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Fluke Portable Test Instruments

“We built these two new counters
for design engineers like us”

You'd expect our engineers to be  represent the best combination of shields, switchable attenuators and

biased in favor of our new counters. counter performance, pricing and low-pass filters eliminate unwanted
But when we challenged them, they packaging that a design engineer signals. And they can be operated
quickly pointed out why they’re could want. Both incorporate from optional rechargeable batteries”
becoming favorites of design Fluke-designed thick-film hybrid Getting down to specifics.
engineers everywhere. circuits for excellent sensitivity and “But advanced technology
“The 7260A and 7261A flat response. Stainless steel RFI means little unless the instrument
does the job for you. So both
feature a basic bandwidth of 125

MHz with options to 1300 MHz.
Each with manual or
autoranging through all
measurement modes.

Max.
Model _Resolution  Sensitivity _ Price

e _ Price
7260A | 100ns 10mV | *$850 k
, 7261A 10ns 10 mV *$995

Built for systems.

“Fluke’s exclusive portable
test instrument (PTT)
packaging design lets us stack
and latch multiple instruments
on top of our counters. And by
using the new Fluke 1120A
Translator, we can assemble an
inexpensive IEEE-488 system”’
Convincing evidence.

Our engineers are sold on
our new counters. How about
you? For more information call
toll free 800-426-0361; use the
coupon below; or contact your
Fluke sales office or
representative.

*U.S. prices only.
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IN THE U.S. AND NON-
EUROPEAN COUNTRIES: IN EUROPE:

John Fluke Mfg. Co., Inc. Fluke (Holland) BV.
P.O. Box 43210 #2B PO. Box 5053,
Mountlake Terrace, WA 98043 5004 EB Tilburg,

{206) T74-2481 The Netherlands
Telex: 32-0013 (013) 673 973 Tlx: 52237

[ Please send 7260A/7261A specifications.
Please send information on Fluke’s
80-MHz 7250A Counter.

] Please send 1120A IEEE-488 Translator info.

[J Please have a salesman call.

Name

Title Mail Stop
Company - i
Address

City State Zip
Telephone ( ) Ext.

For technical data circle no. 1
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Your 800 MHz Microwave
Power Transistors begin here. ..

at Solid State Microwave

For the last two years Solid State Microwave has proven its leadership with high volume production of Microwave Power
Transistors for the new 800MHz Land Mobite Industry. We have been involved in this new market from the beginning and
have developed a sound, reliable, highly reproducible line of devices which have satisfied many large production contracts.
When you are consideringy Microwave Power Transistors for your next 800MHz Land Mobile design, consider Solid State
Microwave, the 800MHz technology and production leader.

For technical information on our complete line of 800MHz Transistors, call Bob Tyson at (215) 362-8500.
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PIN PG fo
POWE UTPUT INPUT POWER POWER GAIN TEST FREQUENCY
DEVICE TYPE MATTS WATTS dB MIN MHz PACKAGE

SD1409 ' 2.0 .35 7.6 870 X072
SD1411 ' 20 4.5 6.5 836 230 6LFL
SD1414 50 15 5.2 836 230 6LFL

SOLID STATE MICROWAVE W

a division of Thomson-CSF Components Corporation

Montgomeryville Industrial Center, Montgomeryville, PA 18936 ® (215) 362-8500 ® TWX: 510-661-6548
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Cover. Every now and then a truly new test 1
instrument comes along that offers real ad-
vantages to the RF designer. This month’s
cover story (p. 14) describes such an instru-
ment.

Advanced Instrument Does RF Impedance 14
Analysis. New H-P instrument measures 14

H-P Test Instrumentp.1  impedance parameter; |Z|, |Y|, [T, 6, R, X, G,

B, Fx, Ty, L,C,D,andQ from 1-1000 MHz.

Measuring Generator Output Impedance. With 27
the aid of a line stretcher and a sensitive

RF millivoltmeter, a simple measurement can

be made of the complex output impedance,
Impedance Analysisp. 14 Z | ¢, and the reflection coefficient, p L8, of

I | an active source.

Microstrip Translator Program for Your HP-67. 32
Now you can translate an existing micro-
layout to a different substrate material.

Measuring Generator Output p. 27

Ty

SubscriptionCard 9 Products 36
g Editorial 12 INFO/CARD 39
At Ad Index 29 Literature 45

Microstrip Translator Program p. 32

November/December 1979, Volume 2, No. 6. r.f. design (USPS 453-490) is published every two months by Cardiff Publishing Company, a subsidiary ot Carditf Industries, Inc., 3900 S.

Wadsworth Bivd., Denver, Colo. 80235, (303) 988-4670. Copyright © Carditf Publishing Company. Controlled circulation postage paid at Denver, Colorado. Contents may not be re-

produced in any form without written permission. Please address subscription correspondence and Postmaster, please send PS form 3579 to Box 17361, Denver, Colo. 80217. For tele-

phone subscription inquiries, please call Theima Drinkwine at 800-525-1297. r.tf. design is circulated without charge throughout the United States to qualified recipients. Completed

gualiﬁcatnon form is required. To all others there is a charge: Domestic, $15 per year, Canada/Mexico, $15 year; Other foreign, $20 year. Single copies available $3 each. Postmaster:
lease send PS form 3579 to P.O. Box 17361, Denver, Colo. 80217

4 November/December 1979



he most significant
rice breakthroughin

OUDBLE-DALANCED MIXERS!

Mini-Cleeuits of coursel

] TR
1000 pieces

$3.95 (1049)

For demanding industrial

and commercial applications,

where low-cost and high-performance

are critical; model SBL-1 will fill your need.

Don't let the low price mislead you. As the world’s number

one manufacturer of double-balanced mixers, Mini Circuits’

has accumulated extensive experience in high-volume production

and testing, a key factor in achieving a successful low cost/high per-
formance line of products.

Model SBL-1.
metal case, non hermetic-seal

Frequency Range. MHz

10 1500 RF 1500 IF DC-500
Conversion Loss. dB Typ. Max The tough SBL-1 covers the broad frequency range of 1-500 MHz with 6 dB conversion loss and
One Octave from Band Edge 55 75 isolation greater than 40 dB. Only well-matched, hot-carrier diodes and ruggedly constructed
Total Range 65 85 transmission-line transformers are used. Internally, every component is bonded to the header
Isolation. 4B Tyo Mi for excellent protection against shock. vibration and acceieration. -

Lower Band Edge to LORF 50 ¢ Here are some of the steps taken to ensure quality: Every SBL-1 is RF tested two times, every solder
One Decade Higher  LOJF 45 connection is 100 per cent inspected under a high power microscope, all transformer leads are
Mid Range LORF 45 30 double-wrapped, and all components are rated for more than + 85 C operation.

1 40 : ;
Upper Band Edge to0 LORF 35 Of course. our one-year guarantee applies to these units.

One Octave Lowe LO-IF
Signal. 1dB Compression Level «1dBi

! N
Impedance. Al Ports 50 ohm - - [ ] [
Etectronic Attenuation Min i20mA" 348 m M ln l-c lrcu lts
2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 MINI-CIRCUITS LABORATORY

Domestic and International Telex 125460 International Telex 620156 A Division of Scienttic Components Corp

Internsttonal Representatives: O AFRICA: Afitra (PTY) Ltd. P O Box 9813, Johannesburg 2000, South Afnca O AUSTRALIA: General Electionic Service 99 Alexan t New

South Wales. Austraha 2065 0 EASTERN CANADA: B D Hummel. 2224 Maynard Ave . Utica, NY 13502 0O ENGLAND: Dale Electronics Ltd - Dale House Wharl Road Frimley Gree

Camberley Surrey, United Kingdom O FRANCE: SCIE-DIMES 31 Rue George-Sand, 91120 Palaiseau. France O GERMANY, AUSTRIA, SWITZEREAND, DENMARK: |

Electronics GMBH. 6000 Frankfurt Main, Kluberstrasse 14. West Germany O INDIA: Gaekwar Enterpnises, Kdmal Mahal, 17 ML Oahanukar Marg Bombay 400

0 ISRAEL: Vectronics Ltd . 69 Gordon St Tel-Aviv, Israel O JAPAN: Densho Kaisha, Ltd . Eguchi Building 8-t }-Chome Hamamatsucho Minato Ku Toky

O NETHERLANDS, LUXEMBOURG, BELGIUM: BV Technische Handelsonderneming. COIMEX P O Box 19. 8050 AA Hatlem Holland 0O NORWAY: [

BRYN Oslo 6 Ostensjoveien 62, Norway O SINGAPORE & MALAYSIA: Electronics Trading Co (PTE) Ltd Suites C13 C22 & C23 (1s oor} Pres

181 Kitchener Road. Singapore-8, Republic of Singapore O SWEDEN: Integrerad Elektronik AB Box 43 S-182 51 Djurshoim Sweden

U.S. Distributors: [ NORTHERN CALIFORANIA: Pen Stock, 105 Fremont Ave . Los Altos CA 94022 Tel (415) 948-6533 (O SOUTHERN CALIFORNIA, ARIZONA: Crown El¢

11440 Coilins St N Hollywood CA 91601 Tet (213) 877-3550 O METROPOLITAN NEW YORK, NORTHERN NEW JERSEY, WESTCHESTER COUNTY: Microwa

61 Mall Drive Commack NY 11725 Tel (516) 543-4771
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F --I.--L ot Tektronix 492 Spectrum Analvzer | J

|
A spectrum analyzer with
convenience and capability.

In one compact package.

Easy Operation. Using the 492 couldn’t be easier. You set frequency, frequency span, and
reference level in a simple 1,2, 3 knob operation. Automatic turn-on takes care of input protec-
tion and normal operational settings, and microprocessor-aided coupled controls take

care of the rest. Digital storage and signal processing relieve you of time-consuming display
adjustments. Constant tuning rate (CTR) lets you position the signal more quickly and
accurately than conventional tuning. And crt readout of parameters lets you read the
display at a glance.

Wide frequency range. The 492 covers the widest frequency range of any spectrum
analyzer on the market. 50 kHz to 21 GHz with internal mixer capability, to 60 GHz with
calibrated external waveguide mixers from Tektronix, and to 220 GHz with commer-

cially available external waveguide mixers.

High performance. The 492 offers you exceptional performance — 80 dB dynamic
range on-screen, and measurement capability to 100 dB for applications such as micro-
wave harmonic measurements with the internal preselector. Excellent sensitivity, with

an average noise level of —123 dBm at 100 Hz resolution. Low phase noise — 70 dBc at
only 3 kHz offset — to give you confidence in your small-signal analysis. High stability for
signal source spectral purity analysis, with residual FM no more than 50 Hz peak-to-
peak. Amplitude comparison in super-fine 0.25 dB steps, for measuring signal differ-
ences with a high degree of accuracy. Plus much more.

Built to take the tough times. Because the 492 is built to handle a variety of

measurements wherever you need it, you can be sure it will perform as well on site
as it does in the design lab or systems test area.

Many options. You can order your 492 with phaselock stabilization, digital
storage and signal processing, front-end preselection, and external wave-
guide mixer connection. Or you can choose just the options you need to

tailor the 492 for your measurement applications. Specify the 492P for full
IEEE 488-1975 programmability via GPIB interface. The 492 is priced
from $17,000, and the 492P is priced from $20,000. Consult your
Tektronix Sales Engineer for details on options pricing.

Seeing is believing! Call your nearest Tektronix Field Office
(listed in major city directories) for complete technical infor-
mation and a demonstration. For a detailed technical
brochure with full specifications, write:

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

where

you go.
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HP: EXPERIENCE IN MICROWAVE TECHNOLOGY

When your RF network
measurement needs are large,
but your budget isn't.

B8754A Network Analyzer and 8502A
Transmission/Retlection Test Set CRT trace
has been stored in companion 8750A Storage

Normalizer

HP’s New 1300 MHz
Network Analyzer.
It brings speed and
convenience to

RF measurements
for only $11,500.

The HP 8754A consists of:

0 4-1300 MHz swept source
with +10 dBm leveled
output. calibrated sweeps
and crystal markers.

o Three channel receiver
to measure any two trans-
mission/reflection param-
eters simultaneously with
>80 dB dynamic range.

o CRT display for rectilinear
and polar plots with resolu-
tion 0.25 dB and 2.5°/major
division.

Just add the appropriate

test set and you can make

thorough and accurate

measurements quickly

and easily. Such as:

45907A

@

Transmission Magnitude
and Phase.

Measure loss, gain and phase
shift using the 11850 Power
Splitter (8600). Completely
identify filter passbands and
skirt characteristics without
misleading harmonic or
spurious responses.

Impedance.

Measure and display
impedance in polar form,
with crystal markers to give
precise frequency data. Test
sets are available for both
50 and 75Q2 systems.

HEWLETT

PACKARD

INFO/CARD 4
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Simultaneous
Transmission and
Reflection.

Use the 8502 Test Set ($2000) and see
the trade offs between transmission
gain/loss and input match in a single
setup. For two-port characteristics of
networks, including transistors, an
S-parameter test set is available.

Storage/Normalizer
increases
the 8754A’s capabilities.

Add the 8750A and you can automatically
remove system frequency response varia-
tions also make comparison measure-
ments easily. Digital storage permits
flicker-free displays even for measure-
ments requiring slow sweep rates.

A call to your nearby HP
field sales office is all you
have to do to get more infor-
mation, or write 1507 Page
Mill Road, Palo Alto,

CA 94304.

Domestic US prices only.



How’s this
for complete coveragein
small-signal GHz transistors?

fr:1-14GHz
Ic: 0.1-150mA

...in any package,
from Lids to Studs.

World leadership in shallow diffusion technology and
unsurpassed packaging skills come together at
Amperex to produce the industry’s best combinations
of GHz transistor performance specifications,
packaging and prices:

® Gain-bandwidth products from 1 to 14 GHz at
collector currents from 0.1 to 150 mA.

& Noise figures as low as 1.9 dB at 500 MHz.

® Low intermodulation and cross-modulation types
for those sophisticated linear applications.

® Full-range package versatility; microminiature
ceramic LIDS and plastic SOT-23 and SOT-89 con-

figurations for RF hybrids O SOT-37 plastic T-packs
O 70- and 100-mil hermetic ceramic stripline O stud-
mounted O TO-72 and TO-39 hermetic metal cans.

There’s a high-performance Amperex GHz tran-
sistor for virtually any small-signal RF application
up to 4 GHz...including CATV-MATV amplifiers,
wideband counters and scopes, communications
gear through 900 MHz and beyond, miniature pocket
pagers, radars, telemetry, etc.

For further information and applications assistance
on the Amperex line of high-performance GHz
transistors, contact: Amperex Electronic Corporation,
Slatersville Division, Slatersville, Rhode Island 02876.
Telephone: 401-762-3800.

Amperex

TOMORROW'S THINKING IN TODAY'S PRODUCTS
A NORTH AMERICAN PHILIPS COMPANY

INFO/CARD 5
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Want More Money?

I recently heard a true story about a young engineer whose

actions and attitude about himself are bound to get for him
the money and recognition as a professional that all engineers
feel they should be getting.

This man was interviewing at one of the big aerospace
companies on the West Coast. The meeting had gone along
more-or-less according to the book. The interviewer had asked
every sort of question and was
noticeably impressed with the
education, background experi-
ence and credentials of the
applicant. Then he came to that
most predictable place in the
questioning where his eyes nar-
rowed almost imperceptibly and
he asked, ‘‘How much money
do you want?”

Without hesitation, and as
though he were telling the num-
ber of years of his experience,
he said, *$80,000.”

“$80,000 a year?!”, the inter-
viewer said incredulously, clear-
ly impressed as he fell back in his chair. “Yes, $80,000,” said
our hero, matter-of-factly. “I’'m worth every cent, and | won’t
take less.”

You can imagine the conversation that followed. The good
news is that our man got it!...even though he was paid for
only one week.

His manner and confidence soon was brought to the attention
of the people who could make such a decision. He was told
they were unable to hire him at that salary, but that they
would pay him at that rate as a consultant. They had a very elu-
sive design problem to solve and would he join their company
in a consulting capacity until the problem was solved.

He worked one week, solved the problem and pocketed
$1538.40.

There is a lot of feeling among engineers that we deserve
the kind of income and professional standing of, say, a physi-
cian. It will begin to come when our attitude, self-worth and
real-worth are clearly perceived by the rest of the world to be
of the highest caliber. The first requirement for success is
that we must truly believe in ourselves to the point that
others sense it in a positive way. Those who expect a high
level of performance from themselves deserve to expect a high
level response from their environment.

This may have been a somewhat temporary victory for the
ambitious engineer in this story. But, based on his behavior
and competence, I'll bet he will exceed his own expectations
and ambitions soon!

November/December 1979
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106"!"3# FACTORY ASSEMBLED

100% PARTS & LABOR YEAR GUARANTEE
CERTIFIED NBS TRACEABLE CALIBRATION
EXTERNAL CLOCK INPUT

® COMPACT SIZES—7010- 1-34" Hx4-'4” Wx5-14"D

SENSITIVITY
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® .1 Hz RESOLUTION ® STATE-OF-THE-ART LSI DESIGNS

® 0.1 PPM 10 MHz TCXO TIME BASE . ® COMPREHENSIVE USER MANUAL PROVIDED
8010- 3" Mx7-12" Wx6-'."D

- —
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HI-Z INPUT GATE Sl
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Advanced Instrument Does RF
Impedance Analysis

This new instrument measures

14 impedance parameter; |Z|, |Y|, |l], 6, R, X, G,

B,Ix, Iy, L,C,D,and Q from 1-1000 MHz.

ewlett-Packard’'s RF Impedance Analyzer is the

most recent addition to their new generation of
microprocessor-based impedance measuring instru-
mentation. It is a “friendly” instrument that is easy to
use. HP's 4191A has aninternal frequency synthesizer,
automatic calibration, automatic error correction and
specially designed test fixtures make stable, accurate
impedance measurements possible over a measure-
ment range of 1 mQ to 100 k) (1 xS to 50 S). In
addition, it features an internal bipolar dc bias source
(0 to +40V), linear and log sweep capability of both
frequency and bias, self test and deviation measure-
ment capability (A, A%) on all 14 parameters. These
features make this new RF impedance Analyzer an
excellent design and testing tool for high frequency
evaluation of electronic materials, components and
circuitry.

Basic Theory

The basic measurement of HP's RF Impedance
Analyzer is the reflection coefficient (). It is
determined by the vector ratio of the incident wave
from the unknown port to the device under testand the
reflected wave from the DUT to the measurement port.
This technique is the same as the s-parameter (s11 or
s22) measurement made by a network analyzer. Once
the reflection coefficient is precisely known, all other
parameters can be determined mathematically.

Careful design techniques were used to insure
accurate measurements over so wide an impedance
range. Particular care was taken to minimize the

14

residual noise of the test signal and to insure the
accuracy of the RF to IF converter. To furtherenhance
accuracy, the measured data is corrected using data
stored during the calibration procedure at turn-on. In
this way, any residual error in the system is eliminated
and a very accurate determination of the reflection
coefficient of the DUT can be obtained.

Basically, the reflection coefficient of a device is
determined by the RF directional bridge shown in
Figure 1. The test signal from the frequency
synthesizer is fed into the RF bridge through a power

ANAN——
2dB

Input Port

- Power Splitter
50Q
6 dB/Bias

fFrequency
/) Synthesizer

1-1000 MHz

*

DC Bias

Figure 1. RF directional bridge

November/December 1979



splitter. The reference signal then passes through an
electrical length compensation network and is applied
to the reference channel of the sampler.

The test signal passes through an attenuator/dc bias
network and is then applied to the directional bridge. A
balanced-unbalanced transformer couples the signal
into two channels, one leading to the DUT test port, the
other to an internal 50 ohm standard resistor. The
voltages across the 50 ohm resistor and the DUT are
combined and applied to the test channel of the
sampler. If the DUT is exactly 50 ohms, the bridge is

LINE DISPLAY A DISPLAY §

5

Electrical Length Compensation

Reference
M/ © Channel
2dB Output

O Channel
Balun 50Q
Xformer

Output
Directional Bridge

|

Test Port

determines reflection coefficient.

r.f. design

balanced and the test channel output is zero.

The entire RF bridge section is enclosed in a
temperature controlled oven to maintain measurement
accuracy.

Operational Features and Benefits

A microprocessor is used to maintain the accuracy
and wide measurement range in HP's new RF
Impedance Analyzer. The measurement data is
digitally corrected from stored calibration data and the
corrected data is then converted to the desired
parameter.

To provide accurate high resolution measurements
over the instruments entire frequency and impedance
ranges, an automatic calibration sequence is initiated
at turn-on. When the power switch is depressed, a self
test procedure is automatically performed, verifying
the internal circuitry is operational. At the sametime, a
ten minute warm-up period is started for temperature
stabilization of the oven that encloses the measure-
ment circuitry. During this period, the RF Impedance
Analyzer displays its I/0 address and also the codes
indicating the optional features (high resolution
synthesizer and/or analog recorded output) that are
instaltled in the instrument. This warm-up period may
be manually negated if desired.

At the completion of the warm-up period, a
calibration should be performed with the three
standards (50(), 0(), 0S) provided with the instrument.
The standards are connected and a total of 51
calibration frequencies are automatically selected

15



between the start and stop frequencies. The data is
then stored in the units non-volatile memory for later
use in the data correction procedure. Once the
calibration process is completed, the instrument is
ready for use. If a specific measurement frequency is
selected that does not coincide with a calibration
frequency, a Lagrange interpolation is used in the
error correction process. This insures accurate
measurements over the entire frequency range
selected.

The key feature of the HP 4191A RF Impedance
Analyzer is its capability to display impedance in any
of fourteen different parameters. These parameters
include impedance (|Z[), admittance (|Y|), reflection
coefficient (II'l). phase angle (6 in degrees and
radians), resistance (R), reactance (X), conductance
(G), susceptance (B), rectangular coordinates of the
reflection coefficient (I'x and I'y), capacitance (C),
inductance (L), dissipation factor (D), and quality
factor (Q). In addition, the deviation of a measurement
from a stored reference value is displayed as a value
(A) or as a percent (A%) for all fourteen parameters.

The wide frequency range of 1 MHz to 1000 MHz is
generated by an internal synthesizer phase locked toa
quartz reference oscillator. Frequency resolution of
the standard model is 100 kHz, with 100 Hz resolution
optionally available for evaluation of high Q devices
such as crystals and crystal filters. This synthesizer
has the stability and repeatability necessary to detect
small changes in the resonant frequency of an
unknown device. Flexible frequency control capabil-
ities include start, stop and step frequency selection,
frequency step up and down controls, and sweep stop
and abort. Both linear and log sweep modes may be
selected either manually or remotely.

An internal bipolar dc bias source is provided with 10
mV resolution over its entire range of -40 volts to +40
volts. A dc level may be selected, or the bias voltage
may be swept over its entire range. Both linear and log
sweep modes may be selected.

Two storage registers are provided in the non-
volatile memory for storage of two complete front
panel settings. Often-used conditions may be stored in
memory and recalled at any time with the touch of a
key. These settings are retained in memory even when
the line switch is off. This feature improves measuring
efficiency in applications where repetitive measure-
ments are required.

The standard HP-IB capability allows the 4191A to
be easily integrated into an automatic measurement
system. By adding a system controllerand one or more
peripheral devices, the measurement capability is
extended to include fully automatic impedance
measurements, data manipulation and hard copies of
the data in any desired format.

An optional recorder output is available for making a
permanent record of measured data if data manipula-
tion is not required. Output voltages proportional to
the measured data and the applied frequency or bias
are available on the rear panel. This provides an
inexpensive method to determine the dc bias or
frequency characteristics of a DUT. X-Y recorder
scaling (lower left and upper right) and interpolation
capability are provided with the option.

16

Test Fixtures

When making RF impedance measurements, test
fixture design is of the utmost importance. If device
under test cannot be connected to the measurement
port without introducing significant errors, it cannot
be accurately measured. Four test fixtures, specially
designed for use with HP's RF Impedance Analyzer,
provide accurate repeatable measurements on a
variety of DUT’s (see Figure 2).

Figure 2.

The first is a coaxial cavity test fixture for precision
measurements over a frequency range of 1 MHz to
1000 MHz. It is very useful in evaluating small axial
leaded devices such as varactor diodes. Most devices
used at high frequencies are either chip, short leaded,
or stripline configuration. A spring clip test fixture was
designed to accommodate all three types of devices.
The recommended frequency range is 1 MHz to 500
MHz.

Two binding post test fixtures are available for
connection to radial and axial lead devices. The
configuration of these fixtures were patterned afterthe
familiar R-X Meter and Q-Meter. Recommended test
frequencies are 250 MHz and 125 MHz respectively.

These test fixtures are designed to be coupled
directly to the APC-7 unknown test port. However,
they all have some electrical associated with them that
would cause a measurement error. The 4191A
provides a digital electrical length compensation of up
to 99.99 cm. to eliminate this error.

Test fixtures are not limited to the four shown here.
The unknown test port is the standard APC-7 design
and is compatible with many existing test fixtures and
air lines used with other high frequency test
equipment. If the electrical length is greater than one
meter, electrical length compensation is accom-
plished by adding an external air line of appropriate
length.

Accurate, High Resolution Measurements

The 4191A was designed to provide accurate and
stable measurement data. In order to obtain high
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Radio Active

In radio-communications, Plessey
offers the most comprehensive line of
IC’s available.
IC’s that will cut the costs, reduce
the size and increase the reliability
of your designs for everything
from commercial CB sets to
manpack radios like the
Hughes PRC-104 shown.
Typical is our SL6600,
a monolithic IC that contains
a complete IF amplifier,
detector, phase-locked loop
and squelch system. Power
consumption is a meager
1.5 mA at 6V, S/N ratio is
20 dB, dynamic range is
120 dB, THD is just 2% for
5 kHz peak deviation, and it

can be used up to 25 MHz
with deviations up to 10 kHz.
Our SL6640 (with audio
output) and SL6650 (without - And they're all
audio) are similar, but go a bit available now, so contact
further, adding dc volume control us for complete details today.
to the on-chip preamp, amp, detector The real action in radio-
and carrier squelch. . communications IC’s is at Plessey.
In addition to these, we offer a
large family of RF and IF amplifiers, :mm
most available in full MIL-temp 1641 Kaiser Avenue, Irvine, CA 92714
versions, with screening to 883B. Telephone (714) 5409979

All things to some people.
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accuracy with 4% digit resolution, several unique
features were developed. They include an automatic
error correction capability, test fixtures for various
DUT sizes and shapes, electrical length compensation
by numeric key input, and the measurement circuit
enclosed in a temperature controlled oven. Therefore,
minor impedance changes of components or materials
can be obtained easily by resonant impedance
measurements or equivalent circuit calculations.
Typical applications of this type include high
resolution crystal measurements, low loss measure-
ment of an air capacitor, thin or thick film circuit
analysis and PIN diode impedance measurements.

Traditional RF Impedance Measurements

Traditionally, RF impedance measurements have
been made with manual balanced impedance bridges.
More recently, analog vector impedance meters and
network analyzers have been used as well. These
methods have shortcomings. Measurements can be
time-consuming, and accuracy and dynamic impe-
dance range may be limited for a particular measure-
ment. This new RF Impedance Analyzer gives greater
measurement speed, accuracy and impedance
measurement range when compared to traditional
impedance bridges and network analyzers. It can be
used as a bench instrument or integrated into a high
speed system with the standard IEEE interface.

Impedance Analyzer vs. Network Analyzer

The 4191A should not be confused with a network
analyzer. The network analyzer is a 2-port device that
measures both transmission and reflection parameters
very rapidly. It is quite helpful in giving the circuit
designer an overall picture of how his circuit behaves
over the frequency range of interest.

The RF-Impedance Analyzer is a 1-port device
measuring only the reflection parameter, but with
greater accuracy, wider impedance range and higher
resolution. This allows the designer to make
evaluations to the component level. Therefore, it is
designed for component analysis while the network
analyzer is for circuit analysis.

Major Applications

Automatic Evaluation of Semiconductor Devices
This new Impedance Analyzer has the stable
automatic measurement capability necessary for the
high frequency evaluation of semiconductor devices.
The internal dc bias voltage source with 10 mV
resolution and the high resolution measurements
(0.1fF for capacitance and 1 uS for conductance) meet
even the most stringent requirements in both R&D and
process control applications. These features can lead
to improved yields in the wafer process and aid in the
development of new devices such as CCD and
compound semiconductor devices. Of major interest
is the high frequency C-V, G-V and ac conductance
characteristics of the DUT. Figure 1 is the ac
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Figure 3. AC Conductance Characteristics of an
MOS Device. The Nicollian-Goetzberger analysis
requires fast accurate measurements complex
calculations and graphic data presentation.
The automatic system capability makes this
analysis possible.
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Figure 4. Bias Characteristics of a Silicon Var-
actor diode measured at 470 MHz. This type
of diode is used extensively in tuner design.
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Figure 5. High Frequency C-V and G-V plot
of an MOS junction.
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Pick a Plessey prescaler and
you've conquered the major
problems in your high-speed
counters, timers and frequency
synthesizers.

Because we can give you
everything from ultra-fast
dividers that tame the terrors
of TACAN to inexpensive IC's
that cut the costs of your CB's.

They're all guaranteed to
operate from dc to at least the
frequencies shown. They all
provide low power consump-
tion, low propagation delays and
easy system interfaces, with most
of them available in commercial
and MIL-temp versions.

] Show me, Plessey:

Your dividers and prescalers sound like they
can save me some money and a lot of grief.

I O Have a salesman call O Send more details

Name
Telephone

I Company
Address

I City/State/Zip

Divide and

PLESSEY HIGH-SPEED DIVIDERS/PRESCALERS

+10SPB665 © 64 SPE752
L ® =10 SP8667
*:25P8606
o +aspgete _ T4SPEo10
+10SP8630 W _ ® ®:45P8663
+ 8/9 SP8743
T T N MICROWAVE
™ o :5sPas20 L. 18 SP86SO 4, LINKS, TACAN
-~ ®:85SP8670
b I SP8735 (BINARY)

~

HAND-HELD AND \ SHIP, AIRCRAFT AND
MOBILE SYNTHESIZERS N VEHICLE SYNTHESIZERS

N
®:4 SP8600 \\
= =10/11 SP8690

= :10/11 SP8695 \

+10 SP8660 ® 0:2SP8607
+32SP8665 +2SPB602
o4 +20 SP8657
3 +16 SP8659

$P8790 ®=FIXED RATIO
CONTROL ® = PROGRAMMABLE RATIOS

CHIP

100 300 500 700 900 1100 1300 1500
GUARANTEED TOGGLE FREQUENCY (MHz)

And they're all available
now, so contact us for details
or a demonstration. We'll show
you a winner.

PLESSEY
SEMICONDUCTORS
I 1641 Kaiser Avenue, Irvine, CA 92714

Tel: (714) 540-9979. TWX: 910-595-1930
Represented world-wide.
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conductance characteristics of an MOS device. Figure
2 is the high frequency capacitance—voltage (C-V)
and conductance—voltage (G-V) characteristics of an
MOS diode.

Electronic Component Evaluation

Improved reliability and performance can be
achieved in high frequency component design with
the 4191A. The capability to evaluate capacitors, in-
ductors, and resistors over the wide frequency, DC,
bias and impedance ranges gives the design engineer
an indication of exactly how these devices will behave
in the actual circuit. Figure 3 shows the frequency
characteristics of a ceramic chip capacitor.

Complex and Hybrid Component Evaluation

The resonating characteristics of complex devices
can be precisely determined at frequencies between 1
MHz and 1000 MHz. The impedance measurement
range of 1 m(}to 100 k{} gives excellent resolution over
the entire frequency range. Figure 4 shows the
impedance frequency characteristics and the equiv-
alent circuit calculations of a crystal resonator. Figure
5 is the impedance and phase characteristics of a 10.7
MHz ceramic filter used in FM receivers. Other
applications include the evaluation of signal propaga-
tion characteristics of communications devices using
the reflection coefficient measurement and analysis of
complex components through the frequency depen-
dence of the R-X and G-B parameter measurements.
For more information circle #134.

FREQUENCY CHARACTERISTICS
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Figure 6. Chip Capacitor Characteristics. The|Z|
characteristic curves of this capacitor indicate
that, below the resonance point, it is indeed a
capacitor. At 938 MHz, it is purely resistive
with an ESR of 110Q and it becomes inductive
above that frequency.
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Figure 7. Crystal Resonator Measurement.

The |Z] - 6 characteristics of an 80 MHz crystal
resonator are measured from 79.991 MHz to 80.009
MHz in 100 frequency steps.

Component values of the equivalent circuit
are calculated from the following equations:

F

C=cColtl-1;0=_ ' .q2st
Fs (2nFs)2C R

Fs, Fp, Co, R: Measured data of services resonant

frequency, parallel resonant frequency, parallel
capacitance and series resistance.

FREQUENCY CHARACTERISTICS
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Figure 8. Frequency Characteristics of a 10.7
MHz Ceramic Filter used in an FM receiver.
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In a nutshell, Plessey
IC's will cut the costs,
reduce the size, and
increase the reliability
of your IF strips.

Into each IC can,
we've packed more
functional capability
than you would believe
possible, especially
once you've seen the
prices.

Our IC’s operate
over the full MIL-temperature range and are a
simpler, less expensive, more flexible alterna-
tive to whatever you're using now for any IF
strip up to 240 MHz. Whether you're working
with radar and ECM, communications, weapons
control or navigation and guidance systems.

Let's go through the diagram function by
function and we'll show you exactly what we
mean.

The log IF strip is based on the Plessey
SL1521, the simplest, easiest-to-use and least
expensive wideband amplifier you can buy. It
has a gain of 12 dB and an upper cut-off fre-
quency of 300 MHz (our less expensive
SL521 is available if you're working under
100 MHz). The SL1522 is two 1521's in parallel
with a resistive divider for increasing the IF
strip’s dynamic range, while the SL1523 is
two 1521's in series. With these devices, it
takes just five cans and a single interstage
filter to build a log IF strip at 160+ 15 MHz
with a logging range of 90 dB, 1 dB
accuracy, —90 dBm tangential sensitivity and
a video rise time of 20 nsec or less. It's reliable,
inexpensive and field repairable, which is more
than can be said about the hybrids or discretes
you're buying now.

All things to

On the video output,
our SL541 op amp matches
the IF strip to your system, and
lets you vary video sensitivity. It has the high
slew rate (175 V/usec), fast settling time (1% in
50 nsec) and high gain stability you need, with
on-chip compensation so it's not tricky to use.

For the front end, just slip in the Plessey
SL1550 to improve your noise figure, dynamic
range and sensitivity. The SL1550 is a low
noise, AGC-able preamp with a bandwidth of
320 MHz, 2 dB noise figure and 38 dB gain.

And for the IF output, the Plessey SL560

bufter amp/line driver operates up to 320
MHz with a noise figure less than 2 dB, gain
of up to 40 dB, and drives 50 ohm lines with
a minimum of external compensation (none in
this application).

If all this looks almost too easy, send for
complete details today.

When it comes to communications IC's,
nobody delivers like Plessey can.

PLESSEY
SEMICONDUCTORS

1641 Kaiser Avenue, Irvine, CA 92714.
Telephone (714) 540-9979

some people.
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The seventh digit we've added The new models continue to
to our newest signal generators provide the Wavetek value that
has improved their resolution to you've come to expect. Model 3005
100 Hz. Lucky for you. Because ‘ covers the entire frequency range
now you can have the 100-Hz Q [o] D , from 1 MHz to 520 MHz and is just
resolution that you've been asking : $3675.* Model 3006 covers the
for, in addition to all the other L4 0 U @ entire 1 kHz to 520 MHz range and

popular Wavetek features. " is priced at $3990.*
Features like modulation frequency accuracy over the Our reader service number can

capabilities that allow complex or  entire range and calibrated be lucky, too. Circle it and we’ll

simultaneous modulation (AM-FM,  output power range of send all kinds of free information.

FM-FM, AM-AM). Features like +13 to -137 dBm. Wavetek Indiana, Inc., 66 North

four FM and two AM modulation Of course our newest models First Avenue, P.O. Box 190,

scales and four internal still have standard frequency Beech Grove, IN 46107. Phone

modulation frequencies (two that programmability—and optional (317) 783-3221, TWX (810) 341-3226.

are adjustable between 100 Hz output level programming
and 10 kHz). Features like 0.001% and reverse power protectionWAVETE%

*U.S. Prices only

Signal generator users
just got lucky.
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Measuring Generator
Output-impedance

R.E. Lafferty

Vice President, Engineering
R.H. Blackwell

Staff Engineer

Boonton Electronics

he measurement of the output impedance of a

signal generator, or oscillator, is usually meaning-
ful only if the source is operating. With the aid of a
line stretcher and a sensitive RF millivoltmeter, a
simple measurement can be made of the complex
output impedance, Z; L®, and the reflection co-
efficient, , L6, of an active source.

A constant-impedance line stretcher is connected
through a capacitive signal sampler to the output port
of the source to be measured. The far end of the line
is terminated in a near short-circuit (Z,<<Z, ). The
termination, in its simplest form, consists of an un-
terminated probe-adapter, modified with a 1-ohm con-
centric resistor. For measurement frequencies of less
than 1 GHz, a low inductance strap may be con-
nected in place of the resistor between the center
conductor and outer wall of the adapter. When the
probe is coupled to the adapter, the RF milli-
voltmeter will indicate the voltage across the termina-
tion, which is a measure of the current at this
point.

The impedance of the line stretcher should equal
the nominal impedance of the source, Z, = Zg, and
for this special case, the power reflected at the ter-
mination will be absorbed completely by the source

r.f. design

impedance. Extending the line stretcher from its
minimum to maximum length should produce little
or no change in voltage at the receiving end of the
line., = 0 forthis condition.

When Z, # Z, and assuming a sufficient range
of extension for the line stretcher. i.e., AI>N2,
adjusting the line through its full length of travel
should yield at least one minimum and one maximum
millivoltmeter reading. The s.w.r. of the source, rela-
tive to the line impedance, Z,, is equal to emax/€min-
From this the magnitude of the reflection co-
efficient obtains. If the s.w.r. = S,

bl =(S-1/S +1) (1)

Figure 1 depicts the measurement system which
consists of an RF power source and its impedance
Z,, a capacitive signal sampler, a line stretcher, and
a low impedance termination across which is con-
nected a sensitive RF millivoltmeter.

The phase angle is needed in order to define the
reflection coefficient fully, and this obtains from a
measurement of the electrical length of the line be-
tween the termination and the source impedance for

27



Signal Sampler
o z,
z ¥
g l_é. Adjustable 2
€o L
€g Coaxial Line J
Figure 1.

the condition of maximum received current (€max)-
The length for the maximum indication, rather than
the minimum, is taken because voltage vs. travel
is better defined at this point, especially for large
values of s.w.r., as shown in Figure 2.

This defines f¢ which is used to calculate the
phase angle of the output impedance, ¢, as well as
8, the phase component of the reflection coefficient.

Finding the electrical length of the line, however,
is not a simple matter. If the impedance of the
source is directly behind the output port, or very
close to it, a careful measurement of the physical
length of the distance between the termination and
the location of the source impedance may be
adequate, provided the relative velocity of propaga-

_______

tion for the system is known. in most instances,
however, there are intervening connectors, adapters,
and cables with relative velocities less than that of air,
particularly when the power source is located within
the instrument and remote from the front-panel out-
put port.

A technique for measuring the electrical length of
the line with an accuracy suitable for this purpose
makes use of the variable output frequency of the
signal generator. A sensitive RF millivoltmeter is coupled
to the point that defines the location of the source
impedance. If this is the output port, or if you wish
to determine the impedance referenced to the out-
put port’, a coaxial signal sampler (capacitive type)
connected at this point, as shown in Figure 1,

AN AD-MU
MAGNETIC SHIELD
‘IN A GLASS
BOTTLE???

-

e e N R — -

—yet!

shielding problems end at Ad-Vance.

Yes, Ad-Vance is often asked to do the tough and/orunsual in ;
magnetic shielding. But no one has asked us to put a shield in a bottle ]

Bring your magnetic shielding problems to Ad-Vance's Problem Solv-
ing Magnetic Shielding Specialists. Find out why customers say their

Ask for NEW 48-PAGE Time-Saving Reference Data/Cat- r”
alog on Magnetic Shielding Techniques & Problem Solving. ‘

AD-VANCE MAGNETICS,

Everyone has an excuse for not
seeing their doctor about colorectal
cancer. However. 52,000 people die
of colorectal cancer every year. Two
out of three of these people might ]
be saved by early detection and
treatment.

What's your excuse? Today you
have a new, simple, practical way of
providing your doctor with a stool
specimen on which he can perform
the guaiac test. This can detect signs
of possible colorectal cancer in its
early stages before symptoms
appear. Ask your doctor about a
guaiac test. and stop excusing your
life away.

INC.

625 MONROE ST., ROCHESTER, IND. 46975

(219) 223-3158 TWX 810 290 0294
The Magnetic Shielding Specialists
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will provide a convenient means of coupling the RF
millivoltmeter to the line.

If the signal source is located within the instru-
ment and it is the impedance of this source that
is to be measured, the probe of the RF milli-
voltmeter should be lightly coupled to the defined
point. The connection may be made either with a
100:1 capacitive voltage divider, available with the
millivoltmeter, or through a simple capacitive divider
consisting of a series element of 1 pF, or less,
and shunt element of about 100 pF. If the test level
is too low to be measured with a 100:1 divider,
the probe may be connected directly if the in-
put impedance is at least an order of magnitude
greater than the source impedance, or it may be
placed in the proximity of the defined point with the
center pin insulated by a short length of thin
tubing. In some cases a simple tee adapter in-
stalled at the source will permit coupling through
its unused port.

With the adjustable line still in the position of
maximum received current, gradually lower the out-
put frequency of the generator until the RF milli-
voltmeter (coupled to the source impedance) detects
a pronounced point of minimum voltage and record
this frequency as f,. Continue to lower the frequency
until the second point of minimum voltage is reached.
Thisis f, _ 1.

The difference in the two frequencies is the natural
half-wavelength frequency of the line, between the
termination and the coupling point of the RF
millivoltmeter.

r.f. design
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Let f = the frequency of measurement. (MH2)
f, = first frequency below f that yields

a sharp voltage minimum at the RF

probe. (MH2)
f, _ 1= second frequency below, etc. (MH2z)
n = number of half wavelengths of the
line at f,,.
Af=f, =10 4 (MH2)

and,
n = fJAf (truncate n to make it
a simple integer)

The electrical length of the line at the measure-
ment frequency is:

Bl = (flaf) 180° —(n) 180° (°) (2)

it can be shown that 8, the phase component
of the reflection coefficient, is related to §¢ by:

6=2(pt —90°) (°) (3)
The output impedance of the signal source is:
1 —jStanp!
2p=2p—mm8m—— 4
970 s _jtanpt “

Two measurements of the output impedance of a

Example 1.
Conditions:Source impedance defined at

output port of attenuator.

Output level = 0dBm

Attenuator step = - 10dB
Measurements:€max = 10 MV, eqin = 9.3 MV

f, = 432.206 MHz, f, _, = 360.764 MHz

From these data, S = 10/9.3 = 1.075, Af =
432.206 — 360.764 = 71.44 MHz, n = 432.206/71.44 =
6.0499 which we truncate to 6, and

1 = (500/71.44) 180° — (6) 180° = 179.798°

Solving for the reflection coefficient, , = (1.075 - 1y

(1.075+ 1) = 0.0361, and its phase component is,
6 = 2(179.798° —90°) = 179.597°.

p =0.0361| 179.6°

The tangent of 179.798° is —0.00353, and the
source impedance is:

1 —jl.075(-0.00353)

signal generator were made at 500 MHz using a 50- Zg="50— y = 46.5Q| 0.029°
ohm constant-impedance line stretcher. 1.075 — j (- 0.00353)
Perform a xample

death~defying act.

Have your
blood pressure checked.

Give Heart Fund

American Heart Association

e

Conditions:Source impedance defined at
output end of build-out resistor,
which is driven from leveled source.
QOutput level = + 10dBm
Attenuator step = 0dB

Measurements:emnax = 30 MV, enin = MV
f, = 495.080 MHz, f, _; = 433.180 MHz

From these data, S = 3020 = 15, Af
495.080 — 433.180 = 61.9 MHz, n = 495.080/61.9
7.998 which we truncate to 8, and

Bt =(500/61.9) 180° —(8) 180° = 13.958°

The reflection coefficient for this case, is p =
(1.5 = 1)/(1.5 +1) = 0.200, and the phase angle is,
6 = 2(13.958° —90°) = —152.084°.

p =02 —152°

The tangent of B¢ in this instance is 0.2485,
therefore,

1 —j1.5(0.2485)
& 1.5 —j0.2485

=35.1Q| —11.04°
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Appendix

From the system of Figure 1, and using conven-
tional transmission-line equations, the output voltage,
€., Can be expressed as:

_ 2e,2.2,
(Zo+Zy)(Zo+Z )t = (Zo—2g)(Zo—2Z,)— eVt

(1)

€0

If Z. << Z,, then Z, + 2 ~ 2, ~» 2, -2, and
for low loss lines eyt ~ 1 | B, and e-rt ~ 1 [ - B1.
Substituting,

2egZL

= et (2)
(Zo+ Zg)| BL + (25 -2,)| - BL

€o

The reflection coefficient of the source impedance,

relative to Z,, is defined as = (Zg - Zo)
(Z4 + Z,). Rearranging (2) and substituting forp,
2e,2
gom ——— 9 (3)

T(Zo + Zg) | BL(T + Ip| [ 6] —2BY)
When the denominator of (2) is differentiated with
respectto £, itis found to be maximum when

1
Bl =—tan-1 Msinw 4)
2 1212 12,/2 (
and minimum at gt = 90°

When the denominator of (2) is maximum, e, is
minimum, and when it is minimum, e, is maximum.

We can show that 28¢, trom (4), for minimum
output voltage, is equal to the angle of the reflec-
tion coefficient, 6. Writing the expression for 5, and
expanding and dividing, we have

_ gl + IXgl? = 120l + /2X, 2

S (5)
P (rg + Z5)2 + X2

The tangent of the phase angle is the ratio of the
imaginary to the real terms, and remembering that X,
= Z4sin o,

9=tan-" 22, Zg
|zg|2 - |zo|2

In (3) under the conditions of minimum and maxi-
mum output voltage, it is evident that (8) + (—2812) =

sin¢> =261 (6)

r.f. design

0, and () + (-2 [ -90°]) = 180°. Substituting
in (3) for each case,

emin=2eg 2 0Z, + zg)‘_ﬂ” + |p 1) (7)

and,

emax=2egzL/(Zo +Zg)|ﬂ(1+lp|| 180° = (8)
2972, NZo+24) | BL(T=1pl)

From which,
emax€min=(1 + lp1 ~|p|) = s.w.r. = S (9)

The equation for the generator impedance is derived
as follows. From the equation for the impedance at
any point on aline?,

Z,sinhytl + Z, cosh y!
°Z,coshyl + Z, sinhy!

(10)

The reciprocity theorem permits us to interchange
€g and the near short-circuit termination of Figure 1,
and the same analysis that yields (10) results in a
similar expression in which Z_ is replaced by Z.
With a line stretcher of essentially air dielectric,
with little error we can write af ~ 0, thus, sinh af
~ 0, and cosh af ~~ 1. This then reduces to:

Zgj jZ, tan Bt

Z2,=2,-" 11
P72, + jZgtan pt (1)
Solving for Z,
Z, — jZ,tan i
Zg=Z s — l4o B (12)

°Z, - jZstan Bt

Dividing the numerator and denominator by Z
and defining ¢ as that length of line which produces
maximum received current (and eqa,), then the ratio
of Z/Z, that results from this division is equal to S
because the reflected line impedance f{ degrees
from the source impedance (and each additional
half-wavelength) is resistive and (I/S)th of Z,..

1 - jStanpt

2,=2 -
977° s - jtanpt

(13)

'The impedance reflected from the internal power source to the out-
put port will be frequency sensitive.

!Everitt, W.L., and Anner, G.E.. “Communications Engineering,”
p. 337, 3rd Ed., McGraw-Hill Book Company, Inc., New York. 0O
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Now you can translate an existing microstrip
layout to a different substrate material.

Microstrip Translator

Frederick W. Hauer
EDMAC Associates Inc.

his program allows a microstrip layout designed
for one particular substrate thickness and di-
electric constant to be converted to a different sub-
strate material. It lets the designer explore the effect
of layout size and conductor width variations. It can
be used, for instance, to convert teflon-fiberglass
layouts to Epsilam-10* material to really reduce the
size of existing L-band and S-band designs.

it solves for line impedance when line dimensions
are given and solves for line width when line impedance
is given. Dimensions must be in cm.

The program development was loosely based upon
the Microstrip Line program #EE-14A in the HP-67 EE
PAC. The formulas' used, however, are more accurate
and include the effect of conductor thickness. An
interactive process has been added to solve for width
by converging to a given line impedance.

Basic operations to solve forimpedance are:

1. Input e, h, and t in any order. Convert dimensions
to cm if necessary.

2. Input w in cm by keying f b, the output is V. fol-
lowed by Z.

Note that e,, h, and t remain in the proper storage
registers and Z is stored in register B so that only
those parameters that are different have to be entered
when converting to a new substrate. If, for any reason,
you want a repeat of the output just key f e.

To solve for microstrip width and length for different
conditions:

1. Input the new conditions e, h, and t in any order.
*3M Company microwave substrate.
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For Your

Also input the original phase velocity, V, and the
original length, |,.

2. Key D, the output has the following format:

V, — phase velocity

1 — length,cm

w — width,cm

Z — impedance, ohms

The impedance displayed will be within 1 percent of
the original impedance and is the value the calculator
converged to. As before, if a repeat of the output
is needed, key f e.

It should be apparent that this procedure can be
used to solve for conductor width under any condition
when the other characteristics are known. Proceed
as above and input the desired line impedance by
keying B. If line length is unknown or unimportant,
input some number (1, for instance) for V4, and 1 and
ignore the length in the output format.

The following relationships are used:

Forw/h <€1:

60 In (8hlw + .25wlh)
V €ett

where

e+1 + e —1
eff = 2 2

E1 + 12hlw)-12 + .04(1 - w/h)2:|
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Program
HP-67

For w/h >1:
120n/\/ € o5
" wih + 1.39 + .667In(wlh + 1.44)

where
e, + 1 er - 1
oy = + (14 12hlw)-12
eff 2 2
Also:

For w/h 2 1/2n:

r.f. design

WieV,Z inecm cmin - output
MICROSTRIP TRANSLATOR
ValawaZ

8y

we _ wlh + t(1 + In2hit)

h nh
and for w/h < 1/2n:

wg w/h + t(1 + In 4nwlt)

h nh

Finally:

1 andl, = 141(V.dV,)

" T Ve
w = microstrip width
we = effective microstrip width
h = height of dielectric (substrate)
t = thickness of microstrip conductor
e, =relative dielectric constant of substrate
eqff = effective dielectric constant of substrate
Z = characteristic impedance of microstrip line
V., =relative phase velocity of microstrip line
I =length of microstrip line

Example: Determine the phase velocity and character-
istic impedance of the microstrip line in the figure.
Use the following data:

h =508x10-3cm
t =333x10-3cm
w =990.6x10-3cm
e, =255

33



Key Key Key Key Key Key Key Key
Step  Entry Code Comments Step Entry Code Comments Step Entry Code Comments Step Entry Code Comments
[ 001 fLBLA | 312511] 040 hn | 3573] - 81 S§T02 | 3302| Store V,

STO7 | 3307| Storeh 2 ‘ 02| 080 [ + 61 | hF20 357100

h RTN 3522 ‘ X | n |sTO8 | 3308 welh 120 | GTO1 2201
[fLBLB | 312513 hix | 3562 1 | hux | 3562 | RCLS 3408
sTOB 3312/ Store Z fgx<y \ 3271Iswih< 2 fLBL8 | 3125084CALC eqy 1 \ 01

EEX | 43 GTO7 2207 2n 1 01 83

2 2 RCL6 ' 34 06| 2 02 4 04

- 81 4 ' 04 X 7 4 04

STOD 33 14|Store 1%2Z | X n 1 01 + 61

010| RCLB 3412 hn | 3573 + 61 fLN | 3152
h RTN 3522 050f X s P tyX | 3154 2 | 02
fBLC | 912512 | RcLo | 3400] 090 | nux | 362 Enter a1
STOC | 3313| Store e [ - 81| nF?20 | 357100 10| 3| 03

[ hRTN | 35 22| L -] |GTo3 | 2203| + 81
fLBLE | 312515| 1 01} GTO 4 2204 X 71
STO0 3300 Storet |+ l 61 lfLBL3 | 312503| 1 01

h RTN 35 22| | RCLO 3400 1 o1 83
fLBLD | 312514 RCL7 3407 RCL8 3408 3 03

| hCF1 356101| - 81 —_ 51 9 09
020f 3 03| hn 3573 gx2 | 3254 + 61
i EEX | 43 060 | GTOO 2200 [ 2 , 02| ACL8 3408

2 02| fLBL7 |312507 100 5 ! 05 + 61

| RCL? 3407 RCL7 | 3407 - 81 2 pao 2 02
X n | 2 | 02 + 61] hn 3573

| RCLB 3412 X 71 fLBL4 | 312504 X 71

+ 81 RCLO 34 00| RCLC 3413 hxesy 3552

' RCLC 3413 + 81 1 01 N gi

h 1/X 3562 fLN 3152| — 51 GTO2 2202

fV'X ‘ 3154 T 01 2 02 fLBL1 | 312501

030| X 71 & 61 - | 81| 8 08
STO6 3306/Store Wiesyl 070 | RCLO 34 00 X 71 RCL 8 3408/
fLBLY | 312509|Start Loop hn 3573 110 | RCLC 3413 - 81
RCL7 3407 - 81 1 0 150 hLSTX 3582
RCL& 3406 RCL7 3407 + 61 4 04
hSFO 355100 fLBLO |312500 2 02 Py 81

[ gx>y 3281/ Is w>h? - 81 = . 81} + 61
hCFO | 356100 X 71| & ‘ 61| =eent fAN 3152

= 81 RCLE | 34 oe: ‘ :‘w)(( | g; g; [ fLBL2 | 312502

h 1/X 3562 wih L RELIg B‘L R | d| S | 06 |

r----------------------1

Engineers * Designers * Purchasing Agents |

Do you need a source for quality crystals? Do
you need a source for fast delivery? Whether you
need only a few or thousands, we can supply you
with crystals to your specifications FAST!

For your FREE Crystal Catalog fill out the
coupon below and mail it to:

@ Standard

Communications
FREQUENCY MANAGEMENT DIVISION
P.0. Box 92151 Los Angeles, CA 90009

If you’re in a hurry call (213) §32-5300 Ext. 251

Name Title —
Company Phone No.

Address

City State Zip

L----------------------J
INFO/CARD 14




Key Key Key Key
Step Entry Code Comments Step Entry Code Comments
1 |
0 [ 00 190 . 83
x | 7 8 08
[ x n 9 09
160 | STO 1 3301 STOX6 | 337106
{hF21 357101 GTO9 2209
GTOfe 223115 fLBL6 312506
RCLB 3412 . 83
- l 51 9 09
STOE 3315 | = error 1 o
hABS | 3564 STO + 6 | 338106
|RCLD 3414 | 1%2 200| GTOO 2209
|gx<y 327 gLBLfa | 322511
1 01 STO3 3303
I + 61 hRY 3553
GTOS 2205 STO 4 3304
170{gLBLfe | 322515 hRTN 3522
RCL2 3402 gLBLfc | 322513
f-X- 3184( V., | 2 02
hF21 357101 . 83
GTO 1 2201 5 05
RCL4 3404 210 4 04
+ 81 X 7
RCL3 3403 hRTN 3522
X 7 gLBLfd | 322514
f-X- 3184 1, 2 02
180| RCL6 3406 . 83
f-X- 3184 | w, 5 05
fLBL1 | 312501 4 04
RCL1 3401 - 81
tGSBB| 312212 b4 hRTN 3522
hRTN | 3522 220 gLBLfb | 322512
tLeLs | 312508 hSF 1 355101 |CALC V|2
RCLE 3415 STO6 3306 '
tx>0 3181 GTO9 2209
GTO6 2206 R/S 84
N

Input Key Output
e C 2.550
h A 50.80x10-3
t E 3.330x10-3
w fb 6475x10-3=V,
1061 =2

Now translate this line to a high-K substrate?
(e, = 10.2) having a height, h, of .025 inches. The
original length is .190 in.

Input Key Output

e C 1020
h fc 63.50x10-3cm
A 63.50x10-3
V.1 Enter 647.5x10-3
Iy fc 4826x10-3cm
fa 647.5x10-3
D 340.4x10-3=Vp Converging
253.7x10-3cm = I, time approx.
578.1x 10-3¢cm = w, 1minute
10.57ohms = Z

References

1. Bahl and Trivedi, “A Designer's Guide to
Microstrip Line,” Microwaves, pp. 174-182, May
1977.

2. Woermbke, “Better Your MIC Designs With
High-K Substrates,” Microwaves, pp. 66-68,
March 1979. a

r.f. design

INTRODUCING. . .

J-CAP

JFD’s new microminiature
single and multi-plate
ceramic chip capacitors for
MIC applications.

Typical circuit using wedge bonded, single and multi-plate J-CAPS

JFD’'s new J-Caps have been specifically design-
ed to meet the demand for microminiature, high
reliability ceramic chip capacitors for Microwave
Integrated Circuit applications, and offer outstand-
ing performance to over 20 GHz. Multi-plate units
also provide substantial savings in production
time and costs since a single device can replace
multiple single units. Check some of these other

exceptional features.

FEATURES

B Single and multi-plate B Safety margin around
units. plate areas eliminates

B Simple electrode con- possibility of electrical
struction for 20 GHz shorts.

performance. -
W Ceramic dielectric for . é\:d::i"';zl g:r': —
ultra reliable perform- sinpgle plate uni‘:s

ance and dislectric to absorb the stress of

strength under high g -
temperature and gold ribbon bonding.

moisture conditions. B Multi-plate designs

M Up to 120 pF in single (binary segmented
plate units. capacitance values

M 50 microinch min., gold on one chip) offer a
plated electrode for variety of capacitance
superior adhesion for values for tuning by
die (eutectic) and connecting single
thermocompression and/or multi-plate com-
bonding (wire and ribbon).  binations in parallel.

Write for complete technical specifications.
JFD ELECTRONICS COMPONENTS CORPORATION
15th Avenue at 62nd Street [J

Brooklyn, New York 11219
Phone: (212) 331-1000
TWX: 710-584-2462

INFO/CARD 15
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Low-Cost Monolithic 4-Bit
A/D Converter

A low-cost, video-speed, monolithic,
4-bit analog-to-digital converter has
been introduced by TRW LS| Products.
The TDC-1021J, is available off the
shelf. The price is $29 in 100s.

The new converter can digitize an
analog signal at rates from DC to 30
megasamples per second without an
external sample and hold circuit. The
single chip is fully parallel, TTL
compatible, and utilizes 1,000 closely
matched bipolar components.

Contact TRW LS| Products, P.O.
Box 1125, Redondo Beach, Calif.
90278. INFO/CARD #93.

Continuous Phase Shifter

A compact, long life transducer that
translates physical angle to electrical
angle at radio frequencies is being
introduced by Timing Systems, Inc. of
Salem, Massachusetts.

Timing Systems 30 series continu-
ous phase shifter is an angular trans-
ducer that provides a full 360° phase
range at radio frequencies. Allowing
signal transmission through 50 ohm
coaxial cables, it also offers inductive
coupling without contacts for infinite
resolution, 0 to 5§ VRMS input range,
and 14 dBinsertion loss.

Installed with two coaxial cables and
only one panel hole, the Timing
Systems continuous phase shifter
measures 1%" dia. x 3'%"l behind the
panel, and has a %" dia. shaft.

Contact: Timing Systems, Inc.,
Shetland Industrial Park, P.O. Box
2074, Salem, MA 01970. INFO/CARD
#92.

Precision Voltage Source

Systron-Donner has developed a
new ‘precision voltage source that
includes programming via the IEEE-
488 instrumentation bus as a standard
feature, not an option. Designated the
model M107, this instrument can be
mounted in a 19-inch rack for systems
use. It may also be used as a stand
alone bench top calibrator or in a
variety of test configurations.

Among its outstanding performance
features are four DC output ranges up

36

to £1000 V, an accuracy of +20 PPM, a
6-digit LED display, one microvolt
resolution on the one volt range,
output current of 50 mA (1 to 120 V)

and 5 mA (120 to 1000 V),and acurrent
limit control (uncalibrated).

Other design highlights include
overload indications, remote voltage
sensing, both front and rear panel
outputs, plus third generation relia-
bility with emphasis on human engi-
neering.

Contact Systron-Donner Corp., 935
Detroit Ave., Concord, CA 94518.
INFO/CARD #95.

Pin Diode Attenuator

Model AGC-1426 is an absorptive
PIN diode attenuator operating over
the frequency range 1.4-2.6 GHz. It
features 0.5 dB, max insertion loss, an
attenuation range of 25 dB, min and a
VSWR of 2.0:1, max over the range.
Attenuation flatness is +1 dB max at 10
dB attenuation setting. Operating bias

1

PIN DIODE

® 4426

AMERIC AN microwave corp.

pamascys

current range is 0-10ma, typical.
RF connectors are SMA female and
bias connector is SMC.

Contact American Microwave Corp.,
P.O. Box 41, Damascus, Maryland
20750. INFO/CARD #96.

Signal Generator

Ailtech has announced the addition
of a new synthesized signal generator
to its product line. Called the 460, the
new product represents an advance-
ment in the design of low noise

instrumentation. Covering a broad
frequency range of 300 kHz to 650 MHz
(1300 MHz with doubler), the phase
noise is -134 dBc/Hz at 12.5 kHz from
the carrier with a noise floor at -145
dBc/Hz.

The low noise performance, coupled
with its remote programmability
through an IEEE-488 bus interface
option, makes the instrument ideally
suited for use as a local oscillator in
communications systems and for
receiver testing.

The design also incorporates a
microprocessor which permits not
only frequency and output level
control, but also the programming of
all modulation related functions. To
the user, the microprocessor also

means convenience of operation,
reliability and confidence through a
built-in auto-test system.

Amplitude, frequency and phase
modulation can be achieved either
from an internal 400 Hz or 1 kHz source
or by an external signal. The amplitude
modulation meets all the test require-
ments of VOR-ILS systems.

Contact Ailtech, 2070 Fifth Ave.,
Ronkonkoma, NY 11779. INFO/CARD
#97.

Power Amplifier

The model 550L RF power amplifier
a linear power level exceeding 50 watts
over a frequency range of 1.5 to 400
MHz. This ultra linear Class A unit is
compatible with any commercial
signal or sweep generator, making it
ideal as a source of laboratory power.
The wide frequency and linear phase
response of this instrument enables it
to amplify AM, FM, SSB, TV or pulse
signals with minimum distortion.
Unconditional stability and instanta-
neous failsafe provisions in the unit
provide absolute protection from
damage due to transient and overload
conditions. It will operate continuously
into any load impedance from an open
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to a short circuit without shut-down.
For applications where slightly
higher distortion levels can be toler-
ated the model 550L will provide more
than 100 watts of CW and pulse power

from 1.5 to 220 MHz. This rugged,
compact unit is complete with integral
power supply and cooling system for
operation from 115/230 VAC. Priced at
$4925.00, delivery is from stock to 60
days.

Contact Electronic Navigation In-
dustries Inc., 3000 Winton Rd. South,
Rochester, NY 14623. INFO/CARD
#99.

Crystal and Fuse
Cartridge Bolometers

Micronetics’ crystal and fuse-shaped
bolometers are rugged devices speci-
fically designed for accurate square
law detection and measurement of
absolute power at microwave fre-
quencies. These precision-engineered
bolometers, permanently sealed a-
gainst moisture and ambient condi-
tions, are thoroughly pre-tested and
performance guaranteed.

Type CWB crystal bolometers are
completely interchangeable with 1N21
and 1N23 crystals. These units offer
positive contact and alignment in all
makes of standard or special wave-
guide and coaxial crystal holders,
detector mounts, probes and imped-
ance meters. Available in three models.

Type FSB fuse bolometers are
completely interchangeable with all
standard type 821 barretters. Type FSB
bolometer dimensions are held to
close tolerances for positive contact
and alignment in standard barretter
mounts.

Contact Micronetics, Inc., 36 Oak
Street, Norwood, New Jersey 07648.
INFO/CARD #98.

900 MHz Mobile Radio Band
Transistors

Most industrial and commercial
communications are carried on in the
VHF and UHF frequency bands, which
are becoming severely congested.
FCC approval of the 900 MHz band,
provides more channel capability than
all of the other mobile and hand-held
communications bands combined.
Motorola has introduced a complete
line of 8 RF power transistors, with up
to 40-watt power capability, to popu-
late new equipment designed to
operate in this band.

The new NPN RF power transistors,
with guaranteed performance at 870
MHz, are designed for 12.5 V UHF
large-signal, amplifier applications in
industrial and commercial FM equip-
ment operation in the range of 806-947
MHz. These new state-of-the-art pro-
ducts are characterized for Class C
amplifier service in FM mobile two-way
radio equipment. The MRF838/A and
MRF870/A 1 W and 3 W output parts,
respectively, are designed for com-
mon-emitter operation.

The 10 W, 20 W, 30 W and 40 W
output devices—MRF840, 842, 844 and
846—are connected for common-base
operations in the internally matched
input (CQ) CS-12 package.

Contact Motorola Semiconductor
Products Inc., P.O. Box 20912, Phoe-

nix, Arizona 85036. INFO/CARD #102.

BNC Adapter

ITT Pomona Electronics has devel-
oped a new BNC adapter that will
accept two BNC jacks on 17.0 mm
(.68") centersand one BNC plug on the
opposite end. Model 4607 has a die

cast aluminum housing with baked
enamel finish. It's all metal construc-
tion assures proper shielding.

Contact ITT Pomona Electronics,
1500 E. Ninth Street, Pomona, CA
91766. INFO/CARD #100.

Dual IF Microwave Link
Analyzer

Both the traditional 70 MHz and the
newer broad band 140 MHz IF carrier
communication systems are covered
with this new Hewlett-Packard micro-
wave link analyzer. Called the model
3711/12A, this new MLA consists of the
modei 3711A IF/BB transmitterand the
model 3712A IF/BB receiver. Along
with the dual IF capability, the MLA
features enhanced specifications to
enable microwave network operators
make more precise measurements on
both types of systems. For example,

Solid State Programmable Attenuators

For more information contact Fred Walker @ 1-317-783-9875.

r.f. design

To1GHz

INFOICARD 16

All Solid State

TTL Compatible

Low Power Consumption

Fast Switching

Frequency Ranges: From 200 kHz

nw

JFW INDUSTRIES INC.
e ——

518 Main Street

P.O. Box 226

Beech Grove, IN 46107
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back-to-back residual performance of
the MLA has been improved and
sensitivity is now quoted at -20 dBm.

Direct readout of the variable marker
frequency is displayed on a five-digit
LED counter. Resolution is to 10 kHz
and accuracy is typically to 20 kHz,
making it ideal for narrow-band satel-
lite filter testing. Naturally, the counter
is also useful in establishing IF inputs
and setting modulator center fre-
quencies.

Although MLA measurements are
made and displayed using analog
methods, the power of digital tech-
niques may be added by using the HP
8501A storage normalizer. This ingtru-
ment, when connected via a special
interface, simultaneously converts the
analog X and Y signals from both
traces to digital form, processes them
as required, and reconverts them to
analog form for display on the MLA
screen. Traces may be stored for later
display, or may be subtracted from
current measurements. This facility
may be used in production testing to
compare a known good device with the
units being tested, allowing them to be
adjusted for ‘best straight line' rather
than to a complex mask.

Contact Hewlett-Packard Company,
1507 Page Mill Road, Palo Aito,
California 94304. INFO/CARD #103.

Multimode IC IF Ampilifiers

A new series of muitimode linear IF
amplifiers with numerous special
features and functions normally found
only in custom designs is available.
Features include instantaneous auto-
matic gain control (IAGC), gating and
blanking, fast time constant (FTC), etc.
These features are those most often
needed for radar simulation systems.

Identified as the ICXT series, six
standard frequency/bandwidth com-
binations are offered. Special hybrid
IC technology developed by RHG is
utilized. Materials and processes are
fully compatible with MIL-E-5400,
Class II, and MIL-E-16400.

The price for model ICXT3010 is
$1,950 with delivery 90 days ARO
typically. For additional information,

contact RHG Electronics Laboratory,
Inc., 161 East Industry Court, Deer
Park, New York 11729. INFO/CARD
#104,

RET Power Transistors

Fujitsu America Inc. has announced
a new RET (ring emitter transistor)
power transistor that provides com-
binations of power and speed not
available with other types of power
transistors.

Typical characteristics include a
high gain bandwidth product of more
than 80 MHz, which is from 5 to 8times
better than conventional transistors,
and a switching speed of 0.3us. RETs
also have superior inductive loading
characteristics with an Iss of more than
1.0 A. Conventional power transistors
by way of comparison, do not begin to
approach 0.5 A.

The ring emitter design concept is
that of many, small geometry, high
frequency devices integrated on one
chip to provide a high power capa-

bility. These small, ring-shaped emit-
ters connect to a common emitter
electrode through diffused ballast
resistors which ensure uniform current
density in each emitter ring.

Fujitsu RETS come in standard
package configurations: TO-3, TO-66
and TO-220. Power ratings range from
25W up to 150W. RETs are in volume

. production and are available for

immediate delivery.

Contact Fujitsu America, 2945 Kifer
Road, Santa Clara, CA 95051. INFO/
CARD #105.

0.5-800 MHz Power Divider

Engelmann Microwave has intro-
duced a new flat pack power divider
that operates over the frequency range
of 0.5-800 MHz with a 20 dB minimum
isolation. The maximum insertion loss
for the model PSF-210 is only 1.0 dB
over the full band. Phase and ampli-
tude variation port to port are main-
tained at +0.2dB and :4 degrees
respectively.

The Engelmann flat pack measures
1/2 inches x 3/8 inches x .140 inches.
Specials and integrated circuits are
also available. The model PSF-210 is

priced at $20.00, in 1-24 piece quantity
and is available from stock.

For additional information, contact
Engelmann Microwave Company,
Skyline Drive, Montville, New Jersey
07045. INFO/CARD #108.

“Lossyline” Flexible Filter Wire

“Lossyline” flexible filter wire and
cable for suppression of noise, radio-
frequency and electromagnetic inter-
ference generated by electronic and
electrical equipment, computers, mi-
crowave ovens, magnetrons, klys-
trons, travelling wave tubes, crossed
field amplifiers, backward wave oscil-
lators, tunnel diode amplifiers, planar
ceramic tubes and microwave heating
tubes.

The Capcon “Lossyline” flexible
filters are engineered for the suppres-
sion of noise and EMI in the various
applications caused by radio-fre-
quency interference, harmonics, re-
sonance, intercoupling, unwanted
osciltation, thermal noise, uneven
cathode emission and spurious ener-

y.

Full technical literature and samples
may be obtained free of charge by
contacting Capcon, Inc., 147 West 25th
Street, New York, N.Y. 10001. INFO/
CARD #107.

Filter Reroutes a Channel

Model 3618, calied “Channel Extrac-
tor”, removes a selected channel from
the line with little impact to adjacent
channels. The removed channel is
made available at a separate output

b -

with all other channels suppressed 50
dB. Model 3618 is used to transfer a
single channel from one system to
another. It is made to order for any
channel.

Contact Microwave Filter Company,
Inc., 6743 Kinne St., E. Syracuse, N.Y.
13057. INFO/CARD #106.
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RF Video
Adaptor Kit

AVA Electronics Corp., manufac-
turer of RF connectors, adaptors and
cable assemblies for the CATV, MATV,
CCTV and CB markets, announces the
introduction of their new RF video
adaptor kit, according to Don Work-
man, sales manager.

The RF video adaptor kit, designated
model 1801, can be used with video,
television, camera, electronic equip-
ment and instruments. The kit is
housed in a sturdy, reusable plastic
box. It contains one each of the 12
most often needed RF video adaptors.
Send for free video adaptor catalog

sheet.
Contact AVA Electronics Corp., 4000

Bridge Street, Drexel Hill, Pa. 19026. Circle
INFOI/CARD #113.

DME Power Transistors

Acrian, Inc. has available its 1025-
1150 MHz NPN power transistors
designed specifically for airborne
distance measuring equipment (DME).
Offered in power outputs of 10, 50, 150,
250 and 375 watts, the DME devices
feature exclusive use of gold thin-film
metalization for maximum protection
from operational degradation and for
proven longest lifetime. Additionally,
gold controlled-loop wire bonding is
used to provide consistant RF per-
formance.

The low thermal-resistance pack-
ages and eutectic die attach permit
junction temperatures which are the
lowest in the industry, contributing to
maximum MTTF. Extended opera-
tional life also results from passivation
of device surfaces to eliminate con-
tamination.

RF performance is 100% tested and
guaranteed in a wide-band fixed tuned

text fixture. Operating conditions are:
F = 1025-1150 MHz, VCC = 50 volts,
pulse width = 10us, duty factor = 1%.

Acrian specializes in the manufac-
ture of bipolar high-power transistors
for avionics, communications and
radar applications, and can be con-
tacted for more information at 10131
Bubb Road, Cupertino, California
95014. INFO/CARD #112.
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Capacitance Meter

Capacitance meter combines the
precision, range and flexibility of
heavy-duty, multi-function industrial
models with the economy and operat-
ing ease of single-function hand-held
units has been announced. In addition
to high-accuracy measurements, fast-
er readings and in-circuit testing
capabilities, the new Model 3001 3'%-
digit benchtop capacitance meter and
its accessories provide such optional
functions as tri-mode comparison,
interface for automated testing and
sorting, and a jig for high-speed
production testing applications. Its
suggested domestic U.S. resale is
$190.00.

The Model 3001 can measure capac-
itances from 1 pF to.1999 Farad in nine
ranges (1000 pF to 100 mF nominal
readings), with results displayed on a
large 3%-digit LED readout. Rear-
panel digital gated clock and clock
enable gate outputs are provided for
use with sorting and control acces-

sories or remote displays.

CSC's unique dual-threshold mea-
surement technique eliminates read-
ing errors caused by dielectric absorp-
tion—the tendency of capacitors to
hold a “memory” or residual charge—
by measuring charging time only over
a Voltage range above this residual
level. Maximum excitation Voltage is
3.5 VDC, and test cycles are 0.3
seconds or less on the lower eight
ranges; 0.5 VDC and 3.5 seconds on
the 100 mF range.

For additional information or the
name of the stocking CSC distributor
most convenient to you, call Conti-
nental Specialties Corporation toll-
free (not available in Connecticut) at 1-
800-243-6077, or write Continental
Specialties, 70 Fulton Terrace, New
Haven, Conn. 06509. INFO/CARD
#117.

Microwave Crystal Detector

This new low-cost, general purpose
microwave detector can be used in
applications such as CW and pulsed

detection as well as external leveling of
microwave sources. The HP model
420C, the detector replaces the prev-
iously available model 420A, covers
the same 10 MHz to 12.4 GHz range,
but is more compact, with flatter
frequency response, higher sensitivity
and with lower SWR.

The 420C is available with either
negative or positive polarity output,
and in matched pairs of either polarity.
Its diode is replaceable. Replacement
diodes have key matching elements
built in, and are individually tested to
insure performance to specifications.
Connectors are Type N male input,
BNC female output.

Contact Hewlett-Packard, 1501
Page Mill Rd., Palo Alto, Ca. 94304.
INFO/CARD #119.

IC Segment Driver

The Dionics DI-232/242 series high
voltage 1C segment driver circuit is for
alpha-numeric displays; delivering
nine outputs in a group of four and a
group of five, each output group
having a different and independent
programmed segment-current level.
These momolithic silicon dielectrically
isolated circuits are designed to drive
gas discharge display devices from
signals originating from MOS and TTL
circuitry and provide for simple inter-
faces with displays such as the Beck-
man, Burroughs, Cherry, Dale or
Pantek types. Each outputis a switched
programmable constant current sink
with a voltage compliance or 80 or 125
volts. They offer an exceptionally high
input voltage capability of 40 V and an
output current of 5 mA max. All output
currents in each group of outputs are
programmable with a single resistor.

Contact Dionics, Inc., 65 Rushmore
St., Westbury, N.Y. 11590. INFO/CARD
#118.

Low-Cost Detector
Covers 10 MHz to 34 GHz

A new detector from Wiltron covers
the full 10 MHz to 34 GHz range in a
single unit. Designed specifically for
wide-band system applications, these
low-cost units offer the OEM designer
frequency coverage previously una-
vailable in coax systems, plus the best
performance and lowest price. The
detectors use a recently-developed
Wiltron WSMA connector that has
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excellent SWR characteristics, im-
proved life expectancy, and compati-
bility with conventional SMA connec-
tors. They are ideal for applications
requiring output voltage tracking over
a wide dynamic range.

The zero-bias Schottky diode mod-
ules used are field-replaceable. Price
of the diode module is $85 for the
70S50A and $100 for the 70S50B. This
is much less than the replacement
module for competitive models. Re-
placement diode module sells for
approximately $150.

For additional information, contact
Wiltron Company, 825 East Middlefield
Road, Mountain View, CA 94043.
INFO/CARD #122.

High Frequency VMOS
Transistors

Three high-power, high frequency
VMOS transistors have been intro-
duced by Siliconix Incorporated. The
DV1006, DV1007, and DV1008 are
rated at 25, 50, and 100 watts power
output respectively, at a testfrequency
of 175 MHz., operating at 28 V.
Operation may be Class A, B,or C. The
DvV1006, DV1007, and DV1008 are
packaged in the popular Flange ce-
ramic strip-line. Unique to VMOS
technology is the low baseband noise,

immunity to burn-outresulting froman
infinite VSWR, and the ease of operat-
ing in Class A and B.

Because of higher gain associated
with VMOS, designs exceeding octave
bandwidths are possible. Contact
Siliconix, 2201 Laurelwood Rd., Santa
Clara, Calif. 95054. INFO/CARD #121.

Rack Mounted Cesium Beam
Frequency and Time Standard

The FTS 4050 rack cesium standard
(in a 19" x 5%" x 21" frame) combines
the high performance and reliability of
the FTS 4000 modular standard with
complete functional controls required
for uses such as in the laboratory,
marine/submarine platforms and tele-
communications terminals.

The FTS 4050 comes complete with

115 VAC power supply; 1, 5, 10 MHz (1
VRMS/50 ohm) and 1 pps (3V peak)
outputs. A monitor meter is provided
with selectable settings for quartz oven
voltage, cesium oven current, cesium
beam current, quartz control voltage,
AC supply voltage, and battery charge
current (with optional 3 hour battery).

f fine tuning (C-field adjust) is
controlled by a 3 decade digital
potentimeter. In addition, controls are
provided for modulation ON/OFF,
servo-loop OPEN/CLOSED and auto-
lock ON/INHIBIT. Inputs are 1 pps
SYNC, SYNC ENABLE, and ZEEMAN
INPUT.

FTS' standard 5 year cesium beam_
tube warranty applies to the FTS 4050.
In addition, FTS’ unique service policy
provides a no-charge loan unit if a
standard under warranty fails, and
warranty repairs will take longer than
30 days. Contact Frequency and Time
Systems, Inc., 182 Conant St., Dan-
vers, Ma. 01923. INFO/CARD #120.

LEDS in T-1 Packages

Super-bright LEDS in T-1, sub-
midget flanged packages are now
available from Data Display Products.
These MF125 LEDS have comparable
brightness, and are a direct replace-
ment for, incandescent lamps of the

= = = —

e

HP’s Small Wonders

Let you design systems fast

* Model 11713A° Attenuator/Switch Driver ® Automatic con-
trol for 2 attenuators and 2 switches simultaneously ®* HP-IB
programmable—manual or remote ® Overload protected
internal power supply. Price $1200*

87618 Switch

More than 350 other measurement components are described
in our new, 96-page microwave test catalog. For your copy
call your nearby HP field sales office, or write.

*Domestic U.S. price only.

r.f. design
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same package style.

The MF125 LEDS provide reliability
and lifetimes exceeding any of the
incandescents they replace . .. elimi-
nated are burned-out filaments and
blackened glass envelopes. In addi-
tion, the ruggedness of these LEDS
allows them to operate in high vibra-
tion environments where incandes-
cents could not survive.

Devices exhibit a 2.4-V drop at 20 mA
and require an external resistor. Red,
amber and green versions are available
with clear or translucent lenses.

Contact Data Display Products, 303
North Oak St., Inglewood, CA 90302.
INFO/CARD #125.

Remote Mini Coaxial Switches

Micronetics RET-1 type SPST all-
purpose mini switches are the first of
its kind designed for use with printed
circuit boards, microstrip and stripline.

The SPST mini coaxial switches are
inexpensive, offer very low insertion
loss, substantial power capability, high
isolation and wide bandwidth. They
are available in a normally open
(unenergized) configuration.

Specifications are as follows—
switch type: SPST; frequency range:
DC-100 MHz (useful to 2 GHz derated
specifications); insertion loss: 0.1 dB
max.; VSWR: 1.10 max.; isolation: 80
dB min.; weight: 2 oz.; power rating
(RF): 850W CW max.; impedance: 50
ohms; connectors: PCB mounted;
input: 45V DC; 100 MA max.; switching
time: 25 Msec.; life: 1,000,000 cycles
min.; operating temp.: -55°C. to
+85°C. Other input voltages and TTL
logic can be supplied.

Price $48.00 each in 100 piece
quantities. Delivery off-the-shelf. For
further details, write or call Micro-
netics, Inc., 36 Oak Street, Norwood,
NJ 07648. INFO/CARD #124.

Loop Test Translator

New generation of loop test transla-
tors for satellite communications
include Ku-band uplink to X-band
downlink, C-band uplink to C-band
downlink, Ku-band uplink to C-band

downlink, Ku-band uplink to Ku-band
downlink. Features include minimum
distortion, input and output filtering,
input and output calibrated PIN diode
gain control.

For further information contact
Miteq Inc., 100 Ricefield Lane, Haup-
pauge, New York 11787. INFO/CARD
#123.

— Radio ;Fre_quency Filters —

FOR VHF/UMF EQUIPMENTS 10-1000 NHI

SERVING MAJOR TRANSCEIVER MAKERS

& LO-PASS @ N1-PASS

®DIPLEX

ICROWAVE
ILTER
c OMPANY INC

6743 KINNE STREET, EAST SYRACUSE. NEW YORK 13087

ASK FOR CATALOG V1

© BANDPASS @ BAND REJECT

FOR 12 YEARS

CALL US FOR PROMPT QUOTES
OR ADVICE ON YOUR PROBLEM
315-437-3953

Communications Essentials
Brochure

A new 4-page brochure describing
communications accessory equip-
ment is now available from the J.W.
Miller Division Bell Industries, of
Compton, California. Direct reading
SWR, forward power and reflected
power are provided by models CN-720
and CN-620 over the 1.8-150 MHz
range. Model CN-630 covers the 140-
450 MHz range. RF clipping that
assures low distortion is provided by
models RF-440 and RF-660 Speech
Processors.

Adjacent channel isolation of better
than 50 dB at 300 MHz and 45 dB at 450
MHz is provided by 2-position model
CS-201 and 4-position model CS-401
coaxial switches. The broad line of
interference filters includes high pass,
low pass, audio and AC power line
filters.

For additional information, contact
Jerry Hall, operations manager, J.W.
Miller Division, Bell Industries, 19070
Reyes Avenue, Compton, California
90221. INFO/CARD #126.

Ultra Broadband Termination

The Micronetics TO-12N is a broad-
band, DC-12, 4 GHz, N type termina-
tion with an average power capability
of 5 watts—yet only 0,840 in diameter,
1.330 long, including type N made
connector.

Micronetics terminations will also
meet the environmental requirements
of MIL-E-16400, class 1 and MIL-E-
5400, class 3 with higher levels avail-
able.

For additional information, contact
Micronetics, Inc., 36 Oak Street,
Norwood, NJ 07648 (201) 767-1320.
INFO/CARD #130.

New Generation S.L.M.S.

A new microprocessor controlled
selective level measuring set. Two
units, a level oscillator, TF2356 (send-
er) and a selective level meter, TF2357
(receiver) form a 20 MHz SLMS
suitable for any application where the
generation and measurement of sig-
nals to high accuracy is required.
Analog and digital operation tech-

R
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niques are blended to provide speed,
versatility and ease of use, made
possible by microprocessor control
and built-in synthesizers.

in the maintenance of wideband
communications systems the selective
level meter provides fast, precise
frequency setting and immediate in-
traffic level measurement including an
automatic search for spurious signals
above a selected threshold. The unit
features a built-in demodulator and
loudspeaker for traffic identification
and as an aid in fault finding. Digital
control of frequency allows incre-
menting for fast measurement of lin-
early spaced signals including refer-
ence pilots, carrier leaks and channel
traffic. Since all functions can be
remotely controlled via the IEEE 488
Interface, the receiver forms the basis
of a fully automatic in-traffic baseband
monitor system.

Level oscillator, TF2356 and selec-
tive level meter, TF2357 are available
for delivery in 30 days. For full
information contact Marconi Instru-
ments, 100 Stonehurst Court, North-
vale, N.J. 07647. INFO/CARD #129.(J

Wi e

Toroidal Components Catalog

Engelmann Microwave has just
released a new catalog coveringits line
of toroidal components. This 18-page
catalog details the Engelmann line of
microcube mixers, 10 kHz to 4200 MHz
in 8 pin, 4/8 pin miniature, flat pack,
TO-5, TO-8 and connectorized ver-
sions; microcube power dividers with
2, 3,4,6,8, 12and 16 outputs covering
the frequency range of 10 kHz to 1500
MHz; microcube directional couplers,
10 kHz to 2000 MHz in flat pack, 8 pin,
TO-8 and connectorized types; micro-
cube hybrid couplers and quadrature
couplers covering 1 MHz to 500 MHz
plus microcube switches/transform-
ers, 1 MHz to 1500 MHz. Each micro-
cube product line is presented with
general specifications, environmental
specifications, outline drawings, pho-
tographs and detailed specifications
for each model number. Copies of the
Toroidal Components Catalog are
available by writing Engelmann Micro-
wave Company, Skyline Drive, Mont-
ville, New Jersey 07045. INFO/CARD
#140.

Quartz Crystal Guide

“A Specifier’'s Guide to Quartz
Crystals” is just that. In a concise,
understandable new booklet, Reeves-

r.f. design

Hoffman has provided a long-sought
explanation of the properties of crys-
tals, and reduced the task of ordering
the right crystal unit for oscillator
applications to a very simple pro-
cedure.

The new guide opens with a descrip-
tion of the electrical and physical
parameters (including holder types)
necessary to the proper selection of a
quartz crystal unit for a given fre-
quency-control application. Emphasis
is given to the advisability of not
overspecifying (i.e., avoiding unneces-
sary specifications which can add to
cost without necessarily contributing
to performance).

Besides providing its simplified
selection procedure, the Specifier's
Guide includes a glossary intended to
clear up certain aspects of crystal
technology that have confused circuit
designers for decades.

Contact Reeves-Hoffman, Division
of Dynamics Corporation of America,
400 W. North St., Carlisle, PA 17013.
INFO/CARD #139.

Magnetic Shielding Brochure

Magnetic Radiation Laboratories
has released a new four page brochure
which describes their services in the
design and production of magnetic
shielding. Complete with photos and
illustrations, the brochure describes
the various requirements, materials
and design factors involved in produc-
ing the correct magnetic shielding fora
given use. Contact Magnetic Radiation
Laboratories, Inc., 2475 E. Devon
Avenue, Elk Grove Village, IL 60007.
INFO/CARD #138.

Lo Cost Computerized
Cal System

A new catalogue from Julie Re-
search Laboratories, Inc. describes Lo
Cost computerized calibration system
that is available at low cost leasing
terms to fit into the budgets of even
small calibration and testing labora-
tories. This system includes all of the
high performance hardware and soft-
ware needed for full-quality, fully
documented and fully traceable cali-
brations.

Contact Julie Research Laborator-
ies, Inc., 211 West 61st Street, New
York, N.Y. 10023. INFO/CARD #137.

Engineering Power
Supply Handbook

A recently published, 36-page,
three-color power supply handbook by
Datel Systems details the electrical
and mechanical parameters on more
than 180 power supplies. Thiscompre-
hensive line of power conversion
products includes: modular encapsul-
ated single, dual and triple output,
modular encapsulated chassis mount,
high voltage modular, high power
open frame, DC-DC converter mod-
ules 1-10 watts, miniature 4.5 watt DC-
DC converters, microcomputer DC-
DC converter module.

This handbook is a complete pre-
sentation to the design engineer.
Detailed specifications on Datel's
power supplies are presented in
tabular form and includes complete
case, pin and socket configurations.
Additionally, an outline of modern
power supply principles and practices,

COAXIAL RELAYS

7000 SERIES

2-20 THROWS
DC-300 MHz
50 OR 75 OHM

106dB ISOLATION
@ 100 MHz

MATRIX CONFIGURATIONS

* PROGRAMMABLE

¢ |EEE-488 COMPATIBLE
SEND INFO TO:

MATRIX ==

SYSTEMS CORPORATION

5177 NORTH DOUGLAS FIR ROAD e CALABASAS, CA 91302 ¢ (213) 992-6776

INFO/CARD 12

45



and a section on power supply termi-
nology have been incorporated.

Contact Data Systems, Inc., 1020
Turnpike St., Canton, Mass. 02021.
INFO/CARD #136.

Instruments Catalog

A number of new oscilloscopes,
frequency counters and audio and
video instruments, are among the
products featured in a newly pub-
lished, 60-page, full line catalog issued
by Leader Instruments Corp. of Plain-
view, N.Y. Commenting that the new
publication is “the most comprehen-
sive presentation we have ever issued”,
William L. Brydia, corporate vice
president, said the new catalog in-
cludes complete features, specifica-
tions and applications for more than 50
instruments.

Among the latest products are two
10 MHz oscilloscopes offering 1 mV
sensitivity and Z axis modulation
available in dual trace and single trace
versions. In addition, a new production
testing oscilloscope system, designed
to facilitate rapid and precise produc-
tion line test by non-technical person-
nel is being made available. A total of
11 oscilloscopes, ranging in band-
width from 4 to 30 MHz are now
included in the Leader line.

Leader instruments have a broad range
of application in industry, education,
service, research and government and
are covered by a two year parts and
labor warranty backed by service
centers on the east and west coasts.
Contact Leader Instruments Corp., 151
Dupont Street, Plainview, N.Y. 11803.
INFO/CARD #135.

Specifications on Polyester
& Foil Capacitors

An easy to read six-page fold-out
bulletin on Panasonic’'s “ECQ-M"
polyester and foil capacitors is now
available from the Electronic Com-
ponents Division of Panasonic. Design
features include non-inductive con-
struction—with tinned copper leads
welded to the foils, high peak current
capability, solvent-resistant resin
coated body and automatic insertion
capability.

The fold-out bulletin presents de-
tailed and general specifications on
this family of capacitors. This inciudes
voltage range, capacitance values,
complete capacitor dimensions, lead
configurations, variety of mechanical
and electrical specifications and other
performance factors. The latter in-
cludes dissipation factor (DF), insula-
tion range, moisture resistance, lead
tensile strength and lead bending
strength.

information on how to order the ECQ-
M series capacitors directly from the
bulletin is also included.

For a free copy of the bulletin, write
to Panasonic Company, One Pana-
sonic Way, Secaucus, N.J. 07094 and
ask for a copy of “ECQ-M Series
Polyester & Foil Capacitor Bulletin.”
INFO/CARD #133.

TACAN Power Transistor
Product Line Sheet

Acrian, Inc. has available a product
line sheet describing its 960-1215 MHz

NPN power transistors designed for
Tactical Air Navigation (TACAN)

MODEL 6153
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systems. The two-color literature
provides details regarding design and
process technologies used in produc-
tion of the devices, lists the benefits of
these technologies, gives performance
parameters and itlustrates typical
amplifier lineups.

Also included are package diagrams
specifying exact device dimensions
and physical characteristics. Available
from Acrian, Inc., 10131 Bubb Road,
Cupertino, California 95014. INFO/
CARD #132.

Pushbutton Switch Catalog

A new comprehensive catalog fea-
turing Centralab’s MPS and PBS series
lighted and non-lighted pushbutton
switches is now available from Central-
ab.

The 36-page catalog elaborates on
the design flexibility and typical
applications of Centralab’'s modular
pushbutton switches, also included
are detailed electrical and mechanical
specifications, assembly options and
methods of operation information.

A useful button and lens color chart
aids in the selection of switch buttons
and keycaps. Colored illustrations
depict a cross section of industries
where Centralab’s MPS and PBS series
pushbutton switches are specified.

Copies of the new catalog are readily
available by writing to Centralab
Electronics Division of Globe-Union
Inc., 5757 North Green Bay Avenue,
P.O. Box 591, Milwaukee, Wisconsin
53201. INFO/CARD #131.

IEEE-488 Programming
Procedures

A new 72-page Application Note
from Hewlett-Packard explains the
principles of programming instrument
systems under the control of HP 1000
Computer Systems, interconnected by
means of the HP-1B (Hewlett-Packard
Interface Bus, HP's implementation of
IEEE Standard 488-1978). There are
chapters on Getting Started, System
Preparations, Bus Status and Con-
figuration Utility, Performance Mea-
surements, and Assigning Logical Unit
Numbers. The publication also lists 21
other HP Application Notes, each
giving specific details on programming
an HP-IB-interconnected HP 1000
system for use with a particular HP
instrument.

Hewlett-Packard Application Note
401-1, “HP 1000/HP-1B Programming
Procedures,” is available only by
writing, on letterhead, to Roger Uelt-
zen, marketing manager, Hewlett-
Packard Data Systems Division, 11000
Wolfe Road, Cupertino CA 94014.
No charge. INFO/CARD #91. d
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Still the world’s smallest
RF relay

...and the stingiest

When we first told you about the inherently low inter-contact
capacitance and low contact circuit losses of our TO-5 relays,
you agreed that they were ideal for RF switching. And you began
designing them in immediately. They provided high isolation
and low insertion loss up through UHF (typical performance
45 db isolation and 0.1 db insertion loss at 100 MHz).

Then you discovered another benefit — particularly for hand-
held transceivers where battery drain is critical. The TO-5 is
very stingy on coil power ; the sensitive versions draw only
210mW at rated voltage.

So if you’re looking for a subminiature RF switch, don’t
settle for anything less than TO-5 technology. It’s available in
commercial/ industrial as well as MIL qualified types. Write or
call us today for full technical information.

‘9T TELEDYNE RELAYS

12525 Daphne Avenue, Hawthorne, California 90250 e (213) 777-0077
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