salary requirements
to: Manager, Professional Employ-
ment.

NORTHROP

CORPORATION

DEFENSE SYSTEMS DIVISION

600 Hicks Road,

Rolling Meadows, IL 60008

We are an equal opportunity employer
and encourage minorities, females,
veterans and the handicapped to
apply. U.S. CITIZENSHIP REQUIRED.
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We create the ECM systems that
hide even the most massive friendly
ships and aircraft from the prying
“eyes’’ of enemy radars; make
missiles miss, identify enemy
platforms, and gather vital
intelligence — all with uncanny
speed and accuracy.

For more than twenty years,
Raytheon professionals have
defined the leading edge in state-of-
the-art countermeasure technology.
Help us stay out in front.

If you have an inquisitive mind and
strong technical skills, you can
discover exciting new dimensions in
the challenge of sophisticated
defense electronics.

Raytheon offers you opportunity for
involvement — and for enjoyment
— like nowhere else. Join us and
become a vital part of our growing
Electromagnetic Systems Division.
We offer challenging, yet stable
work environment for:

Component Engineers
Will select parts, determine proper
applications, prepare procurement

At Raytheon
Electromagnetic Systems Division,

we take Hide-and-Seek
seriously.

specs, select/evaluate vendors and
be responsible for technical
coordination and control.

BSEE preferred and six + years
applicable experience required.

Experience in any of the following
areas highly desirable: RF/Microwave
or Power Supply components and
sub-assemblies, multi-pin
connectors or wire and cable
components.

Microwave Design Engineers
@ active microwave component
design
e MIC/MMIC-microwave/
Millimeter wave integrated
circuit design
® microstrip and stripline design
BSEE preferred and five + years
experience required.

Advanced Receiver
Development Engineers
@ conceptual design fabrication
and test of advanced receiver
systems
@ signal processing
® system architecture

® background in channelized,
set-on and micro-scan
techniques design
BSEE and five + years experience
required.

DRFM Engineers

@ digital RF memory experience

e ECL design

® RF experience desirable
BSEE and five + years experience
required.

We have opportunities at our
California facility. Call COLLECT or
send resume including present
salary and/or requirements to
Professional Employment:
RAYTHEON

Dept. RFD 384

6380 Hollister Ave.

Goleta, CA 93117

(805) 967-5511, Ext. 2500

Electromagnetic Systems Division
Equal Opportunity Employer
U.S. Citizenship Required
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MANAGER,
TRANSMITTER DESIGN
RADAR SYSTEMS

Our client has an
immediate need for a

engineer to manage a
group involvedin the
design of microwave

radar transmitter design

suburban area close to a
major city with its
attendant cultural and
educational advantages.
Salary and benefits are
more than competitive

and relocation can be
made relatively painless.

If you are interested in
this position, orin any of
ourother engineering
and management
opportunities, call A.J.
Walsh COLLECT orsend
your resume to:

(215) 968-0707

Engineering Placement
Service

The Commons West
638 Newtown-

Yardley Road
Newtown, PA 18940

Equal Opportunity
Employer

amplifier systems.

If interested, you should
have a BSEE with three to
ten years experience in
the various aspects of
radar transmitter design;
vis a vis: application of
microwave power
amplifiers including
travelling wave tubes,
Klystrons, and crossed
field amplifiers; as well as
the design of pulse
modulator tube type and
solid state circuits; and
related high voltage
power supply equipment.

The company is located
in ahighly desirable

RF DESIGN
ENGINEERS

Wulfsberg, a leading manufacturer of aviation-related
communication equipment including airborne radio tele-
phone, FM air mobile communications and AM air/ground
communications equipment, has engineering openings now.

COME GROW WITH US

A growing market and new expanded lab facilities cause
us to look for engineers with the following qualifications:

e BSEE o _
e At least 3 years experience in RF circuit and radio
design techniques

Outstanding employee benefits including year-end profit
sharing.

Enjoy an unexcelled “quality of life” in this attractive
Kansas City metropolitan location. Let us tell you about it.

If qualified, please forward your resume to Jerry Henson,
Director of Personnel.

a{Ta WULFSBERG

‘\.,,' ELECTRONICS, INC.
11300 West 89th Street » Overland Park, Kansas 66214

We Are An Equal Opportumity Employer, M. F

r.f. design

Bring Technology To Life
At General Dynamics.

Over 30 years ago, General Dynamics Pomona Division brought
Terrier, the nation’s first tactical guided missile system, to life.
Since then, we've continued to design, develop and manufacture
state-of-the-art tactical weapons systems for America’s Armed
Forces. We're constantly exploring new realms of technology that
will keep our reputation for quality second to none. And we’re
always searching for innovative engineers and scientists who can
add new dimensions to our efforts.

That’s where youfit in. By bringing your talents to Pomona

Division, you can bring our technology, as well as your career,
to life in one of the following positions:

MICROELECTRONICS
We have numerous opportunities for Custom Microelectronics
Specialists with a minimum of 3 years of experience as well asa
BSEE Degree. The areas in which we're seeking microelectronics
designers include: large scale hybrid assembly, custom CMOS
process development, custom high speed circuit designand IR
detector development. Knowledge in one or more of the following
areas is desired: assembly processes, semi-conductor device
modeling, thermal processing, and analog, digital & RF circuit
design. Some positions require an MS/PhD Degree.

RADAR

We currently have a variety of positions available for Radar
Design Engineers with a BSEE and a minimum of 3 years of
experience. Desired areas of experience include: signal proces-
sor design (digital & RF), transmitter design (high voltage,
switching power supplies design, high power RF), radar analysis
(system performance, clutter analysis, ECCM)and radar sys-
tems (DMTI techniques, radar design).

MICROWAVE/ANTENNA
We're looking for engineers experienced in microwave systems,
component and antenna design. A minimum of 3 years of expe-
rience is desired as well as a BSEE or BSME Degree. You
will be designing microwave circuitry for missile and radar
systems. Knowledge of one or more of the following functions
is preferred: microwave circuit design, computer-aided design,
antenna design, microwave component design and production
support of microwave hardware for missile systems.
Our long range contracts can offer you a promising future with
diverse opportunities for personal growth and advancement.
We'll also enhance your life with a competitive salary, excellent
benefits and extensive recreational facilities.
For more information and immediate consideration, please
contact: General Dynamics Pomona Division, Director, Design
Engineering, P.O. Box 3011, Drawer B-783, Pomona, CA 91769.

GENERAL DYNAMICS

Pomona Division
Equal Opportunity Employer/U.S. Citizenship Required
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ENGINEER

PRODUCT MANAGER
RFI/EMI

Come join a growing progressive firm
where you will have complete respon-
sibilities for testing, development, ap-
plications & marketing of our current
& future shielding products. A BSEE
with RFI/EMI experience is required.

We provide an excellent salary & bene-
fits package, together with a working
environment most conducive to both
personal & professional growth.

For immediate consideration, send re-
sume including salary history to our
Personnel Manager.
INSTRUMENT SPECIALTIES
BOXA
DELAWARE WATER GAP, PA 18327
Equal Opportunity Employer

GROWTH POSITIONS:

$25-65,000 + .
30 + years National coverage. Ground/
mobile/aircraft communications related
equipment. Design, Devel. Quality/Re-
liability, Test, Mfg. All Fees Paid. Long-
berry Employment, 930 Main Place,
P.O. Box 471, Niles, Ohio 44446. (216)
652-5871.

ELECTRONIC ENGINEER (R.F.)

— Michigan—

Fast growing CATV manufacturing
company is seeking an individual to as-
sume responsibilities for design and
application engineering. This position
requires BSEE and experience with R.F.
circuits. Salary commensurate with ex-
perience. Send resume to:

Ron DeVries

C&D Electronics

P.O.Box 177

Gennison, Ml 49428

(616) 669-2440
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RF/MICROWAVE
ENGINEERS

pani (in New England and
Nanonally) wnh hundveds of opportunities for RF
and Microwave Engineers means we are the one
contact necessary for that right position, whether it
be a new challenge or career advancement,

ENTRY LEVEL (0-3YRS. EXP)  22-35K
MID LEVEL (5-10 YRS. EXP) 30-45K
SENIOR AND MANAGEMENT  40-70K

Professional, confidential, free preparation
service.

Nationwide
Business Service

PERSONNEL CONSULTANTS
ESTABLISHED 1937
145 STATE STREET,
SPRINGFIELD, MASSACHUSETTS 01103
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CORPORATION.

ELECTRONIC ENGINEER (RF) wanting Southern IDAHO sports and
recreation, state-of-the-art mobile communication challenges and
professional growth should consider US COMMUNICATIONS

Junior and Senior grade professional RF electrical engineers with BS
or MS dégrees for assignments in new product development programs
for exciting new mobile communications hardware/software.

RF TECHNICIANS - Two year AA or equivalent education with proven
record in RF Engineering Laboratory work are encouraged to apply.

Please reply with resume and salary history to:

US COMMUNICATIONS CORPORATION
A SUBSIDIARY OF

j} JOHNSON

SECTIONM

P.O. Box 268 * Twin Falls, |D 83303-0268
AN EQUAL OPPORTUNITY EMPLOYER MIF

96A
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Teledyne Microwave
Has Something to Offer
In Switch/Filter Combinations

| Egerything.

Combining diode switches and filters in a
single package makes a lot of sense. And
Teledyne Microwave is more qualified and
experienced in designing and building switch/
filters and switch/multiplexers than anyone
else. We use this experience in filters, switches,
multiplexers and MIC technology to offer the
system designer a variety of switch/filter ap-
proaches specially configured for his application.

Type Insertion  Switching Band
Loss Speed Overlap
Switch/Filter/Switch Highest |Fast

Switch/Multiplexer Moderate | Fast

Multiplexer (comparison) Instantaneous |No

1) Requires parallel signail processing
2) Except at band edge

To meet a system designer's requirement for
band channelization, we can choose between
MIC thin film, cavity, or combline filters. We
can then select a switching or multiplexing
configuration for best selectivity, isolation, and
lowest loss. Many customers find it cost effec-
tive to have us integrate TTL compatible drivers
and decoders as well.

Design excellence is important to Teledyne
Microwave. But so is our commitment to build
and deliver reliable microwave components
when we promised -on time. Quality is de-
signed into our products and then we screen
each unit just to be sure.

You can be confident that Teledyne Microwave
will have a switch/filter combination to suit
your needs, and you can rely on our proven
record of production quantity deliveries. Call us.

4TELEDYNE MICROWAVE '

“Pride in Performance”

Teledyne Microwave

1290 Terra Bella Avenue
Mountain View, CA 94043
Phone: (415) 968-2211
TWX: 910-379-6939

¢ Teledyne Microwave 1983



Clarke's proposed
3-satellite system

In 1945, Arthur C. Clarke—a British mathematician, wire-
less operator and creative science fiction writer found a
better way to beam communications signals around the
world. He theorized that an artificial satellite, carried by a
rocket to an orbit 22,300 miles above the earth’s equator
and traveling at 6879 mph (the speed at which the earth
rotates on its axis), would appear motionless to an ob-
server on earth. From that height, Clarke reasoned, a radio
relay station could cover one-third of the earth’s surface:
three such satellites, placed in geosynchronous orbit
around the equator could provide worldwide communica-
tions. In 20 years, advances in electronics, miniaturization
and rocketry made Clarke's dream a reality and gave the
world improved communications capability

finding new ways

The Earth from 22,300 miles in space. (Photo: Courtesy of NASA)

" FINDING NEW WAYS...

Likewise, in 1969, Mini-Circuits made its total commitment to
serve the emerging communications market . . . by replacing
expensive, custom RF signal-processing components with
low-cost, catalog units with unparalleled reliability.

Our dream, like Clarke’s, has come true. Over 1,000 catalog
items available with such Mini-Circuits innovations as our ex-
clusive HTRB burn-in testing, the world's only 3-year guaran-
teed mixers, computer-automated performance data (CAPD)

to eliminate design guesswork . .

Mini-Circuits' products have become the industry stan-
dard. We are actively dedicated to the pursuit of further
improvements in product cost/performance, quality and
reliability for more effective worldwide communications.

just to name a few.

setting higher standards

] = (=) D
A Division ot Scientific Components Corporation

World's largest manufacturer of Double Balanced Mixers
P.O. Box 166, Brooklyn, New York 11235 (212) 934-4500

Domestic and International Telex 125460 International Telex 620156
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