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A NORTH AMERICAN PHILIPS COMPANY

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

* BFR 96X

Nel

¢ SOT-32C 900 MHz * XO-72 900 MHz ¢ CS-12 900 MHz

APPLICATION: 900 MHz APPLICATION: 300 MHz APPLICATION: 900 MHz
Radio Telephone Radio Telephone Radio Telephone

POWER: 0.5 Watts POWER: 2 Watts POWER: 8 Waltts

GAIN: = 9.0dB GAIN: = 6.5dB GAIN: > 6 dB

FREQUENCY: 900 MHz FREQUENCY: 900 MHz FREQUENCY: 900 MHz

Vce: 12.5 Volts Vce: 12.5 Volts Vee: 12.5 Volts

EFFICIENCY: = 50% EFFICIENCY: = 50% EFFICIENCY: = 50%
INFO/CARD | INFO/CARD 2 INFOICARD 3

Amperex, 230 Duffy Avenue, Hicksville, New York, 11802, or phone 516/931-6200, TWX 510/221-1839.




MILESTONES IN TECHNOLOGY

= CATV e DIGITAL SWITCHING

- These low cost axial-lead glass diodes are
% ideal for use as attenuators, switches, mixers,
- or detectors in commercial applications.

TYPICAL CHARACTERISTICS

Representative of

technology, these diodes exhibit performance
characteristics far superior to UHF devices.
Key typical characteristics for a few typical
models are shown in the table.

VF Rg RAg Rs - Max. Ty
Model Vg {(Max. @ C (Ohms @ (Ohms @ (Ohms @ T (ps @
Application Type MA. {Min.) 1 mA) (pFJJal.) 100 mA) 1 mA) 0.01 mA) (“g') 5 mA)
Switch PIN 4P205 100 — 1.0 @ 50V 0.4 4 250 1.0 —
Attenuator PIN 4P208 100 — 0.4 @ 50V 5 90 5000 45 —_
Detector/ 4E2800
Switch Schottky (IN5711) 70 0.410 20 @ oV = — = - 100
4E2810
Mixer Schottky (IN5712) 20 0.550 1.2 @ OV - - — - 100
Detector Schottky 4E2835 5 0.340 1.0 @ OV — — - 100

SEND FOR YOUR COPY of
Digital Communications from our
Milestones in Technology series
along with specifications of High
Volume Schottky and PIN Diodes —
all packaged in a handy file folder.

m

BURLINGTON, MASSACHUSETTS O18C3 @ (617) 272-3000

M/A-COM SILICON PRODUCTS, INC.
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Getting the MOST out of Your Spectrum Ana- 1 2
lyzer — details the combined use of a spectrum
analyzer and tracking generator to create a
readily usable high dynamic range network
analyzer.

Spectrum Analysis Basics, Part Il — is the 16
followup to an article appearing in r.f. design in

the March/April edition of 1981. This article
covers basic measurement techniques, .inter-

face considerations and computer-aided
measurements.

Designing a High-Stability VHF Oscillator — 26
develops a high-stability VHF overtone oscil-
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actual size

tiny

the world's smallest hermetically-sealed mixers

40 KHz to 3 GHz, MIL.-M-28837 performance*
The TFM Series from Mini-Circuits from $119

Increase your packaging density, and lower your costs. .. specify Mini-Circuits
miniature TFM Series. These tiny units 0.5” x 0.21” x 0.25" are the smallest,
off-the-shelf Double Balanced Mixers available today.

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

Manufactured to meet the requirements of MIL-M-28837*. the tiny but rugged
TFM units have become the preferred unit in new designs for military equipment.

MODEL FREQUENCY, MH:z CONVERSION ISOLATION dB, TYPICAL PRICE
LOSS dB, .
| TYPICAL
1 Octave Lower Band Upper Band
from Total Edge Mid Range Edge $
LO/RF IF Band Edge  Range | LO-RF LO-IF LO-RF LO-IF LO-RF LO-IF| EA. QTY.
TFM-2 1-1000 DC-1000 6.0 7.0 I 50 45 40 35 30 25 11.95 (1-49)
TFM-3 .04-400 DC-400 53 6.0 60 55 50 45 35 35 |19.95 (5-49)
TFM-4 5-1250 DC-1250 6.0 75 50 45 40 35 30 25 [21.95 (5-49)
eoeTFM-11 1-2000 5-600 7.0 7.5 | 50 45 35 27 25 25 (39.95 (1-24)
eesTFM-12 800-1250 50-90 — 6.0 35 30 35 30 35 30 [39.95(1-24)
=TFM-15 10-3000 10-800 6.3 6.5 | 35 30 35 30 35 30 (4995 (1.9)
«=TFM-150 10-2000 DC-1000 6.0 6.5 32 33 35 30 35 30 139.95(1-9)

seslf Port is not DC coupled
»+10 dBm LO, +5 dBm RF at 1dB compression

-»
For complete specifications and performance curves refer to the M.I H c-
Microwaves Product Data Directory, the Goldbook, EEM Inl' “'C“lts
or Mini-Circuits catalog

World s largest manufacturer of Double Balanced Mixers
2625 East 14th Street grooklyn New York 11235 (212)769-0200
Domestic and International Telex 125460 International Telex 620156
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MINIATURE |

Errata
/
A portion of the HP-41 computer program accompanying Andrzej Przedpel-
ski’s article on Loop Antenna Design (November/December 1982, Page
] 14, Table Il) dropped out in printing. We have reprinted a solid copy of it
g here.
Now you can select the state- Bl#LEL H2 i 25 510 18
of-the-art miniature wideband g2 ELL 86 29RO R
pin diode switch you need from AT ST+ ¥ =8 =5 44 ROO gy
our stock. AMC Series SW-2000 we olt oA SRR 01 COM—
pin switches (SPST and SPDT) g4 Pl 11 BCL B4 Ro2 S|
measure only 1” Hx 1.2 W x ac <5 arh £3 R03 CTS,_
0.75” L. And, hundreds of these Ha * 32 REL 4 R Ll
units have already been used to Bpe STO 85 R R04 Q.
solve solid state switching a7 Rr B2 e — Ros —*—1
design problems in communica- di ELL B 34 570 82 ROG 1A |
tion, aerospace, microprocessor ' 82 = 15 + 07 —== 2
and surveillance applications. Aol 35 %Y Ros [
Check these specifications: ;ﬁ ‘:p.; ;_, ',."_L 48 209
e SPST through SP5T Con- B P oy B B R'°
figurations Available {1 576 @ 32 RCL B3 g
» Frequency: 2-2000 MHz {2 ECL 81 5 R' 1
w I L L
« switching Time: 5 usec B e = R 1
Typical 14 17K i} R-F RS~ .
« Insertion Loss: 1.5 dB, maxi- is r-% 42 570 83 16 7
mum (SPDT 15y 12 RCL B9 R17 1
« Isolation: 40 dB, minimum 2o Al '*';' r:':j! e 218 e ——
 SMA Connectors di L2 44 ELL 81 R
[n} P T o
« RFIControl Terminals i3 RCL &2 5 R-F R%°
 RF Power 1 watt CW 19 ACL o/ 4o ST+ 8S R;;
» Available with one load 2 o« 47 FLL i R
TTL Drivers - I ;_:U' f} RS~
Standard models and quan- :f 'f' "‘ ‘f::x ‘U; o R
tities available from stock. | |2 ¢+ 49 E- st
Special switches designed to TR BT SE RCL BE RZG
your specifications. AL 5 AT & . R27
For solutions in solid state L g, Eok p -
switching contact: > Jc KLL Wi R§9
26 143 34 ¥ 8
AIMERICAN s i
MICROWAVE CORP.
sttt ——————
6835 Olney-Laytonsville Road
Gaithersburg, Maryland 20879

(301) 948-6800
January/February 1983
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Building military systecms e ans ld( mg problems.

Problems-we at MIASCOM OSW W I MIC GaAs FET
amplitiers have been he l];)mg (o solve forvears,.

Our solutions are simple.

We build amplifiers in the 2 GHz to 18 GHz
range to fit your specs...and to fit your
package. We are rigid on quality, but flexible
on design. We have the expertise, the
experience and the proven production
capability. Plus, we are organized to provide

special responsiveness to your specific needs.

We can build discrete or hybrid MIC Gafs
FET amplifiers in the bandwidth you select;
give your system high reliability whlle
giving yourself a cost:
competitive edge.

With our packaging we can second source
any amplifier in the 2 GHz to 18 GHz range;
With our performonce we out do them all.

Whether you cre seeklng a first, second, or
only source look to M/A-COM OSW your
source for microwave MIC GaRs FET
amplifiers. Give us a call for an easy
solution to your toughest problem.

FEATURES:

miting amplifiers/€lectronic gain control-€GC/
Muitiple inputs and outputs/Detector outpuss/Fault
detection or BIT/Protection from RF levels up to 200W

S omip.

Spectra

M/A-COM OSW, INC. Microwave Subsystems Division

2626 S. Hordy Drive, Tempe, AZ 85282, (602) 9661471, TWX: 910-950.1296

——
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Mobile Radio Test System

The Texscan Mobile Radio Test System (MRTS)
is designed for the automatic testing of two way
radios in the VHF UHF bands. Comprising of 3 units
the system is capable of interfacing to many popular
microcomputers with IEEE 488 capability including
PET™ HP85™ APPLE™ etc., giving a fast multi-test
capability at an economical price. System tests
available include rx sensitivity, rx sinad, AF distor-

tion, AF power, AF frequency, tx power, tx frequency,
AM depth, FM deviation and antenna efficiency.
Modern styling with digital readouts and analogue
bar graphs gives ease of operation and reliable per-
formance. Testing of talk through and duplex systems
can be accommodated giving system value and flexi-
bility matched only by other units costing far more.

Texscan Instraments

2446 North Shadeland Ave.

Indlanapolis, IN 46219
(317) 357-8781
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Bendix Avionics Division has incorporated Johanson's new
adjustable microwave diode holders into their ARINC 708
Weather Radar System. These diode holders are an efficient
and inexpensive means of securing and tuning microwave
diodes into precise attitudes for optimum circuit performance.
The self-locking constant torque drive mechanism®* results in
very low dynamic noise and high Q throughout the full travel
excursion of the diode holder. *u.s patent No. Re. 30,406

%‘ HOLDER
-

-t DIODE

= 2x SIZE

Johanson 6951-1
Diode Holders are
used by Bendix

in their injection
locked Impatt Diode
multiple-pulse
transmission system.

Electronic Accuracy through Mechanical Precision

Johanson Manufacturing Corporation

Rockaway Valley Road Boonton, New Jersey 07005
201-334-2676 TWX 710-987-8367
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Getting the most out of your

SPECTRUM ANALYZER

Combining a tracking generator with a spectrum analyzer to
create a high dynamic range display network analyzer

Figure 1. Attenuation Test Chamber with Partition.

Frequency Power (Max) Sensitivity (Min) Dynamic Range
10 kHz -2 GHz -5dBm -105dBm 100d8B
2GHz-4GHz -5dBm -110dBm 105dB
4GHz -8 GHz —-15dBm -105dBm 90dB
8GHz-124GHz -25dBm -100dBm 75dB
10GHz-22GHz <-25dBm —-90dBm 65dB

Table 1. Output Power vs. Analyzer Sensitivity vs. Dynamic Range.

12

By D. Krautheimer, M/A-COM MPD, Inc.
and A. Freeland, Eaton Corp.,
Electronic Instrumentation Division.

he combination of a spectrum ana-
lyzer with a tracking generator
creates an easy-to-use high dynamic
range display (to 100 dB on screen)
network analyzer from 10 KHz to 12.4

kHz. Unlike standard network ana-
lyzers made up of a wide band sweep
generator and a broadband input net-
work analyzer, the tracking generator,
spectrum analyzer combination is free
of spurious and harmonic responses.
This is because the undesirable sig-
nals fall outside the analyzer's pass-
band and thus will not be seen. The
tracking generator will not add any
broadband noise thus leaving the ana-
lyzer's sensitivity unaffected. While a
sweeper will usually deteriorate a
broadband network analyzer's sensi-
tivity by up to 20 dB or more.

The spectrum analyzer has a sensi-
tivity of > 100 dB up to 12.4 GHz. Speci-
fically in the frequency range up to 2
GHz, the tracking generator has an
output level of approximately —5 dBm
and the analyzer a sensitivity of — 105
dBm allowing up to 100 dB display of
attenuations. Table | contains a detailed
listing of output power vs. analyzer

January/February 1983



sensitivity vs. dynamic range.

Most broadband network analyzers
have a sensitivity of about — 60 dBm.
Since the analyzer’s sensitivity varies
between —90 and - 100 dBm, an ad-
vantage of 30 to 50 dB in sensitivity
is achieved. The analyzer's dynamic
display range of 100 dB can be fully
utilized by controlling the output level
of the tracking generator. For instance,
in the range from 4 — 8 GHz, the out-
put of the tracking sweep generator is
typically — 15 dBm. The sensitivity of
the analyzer is - 105 dBm which
* equals about 90 dB of dynamic range.
if an amplifier of 10 dB or more were
placed after the tracking generator to
boost its output level above — 5 dBm
a dynamic range of 100 dB could be
achieved.

Often test systems have a built in
loss due to cable losses, matching
pads, mismatches, insertion loss, etc.
An inherent loss of 20 dB would sub-
tract from the dynamic range of the
measurement unless compensated
tor by an amplifier. How do you know
if the signal level is sufficient for
100 dB dynamic range? If the wave-
form deflection reaches the top of the
display (0dB) without saturation and
the internal noise level of the analyzer
is at the 100 dB line, a dynamic dis-
play of 100 dB can be achieved. If the
waveform deflection reaches only the
— 40 dB graticule line, a dynamic
range of 60 dB is obtained. Therefore,
amplification of the output level of the
tracking generator by 40 dB would
restore the dynamic range back to
100 dB.

Measuring Shielding
Etffectiveness or Insertion
Loss of Materials

A specific application to measure
the shielding effectiveness of a plastic
material used as a calculator case
involved testing the material in a
special test chamber with antennas

r.f. design

AILTECH 70727 Amplifier

Tracking Generator

Attenuator 15

@

« M7 .

i
']"‘ : 1-10dRB == 5|

AILTE(
Spectrum Analyzer

‘H 757 “1-20d8B

o-m- [}
e

o::. g [o]
- Qo

Test Cell
Attenuator SELG el

Output

Figure 2. Spectrum Analyzer/Tracking Generator System.

Ref-Test
Chamber
10dB

—

e Test Chamber
L and sample

| |
1
{

|
1
1

Figure 3. Spectrum Analyzer Display.
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AILTECH 70727

Tracking Generator Amplifier
\ 20 Ohm
° ® o | ( W Termination
l ® o r————D
] —
Ee|
- AILTECH
- Antenna

AILTECH 757
Spectrum Analyzer

Figure 4. Generator/Analyzer System Use with Coaxial Cable.

Some Packages Work
Better ThanOthers.

MODPAK ™ the modern packaging system, provides all the pro-
tection your RF circuit will ever need. Sturdy, shielded enclosures
with a choice of four connectors in more than a dozen standard sizes
or custom fabricated in virtually any size. Top and bottom covers are
easily removed for access to circuit board. And it doesn't take all the
king's horses and all the king’s men to put them back together again.
Just a screwdriver and four screws. Simplicity in both function and
design.

Send for our new 1980 catalog and find out how Modpak can
work better for you

L
AdamsRusseII
MODPAK DIVISION
80 Cambridge St., Burlington, MA01803 (617)273-3330

INFOICARD 9

on either side of the material. Pre-
viously the measurement had been
done using a power oscillator at a
single frequency, an oscilloscope as
an indicator and an attenuator to
measure the effectiveness.

First a reference level was estab-
lished on the oscilloscope with the
sample across the hole (A). With the
sample removed, the attenuator was
increased until the reference line was
reached. The amount of attenuation
added equalled the shielding effective-
ness of the material. Attenuations of
about 40 — 50 dB were to be expected
in the range up to 1 GHz.

Since the dynamic display range of
the analyzer tracking generator system
is 100 dB up to 2 GHz, no significant
problems were to be expected. On
connecting the tracking generator to
the input of the test chamber and the
analyzer to the output of the chamber,
a loss of 80 dB up to 300 MHz was
found in the test chamber with no
sample across the hole (A) in the par-
tition. Above 300 MHz, reflections were
so large that no meaningful infor-
mation could be obtained. With test
samples across the hole (A) in the
partition, a dynamic range of 20 dB was
available. No correlation could be
made to the power oscillator pro-
cedure.

A linear power amplifier was added
to the output of the tracking generator
making possible an output level of up
to more than 50 watts. A 1 to 10 dB
variable attenuator was added before
the amplifier to provide fine control
of the amplifier output level.

The analyzer tracking generator sys-
tem (Fig. 2) allowed the user to mea-
sure the insertion loss of the material
quickly over a wide frequency range.
Fig. 3 shows the displayed results as
seen on the Spectrum Analyzer.
Similarly, the shielding effectiveness
of coaxial cables can be measured
using the analyzer tracking generator
system.

Correction factors or losses of an-
tennas or other pick up devices can
be as high as 20 dB or more. Depend-
ing upon the frequency range, an am-
plification of between 20 and 55 dB
would be necessary at the output of
the tracking generator to achieve fuli
dynamic range.

By using the Spectrum Analyzer's
digital storage capability, reference
levels can be stored and displayed
simultaneously, with the attenuation
level of the device under test. In addi-
tion a normalization feature allows the
user to subtract the frequency re-
sponse of his device under test from
that of the memory. This virtually
cancels out errors that would exist
due to mismatches or the like. ||

January/February 1983
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When you’re shooting for 99.95% availability
on your satellite circuits, you don’t gamble.
RCA Americom use PTS 160 Synthesizers in
their Earth Stations; from Hawaii to
Greenland they have shown excellent
reliability and performance for years.

If you need VHF-UHF Synthesizers for
precision frequency control, specify PTS.

FREQUENCY SYNTHESIZER MODELS
Pl o MHz, 160 MHz, 200 MHz, 500 MHz

‘ | -

T e
AR

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

ANALYSIS

BASICS
PART 2

Part | of this article, appearing in

March/April 81, discussed basic types

of spectrum analyzers, equipment -

limitations, safety procedures and
spectrum analyzer selection criteria.
Part Il will cover basic measurement _
techniques, interface considerations
and computer aided measurements.

16

By James Beck
Eagle (Consultants)
Fallbrook, CA

Basic Measurement Techniques

he quality of spectrum analyzer measurements will only
be as good as the spectrum analyzer measurement
system itself. The system does not consist of just the spec-
trum analyzer but all of the interfaces to the device under
test as well. Additionally, in the presence of high level
fields, indirect radiation or conduction paths must be con-
sidered, i.e. power supply feedthrough and radiation through
the case of the analyzer.

Figure 1 illustrates a proper installation. This system in-
sures that the front end of the spectrum analyzer is pro-
tected from overdrive. The screened enclosure protects the
measurements from direct radiation and the main filter
eliminates conducted interference. If the DUT is well shielded
and the pad inserts minimal attenuation, the shielded en-
closure is not required.

The following guidelines should be followed for best
performance:

1. Coax “B” should be as short as possible.

2. Coax “A’” should be routed away from the case of the

spectrum analyzer.

3. Utilize the minimum amount of external attenuation
required to present a safe level to the analyzer.

4. DUT and power supply should be located at least 1
wavelength away from the spectrum analyzer when
frequency is above 100 MHz.

The external attenuator is very important and must be
properly selected to insure good test data. To determine the
proper amount of attenuation required, divide the input
power from the DUT by the amount of power that the spec-
trum analyzer can safely handle. Convert the result to dB
and select a pad that has at least that amount but no more
than 10 dB over that amount.

TEST POWER

ANALYZER RATED POWER

Using a pad with excessive attenuation decreases the
immunity to direct feedaround via ground loops and other
means.

Figure 2 illustrates a typical immunity test of the measure-
ment system to direct radiation pickup. Initially the trans-
mitter was connected directly into the pad. The analyzer
was then adjusted so that the signal indicated a 0.0 dB
reference. Then the interconnecting cable was removed
and an antenna installed at the transmitter output. At this
point the analyzer indicated — 70 dB. It is very reasonable
to assume that the antenna was at least 30 dB higher than
normal case radiation which means that the radiated pick-
up is at least — 100 dB below a direct input. This test was
performed at 175 MHz with a power level of 100 watts. With

REQUIRED ATTENUATION = 10 log
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at least 100 dB isolation this system will be adequate for
harmonic measurements to at least — 80 dB.

In a second test the antenna was removed and a dummy
load (not the 20 dB pad) was installed. In this test no signal
from the transmitter could be detected on the spectrum
analyzer, which indicates that the actual case radiation
was far better than the — 30 dB used above.

Enhanced Harmonic Measurements

Spectrum analyzers, like all equipment, have certain
limitations that must be considered before attempting
measurements. In harmonic measurements, the spurious
free dynamic range must be considered. If the analyzer to
be used has a 70 dB dynamic range it will be useful in ana-
lyzing signals with a dynamic range of 60 to 65 dB. Addi-
tionally, the 70 dB specification occurs at a specific input
power to the spectrum analyzer’s mixer. By various com-
binations of internal and external attenuators this power
level can usually be obtained.

In making a harmonic measurement of 75 dB the above
limitation becomes apparent. By carefully limiting the
input power to the maximum undistorted level, the noise
floor of the analyzer is around — 70 dB, effectively mask-
ing the harmonic at — 75 dB. Removing 10 dB of attenuation
causes the harmonic to increase 20 dB which is a definite
indication of mixer overload.

The harmonic dynamic range can easily be increased via
the use of a notch filter. Refer to Figure 3 illustrating the
implementation of this method. The rules for this system
are the same as for the system illustrated in Figure 1. Keep
both “B" coaxes short, or use double male adapters, which
is preferable.

Tune the notch filter to the fundamental frequency, re-
move 10 or 20 dB of input attenuation as required and the
harmonic at — 75 dB can now easily be seen. Overload is
no longer a problem because the notch filter is attenuating
the large fundamental that was causing the overload.

The accuracy of the harmonic measurement is now de-
pendent on the amount of notch filter insertion loss at the
harmonic frequencies. Therefore the insertion loss should
be minimal or known at all harmonic frequencies of interest.

If one is making low precision harmonic measurements
of +3dB and the combination of notch filter and spectrum
analyzer errors is +2 dB then there is no problem. A reason-
able notch filter should have less than 2 dB of insertion
loss over the range of interest. Typically notch filters are
used in conjunction with analyzers below 1.5 GHz, the
reason being that analyzers above 1.5 GHz use a tracking
front end filter by virtue of their mixing schemes, improving
dynamic range.

Should a higher degree of accuracy be required, the
following procedure can be used.

1. Determine insertion loss of the notch filter at each fre-

quency of interest.

r.f. design

MAINS
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TRANSCEIVER
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Figure 1. Proper Spectrum Analyzer Installation.
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Figure 2. Measurement System Immunity Test.

NOTCH
FILTER

SPECTRUM
ANALYZER

Figure 3. Notch Filter Use.

2. Read spectrum analyzer then subtract the notch filter
transmission loss from this reading. Formula for this
is as follows:

P, = P, — Filterloss

where: P, = actual power
P, = SAreading

NOTE: Loss is negative meaning that in absolute value
actual power will be higher than the SA reading.
The following is the preferred sequence of events dur-
ing a harmonic measurement using a notch filter:
1. Connect Pad directly to SA, turn on DUT and set funda-
mental to 0 dB.
2. Insert notch filter and adjust for maximum attenuation
of fundamental.
3. Remove 10 or 20 dB of attenuation.
4. Observe harmonics and subtract 10 or 20 dB as re-
quired, e.g.
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AR FEACTION

B /VSTRUMENTS

BACK TO BASICS!!

MEASURE GROUP DELAY
WITHOUT A COMPUTER

..... in real time
..... at the right price

® @ Q‘ )

The Model 500
GROUP DELAY TEST SET

performs direct real time measurements of the
group delay variation of filters, delay equal-
izers, predetection converters and other in-
struments. An absolute calibration is provided
and relative group delay variation can be
measured with an accuracy of 10 nano-
seconds, even in devices with a 10 micro-
second delay. To facilitate tuning of filters and
equalizers the Test Set is used with either an
oscilloscope or a plotter to obtain real time
displays of group delay variation.

%« & &« &

REACTION INSTRUMENTS also manufactures
the following series of RECEIVING EQUIP-
MENT featuring state-of-the-art devices,
microprocessor control and unmatched per-
formance specifications:

e HF and VHF/UHF MULTICOUPLERS
e PREDETECTION CONVERTERS
® VIDEO DISTRIBUTION AMPLIFIERS

For additional information, please write or call:

AR REACTION
AR /NSTRUMENTS

1916 ISAAC NEWTON SQUARE WEST

RESTON, VIRGINIA 22090
(703) 471-6060

INFO/CARD 11

— 50 dB reading minus 20 dB (attenuation removed) =
— 70 dB actual harmonic level.

Enhanced Non-Harmonic
Measurements

The notch filter can be useful in extending the dynamic
range of non-harmonic measurements. If the frequencies
to be measured are outside of the notch disturbance width,
the technique is precisely the same as for harmonic measure-
ments described previously. Should the signal occur in the
notch disturbance width, dynamic range will be diminished
but by carefully determining insertion loss at the frequencies
of interest, a useful measurement is still possible.

Here is an example employing an intermodulation test
using a 45 MHz and 55 MHz tone. Frequencies of interest
are the third order products appearing at 35 MHz and 65
MHz. Additionally these frequencies are expected to be — 80
dB which is lower than the spectrum analyzer's guaranteed
dynamic range.

Using a single notch filter to equally reject both carriers
is accomplished by tuning the filter to 50 MHz. The pass-
band characteristics of the filter are measured and the
attenuation at the frequencies of interest is noted, as con-
tained in Table I.

Frequency Attenuation
35 MHz -12dB
45 MHz -30d8B
55 MHz -30d8B
65 MHz -10d8B

Table . Filter Passband Characteristics.

The DUT output is connected directly to the spectrum
analyzer input and the tone levels are adjusted so that each
tone is at the 0.0 dB level on the display. The notch fiiter is
installed between the DUT and SA input as in Figure 1 and
power is applied. As expected the power level of each tone
is now at — 30 dB. 30 dB of attenuation is removed from the
spectrum analyzer and the 3rd order products are now visible
on the screen. The two 3rd order products are measured
and found in Table II.

Frequency Attenuation
35 MHz —63dBindicated
65 MHz —61dB indicated

Table Il. 3rd Order Measurements.

To determine the actual level the following formula is
used:

P=P —-(AR+ A)
Where: P = actual tone power
P, = SAreading (indicated level)

AR = attenuation removed
A, = gain of notch filter at this frequency.

Therefore: @ 35MHz P=-63-(30 +(-12)= —-81dB
@ 65MHz P=-61-(30+(-10) = —81dB
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O Anzac's new ultrabroadband RF switches
represent the best buy for your switch
dollar — integral TTL driver, hermetic
seal, terrific specs, and they' re available
from stock. Call your broker or circle
the number for a free switch prospectus.

TYPE SPST SPDT SP3T SP4T

Model SW-T11| SW-1211 SW-131] SW-112 ] SW-122] SW-132 [ SW-113} SW-123| SW-133| SW-114| SW-124] SW-134
Frequency 5to 5 to 200 to |5 to 5 to 200 to (5 to 5to 200to |5 to 5 to 200 to
Range (MH2) 2000 1000 2000 2000 1000 2000 2000 1000 2000 2000 1000 2000
VSWR 1.1 1.05 1115 11 1.05 1.15 1.1 1.1 1.2 sl 1.1 k2
Isolation (dB) 80 60 50 80 60 50 60 60 45 60 60 45
Insertion Loss 1.2 0.5 0.5 1.2 0.5 0.5 1.3 0.6 0.6 1.3 0.6 0.6

Adams [] 4 Russell

ANZAC DIVISION

80 Cambridge Street e Burlington @ MA 01803 e (617) 273-3333 @ TWX 710-332-0258
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Thus the actual intermodulation components are —81 dB
referenced to a single frequency. During the actual measure-
ment the screen displayed a 63 dB difference between the
notched fundamental frequencies and distortion products,
which is well within the range of a spectrum analyzer rated
at 70 dB dynamic range.

Nonstandard Coupling Devices

There are several methods commonly used to couple sig-
nals into spectrum analyzers as follows:

1. Scope probes: Scope probes are often used to couple
signals directly into analyzers because of the convenience
and availability of the probes. Probes will not yield proper,
or constant attenuation unless designed to supply a 50 ohm
port. Additionally, the frequency response of probes is
usually much less than that of spectrum analyzers and
direct pickup of RF fields will be worse than with a direct
coupled system.

2. Capacitive and resistive pickoffs: These are used to
attenuate the signal to be measured, provide an impedance
match to the analyzer, or present a relatively high impedance
to the DUT. These devices can be useful in making relative
measurements when absolute accuracy is not essential.
An example is when tuning a transmitter for best spurious
performance or aligning a multiplier stage. For precise
absolute measurements these devices are very unreliable
and really worthless.

3. Non-Standard Impedances: There are two common
methods used to match non-standard impedances to a 50
ohm spectrum analyzer input. The resistive match consists
of a series resistor in line with the SA input. The second
method is to use a broadband matching transformer. Both
of these devices are available for spectrum analyzers to
match the more common transmission line impedances.

Interface Considerations

Referring to Figure 1, the DUT is a power amplifier with
100 watts power output connected via cable “A” to a nomi-
nal 20 dB pad which is connected to cable “B" that is finally
connected to the spectrum analyzer RF input. This test set
is for the purpose of harmonic measurements to 1.0 GHz
with an accuracy of +0.5 dB relative to the 100 MHz funda-
mental. Realizing that there are certain losses to deal with,
Table Il is created.

Element Gain
100 MHz 1.0 GHz
Device Under Test (DUT) 0dB unknown
Cable “A” RG-58 U 3 ft. -0.15dB -0.66dB
Pad-nom 20 dB -20.00dB | —20.00dB
Cable “B" RG-58 U -0.15dB -0.66dB
TOTALS -20.30dB | —21.32dB

Table IlI.

For the moment, the other harmonics are ignored since
dealing with these uses the same principle as the 1.0 GHz
harmonic. Power is applied and the 100 MHz signal is care-
fully adjusted to 0.0 dB reference on the spectrum analyzer.
The 1.0 GHz harmonic is located at — 55 dB on the analyzer
display. From the above table the test set gain is found to
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be —1.02 dB relative to 100 MHz; this is subtracted as
follows:

G, =G, -G,= -55-(-102) = -5398

The system gain is subtracted because it has already af-
fected the reading indicated by the spectrum analyzer.

The DUT specifications indicate the 1.0 GHz harmonic
was measured at — 53 dB by the equipment manufacturer.
Thus the above measurement is in error by 0.98 dB which
is not within the allowed measurement tolerance. The
reason for this error is the attenuation of the test set is not
what had been calculated. The pad was really —20.5 dB at
1.0 GHz and the calculation forgot the connecter losses at
0.1 dB per connection at 1.0 GHz.

As the above example illustrates, attempting to calculate
all of the interface losses can be very laborious and prone
to error. This step can be eliminated by a simple technigue
known as substitution. First, replace the DUT with a con-
stant amplitude sweep generator. Assume the generator
has 1 watt (- 20 dB below 100 watts) and the output level is
within +0.25 dB over the range of 100 MHz to 1.0 GHz.
Second, measure the test set gain. This is found to be —40.4
dB at 100 MHz and —42.3 dB at 1.0 GHz. Thus relative to
100 MHz the 1.0 GHz gain is — 1.9 dB. The additional 20
dB of loss is due to the fact that the test power is —20 dB
related to 100 watts. Using — 1.9dB in the formula to calcu-
late the harmonic level, the result is:

G =G, - G,= —55- (-19) = -53.1

The measurement is now in error by 0.1 dB which is well
within allowable measurement tolerance.

In the above case the amplitude vs frequency errors were
measured at the same power level. Since the 1.0 GHz ampli-
tude is at a much lower power level the amplitude tracking
error must be reckoned. For the purpose of the example,
this was considered to be 0 dB. In actual practice the error
can be as much as + 1.5 dB over the 70 dB display range
of the spectrum analyzer. This error can be reduced by de-
creasing the dynamic range of the measurement using the
notch filter. Also, a precision attenuator can be inserted
between the sweep oscillator and spectrum analyzer and a
second calibration run made. The results of this run can
then be compared to the first run and the amplitude track-
ing accuracy of the analyzer determined.

By using the substitution method, the measurement
system is treated as a ‘“black box” whose relative per-
formance is measured which in turn measures the DUT. It
is also possible to measure the separate entities of the
test set and then treat each one as a separate term in the
final equation.

In using the substitution method the following pitfalls
must be considered:

1. The calibration reference (sweep oscillator) may have
errors of its own. This is the prime item that will limit
the accuracy of the measurement.

2. The test set may be unstable which means that the
test set gain may vary somewhat over time. This can
be due to temperature effects, loose connectors or
voltage instability etc.

3. System gain may change at different power levels. This
can be due to attenuator heating, dielectric effects or
amplitude tracking errors.

Computer Aided Measurements

The previous section discussed substitution as a tech-
nique to enhance the amplitude accuracy of the measure-
ments. The total process of determining system errors via
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For measurement of L

strong electric fields
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CableData is looking for unique
individuals to join our electronic
H  digital and RF design engineering
teams. Numerous opportunities exist
for varying degrees of experience
(junior through project level) in an
intensive “HANDS-ON’ R&D
environment. Special emphasis is
being placed on design/development
of RF circuitry.

Ideal candidates will be familiar with
video and RF amplifiers, tuners,
oscillators and phase-locked loops.
Problem solving ability, inventive-
ness and creativity are more
important than experience.

If working on long term R&D projects
for the skyrocketing Cable TV industry
is appealing to you, here is the
opportunity to achieve your ultimate
potential in the optimum creative
environment.

CableData, located in
Sacramento, California is in the
enviable position of providing
data processing, application
software and hardware to 59% of
the Cable TV market. We offer
competitive salaries, stock own-
ership and excellent benefits.
Please send resume to D. Swift,
Corporate Recruiter, CableData,
3200 Arden Way, Sacramento, CA
95825. (916) 488-2450. An equal
opportunity employer.

cabje
ata

Combining computer technology
with the challenge of cable television!
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substitution and then calculating them out during the
actual measurement is known as normalization.

A typical system might consist of a signal generator,
one coax cable and a spectrym analyzer. In this system
each of these three items will be considered a “black box".
In other words, it will not be precisely known where in-
accuracies are occuring. For example, in the spectrum ana-
lyzer, the attenuator, mixer or the display may cause in-
accuracies.

The test system gain would be expressed:

G = ng+ G, + G,

where: G, = overall system gain
G.g = gain of signal generator
G_ = gain of cable
G,, = gain of spectrum analyzer

The gains of these items are known and are as follows:
ng = -10dB,G_ = -2dB,G_ = -3dB

When the measurement is performed, the signal is dis-
played at — 15 dB as calculated. Not only is the total sys-
tem gain known but the individual component gain as well.
Each part of the measurement is referred to as a term. An
important conclusion is that if two of the three terms are
known and the final result is known, the remaining term
can be calculated.

The process of normalization consists of determining
the gain of the system at each frequency and then compen-
sating for it during actual measurements. The overall sys-
tem accuracy may now be expressed as:

Error = Reference Error + Stability Error + Amplitude
Tracking Error.

Using the above method with an HP-8350A sweep oscil-
lator as a reference and an HP-8568A spectrum analyzer,
the system accuracy at reference amplitude is better than
+ 0.3 dB. Over the 70 dB dynamic range, the accuracy re-
mains better than + 1.4 dB. The main drawback with the
normalization process is the enormous number of calcula-
tions required. This is laborious and, quite frankly, boring.
Arithmetic errors are also frequent, causing confused
data and results.

The HP-8568A has a trace memory feature that will make
this process very easy. Simply make the calibration run and
store this trace in memory. Then make the DUT run and sub-
tract the previous trace from the present trace and display
the result. This is now a normalized measurement with no
calculations performed by the operator.

For some of the lower cost spectrum analyzers that do
not have the nifty trace memory feature, a storage nor-
malizer is available. This device basically contains A to D
converters and digital storage arrays. When connected to
a spectrum analyzer this device will read a trace, store it
and then present the trace on the display. The normalizer
has a memory page which can be stored and then sub-
tracted from the present sweep. The normalization is then
accomplished as explained above. In addition to normalizing,
a normalizer can be used to display a slow sweep at view-
able rates once the sweep is in memory. Another benefit
in using the memory feature is to store a previous display
for comparison purposes with the present display, thus
eliminating grease pencils!

Computer Enhancement

A computer-controlled spectrum analysis system utilizes
a computer to automatically perform many of the operator
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HP’s spectrum of power
measurements.

W oo WATTS

A complete line of

17 power sensors and

7 power meters

designed to meet
your diverse needs.

Peak
Power.
Models 8900 C/D

Analog and Digital
Peak Power Meters, and 84811A
Peak Power Sensor now cover 100
MHz to 18 GHz frequency range —
from 1 ysec to CW widths, and from 1 to
100 mW full scale.

Average Power. Sixteen HP sensors
range from —70 d Bm (100 pW) to +44 dBm
(25 watts), and from 100 kHz to 40 GHz. Five
meters provide digital or analog readouts and manual
or programmable capability.

Eight HP Thermocouple sensors—the latest in sensor
technology — are best for low SWR and low mismatch
uncertainty to 26.5 GHz. The popular HP Diode
sensor works down to —70 d Bm. Use them with
the HP 435B Analog Meter or the HP 436 A
Digital Meter. For DC substitution tech-
niques or measurements in waveguide,
use our Thermistor sensors with
HP 432A/B/C Meters.

Get our latest data: For complete
information on all our power measuring
equipment including Application Notes
64-1, Fundamentals of Power
432A Measurement, and 64-2,
Analog Meter Extended Applications of Auto-
matic Power Meters, call your
nearby HP sales office or write
to: Hewlett-Packard Co.,
1820 Embarcadero Road, Palo
Alto, CA 94303.
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Figure 4. 100-Watt Spectrum Test Set.

functions. Figure 4 illustrates a typical automated system.
In this system the computer sets the analyzer functions,
controls the signal generator, performs a calibration run
using the sweep generator, makes the test run using the
DUT, performs normalization calculations and presents
final data.

In this system a notch filter is used to extend the dynamic
range of the system to 90 dB for harmonic measurements.

Before the calibration run, the notch filter is adjusted to
the DUT carrier frequency. During the calibration run, the
disturbances caused by the notch filter are stored. After
the test run these errors are automatically factored out
which means that the final data will show the exact relation-
ship between the various frequencies monitored. All op-
erator calculations are thus eliminated reducing the chance
for errors in the final data. a

If We Don’t Alre;ly Have
The RF Filter You Need...

We’ll Build It, Fast.

Catalog RF 82 shows diplexers and bandpass. band reject and
low pass high pass filters currently being used by many manufac-
turers of transceivers and other VHF UHF equipments

But if you need a one-of-a-kind special and you can't atford to
wait, we've still got you covered—we'll design and build exactly
what you need for your system, and we'll work around the clock to
deliver it when you need it

Call us and talk to the RF engineer who will design your
special fiter He'll give you a prompt, on-line analysis of your
specifications. and he'll quote price and delivery time Betore you
hang up. you'll know what you need. when you'll have it and how
much it will cost—all with just one phone call’

Once you've placed an order. our uniqgue QRC (quick reaction
capability) begins to work for you: QRC combines the efficiency of
computer-aided design with our dedicated model shop and test
labs to ensure that your filter will be what you need when you need

1t

When you need a special fiter designed exactly to your
specifications. and you need it now, call MFC!

315-437-3953
TWX 710-541-0493
6743 Kinne St., East Syracuse, NY 13057

MiCIOWAVE riltex COMPANY, iNC
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TO MEET ALL YOUR
000 EMC/EMI REQUIREMENTS

For Complete EMI Testing Electro-Metrics
CCS Calculator Controlled Test Systems Offer:

Frequency coverage from 20Hz to 40GHz

EMI emissions and susceptibility testing per
FCC/VDE/CISPR and Mil-Std 461/462 requirements

The CCS Series Feature: I J
e Automatic calibration for improved accuracy

e Automatic antenna selection
e Control of all test parameters

e Reduced data tabulation time

CCS-750/S Calculator-Controlled Emissions/Susceptibility System 20Hz-18GHz

For A QUiCk LOOk Electro-Metrics EMI analysis for compliance to FCC/VDE and
ESA-1000 Spectrum Analyzer Offers; C!SPR mandates, 100kHz to 1000MH:

EMI compliance testing for conducted limits,
100kHz—30MHz

EMI compliance testing for radiated limits,
30MHz—1000MHz

The ESA-1000 Features:

® Peak & CISPR Quasi-Peak detection at CISPR

bandwidths

LED display of center frequency and reference

level

® Automatic correction for antenna factors,
30—1000MHz when using optional antennas

ESA-1000 shown with optional DM-1000 Memory ® |nput sensitivity of 5dBuV or better

&

o T T Complete range of options and accessories available.
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Designing a High-Stability
VHF Oscillator

This article describes the author’s experience in developing a high-stability
(=5 ppm) VHF overtone oscillator and presents a novel circuit configuration
that has proven superiorin achieving the required stability.

By Donald K. Belcher, PE
Harris Corp., GESD
Melbourne, FL

Background

ince fundamental model crystals cannot reliably be
fabricated above 30 MHz, due to the fragile dimension
(in the range of 2 mils (0.002") thick at 30 MHz) of the blank,
VHF crystal oscillators are normally implemented using
overtone crystals. To achieve high frequencies, odd over-
tone modes are used; 3rd, 5th, 7th and sometimes 9th.
Overtone oscillators generally require more complicated
circuitry because the oscillator must be “fooled” into
operating on the desired overtone and not the fundamental.
This is normally accomplished by the use of frequency
selective feedback; i.e., a form of zonal filtering in the feed-
back loop. Figure 1 illustrates this concept.
Notice that the crystal exhibits many responses (ap-
proximately harmonic related) and the relatively broad

zonal filter selects the appropriate overtone.

Above 100 MHz, a common base configuration is nor-
mally used. It has several advantages:

® |t operates the crystal in a series resonant mode.

® ltisrelatively easy to design.

® Tuning procedures are straightforward.

Stability considerations involve the normal temperature
characteristics of the crystal plus the temperature effects
of the oscillator circuitry. It is these “temperature effects
of the oscillator circuitry’ that present the major difficulty
when attempting high stability oscillators, particularly
with common base.

A typical requirement might be to achieve +5 ppm sta-
bility over temperature. It has been determined by analysis
and verified by lab results that the common base circuitry
can contribute as much as 1.5 ppm to the frequency in-
stability of the oscillator. This can be intuitively under-
stood by refering to Figure 2, which is a simplified model
of a crystal and zonal filter as described in Figure 1.
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Assuming a 5th overtone crystal is used in the 100 MHz
range, the maximum crystal Q achievable is in the range of
70,000. Further, assuming all variations in the oscillator
are lumped into the zonal filter, variations in phase of the
zonal filter transfer function will shift the operating fre-
quency of the overall amount as determined by the crystal
Q (or phase slope). As a rough approximation, the filter
phase will shift +45° over the 3 dB bandwidth. The same
assumption can be made regarding the crystal transfer
function. This yields the following relationship:

r.f. design

904t Q,
pox — — (1)
10°

where:
Ao is the allowable phase shift in the oscillating circuitry.
A f_is the budgeted frequency error in ppm due to the os-
cillator circuitry.
Q,isthecrystal Q

As an example, with the crystal mentioned above and a
budgeted circuitry error of 0.5 ppm, the allowable phase




Table |. Analysis Results

Original

Component Value Sensitivity
roc (Transistor Output Z) 50.0K 0.005 ppm/%
R1 (Inductor Loss) 56.0K 0.009 ppm/%
L2 (Tuning Inductor) 0.12 uH 493 ppm/%
C3 (Tuning Capacitor) 7.6 pF 4917 ppm/%
C4 (Feedback Capacitor) 24.0 pF 0.897 ppm/%
C5 (Feedback Capacitor) 15.0 pF 1.79 ppm/%
C6 (Phasing Capacitor) 6.8 pF 0.090 ppm/%
C7 (Output Capacitor) 3.0 pF 0.009 ppm/%
C9 (Crystal Case Capacitance) 1.8 pF 0.004 ppm/%
R11 (Output Load) 1.1K 0.009 ppm/%
R12 (Emitter Bias Resistor) 1.1K 0.009 ppm/%

shift of the oscillator loop would be only 2 3°. This is obvi-
ously hard to achieve.

Another more rigorous analysis done by computer model-
ing via COMPACT! will yield a set of sensitivities; i.e., the
partial derivatives of frequency with respect to the various
parameters. Figure 3 shows the common base oscillator
schematic, followed by Figure 4 depicting the computer
model used.

Table | lists the results of that analysis. Note that the
various sensitivities are listed in parts-per-million per-
percent change in component value. Notice in particular
that L2 and C3 have the highest sensitivities and that a
fractional percentage change would cause significant fre-
quency error.

This analysis is further substantiated by observing labora-
tory data. Figure 5 shows the crystal oscillator perform-
ance over temperature. Note the additional frequency error
introduced by the oscillator circuitry on the order of 1.5 ppm.

1
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Figure 5. Crystal Oscillator Performance Over
Temperature.
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An additional problem cqmmon to many oscillator con-
figurations is that of output buffering, where the output
load change can “pull” frequency. The common base os-
cillator also has this problem.

Alternatives

There are basically three configurations potentially use-
full as VHF overtone oscillators:

® Grounded base

® Impedance inverting Pierce

® Complex oscillator

The grounded base has just been discussed. Frerking?
gives a good trade-off chart (Chapter 7) relating the various
performance properties of common oscillator circuits,
and for highest stability recommends the impedance in-
verting Pierce below 75 MHz. It must be noted that at the
time this trade-off was performed, bipolar transistors could
not achieve the fr available today. For that reason, the
impedance inverting Pierce was further investigated as a
potential candidate using high ft transistors.

Complex oscillators refer to configurations where the
gain and phase of a feedback amplifier (generally muiti-
stage) are controlled by the use of the complex circuitry.
This is generally prohibitive in miniature equipment due to
the required real estate; however, it could be a viable ap-
proach on large ground-based equipment. For typical ap-
plications, the Pierce appears to be the best choice.

The Impedance Inverting Pierce

Since the design equations for the Pierce (as presented
by Frerking) indicate the basic feedback scheme is in-

+

Figure 6. Typical Impedance Inverting Overtone
Pierce.
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Solid State Broadband

NOISE GENERATORS

SPECIFICATION

= 3 FREQUENCY |RF OUTPUT
MODEL NO. RANGE FLATNESS | VSWR| DBM/Hz
— -+ — “‘— — —
PNG 5101 | 10H2-20KHz +05DB | 1.5:1 -33
I — — - —— - —
PROGRANMARL s mu;m} ———— s [ PNG 5102 | 10Hz-100KHz | +0508 | 151 ~-40 |
wooeL o PNG 51 10Hz-500KH. it 1.5:1 -4
° - I G 5103 | 10Hz-500KHz ‘g_osoe |15 7
PNG 5104 | 100Hz-3MHz +0.75DB | 1.5:1 -55
} _——— - —_— - - -~
PNG 5105 | 100Hz-10MHz +1.000DB | 1.5:1 -60
— - — -+ — -
PNG 5106 | 100Hz-25MHz +1.250B | 1.5 -64
— -~ —_-— e — — _
PNG 5107 | 100Hz-100MHz | +1.50D8 | 1.5:1 -70
————— — - —_-— _ -
PNG 5108 1 1MHz-300MHz | +2.0DB 1 151 | -7
— - —— —— -
J outpyy [ PNG 5108 | 30MHz-500MHz | +2.5DB | 1.5:1 -77
it T = 1 !
PNG 5110 | 300MHz-1GHz *gz.s [b]:} BRES -79
| ! o B Wbt WA | |
PNG 5111 | 1GHz-2GHz +25DB | 2.0:1 -80
b - —4 | —
PNG 5200 | 100Hz-1000MHz | +2.508 | 2.0:1 -80

PNG 5000 SERIES PROGRAMMABLE WITH IEEE 488 BUS INTERFACE

Digitally programmable from remote source via GPIB « Output greater than 10dBM (10 mw) across

(IEEE-488 bus line) given frequency band
e Full noise source capahility from 10 Hz - 2 GHz o 0-99 dB attenuation range in 1 dB steps
o High crest factor (peak to rms ratio higher than 5) ¢ Rack-mounting available

Completely Solid State

These Noise Instruments find useful applications as
reference standards and as alignment tool of mixers,
amplifiers, filters, etc., replacing conventional sweep
generators. Advantages are “REAL"” world signals rather
than a swept point by point signal. Units are available with
such options as, inputs for external markers, high power
levels. Other uses are for checking receivers and digital
equipment.

NOD 5000 SERIES MANUALLY OPERATED

MODEL NO. FREQ. RANGE FLATNESS VSWR RF OUTPUT*
NOD 5101 10 Hz-20 KHz | t05DB 1.5:1 -33 DBM/Hz
NOD 5102 10 Hz-100 KHz +0.5 DB 1.5 -40 DBM/Hz
NOD 5103 10 H2-500 KHz | 0508 | 151 -47 DBM/Hz
NOD 5104 100 Hz-3 MHz +0.75 DB 151 -55 DBM/Hz
NOD 5105 | 100 Hz-10 MHz | 10008 | 150 -60 DBM/Hz
NOD 5106 | 100 Hz-25 MHz | $1.25D8 1.5:1 -64 DBM/Hz
NOD 5107 | 100 Hz-100 MHz | +1.50D8 | 151 | -70 DBM/Hz
NOD 5108 1 MH2-300 MHz | +20DB [ 151 -75 DBM/Hz
NOD 5109 | 30 MHz-500 MHz +2.5DD8 | 151 -77 DBM/Hz
NOD 5110 300 MHz-1 GHz +2.5DB | 151 | -79DBMHz |
NOD5200 | 100 Hz1GHz | +25DB 151 -80DBM/Hz

COMMON SPECIFICATIONS

POWER: 115 VAC 60 CYCLES or 220 VAC 50 CYCLES Write for our full line of Solid
OPERATING TEMPERATURE: +0°C to +65°C State Noise Catalog #SSNS/982
TEMPERATURE SENSITIVITY: LESS THAN 0.01 DB/°C
ATTENUATION RANGE: 0 DB to 10 DB (1 DB STEPS)—OR—
0 DB to 100 DB (10 DB STEPS) inc
*R.F. OUTPUT (+10) DBM (OTHERS AVAILABLE) .

36 Oak Street Norwood-NJ 07648
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herently stable, a new circuit has been configured to eli-
minate the known shortcomings of the Pierce. These short-
comings are:

® Feedback requires a complex crystal phasing cir-
cuit (see Figure 6).

® The output is not well-buffered.

® The circuit has a tendency to free run.

All of these shortcomings have been eliminated with a
new circuit configuration as shown in Figure 7. Notice that
the output network is not shown, but may take any form
desired by the user. In this configuration, the crystal is
operated above series resonance, i.e., it is inductive. Com-
puter and laboratory results indicate that a 5th overtone
crystal should operate approximately 25 ppm above its
series resonance frequency.

The collector current is approximately 1.5 mA; 1 mA is
about the lower limit, since the transistor gm will degrade
below this value. However, the supply voltage can be de-
creased to about 4 volts with no major degradations.

Notice that there is no emitter bypass, as would normally
be the case. The emitter is bypassed through the low im-
pedance of the common base buffer stage. In this way, the
oscillator AC current appears at the buffer collector and pro-
vides almost perfect isolation. No frequency determining
circuitry is associated with the output.

Figure 8 shows the computer model used to predict
sensitivities. Note the drastic reduction in sensitivities to
component changes as shown in Table Il. This improvement
also manifests itself in the temperature performance shown
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THE OVERALL MODEL:

THE CRYSTAL

MODEL OF THE COMMON
EMITTER INPUT

Sl B o SN B CHARACTERISTICS
: ERIST
w0 5962 000043 pF 4714799.6nH | | 1002 |
| Rx |
32”? | | I
J'< sl | cil Cm | €
__________ J 7T 10pF|  63pF | ke
| I
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THE COMMON EMITTER INPUT CHARACTERISTIC:

Rx REPRESENTS THE BASE SPREADING RESISTANCE WHICH IS APPROXIMATELY 10082

Cr REPRESENTS THE BASE-TO-EMITTER CAPACITANCE

v

Cr = t—-Cu =9 _cu SINCEfg = —ANDrx

2rtfrem 2r Bo

: 38.9 SINCE gm =389 1,
2= x 109 X 103

Cr = 63pF

in Figure 9. This close tracking was observed in all of the
oscillators tested and does not require temperature com-
pensation.

In order to use this configuration, the crystal series
resonance must be specified approximately 25 ppm lower
than the desired operating frequency. This will vary some-
what as the motional capacitance associated with the

_ Po

Cu << Cr AND Ic =1mA

Figure 8. Modified Pierce Sensitivity Analysis.

crystal model varies, however, 25 ppm has been found to
be typical.

In the oscillators tested, no intentional negative tempera-
ture coefficient components were used, however, good
quality components such as NPO capacitors and low per-
meability inductors were used.

(Continued on page 36.)
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IFW Industries, Inc Fixed Attenuators ® DC to 2000 MHz ¢ From $11.00
2719 E. Troy Avenue Pushbutton Attenuators ® DC to 1000 MHz ® from $80.00
w Indianapolis. Indiana 46203 Solid-State Coaxial Switches ® .5 MHz to 1000 MHz ® from $70.00
317) 783-9875 Solic-State Attenuators ® 100 KHz to 1500 MHz ® From $175.00
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.. Lo your low cost
UHF & MW problems

NEO21 —NE219 —NE416 — NE578 — NE645 — NE734

These famous high performance small signal NPN transistors from NEC are now
available in one or more low cost packages and at prices you can afford for virtually
all your VHF, UHF, and MW applications.

They feature the NEC highly reliable metallization system of platinume-silicide,
titanium, platinum and gold which provides consistent high temperature
operation at rated dissipation.

The highest degree of performance, uniformity and reliability are
assured by NEC’s famous quality control and test procedures
patterned after MIL-S-19500.

&= Devices in the famous "MICRO-X" package (#35) are
available with either JANTX or JANTXV equivalent
screening and are highly recommended for
high performance military and
communications applications.

Step up to quality and perfor-
mance at the right price.
SPECIFY NEC.
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Figure 9. Temperature Performance

Conclusion

In conclusion, a modification of the basic Pierce os-
cillator has been developed, which provides stable per-
formance, is free from spurious oscillations, and requires
simple circuitry.
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the world’s lowest-priced coax attenuators S
3,6,100r20dB...fromDCto 1500 MHz
one-piece design defies rough handling

Check these features: Attenuation Change VSWR
Attenuation, Attenuation Frequency over Frequency Range, Max
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NMultiple-Tuneo
Amplifiers

By Jack Porter

Sr. Technical Specialist
Defense Systems Division
Cubic Corporation

San Diego, CA

ouble-tuned amplifiers were described by Aiken!" 2 in
terms of coupling index S and the Q,/Q, ratio—,. In

these terms, the Butterworth response corresponds to S =
1and , = 1. Chebyshev responses with various degreés of
ripple result from over-coupling (S > 1} with 5, = 1.8 = 1
and p= 3.732 produces the Bessell filter response.

Among the many possible triple-tuned response shapes
described by Mather3, only those corresponding to conven-
tional Butterworth, Chebyshev, etc., responses are of
practical significance.

For purposes of analysis and design, a tuned amplifier is
a network like that shown in Figure 1. A transistor, de-
scribed by Y-parameters Y, is connected thru a coupling
network to a load which may be the input admittance of
another amplifier stage. The coupling network is a band-
pass filter containing N tuned circuits. This filter may be of
any type; that shown in Figure 1 was chosen because it is
commonly used and has been frequently described in the
literature®). Since the filter can contain any reasonable
number of tuned circuits, the amplifier is best described as
multiple-tuned.

The amplifier design consists of four main steps:
1. Select a transistor, choose inpuf/output mismatch ratios,
calculate stability factors afid input/output admittances.
2. Select a filter type, find the low-pass prototype filter
element values, then calculate bandpass filter element
values for the specified center frequency and bandwidth.
3. Calculate values for turns ratios n, and n, and loading
resistors R, and R, which simultaneously provide the
chosen transistor mismatch ratios and the calculated fil-
ter termination admittances.
4. Calculate the power gain of the amplifier stage.

Transistor Admittances and Stability Factors

The transistor input and output admittances, Stern stabi-

lity factor, and alignment sensitivity are calculated from
38

the transistor Y-parameters. The filter input admittance and
the conductance of the loading resistance are simply ad-
mittances added in parallel withy,, and y,, in these calcu-
lations, which makes the calculations much simpler than
they would be if scattering parameters or any other two-
port network parameters were used. Although the active
device is referred to as a “transistor”, it may actually be an
integrated circuit such as the MC1590, CA3028, or any other
suitable device characterized by admittance parameters.
The input and output mismatch ratios are defined as

Re(Y ) Re(Y )

m, = and m, =

Re(y,) Re(y,)

where Y, and Y are the total admittances connected
across the transistor input and output, respectively. In all
of the following calculations it is assumed that the input
and output circuits are tuned to resonance, so that Im(Y )
= — Im{y,Jand Im(Y )= — Im{y,,).

The Stern stability factor — in terms of the transistor para-
meters and mismatch ratios is

2(m; + 1)[Rely, )Im, + 1)[Rely,,)]
K= .
|y12y21| + Rely,,Y,,)

An amplifier is unstable if K< 1. For good stability K> 7
is desirable. The alignment sensitivity® is

1¥12Y2l
|2 @
(m, + 1)[Rety, Jm, + NRely, )] — ¥,, ¥yl

It is approximately the percentage change in total input
circuit admittance Y, + y,, which results from a one per-
cent change in Y . “he condition for satisfactory align-
ability is a < .5.
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A tuned amplifier basically consists of an amplifying device (transistor or
integrated circuit) coupled to a load impedance by a bandpass filter.
Because the theory of tuned amplifiers was developed a number of years
before most of modern filter theory, amplifiers have traditionally been
described as single-tuned, double-tuned or triple-tuned and the design
of these amplifiers has not been related to modern filter design.

Values of the mismatch ratio m are usually in the range P (s "
4-20, but for devices with very high gain or very low output Desugmng the Filter
admittance the value may be as large as 100. The value of The filter shape and number of poles required to satisfy
m may have to be increased to make a high Q circuit physi- the attenuation and/or group delay specifications are usually
cally realizable, i.e. to prevent the transistor from loading determined from published frequency response curves for
it excessively. This condition becomes evident when the low-pass prototype filters®®. For a narrowband filter with
calculated value of the loading resistor is negative. center frequency f_and bandwidth B, it is usually sufficiently
When satisfactory mismatch ratios have been selected, accurate to assume that the filter is symmetrical around
the transistor input and output admittances can be calcu- f, and that the attenuation at any frequency f, is that shown
lated. The input admittance is on the graph at the normalized frequency w = 2|f, — f |/B..
When a filter has been selected, the prototype element
Yi2Ya values must be looked up in a table or calculated. Formulas
kg 3) for calculating Butterworth and Chebyshev prototype ele-
(m, + 1) Re(y,,) ment values can be found in several of the references® & 919,
they are summarized in Figure 2. The Chebyshev element
; ; values calculated from these formulas are for a low-pass
andiieloliLEh LIS prototype filter with a ripple bandwidth of one radian/second.
Y12 Yo To scale these values for a 3dB bandwidth filter, multi-
¥ o ) ply each of the elements g, thru g, by w,,.
° 22 Another type of filter which is useful in multiple-tuned
(m; + 1) Rely,;) | amplifiers is the normalized Bessel filter, also called the
1:n4 Cqo CN-1 N 01
1b ro-~- o
Y11a Y12a i —Y11b Y12b
Gp13Cie L =Co2 7 ON 3Gp |
Y21a Y22a I L Y21b Y22b
I

r.f. design 39
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N-POLE LOW-PASS PROTOTYPE FILTER

BUTTERWORTH FILTERS: _
9K = 2 8in [1Lm‘)l] K=1.2.....N

1
2= =)
Hoal2= oo

Am: PASSBAND RIPPLE IN dB

CHEBYSHEV FILTERS:

e = «/TOAMIT0 =3
|H(jup)|2= T 2T ) 10AM/10 — 4
=2sinh=1 (1) = 2 - Am!nlo
B=2sinh (,) In (1+——10Am/20-1) lncolh( )

‘7-sinh(%) aK = sin [E—K;N—m] K=1.2,...N

bk=72+8in2 (BE) k=12 .N

284 4daK — 1 aK
2y = SBK-18K  Km2,3...N
S K= bk— 19K -1 =

r=1 FORN ODD r = tanh2 (g—) FOR N EVEN

3d8 BANDWIDTH:
Ap =2 FORNODD

_ WV AH -1
wH = cosh [ cosh ( ) A = 2(1 + ,2) FOR N EVEN

Figure 2.

maximally-flat delay or Thomson linear-phase filter. Data
on it can be found in Zverev®, Bessel filter element values
which have been scaled to produce a 1 rad/sec-3dB band-
width are shown in Table | for N = 1 thru N = 8. The resist-
ive terminationis r = 1 for this filter.

When the prototype element values have been found, the
bandpass filter values can be calculated. The first step is
to find the corrected center frequency f_. Since the standard

Element Values
1 2.0000
2 0.57550 2.1478
3 0.33742 0.97051 2.2034
4 0.23342 0.67252 1.0815 2.2404
5 0.17432 0.50724 0.80401 1.1110
2.2582
6 0.13649 0.40019 0.63916 0.85379
1.1126 2.2645
7 0.11056 0.32589 0.52489 0.70201
0.86903 1.1052 2.2659
8 9.1905E-02 0.27191 0.44092 0.59357
0.73026 0.86950 1.0956 2.2656
Table I.
Low-Pass Prototype Element Values
For Normalized Bessel Filter.

40

low-pass to bandpass transformation results in a geometri-
cally symmetrical passband, the design center frequency
f_should be the geometric center of it, thus

B B
f, = \/ (f -?"xfo +?°) or
o=Vt - (50 (5)
Then w, = 2nf_ (6),

and the total filter Q, Q,can be definedas Q, = f /B, (7).
The input circuit Qis

Q, = Q.9, (8a),
and the output circuit Qis
Q, = Q,g/r (8b).

Butterworth and Chebyshev filters, including those of even
order, have the property g, = g,r, thus Q, = Q, for these
filters. This isn't true of Bessel filters, nor of most other
types of all-pole filters.

The next step is to select the filter inductance L in the
bandpass filter shown in Figure 1 and calculate the total
node capacitance C, or vice versa. Since these circuits are
usually tuned by vanable capcitors, it's more convenient to
select C; and calculate

,
S ©

The filter input and output termination admittances are

GT1 = (Do CT
q, (10a)
andG,, = @,Cy (10b)
2
The series capacitors are
K=12...,N-1 (11)

KK+1

e oV 9K9K+1

Since the values of C, and C, depend sllghtly on the
turns ratios, the shunt capacntance values aren’t calculated
until later.

Turns Ratios and Loading Resistors
The condition for proper filter input termination is

Re(Y
Gy, =G, + Go1+—n'q¥

1
and that for achieving the specified transistor output mis-
match ratiois
MoaRe(y0) = n,2(G, + Gy, + Gy
In these equations G is the equivalent conductance due
to the finite unloaded’ Q of the circuit. When good quality
capacitors are used Q , the unloaded circuit Q, is essentially

equal to the inductor
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Solving these equations for n, and G, results in

m_[Re(y,,)] + Re(Y )

n, = (12)
2Gy,
and
Q Re(Y
Go = Gyt - g — —ad (13)
u 1
similarly, solving
Re(Y,
7= Gu + GD2 + n, and

m,Rely,,) = n,AG, + Gp, + Gy

provides the filter output circuit equations

mJRe(y,,,)] + Re(Y,)

n,= (14)
2Gy,
and
Q Re(Y,)
Gp = Gp (1 - _Qz:.) - "zzl (15)
The values of the loading resistors are
1
R, = — (16a)
! GDl
and
1
R, = — (16b)
2 G02

The transformers shown in Figure 1 are assumed to be ideal
transformers with unity coefficient of coupling when cal-
culating the turns ratios. This is a good approximation at
lower frequencies when powdered iron or ferrite trans-
former cores are used, but at higher frequencies with very
low permeability cores and few turns of wire, the values of
n found experimentally are usually lower than the calcu-
lated values.
The filter shunt capacitors can now be calculated.

C,=C, - C, - alled (17a)
W,y

Cy=Cy =Gy, — =V (17b)
T wgny?

Cy=Cr-Ci_1k—Cxksr K=23... ,N-1 (17C)

The above equations 12 thru 17 assume that the filter is
used to couple two amplifier stages. However, the filter
may also be used as an input or output network which
couples the amplifier to a resistive load.

For an input network, m,, in equation 12 becomes m,,

r.f. design

the source mismatch ratio. If the source resistance is stable
and well defined it is desirable to make m, as nearly equal
to one as possible, but if it is made too small the source
resistance loads the tuned circuit so much that the speci-
fied Q, can’t be attained. In this case the calcuiated value
of R, is negative. If the source resistance isn't stable, the
actual value of Q, can be quite different from the design
value. In this case m, should be increased, which causes
the circuit Q to be more dependent on the value of R,.

For an input filter the admittances Re (y,,,) and Re Y,

in equations 12 and 13 become the source conductance
G,.Thus

m, + 1) G,
n= [—m—— (12a)
2Gy,
Q G
Gy, = G, (1 ——=1) — —
or = Gnil Qu) n,? (13a)

and Im(Y_) = 0in equation 17a.

If the filter is used to couple the final state of an ampli-
fier to a resistive load conductance G, with a mismatch
ratio m,

m + 1)G
n, = (m + 1G, (14a)
2G72

Q G

Gp, = Gyf1 - (—)2) —n—g (15a)
u 2
and Im(Y, ) = 0.
Power gain
The power gain in dB of the amplifier stage is
/

A=A - A (18).

A’n is the gain of the amplifier if the unloaded tuned circuits
(all except the first and last) have infinite Q. The loss of
these circuits caused by finite Q is approximated by A, .

I Y21a '2( (Gn)[Re(YiQ]
= 10log }{(m_, + NRely,, )| \n,Z )'Gz e(Y,) )

A,_ = 0forN = 1and N = 2, since the loading conductances
Gp, and G, are reduced to compensate for the effective
reS|stance caused by finite circuit Q . It becomes part of
the required loading resistance.

The effect of finite circuit Q in filters with N > 2 is to
increase the filter loss and produce a more rounded pass-
band than an ideal filter has. This passband rounding also
decreases the bandwidth. The magnitude of these effects
is obtained from pseudo-exact filter design theory(!. 12,

From an approximation by Cohn(",

10 /g \N =1
In10< )Z O« (20)

The articles by Sleven'? contain a great deal of infor-
mation about the effects of finite circuit Q on the filter
passband and stopband. To be strictly accurate, in the
case of an even order Chebyshev filter the ripple amplitude
A, should be subtracted from the gain calculated by equa-
tions 18 thru 20, but this small correction can usually be
ignored.
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Figure 3b

Equation 19 in the form shown above applies to an inter-
stage network. For a final amplifier stage which is termi-
nated in a load conductance G|, the term Re (Y,) in (19)
should be replaced by G,.

For an input filter which couples a source conductance

A=A -A 1),
and

2 \¢/n2 Gﬁ Re(YI !
A’ = 10log (msH)(Fl’)('GTz)[ ) ] (22)

Since this is the gain of a passive network, A; <0 in all cases.

If the first stage transistor with input admittance Y, is
driven directly from a source with admittance G,, with no
matching network,

4G JRe(Y)]
IG, + Y2

A, = 10log 23

If the power gains of all amplifier stages are summed
and added to the transducer gain of the input network, the
result is the transducer gain of the entire amplifier.

Single-Tuned Amplifiers

Equations (5) thru (20) are also valid for N = 1 with some
minor changes. From equations 8a and 8b, Q, = Q, since
gy = 9,- Equation 11 isn't applicable since there are no
series capacitors. The loading resistors are combined into
one, and equation 16 becomes

G, to the first stage of an amplifier, it's more useful to 1 w.C
calculate the transducer gain A;. The transducer gain is —=Gp, + Gy, + =1 (16¢).
the ratio of the power which the input circuit delivers to the
transistor input admittance when the power is supplied ! Y
from a generator with source admittance G,, divided by the ; . seanit i
power which the generator could deliver tosa matched load The actual oaded Q of the single-tuned circuit is
G..The ini
B transducer gain is Q= __Q_1 24).
2
The tuning capacitor value is
214 H v .2‘:‘4
LRI ) s || TR .l wrcen | | Trenn| (ot c,=c, - MY _ Iml¥y) (17d)
Rg = 50 2.0 MHZ 1.0 MHZ 50mA 1.5 MHZ AL =50 2 2
308 BW 348 BW I RIPPLE BW w°n1 wonz
EXAMPLE TUNED AMPLIFIER Figure 4 Connecting the input and output to the same inductor
usually produces unsatisfactory results unless n, = 1 as
shown in Figure 3a.
+15v
, !
l—é; 2200 ],;g
I
2.2 PF 38 1.0 PF 1.8 PF 39 PF
214 27 ;:10 ¥ &
Ml:z lPF PF‘, 1.7 271&7’ v |.7124 1.7122 ‘P‘Fo
”I #H KI T uHIPF uH‘IPF
1710 uﬂl ;,-1;0 l PF l 3 |:Fo l 47110
21.4 MHZ TUNED AMPLIFIER Figure 5
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Polarad’s new 600B Series
Spectrum Analyzers offer
enhanced signal resolution
for close-in analysis.

Polarad has developed a series
of higher resolution filters for

(I L * r . close-in measurements of carrier
? "\ : % and/or signals offered as
/Ty : “Option —6".
- ' : - And with Polarad, you get the
e s 4 digital memory that’s far superior
/ : | ™ to variable persistence types...
[ RN ’hn voededene ORI e SRR b hlgh resolution with Continuous‘y

updated displays — without
blooming, fading or smearing.
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R Wi T Polarad’s 600B Series of
‘.&33"'; : THY Spectrum Analyzers...the perfor-

2 mance, ease of use and versatility
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Call us for a demonstration and
quotation today or write for further
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Dual, ultra Low Noise FET CD860 Symbol Table
’ Ap Power gain (dB).
A Loss due to finite circuit Q.
A; Transducer gain {(dB).
8o Bandwidth (Hz).
C, Tuning capcitance of k'th tuned cir-
- VDD + cuit.
y C,.K+1 Mutual capacitance between cir-
3 \ cuitskandk + 1.
‘ Cy Total capacitance at each node.
f Design center frequency (Hz).
= f. Corrected center frequency used in
2 ° calculations.
AN Gy, Gp, Input and output circuit loading con-
% ductances.
Gg, G Source and load admittances.
[ | G, d’n Filter termination conductances.
VDD - 'R k'th prototype element value.
| Im{y) Imaginary part of admittance y.
. . Stern stability factor.
This dual FET is designed for low level amplifiers Kui+1 Coiupllincd foemdem between cir-
5 5 3 P cuitsiandi + 1.
with input noise voltage typically 1.4nV VHz at ' L Tuned circuit inductance.
: . m_m Input and output mismatch ratios
1. kHz. Device has min. Gm ot 25,000 uMho per w os for transistor a.
side, assuring voltage gain ot 25 min. with 1K drain Mg, Mg, Mismatch ratios for transistor b.
: _— . N Number of tuned circuits.
load. The 10mA operating point is easily held due to n.n, Input and output turns ratios.
, i _ ) , - Q Total filter Q. Q, = {JB.
low pinch-ott voltage, as source follower, CD860 has a’aq, Input and outpul tunad Sircuit Q's.
tvpical output impedance ot 24 ohms. Gm is matched Q Loaded Q of single-tuned circuit.
o - , Q, Unioaded circuit Q; approximately
to £5% and VPO to +25mV equal to inductor Q.
r Low-pass prototype filter termination.
r is a resistance vaiue for N even, a
A4 conductance value for N odd.
R,R, Input and output loading resistor
values.
Re(y) Real part of admittance y.
w Yoy Yoz Yau Yoo Transistor short-circuit admittance
. parameters.
147 Sherman St., Cambridge, MA 02140 Y, Y, Transistor input and output ad-
‘ mittances.
Tel. (617)491-1670 e TWX: 710-320-1196 a Alignment sensitivity (S in the com-
puter program).
w, Frequency used in calculations (rad/
B . B INFO/ICARD25 o sec). w, = 2nf..
HIGH PERFORMANCE | Table ll.
N=4 2.2N3281A SmA 21.4 MHz
PROTOTYPE ELEMENT VALUES: Y11 = 4 5.34€-03 + 4.52E-03}
1 2.2404 ¥12 = —7.33E07 - 2.86E-04j
2 1.0815 Y21 = +9.04€-02 - 7.05E-04)
3 67282 ¥22 = +4.13E-04 + 6.49E-04)
4 923342 Mis = 10 Moa = 20
1 r=9 Mib = 7 Mob = 10
TRANSISTORS: Ka = 3499325 = .11288
1. MC1590 21.4 MHz Kb = 15.1807 Sb = .131878
Y11 = +3.66E-04 + 8.13E-04) Yia = +8.21E-04 + 1.23E03)
Y12 = - 1.38€-08 — 3.58E-06) Yog = +1.37E-04 + 5.206-04
- 2 Y21 = + 1.43€01 -0.77:ﬁ| ;Ib = 05‘.?.55-:)3‘0 1'.022:;)2]
Janel offers a wide variety of standard power ‘ Y32 = 458005 s 3t ob = ATEOL ¢ 1IEC
dividers. The chart below shows a sampling of
what’s available. All feature high guaranteed
performance and yet are competitively priced. =4 Na4
Many models are available from stock. ' Fo = 213042 Mz Fo = 713043 MMz
BW = 1 MHz BW = 1 MH:z
AP = 35.5559 dB AP = 35.5558 dB
Model Outputs  Frequency Isolotion  VSWR g:‘ Do ACIOCE D g‘ = :;:3“ Q2 = 4.99382
=1 -
PD7724 2 20.512MHz 2548 1.35 l A1 = 303442 RY = 27535.0
PD7725 4 20-512 25 1.35 A2 = 1754.08 R2 = 1501.72
PD7726 8 20-512 25 1.35 [4'_-1_2‘:"75‘05::‘ = 5,14658 r‘--‘:ra::%:.z = 4.90262
PD7852 12 2.512 25 1.5 CT = 3E1 CT = 3.300E-11
PD7905 4 2-50 30 1.2 C1 = 2880E-11 C1 = 3.182E-11
PD7848 8 800-960 25 1.35 C2 = 2.745E-11 C12 = 9.008E-13 C2 = 3.020E-11 C12 = 9.927€13
" C3 = 2.482E-1% C23 = 1.644E-12 C3 = 2.735E-11 C23 = 1.812E12
In addition to Power Dividers, Janel manufactures a wide range of [
standard Amplifiers and other rt components. Custom designs can be COCIEE LA C JOEEs Lt GO Rk G o
provided for unusual applications. For detailed information, call or '
write Jonel Laboratories, Inc., 33890 Eastgate Circle, Corvallis, OR Intial Final

97333. Telephone (503) 757-1134.

@JANEL LABORATORIES
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l Interstate Network.

! Table lll.




N=2 GS = 02BS =0 GS = 02BS = 0

Am = 208 MS = MS = 1.5

3dB BW Mib = 10 Mob = 20 Mib = 10 Mob = 20
PROTOTYPE ELEMENT K = 34.9932S = .11288 K = 34.9932S = .11288
VALUES: Yib = +6.21E-04 + 1.23E-03) Yib = +8.21E-04 +1.23€-03)
1 1.7702 Yob = + 1.37E.04 + 5.26E-04) Yob = +1.37E-04 + 5.26E-04)
2 1.15058 N=2 N=2

r = 649961 AM = .2dB Am = 2dB

TRANSISTOR: 3dB BW 3d8 BW

MC1580 21.4 MH2 FO = 21.4 MH2 FO = 21.4 MHz

Y11 = +3.68E-04 +8.13E-04f Fc = 21.3768 MHz Fc = 21.3768 MHz
Y12 = —1,38E-08 —3.58E-08] BW = 2MHz BW = 2 MHz
Y21 = +1.43E-01 -8.77E-02) AP (Traniducer) = - 5.57188 dB AP(Transducer) = — 6.54078 dB

Y22 = +5.89E-05 +3.99E-04] Q1 = 18.9205Q2 = 18.9204 Q1 = 18.920502 = 18.9204

Qu = 120 Qu = 120
R1 = 58571.8 R1 = 99187.7
R2 = 16728.9 R2 = 7804.03
N1 = 13.5904 N2 = 4.44829 Nt = 10.2442 N2 = 2.99789
L = 3.63402E-0¢ L = 1.85183E-06
CT = 1.525837E-11 CT = 3.35581E-11
C1 = 1.425E-11 C1 = 3.138E-11
C12 = 1.000E-12 C12 = 2.200E-12

C2 = 1.379E-11 C2 = 3.034E-11

Initial Final

Input Network. Table IV.

Forn, = 1, G, is found by rearranging equation 12,

6. = MedRelyz)] + Re(Y,)

n= (25)
2
and from equation 10a
c, = Q8n (26)
wo

If this results in a capacitance value which is too large,
n, and n, can be calculated in the usual way and the output
taken from a capacitive tap as shown in Figure 3b. When a
capacitive tap is connected to the input of a transistor the
circuit usually oscillates, since the transistor input isn't
loaded at low frequencies. To avoid this a loading resistor
of value R,Inzz can be placed between the tap and ground
instead of in parallel with the inductor.

Other Coupling Methods

The capacitive coupling between tuned circuits shown
in Figure 1 is used as an example, but any of the other coup-
ling methods shown in reference (13) can also be used. For
N > 2, the total capacitance or inductance of the tuned cir-
cuit includes the mutual capacitances or inductances on
both sides of the tuned circuit. The coupling coefficients
used in the circuits in reference 13 can be calculated from

1
K = i=12,...
LT QL Vg9,

All of the symbols used in equations 1 thru 27 are described
in Table Il.

N =1 @7

N =1 N=1 N=1

Am = 1dB Am = 1dB Am = 1d8

RIPPLE BW RIPPLE BW RIPPLE BW
PROTOTYPE ELEMENT VALUES: FO = 21.4 MH2 FO = 21.4 MMz

Fc = 21.3869 MHz
BW = 1.5 MHz

AP = 22.2228 68

QL = 7.2561Qu = 120

1 1.01769 Fc = 21.3869 MH2
r=1 BW = 1.5 MHz
TRANSISTOR: AP = 22.2228 dB
2N3251A S mA 21.4 MMz QL = 7.2551Qu = 120

Y11 = +534E-03 +4.52E-03) R1 = 632.783 A1 = 5693.12

Y12 = -7.33€-07 - 2.86E-04] N1 = 1N2 = 206523 N1 = 2.99949 N2 = 8.8942
Y21 = +9.04€-02 - 7.05E-04) L = 2.25473.07 L = 2.02854E-06

Y22 = + 413604 + 8.49E-04 CT = 2.45617E-10 CT = 2.73E1

GL = .02BL = 0 C1 = 2.383E-10 C1 = 2.826E-11

ML= 1

LD ALLID) Inttial Final

K = 15,1697 S = .131876
Yia = + 5.40E-03 +1.02E-02)

Yos = +4.19E-04 + 1.25E-03) Output Network. Table V.

r.f. design

“Worlds” of R.F. and
Microwave Products
at Your Finger Tips

Flexible & Semi-Rigid Coaxial Cable & Assemblies

T /\\;ﬁ
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Connectors and Adapters
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“In-A-Cable” Filters & Transformers

Coaxial and Waveguide Delay Lines

And...Attenuators, Detectors, Directional Coup-
lers, D.C. blocks, Fiber Optics, Matching Pads,
Power Dividers, Short Circuit Terminations, Sliding
Loads, Terminations.

Whether hard to find or hard to beat, the “best of
both worlds" is at your fingertips. Send for complete
literature or phone us at 215-539-0700 with your
requirements.
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Uniform Tubes, Inc./Huber + Suhner
Collegeville, PA 19426 @ (215) 539-0700
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An Example Tuned Amplifier Design

Figure 4 is a block diagram of the amplifier which is
used as an example. The active devices used in the ampli-
fier are an MC1590 integrated circuit and a 2N3251A tran-
sistor. The assumed y-parameters for these devices are
listed in Table Ill. The interstage coupling network, which is
a normalized Bessel filter, is designed first.

The prototype element values for N = 4 are obtained
from Table I. Since the low-pass prototype filter is linear
and passive, it is also reciprocal and thus the input can be ap-
plied to either end. Therefore, in designing a bandpass
filter based on this prototype, the element values can be

Periorm a
death~defying
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> @)

S >,

Stop smoking.

O

Give Heart Fund ( T)
American Heart Association y
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taken in the order given in the table or in reverse order.
Since Q, = Q, for Butterworth and Chebyshev filters, the
same bandpass filter results in either case, but this isn't
true for other types of filters. When a Bessel filter is used
for interstage coupling, a lower output turns ratio results
when the low Q end of the filter is terminated in the low
input impedance of the transistor.

The first step is to select mismatch ratios for both stages.
For the MC1590 these are 10 and 20; lower ratios of 7 and
10 are chosen for the 2N3251A. The calculations involved
in the design, while not very complicated, are tedious, and
are best done with a programmable calculator or small
computer, especially since some of them may have to be
repeated once or twice for each coupling network. The
results shown in Tables i1l thru V were obtained using a
Radio Shack TRS-80 (Table VI).

The stability factor, alignment sensitivity, and input and
output admittances are calculated first, using equations 1
thru 4. As shown in Table Ill the alignment sensitivity (desig-
nated “S"” in the table) was .11 for the first stage and .13 for
the second.

The coupling network component values are then calcu-
lated using equations 5 thru 20 in order. An unloaded cir-
cuit Q of 120 is assumed and C; = 30 pF is selected. The
values obtained are satisfactory except for somewhat awk-
ward values for C,,, C,, and C,,. The calculation is then
repeated using a value &, = 30 x 3.9/3.539 = 33.06 pF, so
that C,, = 3.9 pF exactly. This produces the final results
shown in Table IlI.

The input network is double-tuned with a 0.2 dB ripple
Chebyshev response. Prototype element values are calcu-
tated using the equations in Figure 2. An attempt is made
to match the 50 ohm input impedance exactly (m, = 1).

To provide a convenient coupling capacitor value, C,=
1.0 pF is chosen and C; is calculated by solving equation
11 for it:

C;=C,QV g,9,

Equations 12a and 13a are used in place of equations
12 and 13 and transducer gain is calculated using equations
21 and 22 instead of power gain from equations 18 and 19.

The results of this initial calculation shown in Table IV
are unsatisfactory. The value of R, is negative, indicating
that an exact input match isn’t possible. (An exact input
match, m, = 1, is impossible with finite Q, except when
N = 1) Also the value of C; is smaller than is desirable
and n, is too large. Satisfactory values are obtained when
m, = 1.5andC,, = 2.2 pF are used.

The single-tuned output circuit design is based on a
prototype element obtained from the equations in Figure
2 for a Chebysheyv filter with N = 1, Am = 1.0dB and a
ripple bandwidth of 1 rad/sec, thus the specified 1.5 MHz
tuned circuit bandwidth is the 1.0 dB bandwidth.

The value M, = 1 (output matched to 50 ohms) is chosen
and equations 14a and 15a are used in the calculations
instead of 14 and 15. Also equation 16¢ is used instead of
16a & b; and 17d in place of 17a. Initially, C, is calculated
from equations 25 and 26 for n, = 1. The resulting capaci-
tance value, C, = 246 pF, is much too large. The calcu-
lation is repeated using C, = 246/9 = 27.3 pf sothatn, =
3. Component values are satisfactory after this change.

Calculated transducer gain of the two-stage amplifier is
35.6 - 6.5 + 22.2 = 51.3dB.

Figure 5 is a schematic diagram of the amplifier. The
99K calculated value for R, in the input circuit is so large
that this resistor can be omitted. In the output single-
tuned circuit the value of the variable capacitor, which is
assumed to be 6 pf, is subtracted from C, and the two fixed
capacitor values are then calculated to be 20.3n, = 181 pF
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100 REM: PROGRAM TUNEDAMP

110 CLEAR 500

120 DEFINT |-J

130 DIM B(4,2), C(8), G{4.2), M(8), P(®), TS(11),
Y(8, 10), Y&8)

140 FOR J1 = 1 TO 8: READ Y${J1k

NEXT J1

150 DATA “11", "12" “q", “22", “ia”,
“oa”, “ib", “ob

160P1 = 3. 14‘503 DP = 10/LOG(10)

170 REM: READ TRANSISTOR DATA IN
DATA STATEMENTS BEGINNING AT LI

NE 3000

180FORJS = 1TO 1Y

190 READ T$(J5)

200 IF T${J5) = “***" THEN 240

210FORJ1 = 1TOB

220 READ ¥(J1, JS)

230 NEXT J1, 45

2405 = J§ - 1

250 F1$ = “TUNED AMPLIFIERS"

280 F28 = CHR$(13}

270 F3$ = “TRANSISTORS"

280 F58 = “CHft = #E.8001111"

290 Fe$ = “PROTOTYPE ELEMENT
VALUE §”

00 F78 = “Y%% = + 0001 o S48

310 REM: ENTER Am = 0 FOR BUTTER.
WORTH FILTERS, Am = -1 TO ENTER
PROTOTYPE VALUES FROM THE KEY-
BOARD, 0.g. FOR BESSEL FILTERS

320 CLS: PRINT F18: INPUT “N, Am {(dB)";
N%, A1

330 IF N%<1 THEN 3990

34011 = 0:13 = 0:A8 = 0:A7 = 0:R3I= 1

350 IF A1> = 0 THEN 420

360 PRINT Fos

370FORJY = 1TTON%

380 PRINT J1;: INPUT PU1T)

390 NEXT J1

400 GOTO 760

410 REM: CALCULATE PROTOTYPE ELE-
MENT VALUES FOR BUTTERWORTH
ANO CHEBYSHEV FILTERS

420FORJ1 = 1TON%

430 P(J1) = 2°SINK2°JY ~ 1)°PIN2°N%)

440 NEXT J1

4501F A1 = 0 THEN 760

4680 INPUT “SPECIFY: 1. RIPPLE BW,
2. 348 BW";I3

470A3 = 2

480 A2 = EXP(A1/DP)

490 B2 = LOG(1 + 2(SQR(AZ) - 12

500 X1 = EXP(B2/N%)

510G1 = (X1 — VX1¥2

$2062 = G1°GY

S0 U1 = P{1)

540 P(1) = U1/G1

550 IF N% < 2 THEN 680

S80 FORJ1 = 2TON%

70 U2 = P(JY)

SB0T1 = SIN((J1 = 1)°PIN%}

59081 = G2 + Tt°T1

600 P{J1) = U U4B1°P(J1 - 1))

810 U1 = U2

620 NEXT J1

630 IF N% > 2°CINT(N%/2) THEN 630

6A0T1 = 1 - 2HEXP(B2) + V)

850A3 = T1°TY

B80 A3 = AJ°A2

CTOAS = AY

680 IF 13< 2 THEN 780

890 T1 = SQR((AI - 1M(A2 - 1))

70072 = LOG(TY + SQR(TI'T1 — 1)

710 X1 = EXP(T2N%)

T20 W1 = (X1 4 1X1¥2

TIOFORJ1 = 1 TON%

740 PU1) = W1°P{J9)

750 NEXT J1.

760 IF N% < 3 THEN 800

TT0FORJ1 = 2TON% -1

T80 AT = AT + PWY)

780 NEXT J1

800 PRINT F

810J2 = 0:J6 = 15

820FORJY = 1TON%

830 PRINT TAB(J2) P{J1);

84002 = J2 + JO

850 IF J2> 3°J6 THEN J2 = 0: PRINT

800 NEXT J1

8T0IF J2> 0 THEN PRINT

880 PRINT “r = ; R}

090 PRINT: INPUT “PRINT ELEMENT

900 IF I.EFT!(IS. } = “Y” THEN GOSUS
2000
910 CLS: PRINT Fi$* N="N%* Am

=AY

920 PRINT F33: "

90J2 = 0:J8 = 30

940 FOR J1 = 1TOJS

950 PRINT TAB(JASTRS(J )", ™ TSN

900J2 = J2 + J6

S701F 42> J6 THEN J2 = 0: PRINT

900 NEXT J1

990 IF J2> 0 THEN PRINT

1000 PRINT “COUPLING NETWORK TYP
ES: 1. INTERSTAGE 2. INPUT 3. OUTPUT"

1010 INPUT “TYPE™, I

1020 ON 11 + 2 GOTO 3800, 320, 103, 0, 1050,
1060

1030 PRINT F35: INPUT 15, 16

1040 GOTO 1070

1080 INPUT “TRANSISTOR™, 15

108016 = 5

1070ForJ1 = 1704

1080 IF It = 2 THEN 1120

1090 G(J1, 1) = Y(2°J1 = 1,i8)

1100 B(Jt, 1) = Y(2°J1,15)

1110IF N1 = 3 THEN 1140

NG = Y21 — 1,18

1130 B(JY, 2) = Y(2°J1,18)

1140 NEXT J

1150 ON 11 GOTO 1180, 1200, 1260

1160 INPUT “Mia, Moa, Mib, Mob™; M3, M1,

1170 GOSUB 2070
1180 PRINT “Ka=™; Kt; * Sa="; 81;
TAB(31)“Kb = ";K2;* Sb="";82

1190 GOTO 1300

1200 INPUT “GS, 8BS, MS, Mib, Mob™
G(4, 1), B4, 1), M1, M2, M4

1210 G1 = G(4, 1x B1 = B(4,1)

122063 = G1:Y2 = 4

1230 GOSUB 2220

1240 PRINT “K = ™; K2, S = ™; §2

1250 GOTO 1300

1260 INPUT “MIA, MOA, ML, GL, BL";
M3, M1, M2, G(1,2), B(1,2)

1270G2 = G(1,2: 82 = 8(1,2)

1280 GOSUB 2070

1200 PRINT “K = "; K1,"S = ™; §

1300 INPUT “ARE K AND § OK™; i$

1310 F LEFT(IS, 1) = “N"THEN 1150

1320 IF 11 = 2 THEN 1340

130Y2 = (0(3.1)'0(3 1) + 83, 1)°83.1W
(G(4,1)°G(4,1

1340 PRINT: INPUT “FO(MH2Z), BW(MHz),
Qu™; F0, 80, 03

1350 T1 = BO2

1360 F1 = SQR(FO°FO - T1°T1)

1370 WO = 2E6°PI*F1

1380 Q0 = F1/BO

1390 Q1 = QO°P(1)

1400 02 = Q0*P(N%VR3

1410 A8 = A8 + DP*AT*QO/Q3

1420 INPUT “OPTIONS: 1. SELECT

€12 2. SELECTCT 3.N1=14. N2e2"12

1430 ON 12 GOTO 1440, 1480, 1500, 1530

1440 1F N% = 1 THEN 1480

1450 INPUT “C12"; X1

1460 CO = X1°Q0° SQR(P(1)*P(2)

1470 GOTO 1550

1480 INPUT “CT™; CO

1490 GOTO 1550

1500 X1 = (m-o« 1) + G2

1510CO = Q1°X1/Wi

1520 GOTO 1550

1530 X1 = (M2°G(1,2) + G2¥2

1540 CO = Q2*X1/WO

1550 X1 = W0*CO

1560 L1 = 1AWO*X1)

1570 GS = X101

1580 G6 = X1/02

1590 N3 = (M1°G(4, 1) + GIN2°GS)

1600 N1 = SQRA(N3)

1610 N4 = (M2°G(1,2) + G2W2°GE)

1820 N2 = SOR(N4)

1830 G7 = G5°(1 - Q1/Q3) - G1/N3

1640 G8 = G6°(1 - Q2/Q3) - G2IN4

1850 IF N% = 1 THEN G7 = G7 + GB +
X1/Q3

1660 M(0) = BIAWO*NY)

1670 M(N%) = B2WO*N4)

1680 RY = 1/G7

1690 IF N% = 1 THEN 1750

1700 R2 = 1/G8

1710 T1 = CO/Q0

1720 FORJt = 1TON% — 1

1730 M(J1) = TI/SOR(PY)*PWI + 1)

1740 NEXT J1

1750 FORJ1 = 1TON%

1760 C(J1) = CO = M(J1 = 1) - M(J1)

1770 NEXT J1

1780X2 = 1 + M1

1790 X1 = Y2(X2°X2)

1800 X2 = N3°GS*G2AN4*G8°G3)

1810 AS = DP*LOG(X1°X2) - AB

1820 PRINT “Fe = ™; F1; “MHz"

1830 IF 11 = 2 THEN PRINT “AP(Trans-

AS; “dB”: ELSE PRINT “AP

s AS: “dB
1840 (F N% = 1 THEN PRINT “QL="; Q
1/2: ELSE PRINT “Q1="; Q1" Q2=";
Q2

1850 PRINT “Qu="; Q3

1;
THEN PRINT: ELSE
R2

1880 PRINT “N1 = ";N1;* N2

18000 PRINT “L="; L1;* CT

1900 FORJt = 1 TON%

1910 PRINT USING F58; J1; C(J 1)

1920 IF J1 = 3°CINT(J1/3) THEN PRINT:
ELSE PRINT CHR$(195);

1930 NEXT J1: PRINT

1940 1F N% = 1 THEN 2000

1950 FORJ1 = 1TON% -1

196042 = 11°J1 + 1

1870 PRINT USING FS$; J2; M(J1);

1900 1F J1 = 3°CINT(J1/3) THEN PRINT:
ELSE PRINT CHR$(195);

1980 NEXT J1

2000 PRINT: INPUT “PRINT RESULTS"; I§

2010 IF LEFT$(I$,1) = “Y" THEN GOSUB

2380

2020 PRINT: INPUT “NEW C";, I§

2030 IF LEFTH(IS,1) = “Y" THEN 1420

2040 INPUT “NEW M'S™;

2050 IF LEFT¥IS,1) = “Y" THEN 1150:
ELSE 910

2060 REM: SUBROUTINES FOR INPUT &
OUTPUT IMPEDANCES AND STABILITY
FACTORS

Table VI. TRS-80 Program.

2070 T1 = G(2.1)°6(3,1) - B(2, 1)°B(3, 1)
2080 T2 = G(2, 1) * 8(3, 1) + G(3, 1)°B(2, 1)
2000 T3 = SQR(T1°T1 = T2°T2)

2100 X1 = (1 + M3)°G(1,1)

2110G1 = G4, 1) - TUX1

212081 = 8(4,1) - TUX1

2130X2 = (1 + M1)°G(4, 1)

214063 = G(1, 1) - TUX2

2150 83 = B(1, 1) - T2X2

2180 X2 = X2°X1

2170 K1 = 2°X2AT1 + T3)

2180Xt = X2 - TY

2190 X2 = X1°X1+T2°T2

220051 = TWSQR(X2)

22101F 11 > 1 THEN 2360

2220 T4 = G(2,2)°G(3.2) - B(2,°8(3.2)

2230 TS = G2,2)°8(3.2)+ 6(3,2°82.2)

224076 = SQMT4°T4 + TS*TS)

2250 X1 = (1 + M&°G(4.2)

226062 = {1,2) ~ TAX1

2270 82 = B(1,2) - T&X1

2200X2 = {1 + M2°G(1, 2)

2290 G4 = G4, 2) - T&X2

2300 B4 = B4, 2) - T8X2

2310X2 = X2°X1

2320K2 = 2°X2KT4 + T6)

2330X1 = X2 - T4

2340 X2 = X1°X1 + T8°TS

235052 = TE/SOR(X2)

2380 RETURN

2370 REM: LINE PRINTER OUTPUT SUB
ROUTINES

2300 LPRINT

2390 IF 11 = 1 THEN 2430

2400 LPRINT “TRANSISTOR:"; F283; T&(IS)

2410 GOSUB 2030

2420 ON 11 GOTO 3990, 2670, 2630

2430 LPRINT F38 + "

2440 LPRINT “1, ™; T8(15)

2450 GOSUE 2030

2480 LPRINT “2. *; TS(18)

2470 GOSUB 2920

2480 LPRINT “Mis = *:

2400 LPRINT “Mib =

2500 LPRINT “Ka = ":K1;

2510 LPRINT “Kb = ";K2:* 8b=":82

2520 LPRINT USING FT$; Y8(5), G3, B3

2530 LPRINT USING FT$; Y8). G1, BY

2540 LPRINT USING FT$: Y&(T), G2, 82

2550 LPRINT USING FT$; (YS(8), G4, B4

2560 GOTO 2680

2570 LPRINT “G8="; a« 1% Bs=";
B(4, 1); F23;“MS

2680 LPRINT “Mib = z‘ Mob ="; M4

2500 LPRINT “K = ":K2;" 8 ;82

2600 LPRINT USING FT$; YS(7), G2, B2

2610 LPRINT USING F781; Y&(8), G4, B4

2620 GOTO 2680

2630 LPRINT “GL="; ou 2 BLa™

1,25 F28;“ ML

2640 LPRINT “Mis » sr' Moa ="; M1

2650 LPRINT “K = “g=" 81

2660 LPRINT USING FT3; YI(8). G3, B3

2670 LPRINT USING FT8; Y8(9), G1, Bt

2680 LPRINT F28;“N = " N%

2000 IF A1 > = 0 THEN LPRINT “Am =";
At1;“dB” :

2700 IF 13 = 1 THEN LPRINT “RIPPLE BW™

27101F I3 = 2 THEN LPRINT “3 dB BW"

272017 = 1

2730 1F 11 > 0 THEN 2760

2740 LPRINT Fes; "

2750 FORJt = 1 TO N%: LPRINT J1; P1X
NEXT J1

2760 LPRINT “r = *; R3; F28

2770 AETURN

2780 LPRINT “F0 = "; FO; “MHz"; F28; “Fc
="; F1; “MHZ"; F23; “BW = ™; BO; “MHz”

2790 IF 11 = 2 THEN LPRINT “AR(Trans.
ducen =™; AS; “dB™ELSE LPRINT
“AP ="; AS; “dB"

2000 IF N% =1 THEN LPRINT “QL=";
Q12 “ “;ELSE PRINT “Q1="; Qf;
“Q2=";Q2

2010 LPRINT “Qu = "; Q3; F28 “R1 ="; R1

2820 IF N% > 1 THEN LPRINT “R2=
" R2

2830 LPRINT “N1 =" N1;* N2="; N2

2840 LPRINT “L =™ LY; F28; “CT = ™; CO

2850 FORJY = 1 TO N%

200042 = 11741 + 1

2870 LPRINT USING F58; J1, C(JY)

2880 IF J1 = N% THEN 2900

2000 LPRINT TAB(15) USING F5$; J2, M(J1)

2000 NEXT J1

2910 LPRINT: RETURN

2920 J2 = 16: GOTO 2840

203042 = 15

2040 FORJY = 1704

2050 LPRINT USING F78$; Y$(J1), ¥ (2°J1
- 1,92, Y(2°41,J2)

2960 NEXT J1

2070 LPRINT: RETURN

3000 DATA “MC1500 21.4 MHz"

3010 DATA 3.68E-4, 8.13E4, -1.38ES,

-3.58€-8
3020 DATA 1.43E-1, - 8.77E-2, 5.89E-5,
I NE4
3030 DATA “2N3251A § mA 21.4 MHz"
3040 DATA S.34E-3, 4.82E), -7.33€7,
- 2.80E-4
3050 DATA 9.04E-2, - 7.08E-4, 4.13E-4,
6.49E-4

3960 DATA ***"

3990 IF I7 = 1 THEN LPRINT STRINGS
@,13)

4000 END
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NOW! A BETTER OPTION
TO CHOKES AND FILTERS:
“SIL-PAD SHIELD™.

PATES,!

“SIL- PADS”

"SIL-PAD SHIELD" is a laminate of copper with
"SIL-PADS". Protects against EMI/RFI; yet
remains thermally conductive with high dielec-
tric strength. Greaseless. Physically tough.
“SIL-PADS" . .. answering electronic insula-
tion needs since 1973. ASK FOR DATA AND
TECHNICAL LITERATURE:
“SIL-PAD SHIELD"

5300 Edina Industrial Bivd

BERGOUIST 50000 0
TWX 910-576-2423
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and 20.3n(n, — 1) = 22.9 pF. Since this circuit drives a 50
ohm resistive load, the loading resistor R, can be placed in
parallel with the inductor instead of directly in parallel with
the output.

References

1. C.B. Aiken, “Two-Mesh Tuned Coupled-Circuit Filters™,
Proc. IRE vol. 25, pp. 230-272, 2/37.

2. G.E. Valley & H. Wallman, “Vacuum Tube Amplifiers,”
(MIT Rad Lab Series vol. 18), Chapter 5, McGraw-Hill, 1948.

3. N.W. Mather, “An Analysis of Triple-Tuned Coupled
Circuits”, Proc IRE vol. 38, pp. 813-822, 7/50.

4. L.R. Watkins, “Narrowband Butterworth or Chebyshev
Filter Design”, r.f. design vol. 3, no. 9, pp. 22-31, 11/12/80.

5. A.Zverev, ‘‘Handbook of Filter Synthesis’, Wiley, 1967.

6. “A Handbook on Electrical Filters”, White Electro-
magnetics, Inc., 1963.

7. A.P. Stern, “Stability and Power Gain of Tuned Tran-
sistor Amplifiers”, Proc. IRE vol. 45, pp. 335-343, 3/57.

8. A.K Scidmore, “Stability and Alignability of Cascaded
Tuned Amplifiers”, Proc. IEEE (Corresp.) vol. 67, p. 1366,
9/79.

9. H.J. Orchard, *“Formulae for Ladder Filters’, Wireless
Engineer, vol. 30, pp. 3-5, 1/53.

10. S.B. Cohn, ‘“Direct-Coupled-Resonator Filters”, Proc.
IRE, vol. 45, pp. 187-196, 2/57.

11. S.B. Cohn, “Dissipation Loss in Multiple-Coupled-
Resonator Filters”, Proc. IRE, vol. 47, pp. 1342-1348, 8/59.
12. R.L. Sleven, “Psuedo-Exact Band-Pass Filter Design
Saves Time” (in 8 parts), Microwaves, vols. 7 & 8, 8/68 thru
7/69.

13. “Reference Data for Radio Engineers”, 5th edition,
Chapter 9, Table 1, Howard W. Sams & Co., 1968.

INEXPENSIVE SOURCE

FEATURES:

CRYSTAL STABILITY
MIXER COMPATIBLE
COMPACT SIZE

MODEL
112

3-6 GHz OUTPUT

$.005% 0 to +50°C

5mw MINIMUM POWER OUTPUT

-40dBc HARMONICS

+15 VDC INPUT

4.0x2.0x 21" HIGH

FREQUENCY ADJUSTMENT SUFFICENT
FOR 5 YEARS AGING

TECHTROL CYCLONETICS, INC.
NEW CUMBERLAND, PA. 17070

(717) 774-2746
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High Performance
VHF/UHF Relay

A compact special-purpose PCB
relay for switching VHF and UHF
signals in a broad range of consumer
and industrial electronic products has
been introduced by the Control Com-
ponents Division of Omron Electronics,
Inc. The new double-break SPDT re-
lay (Model G4Y) offers a more miniatur-
ized design (about the size of a quar-
ter) and operating characteristics
at RF signal levels that match or ex-

ceed those of larger coaxial or RF-
switching relays presently being mar-
keted. Performance features for op-
timal high-frequency switching and
signal transmission include high iso-
lation (rated 65 dB min. between
switched circuits), low insertion loss
(less than 0.5 dB at 900 MHz), and a
relatively well-matched VSWR of 1.5
at 900 MHz for maximum power trans-
fer. The G4Y offers unique design in a
miniaturized PCB-mountable package,
incorporating a metallic RF-protective
shield plate and strong metal-plated
poly-carbonate resin-molded base
while integrating an internal ground
contact pin to minimize stray capaci-
tance and signal loss due to capaci-
tative shunting across the relay. Gold-
plated bifurcated contacts provide a
wide switching capacity, ranging from

micro-current/voltage to 1 W loads. |

The G4Y is light-weight (less than an
ounce), compact in size (26 mm W x
21 mm D x 10.5 mm H), has low power

r.f. design

consumption (450 mW), and flux-tight

construction for auto-flow or dip solder-

ing. A second model series incorporates
a special internal connection, re-
versing the standard model’s terminal
arrangement for NO and NC contacts.
Models include highly-sensitive DIP
relays compatible with TTL circuitry,
flat-pack power relays and versatile
sugar-cube-size families offering a
broad selection of contact configur-
ations, coil ratings and switching
capacities. List price for the standard
G4Y is $4.99 per unit. Contact Joanne
Sullivan, Control Components Division,
Omron Electronics, Inc., 650 Wood-
tield, Schaumburg, IL, 60195, (312)
843-7900 or circle INFO/CARD #140.

SOT-23 Devices

M/A-COM Silicon Products, Inc.,
now offers its complete line of semi-
conductor devices in the SOT-23 pack-
age. These reliable, low-cost, compact

devices are DC and RF characterized
to applicable product specifications.
Available devices include MNS (metal-
nitride-silicon) capacitors, pin diodes,
tuning varactors, Schottky diodes and
silicon bipolar transistors. All of these
products are readily available in high
volume quantities. Typical pricing is
as low as 17¢ for 10K quantities
for the 4M1010-287 capacitor. M/A-
COM Silicon Products, Inc., Burlington,
MA 01803, (617) 272-3000 or please
circle INFO/CARD #106.

Portable Frequency
Counter/Wattmeter

Coaxial Dynamics, Inc. is featuring
a combination frequency counter/
wattmeter, which is both lightweight
and totally portable. The frequency
counter is a fully-integrated muiti-
functional counter with maximum
versatility provided by placement of
all critical controls on the front panel.

The trimme
capaciftors yo
can count o
COME IN MOre . s s
varieties than

OU con Count 134 Fulton Ave. Garden City, NY 11040
516-746-1385 @ TILX: 14-4533
-

When your applicarion calls for high-
quality mmmer Capacirors, you can
count on Sprague-Goodman for exactly
what you need

Thar's because we offer the world's
largest selection of dielectrics models
and styles: sub-miniarure glass and
sapphire Pistoncaps®, plastic Filmmims* or
ceramic single furn, Mica compression,
Airmm ™ air-dielecric. and mulri-tumn plastic

5o the next ime standard or custom

for the name you can count on
Sprague- Goodman

_ Sprague-Goodman
SUEHY Electronics, Inc.

(An offiiare of the Sprogue Electric Compony)




They’re Overachievers

At 100 x 200 mils, our new
30-Watt rated RvV30-50 and
RV30-100 are among the
smallest high-power resistors
on the RF microwave market.
And they pack all the perform-
ance, durability and high
reliability you expect in
ACRIAN products.

They’re On Target

We designed and constructed
them for the best possible
combination of electrical and
thermal performance. Thin
film NiCr metallization on gold-
backed BeO ceramic sub-
strates, high-temperature
brazed packages, and 100%
testing of the finished products
guarantee it.

And Under-priced

Actually, there is one area
where our new resistors aren't
overachievers: the price. In
quantities of one hundred,
they're $5.25 each, and can
be shipped immediately.

For more information or
samples, contact us today.

"

10060 Bubb Road
Cupertino, CA 95014
(408) 996-8522

INFO/CARD 32
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BNC inputs are included on both front
and back panels, facilitating service
bench or in-field use. Wattmeter
measurements include forward and re-
flected power at the touch of a rocker-
switch. An additional x 10 switch
allows forward power reading in-
creases by a factor of 10 without
additional changes or calibration. Six
interchangeable pickup modules pro-
vide all inputs necessary for each scale
designation. Modules are available
that may be left in transmission lines
of chosen pieces of equipment while
the FCW-10 and other modules are
taken to separate pieces of equip-
ment. Modules are capable of remote
use in transmission lines up to 6 feet
away from the FCW-10. Total port-
ability is made possible by use of an
optional battery pack which auto-
matically recharges when the unit is
connected to an AC line. Contact
Coaxial Dynamics, Inc., 13110 Enter-
prise Avenue, Cleveland, Ohio, 44135,
(216) 267-2233 or circle INFO/CARD #105.

LCZ Meter

Two new LCZ (capacitance, induc-
tance and impedance) meters, intro-
duced by Hewlett-Packard, are de-

RF BRIDGES

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

signed for: incoming/outgoing in-
spection of capacitors, diodes, coils,
audio heads and transformers; analy-
sis of electronic materials, sensors,
ceramics and ferrites; and evaluation
of semiconductor devices and C-V/IG-V
characteristics of MOS and bipolar
devices. The new HP Models 4276A
and 4277A, with up to 30-millisecond
test speed, have a combined test-
frequency range of 100 Hz to 1 MHz.
Individual ranges are 100 Hz to 20 kHz
(1 Hz maximum resolution) for the HP
4276A and 10 kHz to 1 MHz (100 Hz
maximum resolution) for the HP 4277A.

Price for HP 4276A (100 Hz to 20 kHz)
is $3,850. The HP 4277A (10 kHz to 1
MHz2) is priced at $5,500. Call your
local Hewlett-Packard sales office or
INFOICARD #139.

Coaxial/Switchable Attenuators

Teledyne Microwave announces its
SA-01S50 series of Coaxial Switch/
Attenuators. Up to 30 dB attenuation
is available with frequencies ranging
from DC to 18 GHz. RF performance

1-900 MHz RF
Instruments

RF Amplifiers

RF Analyzers

RF Comparators

RF Switches

Hybrid Divider/Combiners
RF Detectors

impedance Transformers
Precision Terminations
Precision DC Block
Filters

Available 50 or 75 Ohms

WIDE BAND ENGINEERING COMPANY, INC.

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

Telephone (602) 254-1570

INFO/CARD 33
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at 18 GHz is 1.5:1 VSWR with insertion
loss of .5 dB in the through path state.
The Switchable/Attenuator is available
with either latching or failsafe actu-
ators. Teledyne Microwave, 1290 Terra
Bella Avenue, Mountain View, CA
94043, (415) 968-2211, or please circle
INFO/CARD #138.

Integrated Mixer Preamp

An integrated mixer preamp measur-
ingonly 1 x 1 x 3/8 inches (3/8 cubic
inch) and combining several state-of
the-art technologies is available from
RHG Electronics Laboratory, Inc.
Designated the DML2-18/XXX series,
the new mixer preamps are the world'’s
smallest multioctave microwave mixer
preamps currently being produced.
The units, which meet the require-
ments of high density military pack-
aging, incorporate built-in limiters to
protect the mixers from signal over-
loads. The device is hermetically
sealed, and can be used either with
connectors or without (“dropped-in”
to the user’s circuit). After testing
with connectors in place, the connec-
tors are easily removed for the ‘“‘drop-
in’’ or microstrip mounting.

The high density MIC and IC tech-
nology has reduced the new DML
series to one-seventh (1/7) the volume
of present catalog models. The size

r.f. design

reduction has not compromised the
unit’'s electrical performance. In a
microstrip line with a high even-mode
impedance the stray capacitance and
resonance effects from adjacent cir-
cuitry and housing are virtually eli-
minated with the DML series. Three
DML models offer 2-18 GHz RF
coverage and IF frequency/bandwidth
combinations of 30/10, 60/20, and 160/
50 MHz. RHG Electronics Laboratory,
Inc., 161 East Industry Ct., Deer Park,
N.Y. 11729. (516) 242-1100 or please
circle INFO/CARD #137.

2 GHz Modulation Meter

Marconi Instruments introduces a
new full facility Modulation Meter,

HEHE IV

¥ 1;;1;

Model 2305, which combines the func-
tions of a conventional Modulation
Meter, RF Power Meter, Frequency
Counter, and Audio Analyzer into a
single convenient package. The 2305
is capable of measuring FM deviations

up to 500 kHz, phase deviations to
500 radians and AM depths up to 99.9
percent with modulating frequencies
up to 300 kHz (50 kHz for AM).
Ranges are selected automatically by
the instrument to give the best possi-
ble resolution. Among the various
available detector responses is an
‘average-peak’ for all routine modula-
tion measurements, avoiding the
necessity of making both positive
and negative peak measurements to
derive average peak. This is particularly
important in automatic test systems
where test time must be minimized.
The model 2305 Modulation Meter is
priced at $7,500. Marconi Instruments,
100 Stonehurst Court, Northvale, N.J.
07647, (201) 767-7250, or please circle
INFO/CARD #134.

Automatic Power
Meter Calibrator

Califactor System Il by Weinschel
Engineering provides automatic cali-
bration of RF power meter/mount
combinations operation in the 0.01 to
18 GHz range. The system is IEEE-488
bus controlled and reduces a laborious
time consuming task to a quick and
accurate procedure. Calibration speed
of the system is typically 1.5 seconds
per measurement frequency depend-
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ing on power meter setting time. Sys-
tem Il can be used to calibrate ther-
mistor and thermocouple as well as
diode-type RF power meter mounts.
Accurate measurement of the output
level of signal sources can also be
accomplished. Weinschel Engineering,
One Weinschel Lane, Gaithersburg,

MD 20760, (301) 948-3434 or please
circle INFO/CARD #136.

Signal Generator (2-18.0 GHz2)
The HP 8672A synthesized signal

generator (2-18.0 GHz) now has a fre-
quency-extender unit available to pro-

vide high-performance synthesized
signals all the way down to 10 MHz.
This 10-2000 MHz extension band is
important for certain surveillance re-
ceiver testing and as a broadband
source for automatic test systems. In
addition, the extender unit includes a
pulse modulator for full-range pulsing

Things In
dMmall
Packages

CRT Display Products

Fixed linearity coils,
adjustable linearity coils,
pin cushion coils, width
coils, horizontal drive and
oscillator coils are all
custom-designed by
Prem engineers for use
in CRT display
applications.

Write or call for HIEE bulletins

PRIM

MAGNETICS, INC.

3521 North Chapel Hill Road
McHenry, IL 60050
(815) 385-2700 TWX 910-642-3763

Specification sheets
which plot inductance
vs. current change are
available on Prem'’s
unique adjustable
linearity coils, now
operating up to 65KHz.

Prem has 4 varieties
of wide band shield
bead ferrite chokes
for EMI and unwanted
signal attenuation.

Ferrite power
inductors are
available from 1.5 to
1500 1 HY with many
configurations.

Prem also
manufactures switch
mode and linear PC
power transformers
and filter inductors
for powering your
particular application.
Ask for our standard
product listing on
these devices.

INFO/CARD 34
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with greater than 80 dB ON/OFF ratio
and less than 10 ns RISE/FALL times.
HP 8672A-E24 generator, 10 MHz to
18.0 GHz $55,000 (includes HP 8672A).

Delivery: 12-16 weeks ARO. Contact
local Hewlett-Packard sales office or
INFO/CARD #135.

Mixers Feature 0 dBm
LO Drive
Watkins-Johnson Company has

introduced two mixers featuring con-
version loss performance as low as 5.5

dB with 0 dBm LO drive. The mixers
cover the frequency range of 0.05 to
500 MHz. These low-level devices
have a typical LO-to-RF isolation of
55 dB and an LO-to-IF isolation of
53 dB below 50 MHz. Above 50 MHz,
the LO-to-RF isolation is 43 dB while
the LO-to-IF is 36 dB. Designated the
M6D-50 and MG6E-50, these double-
balanced mixers are hermetically
sealed, hi-rel tested, RFI| shielded and
are available in PC relay packages.
Watkins-Johnson Company, Com-
ponents Applications Engineering,
3333 Hillview Ave., Palo Alto, CA
94304. (415) 494-4141, ext. 2637 or
INFO/CARD #132.

100-18,000 MHz SPST
Diode Switch

Engelmann Microwave has an-
nounced the availability of a new
SPST Diode Switch which operates
with a full frequency range of 100
MHz to 18,000 MHz in a single unit.
New Model SW 2018A features very
low insertion loss with typical isolations
rated at 60 dB over most of the fre-
quency range. The guaranteed maxi-
mum insertion loss in “L” and “S”
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Band is 0.5 db. The worst case in-
sertion loss up to 18 GHz is 2.5 db
maximum. The Model SW 2018A is

supplied with the TTL compatible
driver and offers switching speeds of
10 ns maximum, 10-90 percent point.
The VSWR in the on position is 1.8.
The Model SW 2018A is priced at
$250.00 each with deliveries of thirty
days maximum. Engelmann Micro-
wave Co., 662 Myrtle Avenue, Boonton,
New Jersey, 07005, (201) 334-5700, or
INFOICARD #131.

Miniature Flatpack
RF Amplifiers

The Alpha Microelectronics Modular
RF Amplifiers, AF-401, AF-402, and
AF-403, are low cost, single stage,
thick-film hybrid modules designed

r.f. design

for insertion into microstrip appli-
cations requiring high dynamic range
and a flat response over a wide fre-
quency range. The modular RF Ampli-
fiers are cascadable to satisfy any
desired gain level without sacrificing
bandwidth in a 50 ohm system. Featur-
ing the following typical parameters:
Freq: 5-400 MHz, Gain: 14.5 dB, Noise
figure: 4-7.5 dB, VSWR: 1.5, the AF
series are designed to satisfy the most
stringent military and aerospace en-
vironments in receiver front ends and
test equipment. Alpha Microelectronics
Division, 3015 Advance Lane, Colmar
PA 18915, (215) 822-1311, or please
circle INFO/CARD #127.

Miniature Leadless
Chip Carrier Oscillator

The smallest clock oscillator yet!
Construction includes a thick film hy-
brid oscillator circuit with a precision
McCoy crystal matched for optimum
performance. Features are size (.480
x .480 x .085") and stabilities (+ 50
PPM —20to +70°C, +75 PPM -55
to +105°C, and =100 PPM -55 to
+125°C), and the oscillators may be
screened per MIL-0-55310 for MIL appli-
cations. Other specifications include
input +5 VDC +.25 V, Current 40

ma maximum 12 MHz to 35 MHz and
60 ma maximum 35 MHz to 60 MHz,
and TTL Output. Model MC070 is avail-

MECOY 0138
Mcoro-o004

18 144000 MM
tn82433-38
8

able to custom requirements.McCoy
Electronics Company, 100 Watt Street,
P.O. Box B. Mt. Holly Springs, PA
17065, (717) 486-3411, or please circle
INFO/CARD #129.

Ultra-Miniature Couplers

Midisco has introduced the MDC
6200 series of miniature directional
couplers. These precision couplers
have been designed to achieve high
directivity and low VSWR in a minia-
ture stripline configuration. Etched
teflon fiberglass stripline circuits are
enclosed within a machined housing
that eliminates RF moding and pro-
vides high RF shielding. Connectors
are type SMA stainless steel female
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complying with Mil-C-39012. The cen-
ter pins are resistance soldered to the
stripline circuit to provide a rugged,
reliable contact. Midisco, 61 Mall
Drive, Commack, NY 11725, (516) 543-
4774, or INFO/CARD #126.

Six Watt Power FET

A new six watt power field effect
transistor (FET) with what the manu-
facturer describes as superior guaran-
teed performance at both band edges
(5.9 - 6.4 GHz) has been developed
by the Microwave Semiconductor
Corp., a division of Siemens Com-

ponents, Inc. The MPF 5964-6 delivers
up to six watts of CW power with
6dB typical gain over the 5.9—6.4
GHz band. The device is internally
matched to a 50 ohm system with
input and output VSWR less than
2:1 typical. Performance of + 37 dBm
output power with 5 dB minimum gain
is guaranteed in 50 ohms at test points
of 5.9 and 6.4 GHz. Delivery times for
the devices are being quoted as 8
weeks. Typical pricing is $315 each in
100 piece quantities. Microwave Semi-
conductor Corporation, 100 School
House St., Somerset, N.J. 08873 or
INFO/CARD #130.

Sub Miniature Chip Filters

Vanguard Electronics has extended
its state-of-the-art chip inductor tech-
nology to develop new subminiature
RF bandstop, bandpass, lowpass and
highpass fiiters with exceptional
electrical characteristics. Circuit
parasitics have been minimized to
such an extent that upper passband
frequency to stop frequency ratios
may exceed 50 to one on many de-
signs. Besides conventional RF appli-
cations, these units can also be used
for filtering in data processing sys-
tems. Custom designs can be made

meet your specifications.

available.

):( CENTURION

It's the icing that makes your mouth water even though the cake is
delicious. Besides having the advantage of peak performance and
reliable quality assurance management backed by the most sophis-
ticated RF testing equipment, Centurion gives you the quality visual
appearance so important in the sale of your radio.

Centurion is the most popular original equipment antenna among
leading manufacturers of hand-held radios.

Centurion has created many different models with nine standard
styles to choose from including % wave models designed for high
and low band VHF and UHF, ¥ wave gain models for UHF and % wave
telescoping models for VHF. Featured in the standard line are mini-
ature models for UHF, VHF and pagers. Twenty-five different con-
nectors are now available. And, in the event the connector you need
has not yet been invented, Centurion will design and manufacture it to

Every antenna is factory-tuned. Field tunable models are also

If you want the best looking, best performing antenna \ m
for your radios, it's a piece of cake when you specify % '
Centurion. Call or write today.

antennas and batteries
Phone 402/467-4491 TOLL FREE 800/228-4563
P.O. Box 82846, Lincoln,NE 68501-2846, Telex 48-4377 CENTURION LCN
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to DIP package dimensions. The unit
pictured is a balanced-line five-section
Chebyschev design with a bandstop
center frequency of 1.0 MHz, and a 3
dB bandwidth of 0.85 MHz. Typical
rejection at 1.0 MHz is in excess of
50 dB. Passband insertion loss re-
mains less than 2.0 dB to 100 MHz.
Size is only 0.5” wide x 1.0” long
x .18" high, with total weight of ap-
proximately one gram (.04 ounces).
Average Price: $42.00 each (1000
lot qty.), Delivery: 8 weeks ARO. Van-
guard Electronics Company, 1480
Waest 178th Street, Gardena, California
90248, (213) 323-4100, INFO/CARD #128.

Fast Preamplifier

A compact, fast preamplifier has
been introduced by EG&G ORTEC. The
new 9305 has a direct-coupled wide-
band, hybridized amplifier for use with
photomultipliers, electron multipliers
and other detectors for ion and photon
counting or fast timing applications.
The detector can be mounted directly
to the 9305 to minimize system noise.
The 9305 features a fast rise time of
<3 ns, a variable voltage gain of 5-10
and can drive £5 V into 50 Q load.
Overload input protection is included.
EG&G ORTEC, 100 Midland Road,
Oak Ridge, TN 37830. (800) 251-9750,
or INFO/CARD #125.

Ultra-Miniature
Coaxial Connector

Sabritec has developed a new ultra-
miniature coaxial connector designed
specifically for coaxial cables .100”
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...or this
even

narrower

strip...

or smaller. Ideal for use in medical
and high density applications, the fully
mated connectors have a maximum
outside diameter of .112" and a maxi-
mum length of .950". Mating of the
connectors is accomplished by use of
a unique quick-connect feature. All
connector configurations feature gold
plating and the choice of crimp or

solder termination. Sabritec, 16631
Noyes Avenue, Irvine, CA, (714) 549-
7292 or INFO/CARD #124.

Minijature Attenuator

Kay Elemetrics Corp. has rede-
signed the 439 Miniature Attenuator
to provide a higher frequency range
(DC-1500 MHz). Attenuation range is
0-101 dB in 1 dB steps. VSWR is 1.2
in the DC-500 MHz range and 1.4 in

r.f. design

the 500-1500 MHz range. Insertion
loss is .2dB in the DC-500 MHz range,
.5 dB in the 500-1000 MHz range, and
.8 dB in the 1000-1500 MHz range. The
439 Miniature Attenuator is designed
to meet small (1-%4” x 6) panel
space requirements. Available with
BNC connectors (optional connectors:
SMA or TNC). Price $209.00, Delivery
3-4 weeks. Kay Elemetrics Corp., 12
Maple Ave., Pine Brook, NJ 07058.
(201) 227-2000, or INFO/CARD #123.

Unitized Body SMA Connector

Automatic Connector, Inc., has now
developed its unitized body SMA
connector series to satisfy require-
ments in electronic countermeasures
as well as other military applications.
The unitized body SMA series is a
high performance coaxial connector
suited for applications where mechani-
cal integrity is paramount. It features

a machined stainless steel single
piece body, eliminating the potential
of breaking or cracking of braze joints
at the flange and right angle junctions.
This manufacturing technique is a
cost-effective process when com-
pared to other procedures required
to assure a mechanically superior
joint especially when passivated com-
ponents are used. The right angle

connectors, including receptacles
and adapters, exhibit excellent VSWR
and insertion loss through 18 GHz due
to a unique internal compensation
step as well as the use of a single
piece machined contact. All other
parameters meet or exceed the appli-
cable Mil-C-39012 specification. Auto-
matic Connectors Inc., 400 Moreland
Rd., Commack, N.Y. 11725, (516) 543-
5000 or INFO/CARD #122.

55



100 Watt Fixed Attenuator

50 Ohm * DC - 1000 MHz * 3, 6, 10,
20, and 30 dB standard * Connectors
N standard, BNC or TNC available *

Price 3, 6, 10 dB, $255.00 (1-9 pc.).
Price 20, 30 dB, $275.00 (1-9 pc.) JFW
Industries, Inc., 2719 E. Troy Ave.,
Indianapolis, IN 46203, (317) 783-9785
or INFO/CARD #120.

New Audio System

The Grass Valley Group WAVELINK™
family of Fiber Optic Communication
products has added two channel audio
with video capability, using a unique
FM-on-FM modulation scheme. The
system modulates two pre-emphasized
base band audio signals in 100 kHz

~

ssor-Based
Intelli ounter Offers High
Resolution at Low Cost.

Sigmotek Model ITC-3 intelligent counter

offers these outstanding features:
Wide range—0.1 Hz to 200 MHz for nonscoled input, 50
MHz to 1 GHz for prescaled input.

¢ High resolution over full range—for example, 10 nHz af 1
Hz, 1 Hz at 100 MHz.

o 8 digits. with at least 7 digits displayed in 1 second.
e High sensitivity— 10 mV rms typical.
e Self-diagnostics.

e Precision crystal timebase or optional TCXO ( <1 ppm,
0" Cto80°C).

e |EEE-488 (GPIB) optional.
e Compact, lightweight design.

o Low price—only $363.00 for 1 GHz version; $298.00 for 200
MHz version. TCXO option adds $60.00. IEEE-488 option
adds $200.00.

Sigmotek International Corporation

4480 Enterprise St. o Fremont, CA e (415) 490-6500

INFO/CARD 36

oscillators which in turn frequency
modulates two oscillators at 8.0 and
9.8 MHz. The signal is then summed
with video and transmitted using an
LED. The transmitter module can pro-
vide for equalization of incoming cable,
adjustable gain, and separate output
monitor amplifier. The receiver utilizes
an avalanche photo diode and features
AGC and squelch functions. Delay
timing adjustment is available for
precise timing of signals. The FM
signal is demodulated and passed
through a base band filter to restore

the original signal. Performance speci-
fications are designed around broad-
cast requirements and include un-
weighted signal-to-noise better than
58 dB for video and 65 dB for audio
over a 2 km fiber. The maximum out-
put is 20 dBm into 600 Ohms. The
transmitted wavelength of the LED is
820 nm. 10 u of optical power is
coupled into the fiber. The Grass
Valley, Inc.,, P.O. Box 1114, Grass
Valley, California 95945, (916) 273-8421
or INFO/CARD #119.

Broadband RF Switch

Adams-Russell, Anzac Division has
developed an SPST switch to cover
the 200-2000 MHz frequency range in
a single unit. The SW-131 provides
50 dB isolation with only 1.0 dB of
insertion loss. The switch has an inte-
gral TTL driver and is packaged in an

18 pin dual in-line hermetic case. The
SW-131 is designed for military environ-
ments and can be screened to MiL-
STD-883. Other features of the switch
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...Can solve your
Interference

control problems!

Are you involved with FCC Class A and/or Class B Computing Devices—
or any other equipment requiring shielding? Instrument Specialties' new,
patented” beryllium copper Sticky-Fingers® shielding strips can help you

solve your problems!

They offer the attenuation you need, of course. And to attach, you need only
peel off the self-adhesive backing strip and press into place. It's there to stay!

What's more, unlike other shielding strips, Sticky-Fingers will not take a set
which would reduce performance after you felt it was satisfactory. Sticky-
Fingers can't absorb moisture, are not affected by air, 0zone solvents,

UV light, or radiation. They can't burn, support combustion, outgas; they
can't stretch or tear, flake or break into small conductive particles to short

out electronics.

For more information, write today to Dept. RF-7.

INSTRUMENT SPECIALTIES COMPANY, INC. 1

Delaware Water Gap, PA. 18327

Phone: 717-424-8510 ® TWX: 510-671-4526
Specialists in beryllium copper since 1938

include a + 13 dBm 1 dB compression
point, a 1.3:1 VSWR and a 2 usec
switching speed. Delivery is from
stock and unit pricing is $235.00 in
small quantity. Adams Russell, An-
zac Div., 80 Cambridge St., Burington,
MA 01803, (617) 273-3333 or please
circle INFO/CARD #121.

New Literature

Precision Connector Catalog

Gilbert Engineering has announced
a new precision connector catalog
describing its line of connectors,
terminations, attenuators, and coup-
ling elements. Gilbert Engineering,
5310 W. Camelback Rd., P.O. Box
23189, Glendale, AZ 85301-7597, (800)
528-5567, (602) 245-1050, or please
circle INFO/CARD #118.

TVRO Products Brochure

This new 20-page brochure de-
scribes Merrimac's complete line of
products for the TVRO frequencies
3.7-4.2 GHz. The products included
are the SR-1 Satellite Video Receiver,
Single and Dual-Conversion Down-

r.f. design
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Convertors, Standard Power Dividers,
Isolators, Fixed Attenuators, and

Terminations. Merrimac Industries
Inc., 41 Fairfield Place, West Cald-
well, NJ 07006, (201) 575-1300, or
INFO/CARD #117.

Coax/Waveguide Measurement
Accessories Catalog

The latest edition of Hewlett-
Packard’'s Coaxial and Waveguide

Measurement Accessories Catalog is
now available with product information

Series 541
.380" wide

on more than 350 microwave measure-
ment accessories used in coaxial
and waveguide measurements to 40
GHz and above. Product sections in-
clude attenuators, detectors, couplers,
filters, power sensors, slotted lines,
network analysis and noise-figure
equipment, and a good selection of
75-ohm items. Contact your local
Hewlett-Packard sales office or please
circle INFO/CARD #114.

Filter and Networks Catalog

A catalog covering a complete line
of Monolithic Crystal Filters, Discrete
Crystal Filters, and LC Filters and Net-
works is now available. In addition to
OPT's custom capabilities for both
military (MIL-F-18327) and commercial
application, OPT has cataloged thou-
sands of engineering and manufactur-
ing designs covering more than twenty
years of know-how. As a result, all
products offered in the catalog have
been manufactured, accepted and are
now operating in many advanced mili-
tary programs as well as high quality
communication systems. The filters
are stable over a wide temperature
range and withstand shock and vibra-
tion. OPT Industries, Inc., 300 Red
School Lane, Phillipsburg, NJ 08865,
(201) 454-2600, or INFO/CARD #115.
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Phase Shifters and
Attenuators Catalog

A 17 page catalog describes Tri-
angle Microwave Inc. product line in-
cluding phase shifters, and attenuators.
Triangle Microwave Inc., 60 Okner
Parkway, Livingston, N.J. 07039, (201)
740-0100, or INFO/CARD #116.

Test Equipment Catalog

A new short-form catalog of electri-
cal test equipment is now available
from Beckman Instruments, tnc. The
four-page bulletin provides principle
specifications and operating charac-

teristics for insulation and dielectric
breakdown testers, high voltage scher-
ing bridges, megohmmeters, liquid
power factor testers, and high volt-
age power supplies. Also featured are
dielectric withstand test sets, wheat-
stone bridges and resistance decade
boxes. Beckman Instruments, Inc.,
Cedar Grove Operations, 89 Commerce
Road, Cedar Grove, N.J. 07009, (201)
239-6200, or INFO/CARD #113.

Filter Catalog

Corcom, Inc. has just released its
new 36-page RFI power line filter
catalog. This catalog contains more

Quality EMI/Magnetics
Instrumentation from EMCO

Model 3720 |

Mogeigi08, | | | | |
Double Ridged Guide Antenna

Line Impedance Stabilization Network
The Electro-Mechanics Com- ¢ Adjustable Element cludes 450 KHz to 30 MHz

ﬁany has the capabilities to
elp solve electromagnetic
compatibili problems in
such critical industries as de-
fense, electronics and trans-
portation. EMCO has grown
to display a broad choice of
RF1/EMI equipment.

The systems, accessories
and services offered by
EMCO can be categorized
under these fields of interest
. . . Antennas, Magnetics,
LISNs and Rejection Net-
works.

Antennas
EMCO manufactures anten-
nas with a wide variety of
applications and measure-
ment capabilities. Antennas
include . . .

» Conical Log-Spiral

» Double Ridged Guide

* Biconical

¢ High Power Biconical

* Log Periodic

» Parallel Element

Dipole
¢ Broadband Dipole
* Electric Field

Magnetics
EMCO has been at the fore-
front of development for
magnetics EMI test instru-
mentation. EMCO's line of
test equipment provides re-
searchers, engineers and de-
signers with vital portions of
information needed for ac-
curate RFI/EMI testing and
electronics security studies.
Instruments include . . .

* Magnetic Field Intensity

Meter
* DC Magnetometer
¢ Helmholtz Coil Systems

LISNs

EMCO's Line Impedance
Stabilization Networks are
designed to be used in con-
ducted emissions testing for
incidental radiation devices.
Frequency coverage in-

INFO/CARD 38

and 10 KHz to 30 MHz.
5 Amp
* 20 Amp
» Special orders

Rejection Networks
EMCO’s Rejection Networks
are designed for many types
of specification compliance
testing.  Instruments  in-
clude...
* Bridged-T Rejection
Networks
» Cavity Rejection Net-
works

-emco

The Electro-Mechanics
Company
P.O. Box 1546
Austin, Texas 78767
Telephone (512) 835-4684
TELEX 767-178

than 200 different filter models. Each
series is comprehensively described
and provides complete specifications
for every type model with mechanical
dimensions given in both the English
and metric systems. There are com-
plete electrical schematics, 50 ohm
insertion loss data, application sug-
gestions, as well as detailed inter-
national safety agency requirements

and approval information. The catalog
also contains an extensive technical
section covering all phases of filter
technology from the basic, “What is
radio frequency interference?” to
complex information and procedures
on RFlI measurements. One of the
most unique features of this new cata-
log is a “pull-out” RFI Power Line Fil-
ter Sector Chart to assist the user in
matching his requirements with the
proper filter. Corcom Inc., 1600 Win-
chester Rd., Libertyville, IL 60048,
(312) 680-7400, or INFO/CARD #112.

Engineering Bulletin

Sprague Electric Company has
introduced a 50 mil x 40 mil multi-
layer ceramic capacitor chip in its
Type 15C high-frequency capacitor
series to meet field problems with the
use of the more common 50 mil x 50
mil chip. Users requests to have a
chip which can be easily oriented on
a substrate is met by the new rec-
tangular Sprague chip, which is in-
tended to replace the square 50 mil
x 50 mil chip previously used.
Sprague Electric has made the same
capacitance values available on the
smaller rectangular chip as were avail-
able on the slightly larger 50 mil square
chip. Complete listing of all standard
capacitance ratings, as well as per-
formance on Sprague Type 15C multi-
layer ceramic chip capacitors for
high frequency applications is given
in Engineering Bulletin 6200. 51A,
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No Miracles. ..
Just More Power, Reliability and Confidence
when you use W-J’s Solid-State Amplitiers.

Al Watkins-Johnson, innovation is serious business +95°C temperature cycling, 96 hours operating burn-in at
There's no compromise. You get an impressive setection +95°C, leak test per MIL-STD-202 and complete
of solid-state amplitiers with proven reliability. performance checks at selected intervals during the

We have developed a broad line of solid-state power screening process. This assures you, the user, confidence
amplifiers covering the frequency range of in Watkins-Johnson Company's solid-state

amplifiers. You may have tried the rest,
now try the best.

For further information on our versatile
selection of amplifiers, contact Watkins-
Johnson Company, Amplifier Applications
Engineering, 3333 Hillview Avenue, Palo
Alte, California 94304. Telephone
(415) 493-4141, ext. 2247, or check with
our nearest field sales office listed below.

2 to 18 GHz. including models that provide
one-watt output power at the 1 dB gain
compression point in the'2 1o 4, 2 10 8, and
4 to 8 GHz bands. All units are designed to
meet the miltary environmental require-
ments of today’s systems. Reliability is built
in. Every unit receives 100% screening
that includes: wire bond integrity tests,
+150°C stabilization bake, -54°C to

U 'd WATKINS-JOHNSON

Watkins-Johnson—U.S.A:  California, San Jose (4081262 1411 El Sagundo12131640 1980 « Florida. Fort Walton Beach (9841863 4191  Geargia. Atlanta 4041458 0007 » lllinis. P4latre (3121991 (291 » Maryland.
Cauthersture (3011048 7550 o Massachusetts, Lexinglon (61718611540 o Texas, Dilas214) 234 56 o New York. Jenc1015161622-6883 « United Kingdom: Dedworth Rd Dakley Green Wirdsor BerkshireSL44iH e

J (0753569741 » Cable WIUKW-WINDSOR e Tekex 837578 « Germany. Federal Reputl c of Margingerweg 7 830 Muenchen 60 o Tet (0891836011 » Cabe WIDBM MUENCHEN o Tk S004D1 Busgstranse 31 53
Bonn 2  Tel 35 30 91 or 35 30 92 « Telex (886) 9522 o Naly: Fiazza G Marcont 25 00144 Roma EUR e Tel 532 45 54 or 501 25 15 o Cable W) ROM | o Telex 61227
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MSAT 83

March 8-10, 1983
Sheraton Washington Hotel
Washington, D.C.

Microwave Systems Applications Technology

“Bridging the gap between technology and applications.”

EW Communications, Inc., publishers of the industry’s leading magazines, Microwave Systems News
and Defense Electronics, presents MSAT °83... the microwave industry’s first applications-oriented
conference and exhibition to be held on an international scale. This innovative event is dedicated to
systems design, test and integration of advanced microwave hardware in both civil and government

markets.

Who Should Attend MSAT ’83?

MSAT’s technical sessions and exhibits are designed for
planners, systems integrators, applications engineers,
program managers and analysts from around the world

who are developing and building systems and subsystems

utilizing the latest microwave technology.

EXHIBITS

MSAT’s exhibitors include more than 100 innovative
companies from around the globe, joining together to
make the exhibit area a most comprehensive collection
of technologies, equipment and services.

Technical Program
MSAT’s technical program will give you the opportunity

to stay on top of the latest developments and applications

in the industry. More than 60 speakers from around the

world will participate in 13 sessions on the potentials and
applications of microwave technologies. Interest in these

sessions is running high, to ensure your place, we urge
you to make your reservations now!

[J YES!IWould Like to Pre-Register for MSAT Technical Sessions Today for a 33% Savings!

[ Full Program (three days): US $100.00
[ Single Day: US $75.00

0 Paymentenclosed
Make checks payable to:
EW Communications, Inc.

Chargeto: [] Mastercard [J Visa

Account # _

Expiration Date

Signature _
O BillMe

Application fee for pre-registration must be received
before January 31, 1983. Price after pre-registration
deadline is $150.00

Mail to: MSAT ’83 - 1170 East Meadow Drive - Palo Alto, CA 94303-4275

Technical Program

Microwave ICs: A Realistic Near-Term Look

System Integration: Emerging Problems and Progress
Millimeter-Wave Components for Advanced Systems
Microwave Instrumentation: Needs and Requirements
Space-Borne and Ground-Based Satellite
Communications Hardware

Microwave Networking

Low Cost Microwave for Commercial Applications
New Developments in Microwave Tubes

Advances in Low Probability of Intercept and Antijam
Radar

Tying Microwave Component Development to
CAD/CAM

e Microwave Subsystems for Platform Protection
e Smart Surveillance Receiver Techniques

Name

Title

Special Evening Session
Multinational Microwave Technology Transfer

(A Seminar)
INFO/CARD 4

A Benefit to You and Your Company!

Company
Street

City

State Zip

Telephone

[J Please send furtherinformation on Technical Program.
(] Iwould like to attend the exhibition.
Please sign me up for a free admission ticket. (Cost
at the door will be $5.00)

Telex




available from the Technical Literature
Service, Sprague Electric Company,
Marshall St.,, North Adams, Mass.,
01247 or INFO/CARD #111.

Comprehensive New
Standard Line Catalog

A 286-page Standard Line Connec-
tors Catalog from ITT Cannon details
microminiature, hermetically sealed,

THE CANNON

1982 - 1983 Cannon Standard Line
Connectors Catalog

CONNECTION

filter, printed circuit, circular, rack/
panel connectors and more. The new
1982-1983 edition offers illustrations
and full specifications on the complete
line of Cannon electrical and fiber
optic connectors. ITT Cannon, Market-
ing Department, 10550 Talbert Avenue,
Fountain Valley, CA 92708, or please
circle INFOICARD #110.

Susceptibility Testing
Antennas Booklet

A comprehensive booklet detailing
the new products in its susceptibility
testing antenna and accessory line is
now available from Amplifier Research,
Souderton, PA. Antennas, TEM Cells,
and Accessories for RFI susceptibility
testing covers AR antennas (10 kHz
to 1 GHz, up to 3500-watt input) for
both shielded-room and outdoor test-
ing. It presents performance curves
and specifications, including those
on a new 30-1000 MHz *‘cavity exciter.”
The company’s TEM cells, isotropic
field-sensor systems, and fiber-optic
telemetry systems are thoroughly dis-
cussed as well. The booklet aids in
establishing equipment needs for a

broad range of RF susceptibility test-

ing requirements. Performance curves
can be easily matched to those of
compatible broad-and narrow-band rf
amplifiers. Amplifier Research, 160

r.f. design

CRYSTAL FILTERS...
DELAY CORRECTED

Alpha Components.. filters made by state-of-the-art technology.
But our reputation doesn't stop there. We're leaders where constant
time detay, combined with low shape factors are required.

Our current production inciudes high performance specifications such
as...C.F.—455KHz*, 3db BW 3200Hz min, 60 db BW 4300Hz max,
amplitude variation over 1db BW—1db max, Delta time delay over 85% of
3 db BW—200 us max. Spurious level 60 db to C.F. ==100KHz. Operating
temp range 0 to 60 C. Size 82.3 x 25.4 x 55.9 mm, LxWxH.
(*available in 1.4 to 2MHz range with size adjustment.)

So send us your specs...LC or crystal. Chances are we'll give you
production estimates in one working day from a design in our fifter library.
For further technical information please call...
717/697/8595 or TWX: 510/650/4930.

ALPHA

COMPONENTS, INC.
1106 E. Simpson Road echanicsburg, PA 17055

MATEC Broadband Receivers

Models 605/625 for Pulsed or C.W. Applications

e Broadband Frequency Coverage
from 100kHz to 200 MHz

model 605/100kHz-25MHz ~ model 625/2MHz-200MHz

e A minimum of 80dB of RF gain - up to 120dB
with Extemal Pre-Amplifiers

e Linear Amplitude & Phase Detection

o Compatible with MATEC or other R.F. pulse sources
in nuclear resonance and ultrasonic systems,
or in a wide range of additional applications.

For more information contact MATEC, Inc.,
60 Montebello Rd., Warwick, Rl 02886 USA

Tel: 401-739-9030
MATEC, INC. (1]

~
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LOWEST PRICED, HIGHEST QUALITY ATTENUATORS - BNC $11.00, SMAS14.00 130 School House Road, Souderton, PA,
AND TERMINATIONS - BNC $5.60 1062, SMA$5.601014, MILHI-REL.NETWORKS | 18964, (215) 723-8181, or please circle

o e e UNIT PRICE (4) EFFECTIVE 8-15-82
:::mlevm '.)hpn'\:Wo-prw :l:qe < BNC TNC N SMA UHF pC 'NFOICARD #109'
:‘Y..;Ol‘;)"m‘"o"sﬂ‘ ‘hr o DC 15GH:? ::m ::: 32: ::: g . -
R Diw  DCisom a0 0w 0% s =1 Application Note
42 GEn g ke e g
s:u. n;oo 125.:: sw)  DC 15GMI(750MM:1400 2000 2000 1800 Pacific Measurements has jUSt
tector Zero Bias Schottay ) #

co s 50 o1 « 26He 5400 released a new application note (AN-21)
:;-ullve lmpednns:o: 1';;“'omm [;lcm;n;\g:!‘Lou "d‘uoso 1o 50 1o 50 . ' L’ and a 16-page, Updated teChnical brO'
AT 50 93 50 to 93 DC Y 0GH: 1300 19 30 19 50 17 50 Chure for its 1038_N10 Swept Measure_
?7":8"(.;;0“ 50 [ SW) DC 4 1GHz 11 50 1800 18 00 17 50 oz
crs 0 (5w) OC 4 7GH: 9% 1200 1200 90 ment System. Pacific Measurements,
CT 52 54’:41‘W| DC ZSGN: 10 %0 15 00 15 00 |:: 158 S0 D b s l CA
aat o Ban o Bt d% Twm we gk Inc., 488 Tasman Drive, Sunnyvale,
o 23 fow) 0¢ 2 50 A o S S S 94086, (408) 734-5780 or please circle
Mn;n;:unm Yem\;gnhonl 105110 3c|)%g:'c, it Snoncnw?',w 55l INFOICARD #107. D
MT 15 7% DC 10GHz 25 50 _
Feed thru Terminalions shunt resistor |
FT S0 $0 50 17 50 1

50 17 50 |

50 17 50

NOTICE!

A unique career opportunity for the

DC 1 0GH2 10 50 19 50 ]

FT 7% 75 DC S00WMr 10 50 19 %0 19
FT 9 k2 DC 150MMH; 1300 19 50 °
Directions! Coupler, 30 dB
DC-500 0 250 S00MM2 80
Resistive Decoupier series renstor or Capactive Couplet seties capacitor
RD o¢ CC 1000 000 {1000PF| OC 1 SGHz 18 00 18 00 17 00
Adapters - =5
CA 30 (N 1o SMA} 50 DC 4 2GMz . . . .
Inducive Decouplers series mductor right engineer. This may be the job
LD-A1S 0 17uH DC 500MH; 12 00 18 00 18 00 17 00 | fOr Ou
LD 6Re 6 BuM DC 55MH; 1200 18 00 18 00 17 00 y .
Fi A S 36 t0 d 20 aB c H H !
ATSOSET () 0 oe Tsomr T a0 8400 8400 7600 | The pubhs.her O! r.f. qes‘g" magazine 15
AT-51-SET 50 DC 15GH: e 8400 8400 6000 interested in talking with an RF design en-

A

4

o 1

el
g“

00
00
e T s ipterigaianala Gulpuljportdly Sy e e , gineer who would be interested in editing
TC 1254 50 15 125MMz 5700 2130 8130 r.f. design magazine.
0
00

Resistive Power D-nm s 3 4 and 9ports
3

® Salary open and commensurate with
experience

DC 20GHz 4 54 00
50 DC S00MHs sa 54 00
50 oc IMH2 84 50
Double Balanced Mueu
OBM 1000 5 1000MKH2 8100 7t 00 8100

® Livein Denver, Colorado

® Moderate, national travel

® Meet with engineers from the leading
companies in rf engineering in the
country

If you have at least a BSEE Degree and en-

< o joy writing and reading r.f. design articles,

y Send for Free Catalog on your Letternead please send your resume in confidence to:.

éﬂ[com SYSTEMS INC. 305-994-1774 Bill W. Childs, Publisher; r.l. design maga-

zine; 6430 S. Yosemite St.; Englewood, CO

80111, (303) 694-1522.

Br

0BM 500PC 50 2 S500MMH2 34 00)
AF Fuse 18 Amp and 1 16 Amp

FL 50 50 DC-15 GHz 12 00 18 00 1700
FL TS 75 DC 15 GHz 12 00 18 00 t7 00
OTE 11 Crlical baramaters tuily lested and gustantesd Fabricatedtiam Wi $ast

M9 Rei revators

4032 CLINT MOORE ROAD, BOCA RATON, FL 33431
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| AN .
- .
EXPLODED COMPLETE My 0
PHOTOGRAPH OSCILLATOR eee il 2L h
OF OSCILLATOR AND CRYSTAL .y
SHOWN LARGER IN A 28 PIN ‘ -

THAN ACTUAL DIP PACKAGE ‘ N X
SIZE! READY..WHEN 70U ARE
| OVER 150,000 TYPES OF MRO ITEMS
ON THE SHELF NOW FOR IMMEDIATE
28 Pin DIP Oscillator ... TTL Compatible . . . 2 to 20 Mhz. OVER THE COUNTER SALES.
Besides the worid’s largest selection of
semiconductors, we also stock hard-to-

New packaging format for greater Trim range = 10 ppm minimum. In-
design flexibility. Temperature comp- PUt voltage 5 volts. Other types and *

ensated for tolerances to .0002%. requencies available to meet most | | find RF connectors, caps, chip caps,
Other output types are available. anl design regquirement. Size trim caps, trim pots, chokes, tantalums,
Output voltage 5.5 V PP, 2.9 VRMS 5X.795X.400" feed-thru’s, fuses, precision caps &
resistors, indicator lamps, etc.
For additional information, please For the common items, anywhere will
write or call our sales department. do ... for the darn near impossible,
- { ’
LRI R CryaTRs | SEMICONDSS;B:S.S’UPERMART
Manufacturing Company, Inc.
9 pany, 1042 E. GARVEY AVENUE
10 North Lee Okiahoma City OK 73102 (405} 236 3741 WEST COVINA, CALIFORNIA 91790
I (213) 967-4611 e« (213) 967-3846
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Teledyne Electronics is a leader.in
miniaturized microprocessor controlled
avionics and identification systems. We are
located 35 minutes north of Los Angeles,
and our World is full of opportunity and
satisfaction for you, the dedicated
engineering professional. Compare:

Clean air, great weather, a wide variery
of things to do. And more. A world of
challenge and stable career growth with an
innovative company.

We are working on a number of new
projects, and we need people with a love
of creative engineering. We offer an
excellent salary/benefits package, a
comprehensive relocation plan and
opportunities here and abroad.

If you have @ BSEE, experience in
Analog/Logic, RF, Microprocessor, Systems
or Test Engineering, and are looking for
bigger worlds to conquer, send us your
resume...
it could make a world of difference in
your life.

“W" TELEDYNE
ELECTRONICS

649 Lawrence Dr., Dept. 4C
Newbury Park, California 21320
(805) 498-3621

Equal Opporunity Employer M/F/H ® US. Citizenship Required




Classifieds

RF DESIGN ENGINEER

Engineer with power amplifier and/or
switching power supply experience
wanted. Technical challenge plus

OPENINGS FOR ENGINEERS
& other degreed protfessionals.
Send resume to:

Scientific Placement, Inc. financial incentives and benefits at
P.O. Box 19949, Dept. 536, Houston, TX 77224 start-up corp. in Silicon Valley. Call

713/496-6100 or send resume to Philip S. Carter,
Metcal, Inc., 3704 Haven Ct., Menlo

Park, CA 94025. Phone: (415) 366-3777.

SENIOR RF
MANUFACTURING
ENGINEER

Acknowledged as the world leader in the computer-driven Office
Automation market, Wang today stands #341 on the Fortune 500
with over a billion dollars in revenues. At a time when the economy
at large is down, Wang revenues are up 35% over last year and
projected growth is strong.

Apply your expertise.
Provide a smooth transition for an RF product between R & D and
production. Write manufacturing test plans, test procedures,
provide technician training and represent manufacturing interests
during the design phase. Candidate should have 3-5 years’
experience in the design and/or test of RF products upto 1 GHz.
Experience should include ‘a working knowledge of phase lock
loops, synthesizers, demodulators, receivers, low power transmitters,
and data recovery. BSEE or equivalent.

Leading the way in benefits.

Wang offers one of the best benefit programs in the industry
including profit sharing, stock plans, company paid dental, medical
and life insurance, tuition reimbursement, our pacesetting child
day care center, and employee country club.

Contact us today.
Send resume with salary history, to Marianne Roach, Personnel
Representative, Wang Laboratories, Inc., Dept. RF183, 836
North Street, Tewksbury, MA 01876.

We are an affirmative action employer.

WANG

The Office Automation Computer Company
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We've designed brand new
low and medium bandwidth
oscilloscopes and built in
many features you may never
have seen in similar units.
Then we priced them well
below the units they replace.
Surprising? Not any more. It's
exactly the kind of innovative
technology and superb quality
Kou 've come to expect from

eader.

Now Leader gives you these

and so much more. Check it out:

CALIBRATED DUAL
TIME BASE
500 wV SENSITIVITY

7 kV PDA 6"
RECTANGULAR CRT

- INTERNAL GRATICULE

- DELAYED SWEEP
TRIGGERED FUNCTION

- VARIABLE SWEEP
HOLDOFF

- ALTERNATE CHANNEL
TRIGGERING

- AUTO FOCUS

- CHANNEL 1 OUTPUT

*7 kV PDA 6"
RECTANGULAR CRT
INTERNAL GRATICULE

500 uV SENSITIVITY

 VARIABLE SWEEP
HOLDOFF
ALTERNATE CHANNEL
TRIGGERING

- AUTO FOCUS

- CHANNEL 1 OUTPUT
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' i 20 MHz
! 500 V SENSITIVITY
- 6" RECTANGULAR CRT
- INTERNAL GRATICULE

ALTERNATE CHANNEL
TRIGGERING
- VARIABLE SWEEP
HOLDOFF
- AUTO FOCUS
’ CHANNEL1 OUTPUT
J0-514A/LBO-513A:

[,’ ".J -
1 mV SENSITIVITY
0.5 pS SWEEP SPEED
- X-Y MODE CAPABILITY
- LBO-514A AVAILABLE
WITH 6 kV
ACCELERATING
POTENTIAL

I warranty.

INIts

Our two-year warranty
(even on the CRT) is backed
by factory service depots on
both coasts. Evaluation units
are available to qualified
customers.

‘\ -1 I ‘II }‘(‘(
00) 645-5104

Contact us today for an
evaluation unit, catalog
showing over 60 Leader test
instruments, the name of your
nearest “Select’ distributor
and more information.

For rofessionals
now' y -
the '

dlfference.

380 Oser Avenue
Hauppauge. N.Y. 11788 (516) 231-6900
Regional Offices:

Chicago, Los Angeles, Dallas

et il Sl
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Make precision microwave measurements
with accuracy,speed and simplicity.

The Narda Microwave Multimeter is a complete microwave measurement
system. Its built-in software will assist even an unskilled operator to perform
measurements of RF power, gain or loss, and VSWR or return loss with system per-
formance that yields total measurement accuracy you once expected only from more
expensive instruments: +.15 dB (£ 3%) instrument accuracy with a 1.1:1 test port
match and 40 dB directivity for a better than 2-to-1 improvement in mismatch uncer-
tainty over conventional systems.

On the production line it makes efficient pre-assembly and cost effective in-line
testing of RF components and sub-systems a reality. Problem parts are quickly
screened out before they cause expensive system failures. The results are fewer
rejects, less troubleshooting, and lower production costs.

High on a tower, field service personnel appreciate the portability of an integrated
measurement system which combines an RF source, high directivity (40 dB) coupler,
RF power sensor, push-button microprocessor control and optional rechargeable
battery supply into a single 11 pound package, small enough to carry in one hand.

As part of a complete ATE System, or together with any GPIB controller, the
Microwave Multimeter with optional IEEE-488 interface reduces hardware and soft-
ware development time and cost. Or get hard copy data over the bus without a con-
troller from the available accessory printer.

For broadband applications, there are microwave units which turn a conventional
sweep generator into an easy-to-use microwave measurement system.

To see how the Microwave Multimeter can save time and money in your measure-
ment application, contact your local Narda Representative or our Sales Department
and arrange for a demonstration.

Call or write Narda Microwave Corporation, 435 Moreland Road, Hauppauge,
New York 11788 ¢ 516-231-1700 « TWX: 510-221-1867. CABLE: NARDACORP
HAUPPAUGE NEW YORK.

the integrated microwave

measurement system. n ard a
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Reflective measurement set-up.
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