February 1980 A Cardiff Publication

lmfmdm’gn
|

1

22gee 14

Antennas p. 19
Chebyshev Filters p. 26
RF Signal Generators p. 11



Announcing a
major breakthrough in $250
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Continental 598

A $149 price.

Keep the change! Our MAX- 100
is remarkable, even compared to
$250 digital frequency counters.
With its turn-on-and-read operating
simplicity. Direct 8-digit readings.
Big, bright, display. And under-20
Hz to over-100 MHz range (past 500
MHz with optional prescaler).

It has all the features you'd take
for granted, even at $250. Like high
sensitivity, accuracy and stability.
Lead-zero blanking. Plus visual in-
dications of overflow and low bat-
tery. (The flashing low-voltage in-
dication also prolongs the counter’s
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100 WH.

useful battery life!)

MAX-100 is comfortable any-
where, monitoring nearby RF trans-
mitters with its built-in- mini-whip
antenna. Or any other CW, AM, or
FM signal via clip-lead cable or ac-
cessory low-loss tap-off cable. Pow-
ered by your choice of alkaline cells
or rechargeable nicads with battery
eliminator/chargers that operate
from car cigarette lighter. 110 or 220
VAC mains.

CSC's incredible MAX-100
solves all your problems but one:
what to do with the $101 change

Smarter tools for testing and design.

CONTINENTAL SPECIALTIES CORPORATION Ca” tO“'free for detalls

e ek

*Suggested U S. resale Available at selected local distributors Prices, specifications subject to change without notice © Copynght 1979 Continental Specialties C rporation

70 Fulton Terr . New Haven, CT 06509 (203) 624-3103. TWX 710-465-1227
OTHER OFFICES San Francisco (415) 421-8872. TWX 910-372-7992
Europe CSC UK LTD Phone Saftron-Waiden 0799-21682. TLX 817477
Canada Len Finkier Ltd . Ontanio
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Solid State Microwave can solve your
pulsed power transistor problems

® GOLD METALLIZATION ® RUGGED BALLASTED DESIGNS @« BROADBAND, INTERNALLY MATCHED STRUCTURES
® HIGH VOLUME PRODUCTION CAPABILITY
® BROAD SELECTION OF POWER/GAIN/PACKAGE AND SUPPLY VOLTAGE COMBINATIONS
® LOW COST PACKAGING AVAILABLE

For over a decade Solid State Microwave® has been a leading supplier of RF power transistors to the land mobile,
aircraft and marine communications equipment industries. Consistent performance in delivering high volume, high
quality, cost effective devices has earned us an enviable reputation unsurpassed in the industry.

We are now equipped to meet your most critical microwave pulsed power transistor requirements with a full line
of devices designed for DME; TACAN; IFF; Weather Radar and Phased Array Radar applications.

For fast action on your next microwave pulsed power transistor problem, call John Walsh at (215) 362-8500.
After all . . . our name /s Solid State Microwave.

*Formerly the RF Division of Solid State Scientific Inc.

Weather Radar

DME; TACAN

140.C =~

WLES WIN KNOTS

- A

SOLID STATE MICROWAVE
a division of Thomson-CSF Components Corporation
Montgomeryville Industrial Center, Montgomeryville, PA 18936 ® (215) 362-8500 ® TWX: 510-661-6548
INFOICARD 2
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February Cover A RHCP helical antenna point- 1
ing at the GOES weather satellite is just one

of the antennas described in this month’s
r.f.design.

Signal Generator Specifications — Part Il 11
Output level, Modulation, Speed and Control

and their relationship to signal generator per-
formance are defined and developed as an aid

to the equipment specifying engineer.

Antennas in the RF range...10 kHz to 2000 149
MHz — Part I. A discussion of RF antennas

used by all services. This month — Traveling

wave antennas.

Chebyshev Filters Using Standard Value Ca- 26
pacitors By proper selection of reflection co-
efficient and cutoff frequency, one can obtain
a design very close to the required cutoff
frequency and use only standard value capacitors.
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Now...1 watt output from
vyour H-P generator!?

0.04-1000 MH:=
from $199

o \
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Need more than the 10 mw available from ’ \f.,.g ,,1'.
your signal/sweep generator or synthesizer e |
tfor system and subsystem testing? b
Just add a MiniCircuits’ ZHL wideband ; s
amplifier and boost the 10 mw level to 1 ' o ‘"if,- 4]
watt or +30 dBm. Also, there’s an additional E < 7
benefit ... as much as 40 dB isolation will e
be added between the generator and the - gy
system under test. And VSWR is less than g - v
2:1 over the full frequency range. c : :
Upgrade your present generator now ... B
check the specs and low prices below and
order your ZHL wideband amplifier today
... and we will ship within one week! A\
“ - 6
[
MODEL | FREQ. | GAIN GAIN MAXIMUM NOISE |INTERCEPT DC POWER PRICE
NO. MHz FLATNESS POWER FIGURE POINT
OUTPUT dBm
1-dB 3RD ORDER
dB dB COMPRESSION dB dBm VOLTAGE |CURRENT | § EA. | QTY.
ZHL-1A | 2-500 | 16 Min.| +1.0 Max. +28 Min. 11 Typ. +38 Typ. +24V 0.6A [199.00/ (1.9)
ZHL-2 | 10-1000 | 16 Min. | +1.0 Max. +29 Min. 18 Typ. +38 Typ. +24V 0.6A |349.00 (1.9)
ZHL-3A | 0.4-150 | 24 Min. | +1.0 Max. 29.5 Min. 11 Typ. +38 Typ. +24V 06A  |199.00| (1.9)

Total safe input power +20 dBm, operating temperature 0°C to +60° C. storage temperature ~55°C to +100°C, 50 ohm impedance, nnBDl and output VSWR 2:1 max
For detailed specs and curves, refer to 1979/80 MicroWaves Product Data Directory. p. 364-365 or EEM p. 2970-2971

Worid's largest manufacturer of Double Balanced Mixers

- - ] -
2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 m M in l-c i rcu lts

Domestic and International Telex 125460 International Telex 620156 MINI-CIRCUITS LABORATORY
A Division of Scientific Components Corp
R45/Orig
INFO/CARD 3
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Meet Rich Rosen

D id you ever wonder what kind of guy becomes the editor
of a trade magazine? Well, meet Rich Rosen, the new
editor of r.f. design. He started more than 20 years ago, as a
teenager, on the road to being a first-rate RF engineer when
he became interested in Ham radio (K2RR). The first piece of
gear he ever built was a 2W-CW transmitter using an old 6AG7
in a haywire lashup only a 15 year old could make work. He
now works 10-80 meters and
has a penchant for unusual an-
tennas. When he moved here to
Denver, one of the big concerns
in finding a house was making
sure that a 50 foot tower would
be allowed.

He says his most interesting
job (till now!) was at AlL where
he worked on interfacing optical
systems with RF systems. The
project deait with simultaneous
reception of azimuth and fre-
quency spread signals. He also
designed RF gear for a naval
architect doing Trident work.
He did a stint with the CBS |
Television Network as an audio/ |
video development engineer. ]

Rich came to r.f. design from Hughes Microwave where he
was Manager of Field Engineering. That translates into being
in charge of the group that puts up TVRO earth stations for
the CATV market.

Rich is an outgoing, friendly, precise engineer who has
collected thousands of books and magazines dealing with RF,
for which he has computer-compiled a bibliography with thou-
sands of entries. He delights in writing new programs for his
HP-67. Somewhere in all this he found and married the beautiful,
Chaya. They now live in Littleton, Colorado with two children
and a 50 foot tower.

We are glad Rich is now with r.f. design and think that you

will be too.
S Wimar

E. Patrick Wiesner
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Editor,

| have tried without success to utilize the formulas
given in the article by F.W. Hauer to be able to use it
on my TI-59-calculator but either the formulas are
incomplete or perhaps misprinted but | can’'t arrive
at the same answers as Mr. Hauer.

Looking at
er+1 er-1
en= +
2 2

on the beginning of the calculations for either formula
for ey, this portion of the equation will always equal
“er’”. What purpose does it serve?

Puzzled

C.A. Snell

Raytheon Corp. Dept. 9286
6380 Hollister Ave.

Goleta, Calif. 93017

Editor,

Mr. Snell’s concern is understandable. The first
two terms in these relationships would be redundant
if the second term was not multiplied by the third
term. The equation is not:

Cey= [ €I + 1 er -1
+

[(1 + 12hiw)-12 +
.04 (1 - wlh )]

2 2

it should be and is:

er + 1 er-1
+ [(1 + 12hiw)-124

.04(1 = wihy?]

Corr=

2 2

The parentheses around each of the first two terms
should have been included in the original manuscript
for clarity.

Fred Hauer

Reader Domanski is correct in saying that reducing
loop bandwidth has certain disadvantages. However,
third order loop has many advantages discussed
previously, and, in most cases, is necessary in RF
applications. With proper design, and this is the
purpose of these articles, the loop bandwidth can be
made as wide as required. To design very wide

r.f. design

bandwidth loops the additional poles have to be ac-
counted for since they are there whether the designer
wants them or not. Using the described ‘‘fifth order”
loop design, PLL's with bandwidths up to 500 kHz
were successfully designed and performed as pre-
dicted without any component adjustments. Negiect-
ing the additional poles in the calculations (using a
pure third order loop design) resulted in circuits
which oscillated due to inadequate phase margin.

Andrzej B. Przedpelski
R&D Laboratory
A.R.F. Products, Inc.
Boulder, Colorado

Gentlemen,

There is a problem in the article on pages 32-35
of the current issue of .f. design. The program set
forth contains a fatal error. It has 226 steps, while the
HP-67 can handle a maximum of 224 steps. (Note
that the steps are mis-numbered between steps 160
and 170.)

It would be appreciated if you could come up with
a correction to this interesting program.

Albert E. Hayes, Jr.
Albert Hayes & Associates
Consulting Engineer

Editor,

Mr. Hayes is correct, some errors apparently
crept in someplace between the manuscript and the
published article. Starting with step number 168 the
program reads:

gxsy
1
+
GTOS5

Delete 1 and + so the program is:
Step Entry Code

168 gx<y 3271
169 GTO52205
170 gLBLfe322515

Step #200 should read GTO 9 not GTO 0.
On page 33, the equations should read:

we w )
—_—————
h h nh
w/h is not part of the numerator of the second term.
Fred Hauer 0
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Fixed Wire Wound Resistors
Described in 16-Page Catalog

A concise catalog of fixed wire
wound resistors for a variety of efec-
trical power applications is being
offered by Tel Labs, Inc. of London-
derry,-New Hampshire. The Tel Labs
Catalog of fixed wire wound resistors
provides complete specifications on
the Q81 temperature sensing resistor,
epoxy encapsulated SA Series, ceramic
core resistor CR/ICA/CL Series, silicone
coated EL Series, and Type EH chassis
mounts.

Fully illustrated, the 16-page Tel
Labs Catalog of Fixed Wire Wound
Resistors includes graphic and tabular
data on values, tolerances, tempera-
ture coefficients, and dimensional
characteristics for each resistor. Com-
mercial and MIL-SPEC grades are
available.

The Tel Labs Catalog of fixed wire
wound resistors is available free from
Tel Labs, Inc., 154 Harvey Road, Lon-
donderry, N.H. 03053. INFO/CARD #117.

New Wire Cloth Catalog

The Woven Products Division of
National-Standard Company has pub-
lished a new 28-page, two-color cat-
alog on industrial wire cloth. The cat-
alog covers types of weaves, materials
and unique characteristics of wire
cloth for potential applications, in
addition to listing the wide range of
wire cloth available in standard and
special weaves. The catalog contains
a glossary of wire cloth terms, English
and metric tables on the physical prop-
erties of steel wire, and other helpful
data making it useful for designers,
specifiers, purchasing agents, pro-
duction managers and others in a
wide range of industries.

Contact National-Standard Com-
pany, Woven Products Division, In-
dustrial Blvd., Corbin, Ky. 40701. Circle
INFO/CARD #116.

Connector Study

The Electronic Connector Study
Group has published the second hard-
bound volume of ‘“‘The Connectors
and Interconnection Handbook.”

Volume 2 — Connector Types, con-
tains over 330 pages fully illustrated
with photographs, charts and graphs.
Major sections cover connector se-

8

lection, materials, cable/rack and panel
connectors, rigid printed wiring con-
nectors, flat cable/flexible circuit con-
nectors and component sockets and
a terms and definitions section in-
cluding Fiber Optics. Updates and re-
visions to Volume 1's Specifications
and Standards section and Symposia
Title Word Index are also included
with a comprehensive listing of inter-
connection related Technical Periodi-
cals, Technical Societies and Con-
nector and Socket Vendors.

Volume 1 — Basic Technology,
containing over 240 fully illustrated
pages is now in its second printing
and covers Interconnection Technol-
ogy, Connectors, Terminations and
Materials.

Each volume is available from the
ECSG for $25.00 each in the U.S.A.
($30.00 each outside of the U.S.). A
check or P.O. payable to ECSG (Pub-
lications), should be mailed to P.O.
Box 167, Fort Washington, Pa. 19034.
INFO/CARD #112.

Coaxial and Waveguide
Terminations

Narda Microwave Corporation has
announced a new, half-watt SMA ter-
mination, model 4380, covering DC to
26.5 GHz. Also featured are two new
series of medium power SMA termin-
ations with exceptionally low VSWR
specifications to 18 GHz. Thermal
design of these units is otpimized for
minimum temperature rise for the
unit’s size. Also, maximum power rat-
ings are based upon continuous oper-
ation at the rated power for an indef-
inite period.

Contact Narda Microwave Corpora-
tion, 75 Commercial Street, Plainview,
NY. 11803. INFO/CARD #113.

Temperature Compensated
Crystal Oscillators

A detailed brochure that describes
a line of temperature compensated
crystal oscillator modules is being
offered by Microsonics of Weymouth,
Massachusetts.

The Microsonics Brochure of tem-
perature compensated crystal oscilla-
tor modules, series 80 provides com-
plete specifications on TCXO modules
in commercial and MIL-SPEC grades
with frequencies from 250 kHz to 60
MHz and ten temperature stability op-
tions.

Contact Microsonics, 60 Winter
Street, Weymouth, Mass. 02188. Circle
INFO/CARD #115.

Opportunities for Engineers

Opportunities for experienced engi-
neers to work in such state-of-the-art
GTE technologies as fiber optics,
digital integrated circuits, highest com-
plexity MOS memory, bubble memory,
codecs and many others are outlined
in a brochure from GTE Automatic
Electric Laboratories Incorporated.

Entitled ‘“Career Opportunities in
Telecommunications,” the brochure
describes the excitement and re-
wards that come with operating at
the leading edge of the state-of-the-
art in applying new technology effec-
tively to large-scale systems.

Contact GTE Automatic Electric
Laboratories Incorporated, 400 North
Wolf Road, Northlake, lil. 60164. Circle
INFO/CARD #114.

Free Catalog
From Rental Electronics

Rental Electronics, Inc. announced
the publication of their new Rental
Catalog, which lists the $30 + -million
worth of electronic equipment in the
company'’s rental inventory in the U.S.
and Canada. REl maintains 11 inven-
tory centers in the U.S., three in
Canada, and a separate used equip-
ment sales office.

The colorful 36-page catalog includes
descriptions and monthly rental charges
for a variety of items in the folliow-
ing instrument categories: amplifiers;
wave and distortion analyzers; logic
analyzers; data link analyzers; network
analyzers; power line analyzers; sound
and vibration analyzers; spectrum an-
alyzers; attenuators; calibrators; cam-
eras; counters; couplers; desktop com-
puters; filters; function generators;
noise generators; pulse generators;
signal source generators; swept fre-
qguency generators; generators/syn-
thesizers; analog voltage, current and
resistance meters; digital meters; power
meters and thermistors; microproces-
sor instrumentation; modulators; and
more.

Contact Rental Electronics, inc.,
19527 Business Center Drive, North-
ridge, California 91324. INFO/CARD
#134. (]

February 1980



Signal Generator Specifications
— Part i

By Rob Oetflein
Marketing Engineer
Hewlett-Packard

Output Level

o be useful, the signal generator output level

must be calibrated in some unit over a specified
range into a characteristic impedance. The nominal
output impedance of most RF signal generators is
50 ohms. For CATV and some telecommunications
applications which require 75 ohms, an impedance
transformer or resistive adaptor can be used. High
output levels are desirable for driving mixers or over-
coming system losses. Low output levels are impor-
tant for receiver sensitivity measurements and to
calibrate RFI measurements.

The most common output level unit is dB referenced
to one milliwatt (dBm) into a 50 ohm resistive load.
In many applications it is desirable to set the output
directly in volts and this capability is normally
provided. Several other output units have become
popular in the receiver test market. These include
E.M.F. or open circuit voltage, dB referenced to one
microvolt (dBuV), and dB referenced to one femto-
watt (dBf).

Amplitude resolution determines the settability of
the output level. For relative output settings high
resolution is beneficial and .1 dB may be desired.
In an automatic system one-half the resolution is the
maximum amplitude correction which can be made,
but it should be stressed that this resolution does not
determine the absolute accuracy of the setting.

r.f. design

Figure 8 illustrates the sources of absolute accuracy
error.

Temperature, level flatness, indicator accuracy,
detector linearity, attenuator accuracy, and meas-
urement error all contribute to the signal genera-
tor's absolute output level accuracy specification.
The accuracy specification (usually given as = dB)
should include allowances for all of these factors if
an absolute value is indicated. The importance of
this specification is evident in receiver usable sen-
sitivity measurements where an error of a few dB
might cause a misrepresentation of many miles in
the radio’s reception capability. Also, if the signal
generator is used to verify ALC characteristics or
squelch thresholds the output level accuracy is the
key specification involved.

Temperature primarily affects the sensitivity of the
detector. This error can be minimized by design-
ing the signal generator with a large thermal mass
and by maintaining a relatively constant ambient
temperature. Level flatness is a measure of the flat-
ness of the insertion loss of both the detector
and the attenuator as well as a measure of the
signal generator's ALC capability. Level flatness must
be specified over the frequency range of interest.
Indicator accuracy and detector linearity refer to the
tracking between the actual output and the level that

"



the detector sees and the indicator displays. The
indicator is commonly a meter, but may now be a
digital readout.

At a single frequency these errors (temperature,
flatness, detector linearity, and indicator accuracy)
can be calibrated out using a power meter and a
fixed vernier setting on the signal generator. Ref-
erence 1 describes this technique.

Attenuator accuracy for step attenuators is directly
proportional to the accuracy of each pad involved. in
setting the output level. The total error is cumula-
tive so that if a generator has 5 pads and each is
specified at +0.3 dB, the worst case error would
be +1.5 dB. Some synthesized signal generators
use their internal microprocessor to calibrate out
this error. Waveguide beyond cutoff attenuators are
still used in some generators because of their in-
herent accuracy and ability to provide a continuously
variable output. The drawback is the inability to pro-
gram them and their large insertion loss.

Measurement error refers to the uncertainty of
the absolute error which results from the signal
generator calibration. The primary source of this error
is the impedance mismatch or VSWR of the signal
generator and the instrument used to calibrate it.
The VSWR of a signal generator is normally given
for both high and low levels since the VSWR is
degraded at high output levels when the attenuator
is not being utilized.

When the signal generator is used in an applica-
tion which requires low level signals, like measuring
the sensitivity of pocket pagers, leakage can cause
serious inaccuracies. This specification is a measure
of the signal generator's EMI and RFI. It is nor-
mally sufficient to indicate whether the signal gen-
erator complies with one or more of the universally
accepted standards such as MIL STANDARD 461 or
VDE 0871. A qualitative and easily measured specifica-
tion indicates the voltage induced in a two-turn

2.4 cm. loop held 2.4 cm. from any surface on the
generator. This method provides an easily measured
value for comparison among signal generators.

Reverse power protection with automatic reset (or
an in-line fuse) helps prevent serious damage to the
generator’s attenuator or circuitry in the case of an
accidental transmission from a transceiver. This type
of protection should specify the reverse power han-
dling capability and indicate any degradation of the
level accuracy caused by the circuits invoived.

Modulation

Without the ability to pass information modulated
onto the carrier, an instrument cannot be classified
as a signal generator. There are a variety of modula-
tion formats in use today, but normaily each method
can be classified as either amplitude or angular
modulation. In general, the signal generator's modula-
tion specifications are concerned with its ability to
precisely apply the internally or externally supplied
information onto the carrier. Sufficient bandwidth
and fidelity are the two primary concerns.

Amplitude modulation requires that the signal gen-
erator provide for a variable percentage of depth
over some specified range of rates. In standard
AM receiver tests the amount of depth required
may be only 30 percent. However, for VOR/ILS
avionics testing and other complex modulation
schemes, total depths up to 100 percent AM may
be necessary.

AM bandwidth available may depend on the RF
carrier frequency as well as the amount of depth
selected. Both internal and external rates should
be specified as well as whether external DC coupling
is available. DC coupling is important not only for
low frequency modulation with minimal phase shifts
but also for some applications where it is desired
to program the output level in a continuous manner.

Figure 8. Sources of absolute output level error.

Output Level Accuracy

Atten

f—

ALC ]

Amp

—

Sources of Error: Level Flatness

Detector and Meter Linearity
Attenuator
Measurement Uncertainty During Calibration

Level Variations with Temperature (Due to Detector)

Modemn Data Sheets Should include Total Absolute Accuracy At Any
Level Setting and include All Sources of Error.

Flatness Referenced to 0 dB
at specified frequency

12
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Radio

In radio-communications, Plessey
offers the most comprehensive line of
IC’s available.

IC’s that will cut the costs, reduce
the size and increase the reliability
of your designs for everything
from commercial CB sets to
manpack radios like the
Hughes PRC-104 shown.

Typical is our SL6600,

a monolithic IC that contains |
a complete IF amplifier,
detector, phase-locked loop
and squelch system. Power
consumption is a meager
1.5 mA at 6V, S/N ratio is
20 dB, dynamic range is
120 dB, THD is just 2% for
5 kHz peak deviation, and it

can be used up to 25 MHz
with deviations up to 10 kHz.
Our SL6640 (with audio
output) and SL6650 (without ; And they’re all
audio) are similar, but go a bit available now, so contact
further, adding dc volume control us for complete details today.
to the on-chip preamp, amp, detector The real action in radio-
and carrier squelch. o communications IC’s is at Plessey.
In addition to these, we offer a
: ’ . PLESSEY
large family of RF and IF amplifiers,
most available in full MIL-temp gfﬁslemmg
versions, with screening to 883B. Telephone (714) 540.9979

All things to some people.

r.f. design INFO/CARD 4
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Normally 1 kHz and 400 Hz rates are supplied inter-
nally. An optional selection of other fixed rates or a
continuously variable internal oscillator may be of-
fered.

AM distortion results from the inability of the ALC
loop to track the AM envelope. For this reason, the
distortion will increase with greater depths and higher
rates. A specification for the internal 1 kHz or
400 Hz rates with a single depth can be mislead-
ing. Figure 9 illustrates two methods of more com-
pletely specifying AM distortion. Obviously, if the
fidelity of a receiver or other system is to be measured
the limiting factor is the distortion inherent in
the signal generator and the audio source.

The accuracy of the AM depth depends primarily
on the quality of the modulator utilized and the in-
dicator used to display the setting. If a meter is
used to indicate the depth it is important to know
whether the accuracy is specified as percent of read-
ing or percent of full scale. The error is constant
for percent of reading but increases with lower
deflections for percent of full scale.

When AM is applied to a carrier a small amount of
FM generally appears at the same rate as the modulat-
ing frequency. This incidental FM in contrast with
residual FM is not present on the CW signal.
In stringent AM applications such as stereo AM
incidental FM adds to the noise and distortion.
The actual mechanism involved is commonly in-
cidental phase modulation and in this case the
FM deviation increases with the modulation rate.
Incidental FM equals the peak incidental @M times
the modulation rate.

Pulse modulation (Pm) is a form of amplitude modula-
tion. Many of the specifications are similar with the
exception of the pulse parameters and the pulse
on/off ratio. Fast rise/fall times help the input pulse
to be faithfully reproduced. Pulse repetition rate and
minimum pulse width further identify the type of
pulses which may modulate the carrier. The on/off
ratio defines the power present when the RF is

pulsed on to the power present when it is pulsed
off. High resolution radar systems may require rise/
fall times less than .1us and on/off ratios of greater
than 80 dB at the IF frequencies. Other applications
for pulse modulation include avionics DME radars,
IF filter characterization, and EW or ECM work.

Frequency modulation requires that the signal
generator provide for a variable amount of FM devia-
tion over some specified range of rates. Although
most FM mobile receivers have audio bandwidths
less than 5 kHz, the entertainment FM band re-
quires from 75 to 100 kHz of peak deviation from
88 to 108 MHz. As mentioned previously, the avail-
able peak deviation is preserved in the heterodyne
process but reduced by half with each division
by two. Thus the amount of available peak devia-
tion may decrease at lower frequencies and it is
important to know the specification for the carrier
frequency of the application. In addition, the resolu-
tion of the FM deviation may  vary depending on
the carrier frequency.

FM bandwidth, like AM bandwidth, should be
specified for both internal and external rates. In
older generators a 3 dB bandwidth was common,
but today many manufacturers are giving the 1 dB
bandwidth. External DC FM is desirable to provide
an analog DC sweep capability for testing IF filters
or discriminators, and to allow the generator to act
as the VCO in a phaselocked loop. DC FM may
also be required for certain squelch formats if
low rate AC coupling is not provided.

FM distortion will depend on the rate and devia-
tion selected. Figure 10 illustrates two methods of
displaying FM distortion. Although 1 percent distor-
tion is normally sufficient for most applications,
some FM stereo receivers now specify better than
.05 percent distortion. Again, the distortion is com-
monly specified at the internal rates of 1 kHz
and 400 Hz for a particular amount of deviation.

Incidental AM is the small amount of AM which
occurs at the same rate as the FM. It is not present
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AM Distortion vs. AM rate measured at 200 MHz and
+ 13 dBm, representative of all bands.

Figure 9. Two methods of specifying AM Distortion on a data sheet for various Rates and Depths.

10kHz 20kHz 30kHz 40 kHz 50 kl:z f <4 MHz
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Modulation Rate

14

February 1980



Divide and
conquer

PLESSEY HIGH-SPEED DIVIDERS/PRESCALERS

Pick a Plessey prescaler and
you've conquered the major
problems in your high-speed
counters, timers and frequency T
synthesizers. S nn N
Because we can give you S Sl S UESTA
everything from ultra-fast R P
dividers that tame the terrors
of TACAN to inexpensive IC's

~
that cut the costs of your CB's.

+10 SPgees ®+645SP8752
® © +10 SP8667
® +2 SP8606

-~~~~
Ap‘up ')\\

) +4 SP8619

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

\

®: 4 SP8600
= +10/11 SP8690
= +10/11 SP869S5S

They're all guaranteed to oI R
operate from dc to at least the o =PROGRAMMARLE RATIOS
frequencies shown. They all g 3 L G s, S g

GUARANTEED TOGGLE FREQUENCY (MHz)

provide low power consump-

tion, low propagation delays and
easy system interfaces, with most
of them available in commercial

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

and MIL-temp versions. you a winner.

@ T pucrons
] Show me, Plessey: i SEMICONDUCTORS

l Represented world-wide._

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

l O Have a salesman call O Send more details

Name
Telephone

I Company l
Address

I City/State/Zip l

tINFO/CARD 5



on the CW signal, but normally becomes more
pronounced with greater FM deviation. Incidental
AM impairs the ability of the signal generator to
make FM rejection measurements on an AM receiver,
and can effect Bessel null calibrations.

The specification is normally given in percent AM,
but the AM sidebands may be specified in dBc.
When the power in both sidebands is measured
the dBc specfication may be converted to percent
AM by the formula:

— XdBc + 40

10 20

When the power in only a single sideband is in-
dicated (as on a spectrum analyzer) a 6 dB correc-
tion factor is necessary since at 100 percent AM
each sideband has 25 percent of the power in the
carrier. This correction can be made by adding 46 dB
instead of 40 dB.

In some synthesizers the carrier will shift in fre-
quency when the generator is switched from the
CW to the FM mode. This carrier shift is especially
undesirabie in narrowband applications and should
be specified if the shift occurs.

Phase modulation @m is another form of angular
modulation. Here the important specifications are
similar to FM with the exception that the devia-
tions are expressed in degrees or radians. Although
most @M applications occur above 1 GHz, such as
satellite communications, it is desirable for check-
ing the phase characteristics of subassemblies or
to analyze phase-lock loops.

Finally, if the signal generator has the ability
to perform simultaneous modulation it should be
specified. Simultaneous AM and FM can be utilized
to check the FM rejection of an AM receiver or
vice versa, and is required for stereo AM applica-
tions. Also, if a demodulated AM output is provided
it should be noted. This feature is used to check
the accuracy of percent AM settings and is desired
primarily in avionics applications.

Switching Speed

With the advent of synthesized signal generators,
both direct and indirect, switching speed has become
an important specification to understand. Indirect
synthesizers generally switch slower than direct
synthesizers due to the indirect synthesis process.
Switching speed on an indirect synthesizer is com-
prised of three factors, control time, lock time, and
settling time.

Control time is the time required for the syn-
thesizer to receive the command, process the change
information, and send out the appropriate data to
the RF section. Lock time refers to the time re-
quired for the phase locked loops to capture a new
frequency after a change is initiated by the con-
troller. The time it takes for the phase error in the
loop to decrease to within a specified value from
the final frequency is settling time.
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Figure 10. Two methods of illustrating FM Dis-
tortion on a data sheet for various Rates and
Deviations.

A direct synthesizer can change frequency es-
sentially as fast as its internal switches. Control
time is the limiting factor in their design since
they do not utilize any phase-lock loops and their
settling times are normally short.

For all signal generators, the switching speed
should be specified as the time from the initializa-
tion of the change to when the output is within a
certain number of hertz from the desired final fre-
quency.

Faster switching synthesizers can also incorporate
aprecision digital sweep capability into their design.
The time saving advantage of this feature is readily
evident during the analysis of filters, antennas, or
amplifiers. With the resolution of 0.1 Hz available
in some signal generators the digital point to point
nature of the sweep becomes almost unnoticeable.

Control

Programmability in signal generators has led to
their widespread use in Automatic Test Equipment
(ATE) systems. Several types of interfaces are avail-
able today and care should be taken to select
the one which offers the most flexibility for the
application.
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Binary coded decimal (BCD) interfaces have ex-
isted on signal generators for quite a few years.
Since this is usually a full parallel interface it
offers speed and simultaneous control of several
functions. It is important to know the number of
lines required by the interface and the decimal
weighting of the 4 bit code. Although “8421” is
the most commonly used today, “4221" and **1248”
have been popular in the past.

The IEEE 488-75 interface is quickly gaining in
popularity. This 16 line bit-paraliel, byte-serial inter-
face features standardized interface connectors and
a handshake type of control format. This interface
bus cannot operate at the speed of a full parallel
interface, but it is sufficient for the majority of
ATE applications.

Control features have also improved the manual
operation of today’s signal generators through the
use of internal microprocessors. Such features as
full keyboard control, store/recall of front panel set-
tings, and the ability to define increments for all
functions can greatly reduce test set-up and measure-
ment times.

Conclusion

The challenge of selecting a signal generator
which will fulfill all of the critical requirements in
a particular application can be simplified if the
specifications involved are thoroughly understood.
Once it has been determined which of the six

References

1. Output Level Accuracy. Hewlett-Packard
Application Note 170-1.

2. Third Order Intermodulation Characteris-
tics, Hewlett-Packard Application Note 170-2.

specification categories (frequency, spectral purity,
output level, modulation, switching speed, and con-
trol) are critical to the signal generator’s performance,
the various instruments available may be more easily
evaluated. All future or anticipated requirements
should be included in this analysis.

Comparison of the data sheet specifications should
then be undertaken carefully. Widespread differences
in measurement methods and the existence of
“specmanship’ can lead to the purchase of equip-
ment unable to meet all the requirements. The con-
trasting specifications should be converted to units
which can be easily compared, and particular atten-
tion should be paid to all of the qualifications as-
sociated with each specification. For example, a
specification given as typical does not guarantee
that every unit manufactured will have the stated
performance.

Astute examination of the application followed
by prudent selection of the signal generator will
ensure that the equipment purchased will match
the performance required. 8]
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Antennas in the RF Range

...10kHz to 2000 MHz. A discussion of RF antennas used by all services.

—4

ost antennas in the RF range fall into one of
following categories:

A. Traveling wave

B. Driven

C. Vertical

D. Leaky Waveguide

E. Reflector

An antenna, as a transducer, converts electro-
magnetic energy into RF currents for receiving ap-
plications or launches an electro-magnetic wave from
an RF source(s).

Though there is the appearance of five separate
categories there is some degree of overlap just as
there is overlap in the frequency domain and usage
of all antennas.

Vertical antennas, especially when combined in
arrays are not really a distinct group. They fall into
the traveling wave or driven antenna category. How-

r.f. design

ever, especially in the lower end of the RF spectrum
(10 kHz-30 MHz), vertical antennas are widely used
and are discussed as a separate group.

Leaky wave antennas, such as the Directional
Discontinuity Ring Radiator, or DDRR for short, though
they launch and receive a vertically polarized wave
and consequently could be grouped as “C”, due to
their unique construction are considered separately.

Traveling Wave Antennas

Type 1. This is a group of endfire antennas
utilizing an array of parasitic elements or wave guiding
structure with energy directed towards or from a
primary driven element. The categories are:

1. Yagi-Uda Parasitic Array
2. Backfire
3. Quad or closed loop array
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4. Quagi (Quad-Yagi)
5. Helical
6. Birdcage

Once again not all categories are distinct. A back-
fire antenna is a Yagi and reflector combination.
However since modifications are required to the Yagi
when combined with the reflective screen it is at

best a hybrid and will be considered separately.

(This is not meant to diminish the importance of
it firing off the back and not the front end of the Yagi.)

The same holds true for the Quagi. Though con-
structed of “Yagi type’ elements and closed loops
by virtue of its hybrid performance rates a separate
category.

1. Yagi-Uda Parasitic Array

The Yagi-Uda antenna, invented in 1926, is a parasitic
structure that supports a slow surface wave along
its length. It consists of a number of directors and
reflectors (the parasitic elements) that enhance radia-
tion in one direction.

The Yagi has been utilized by the military, com-
mercial interest and experimenters alike. It is simple,
rugged, can be made of all metal construction
and consequently be DC grounded for lightning
protection.

The simplest Yagi consists of a driven element and
either a director or reflector. On the other extreme is
an 80 wavelength long, 26 dBd (dB with respect to
a reference dipole) experimental Yagi.' One of the long-
est boom Yagis in present use consists of 12 ele-
ments and is 152 feet long.'®

A typical 3 element Yagi is depicted below.?
(Figure 1)

f 0.22 -} 0.24 ]
’ / /
’

Figure 1. Typical 3 Element Yagi

Its elements can be linear, X-shaped or in the form
of inverted Vees, each with its own merits.
a. Standard Design

There are several ‘“‘recipes’ for standardized con-
struction of 3 or more element Yagis. One such
recipe suggests that a single reflector be placed
between 0.2 and 0.25 wavelengths behind the driven
element and each added director of 2.5 percent
diminishing length and 0.2 wavelength separation in
front of the driven element.

The Hansen-Woodyard condition' specifies that high
gains are achievable as long as the difference in
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phase between the surface wave and the free
space wave at the end of the antenna be equal to
180°. A general rule of thumb has always been “the
longer it is the better it is (higher gain).

Recently several references have developed non-
standard techniques for optimizing gain for a given
boom length Yagi.

b. The Ascendency Curve Yagi®

Represents a design by formula called the ascen-
dency — descendency curve. It recognizes the inter-
relationships between the high number directors (5
and 6) and their effect in increasing the overall
forward gain. Improvements of the order of 10 to 20
percent are indicated by the careful adjustments
of non-uniform director spacings. An example of an
8 element, 13.1 dBd gain Yagi is given. For actual
design information the reader is. referred to the
original source.® (Figure 2).

D6 = 6th Director
DE = Driven Element
R = Reflector

=/ / / / / ///

16 9/16 '—[ 10 3/4
107/8”

19 1/4
147/8"

15 1I4
18 114"

D6 = 6th Director DE = Driven Element R = Reflector

Figure 2. 8 Element Ascendency Curve Yagi

Note the ascending — descending spacings be-
tween the higher number directors. This Yagi is
dimensioned in inches for operation at 222.5 MHz.
(Which set of element lengths to use depends upon
design bandwidth requirements and are clearly de-
lineated in the reference.)

c. The Modulated Ladder Antenna

The modulated ladder antenna is basically a multi-
element Yagi with non-uniform or “modulated” ele-
ment lengths and spacings. The advantages indicated
by this design are very high gain (26 dBd)' and
minimum sidelobes over a substantial bandwidth.
Properly designed modulated ladder arrays should
exhibit an average beamwidth (H-plane beamwidth
is larger, E-plane beamwidth is less) and gain as
calculated from the formulas:

Beamwidth = 55V ¢/ in degrees
Gain = 101094 (94/4) in dB above isotropic
1 = array length (same units as A)

The concept relating higher achievable gains with
non-uniform element lengths and spacings has been
described in greater detail by David Cheng.*.®
d. The Trigonal Reflector

Most Yagi designs incorporate a single reflector.
Experiments? utilizing plane reflecting surfaces, para-
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bolas and corner reflectors were tried. The largest
increase in gain (0.75 dB) occurred when a trigonal
reflector was utilized as illustrated below in Figure 3.

DE = 0.5004
R1=R2=0.4551
R3=0.473A
DE R3
j 0. 27/\
R2

135x ——9/

0 1734

Figure 3. Yagi with Trigonal Reflector

With well over 400 U.S. references to Yagi an-
tenna development available since 1928° and several
definitive projects, some involving 3 or more years
of research,? the Yagi antenna is probably one of the
most interesting, useful and well studied antennas
around.

2. Backfire Antenna

The Hansen-Woodyard condition, referred to pre-
viously, stated that the maximum gain of a Yagi
is proportional to its length provided that the sur-
face and free space wave 180° phase relationship
is maintained. A Backfire antenna is basically a
Yagi pointing towards a large reflector. (Figure 4)

LR = Large Reflector

D = Director
DE = Driven Element
R = Reflector

ﬂ ///

LR = Large Reflector
D = Director
DE = Driven Element
R = Reflector

Figure 4. The Backfire Antenna

r.f. design

It takes advantage of the H-W condition by for-
cing the surface wave to traverse the physical
length twice. This results in greater gain and fre-
quency bandwidth than its equivalent length Yagi.’

Backfire antennas have been used at the high
end of the RF range with gains in excess of 23
dB, at UHF with gains of 10.5 to 14 dB’ and at
VHF with gain improvements of 4.5 dB over the
isolated Yagi.?

3. Quad or Closed Loop Array

The cubical quad, or quad for short, was de-
veloped in 1942 by Clarence Moore.® It is a parasitic
traveling wave structure with loop elements approxi-
mately one wavelength in circumference. It is similar
to the Yagi in several respects yet its differences
are more widely known. These are:

a. Approximately 2 dB greater gain than the equivalent
length Yagi.

b. “Quieter operation”
tion static

c. Feedpoint impedance closer in value to standard
transmission line characteristic impedances

d. Lower mounting height for the same takeoff
or elevation angle as that of a Yagi.

e. Polarization can be changed by simply changing
feedpoints.

Handbook style design criteria for a 3 element

quad follows from these basic formula:
1) Circumference of driven element = 1005/fMHz feet
2) Circurpference of reflector element = 1030/fMHz feet
3) Circumference of director element = 975/fMHz feet
Interelement spacings of from 0.15 A to 0.20 A are
typical.

Power gain in dB above an isotropic of a closed
loop is more a function of its perimeter and not
shape. This has given use to loop designs with
other than a diamond or rhombus configuration.

— Less sensitive to precipita-

@ Circular Loops

Research on large circular loop arrays'' have
indicated that the loop perimeter (or enclosed area)
and relative thickness of the conductors are gain
determining factors. Antenna area and gain are re-
lated as follows:

G=4nAl2

where A (area) and A2 are entered with the same
units of measure.

Figure 5 illustrates current distribution in diamond,
square and circular 1 wavelength circumference
loops:

® Delta Loops

Another popular form of loop array has a delta
or triangular shaped element. It has the added ad-
vantage, especially at the lower end of the HF
spectrum, in that it only requires a single high
support, per element.

Delta loops exhibit substantially different take-
off angles when inverted versus non-inverted, fed
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at a corner or side and elevated versus erected
close to the ground or ground system.'?.'%."

Current Maximum  Current Maximum  Current Maximum

-@

Current Current Current
< Minimum 2 Minimum Minimum”
Feedpoint Feedpoint Feedpoint

Figure 5. Closed Loop Current Distribution

® Bi-square Array

As mentioned earlier conventional cubical quads
have a 1 wavelength perimeter. A diamond-shaped
quad would then have 4 sides each A/4 long. The
Bi-square loop is similar in shape and radiation
direction (broadside) to the quad with the added
advantage of 3 dB more gain. This additional gain
is achieved by making the sides A/2 in length. The
total perimeter of a Bi-square loop is 4 x A/2 or
2 A. By adding a parasitic reflector or director
gains over 9 dBd have been claimed.®

® Alford Loop

One means of increasing antenna efficiency is to
increase its radiation resistance. The Alford loop is
a large square loop, consisting of four dipole ra-
diators for sides. The radiation resistance is much
higher than that of an ordinary loop. A typical Alford
loop*tis indicated in Figure 6.

&—— Radiating Element

-

Inductive
Phasing <
Stub

Input

7\
. Adjustable
Terminals

Shorting
Bar

><

Figure 6. The Alford Loop

4. Quagis

The Quagi is a hybrid antenna that combines
the best features of the cubical quad and the Yagi
beam. Its directors are linear elements as in a Yagi
while the driven and reflector are closed loops.
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The immediately apparent advantages are greater
gain over an equivalent number of element Yagi
and simpler and more repeatable construction tech-
niques. (Figure 7)

D4, D3, D2, D1 = Directors
DE = Driven Element
R = Reflector

1 DE R

Max

D4 D3 D2 D
Signal
-

D4, D3, D2, D1 = Directors
DE = Driven Element
R = Reflector

Figure 7. A 6 Element Quagi

5. Helicals

The front cover of this month’s issue depicts a
right-hand circularly polarized helical antenna operat-
ing at 468 MHz. Unlike dipole antennas where the
electro-magnetic wave travels at the velocity of light
the velocity of the wave along the axis of the helix
is lower. It depends on the frequency, diameter
and number of turns per unit length.

Helical antennas are categorized by their shape
(cylindrical, flat or conical) and their mode of opera-
tion: normal or axial.

® Normal Mode

Distinguishing characteristics of a normal mode
helix are their small diameters and lengths with
respect to wavelength. The radiated field is elliptically
polarized. Circular polarization is obtained with a
resonant helix at a 0.9 height/diameter ratio.'’

® Axial Mode

The axial mode helix is used as an end-fire
circularly-polarized radiating beam. Gain is nearly
constant over an octave. Both gain and beamwidth
are a function of the number of turns — gain
increases, the beamwidth decreases with increasing
turns.

Axial mode helices are used for communications
between terrestrial stations and orbiting satellites.
Figure 8 illustrates a helix and its dimensions utilized
for just such an application — radio amateur com-
munications with OSCAR 7.%¢

D = Diameter of Helix

S = Spacing between turns

a = Pitch angle = Arctan (S/nD)
L = Length of 1 turn

n = Number of turns

A = Axial length = nS
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D = Diameter of Helix

S = Spacing between turns A = Axial length=nS

a = Pitch angle = Arctan (S/nD) d = Diameter of conductor

L = Length of 1 turn g = Separation between ground
n = Number of turns G = Diameter of groundplane

Figure 8. Helix and Dimensions

d = Diameter of conductor

g = separation between ground
plane and first turn

G = Diameter of ground plane

6. Birdcage

The birdcage is a unique 2 element parasitic
array that borrows favorable characteristics from
the cubical quad and Vee beams. Invented and
patented by Dick Bird, a British radio amateur,
in 1958,'¢ it closely resembles a bird cage. (Figure 9)

v

=t 1]

le—o0.1750——»]

R = Reflector
DE = Driven Element

Figure 9. The G4ZU Birdcage Antenna

Several attractive features of the Birdcage are:
a. High gain — between 8.5to 10 dBd.
b. Extremely compact — very small turning radius
even at the low end of the HF spectrum.
c. Feedpoint impedance — 40 to 50 ohms, ideal
for matching to standard coaxial transmission lines.

Traveling Wave Antennas

Type 2. This is a group of antennas using a
wave guiding structure, primarily wire, that is long

r.f. design

with respect to the operating wavelength. These
antennas are additionally grouped by their height
above ground.

® Elevated above ground (>1/8)

1. Long wire antennas
2. Vee antennas, Vee beams
3. Rhombics

Unlike the previous Type 1 (Traveling Wave An-
tenna) Type 2 antennas evolve. That is long wires
“1” make up Vee antennas “2” and Vees combine to
form Rhombics ““3”.

1. Long-wire Antennas

The old adage ‘“the bigger the better” applies
to this type of antenna. A long wire antenna when
fed at one end either directly (Fuchs antenna) or by
means of a transmission line has a radiation pattern
that directly relates to its length and height above
ground. Radiation from end-fed long wire antennas
is broadside when the overall length is 5/8 wave or less.

As the length of the long wire increases above
5/8 wave the radiation pattern forms into a cone
coaxial and away from the feed point as illustrated
below. (Figure 10)

——

———

Figure 10. Long wire Antenna Pattern

A table of the locus (angle) of first maxima of
the cone of radiation versus long wire length is
given below: (Table 1)

Table 1
T A
53° 1 23° 5 ]
37° 2 20° 6
29° ) 18° 7
26° 4 17° 8

The advanages ot this type of antenna are its
simplicity, high gain (for many wavelength long wires)
and low cost to install and maintain.

2. Vee Antennas or Vee Beams

Vee antennas represent a natural progression
from long wire antennas. They have the added ad-
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vantages of greater gain, (3 dB versus same length
long wires) sharper directivity and reduction of some
sidelobes. Two long wires of specified length () can
be combined at one point to form a Vee beam of
related angle (2a). This is to say that length and apex
angle are related in optimized gain Vees.

Figure 11 illustrates spatial lobe combination and

Lobes 1+ 2 Cancel
Lobes 3 + 4 Cancel

Feedline

Lobes 5 + 6 add
Lobes 7 + 8 add

Figure 11. Vee Beam Construction from 2 Long Wires

cancellation in the long wire construction of a
Vee beam.

As illustrated a Vee beam, when properly con-
structed is bidirectional with maximum radiation
along the bisector.

When resistively terminated at the ends the Vee
Beam is unidirectional and radiates towards (and
receives from) the left.

3. Rhombics
a. General

A rhombic is a four-sided, diamond-shaped high
gain wire antenna. It provides a high signal-to-
noise ratio for reception and a relatively low take-
off or elevation angle. It exhibits a nearly constant
feedpoint impedance over a wide bandwidth when
properly terminated at the far end. A terminated
rhombic is illustrated below. (Figure 12)

Maximum radiation is indicated along the bi-
sector towards the left. Design terminology and
criteria are as follows:

$ =tilt angle

A = vertical angle

H = height above ground
L = long side length

Using readily available charts'® and assigning values
to two out of four of the parameters the remain-
ing two are calculated.

Assume a 15° vertical angle is required. (Based
on a specific propagation path and mode) and a
maximum side length of 5A is all the existing prop-
erty will allow.

What tilt angle and height above ground does
that calculate out to?
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Figure 12. Rhombic Antenna

The referenced chart indicates that a tilt angle
¢ of 71° and a height of 0.954 or 2.8 will suffice.
The lower of the two (heights) for practical considera-
tions is chosen.

Terminations for rhombics are non-inductive re-
sistors or in the case of very high power trans-
mitters lossy balanced transmission line is utilized.

b. Multistrand Rhombics

Often for broadbanding purposes or for lowering
the feedpoint impedance rhombics are multistranded.
That is each leg consists of two or more con-
ductors separated by several feet at the side poles
and brought together at the forward and rear sup-
ports.

c. Nested Rhombics

A nested rhombic configuration is a pair of
staggered coplanar rhombics with a common feed-
point. It exhibits substantial gain (27 dBd), broad-
bandedness, low vertical angle and lower (sidelobes)
than a conventional rhombic.

Feed

Point 37.7° 522

L1=29.5Feet
L2 =50.67 Feet
R =660 0Ohms

Figure 13. 144 MHz Nested Rhombic
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This nested rhombic is fed by 300 ohm balanced
line, is mounted 12.29 feet above ground and has a
vertical and horizontal beamwidth of 5.5° and 8.5°,
respectively.

® Close to the Ground (< 1/8)
® Beverages

A Beverage antenna is a horizontal longwire
antenna utilized especially for reception of low-
frequency vertical polarized waves. It normally con-
sists of a single wire several wavelengths long
erected close to the ground, or even on the ground,
and terminated at the far end in its characteristic
impedance.

An outstanding merit of this antenna is its ability
to “pull signals out of the noise”. The low end of
the HF spectrum is typically atmosphere noise
limited as opposed to thermal noise limiting in the
higher RF ranges. Most HF antennas previously
described present large signal and noise voltages at
receiver terminals. The Beverage, on the other hand,
generates a lower signal voltage while at the same
time a considerably lower noise voltage. The overall
effect is to produce a better or higher signal-to-
noise ratio which is really the name of the game
in communications intelligibility.

® Parallel Wire Beverage Antenna

An interesting and very useful feature related to
the operation of a Beverage is the ability to reject
signals not only off the back but off the sides —
selectively. By tuning the complex termination
impedance depth and direction of rejection can be
adjusted.

A twin or parallel wire Beverage places the ter-
mination network close to the receiver (and opera-
tor). (Figure 14)

—

Parallel Wire Beverage Antenna r

OES E

L T,, To= Transformers T2
/[ th]’ N = Network
1 (Variable =
Impedance)
R = Receiver

Figure 14. Parallel Wire Beverage Antenna

development, deployment and measurement. 2°. 2. 22,
#3.2¢ They are well worth reading about.
Part 2 in the series continues with “Driven Antennas.”
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7-Element 50-ohm Chebyshev Filters
Using Standard-Value Capacitors

By proper selection of reflection coefficient and cutoff
frequency, one can obtain a design very close to the required
cutoff frequency and use only standard value capacitors.

Edward E. Wetherhold
Honeywell Inc.
Defense Electronics Division

0 cassionally, the RF engineer requires a relatively
simple lowpass or highpass LC filter for non-
critical applications such as for reducing oscillator
harmonic levels, or for providing receiver preselec-
tion. In these cases, the exact cutoff frequency is
not critical and 40 to 50 dB of attenuation per octave
is adequate. The average RF engineer may spend too
much time in developing a suitable design. Although
the lowpass design procedure is relatively simple
and straightforward and can usually be completed
without error, this is not true of the highpass pro-
cedure. In this case, the normalized lowpass element
values must be first transformed into highpass values
before frequency and impedance scaling is done.
This complication provides additional opportunities
for error. Even after the design calculations have
been completed, the construction invariably will be
complicated because most or all of the calculated
capacitor values will not be available in the standard-
value series. The designer then has the choice of
either accepting the design as calculated, or shifting
the cutoff frequency slightly to cause a correspond-
ing shift in the capacitor value so it will be a standard
value. Of course, the non-standard design values
can be achieved by paralleling capacitors or using
variables. But this procedure lacks elegance, and it
is aesthetically unappealing, both from economical
and performance standpoints. Two capacitors are
more costly than one, and paralleled capacitors may
have unexpected and undesired resonances due to
unavoidable internal and external stray inductances.
The most suitable design is that which provides
an acceptable performance with the minimum num-
ber of components. For this reason, all designs
should be such that they can be constructed with
only standard-value capacitors. The cutoff frequency
may be slightly shifted to make the calculated non-
standard capacitor values become standard values.
However, this is applicable only for the equally-loaded
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3-element configuration or for the 5-element inductor
input/output configuration where only one capacitor

value is involved. For the 5 and 7-element capacitor
input/output configurations, a second capacitor value
(different from the first) occurs, making it unlikely
that both values could be made to become standard

values by just shifting the cutoff frequency. However,

if the reflection coefficient of the filter is varied,

the capacitor ratio may be changed. Thus, by proper
selection of both the reflection coefficient and cutoff
frequency, it is possible to obtain a design that will

simultaneously be close enough to the required

cutoff frequency, and require only standard-value

capacitors.

For most non-critical filtering applications where
standard-value capacitors are desired, the usual
design procedure is inconvenient. A better procedure
is to first determine what standard capacitor values
are available and then develop a series of designs
using these values. Because a perfectly flat passband
is seldom required, a Chebyshev response (with a
small amount of passband ripple) can be used so
the capacitor ratios can be varied to obtain ratios
that are identical with those of the standard capacitor
values. The number of capacitor values should be
sufficiently numerous so that the increments of the
cutoff frequencies will be small enough to provide
any cutoff one might require (say within +5 percent
of any desired frequency). For example, if a 1 MHz
filter is desired, a filter having a cutoff anywhere
between 0.95 and 1.05 MHz should suffice. The filter
terminations can be fixed at 50Q impedance. Induc-
tors used are usually hand-wound to get the
required value.

Pre-calculated filter tables of the 5-element Cheby-
shev type have already been published. The first set
of LP and HP tables were published in 1972', and
listed eighteen designs each of LP and HP. A more
comprehensive set of tables was published in
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19782, and included were attenuation versus fre-
quency parameters in addition to the component
values. The practicality and usefuiness of such tables
has been recognized and improvements made to the
1978 lowpass and highpass filter tables justify the
publication of a new listing.

Selection of Filter Type

The selection of the filter type for the proposed
pre-calculated tables is based on the fact that the
attenuation response is of primary concern; that is,
the signals to be filtered are primarily steady-state
sine waves, and the phase and impulse responses
are not important. Also, inductor Q is assumed to
be high (>70) so that inductor losses may be ignored.
The Chebyshev type has the design and performance
characteristics best suited fqr non-critical filtering
applications in the sense that of all possible filter net-
works with transmission zeroes at infinity (all-pole func-
tions) it has the iowest complexity for providing a pre-
scribed maximum passband attenuation (Ap) and the
most abrupt rise of attenuation outside the passband
[See Figures 1(B) and 2(B) for a graphical representa-

r.f. design

tion of filter parameter Ap.]. Also, the Chebyshev
design and performance parameters are easily cal-
culated for any given level of Ap. Of course, the
elliptic type can be made to provide a more abrupt
rise in attenuation than possible with the Chebyshev
type, but at the expense of additional components
that must be tuned to the correct frequencies.
Also, the elliptic designs are restricted to those nor-
malized values that are published in handbooks
such as references 5, 7 and 8. Because of these
disadvantages of the elliptic filter type, it is recom-
mended that the inexperienced filter designers
restrict themselves to the Chebyshev designs dis-
cussed in this article.

After selecting the Chebyshev filter type, addi-
tional decisions must be made as to what should
be the maximum value of Ap, what filter configura-
tion is preferable, and how many elements should
be used. The Chebyshev response is especially
useful in that one is free to choose any value of
Ap for a corresponding attenuation slope near the
cutoff frequency. Thus, an infinite number of designs
are possible between Ap levels of zero dB (corres-
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ponding to a Butterworth response) and 3 dB, which
is the highest possible Ap level. Other design
parameters directly related to the Ap level are the
filter reflection coefficient (,) and VSWR.* As the Ap
level and the attenuation slope increase, so do the
values of pand VSWR. Because it is desirable
to minimize passband attenuation and VSWR and
because designs with low Ap are less critical to
construct (high levels of Ap, such as 3 dB, require
closer tolerance and higher Q components and closer
tolerance terminations to obtain the expected re-
sponse), an arbitrary limit of Ap =.1583 dB has been
selected. The corresponding values of VSWR and ,
are 1.467 and 0.1892, or 18.92 percent. The number
of Chebyshev designs available between , =zero
(Butterworth response) and 18.92 percent are quite
sufficient for our purposes.

The capacitor input/output configuration {see Fig-
ures 1(A) and 1(B) was selected instead of the alter-
nate inductor input/output configuration to minimize
the number of inductors. For the engineer who must
wind his own inductors, the capacitor input/output
configuration is more convenient to construct, is
less expensive and the filter will usually perform
better (because capacitors have higher Q than induc-
tors) as compared to the alternate configuration.

The seven-element filter was chosen because it
is optimum in the sense of providing a minimum
acceptable attenuation rise near the cutoff frequency
(42 dB/octave) for a reasonable number of elements.
In the equally-terminated 7-element filter [see Figures
1(A) and 2(A)], capacitors C1 and C7 have the same
value, and capacitors C3 and C5 are also identical
in value. Inductors L2 and L6 are also identical in
value. The C3/C1 ratio varies from 4.0489 (for a Butter-
worth lowpass response) to 1.6968 (for a p =18.92
percent Chebyshev lowpass response). Because the
capacitor ratio is directly related to the Chebyshev
design and performance parameters, it is easy to
calculate a Chebyshev filter table for any number of
different capacitor ratios. This is true for the 5 and
7-element capacitor input/output configuration and
also for the 9-element inductor input/output config-
uration. Either of these three configurations could
be used in the calculation of a filter table where only
one capacitor ratio per design is involved; but, be-
cause the 7-element is most suitable for this pur-
pose, it will be used. (The 5-element filter does not
provide sufficient attenuation, and the 9-element
L-in/out filter has too many inductors.)

Capacitor Selection And
Ratio Determination

As previously explained, the C3/C1 ratio of the 7-
element lowpass (LP) C-infout Chebyshev filter auto-
matically specifies a particular Chebyshev LP design
whose component and performance parameters can
be calculated. (The highpass (HP) filter C-ratio is
identical to the reciprocal of the LP ratio.) The
selection of capacitor values must be such that
the increment of the cutoff frequencies from one
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design to the next will be small enough so any
desired cutoff frequency will always be within several
percent of one of the pre-calculated filter designs.
This will be acceptable for all expected applications
of these filters. Those desired cutoff frequencies
above or below the tabulated cutoff frequency decade
can be obtained by simply shifting the decimal point
of the tabulated data.

The twelve preferred standard values of the 10
percent series** (10,12,15,18,22,27,33,39,47,56,68,
and 82) were used as the basis for determining
the capacitor ratios between the maximum ratio of
4.0489 (corresponding to a Butterworth response)
and the minimum ratio of 1.6968 (corresponding to
a 18.92 percent Chebyshev response). A computer
was used to calculate the ratios of all possible
combinations of capacitors in the 10 percent standard-
value series, and then the reflection coefficients of
the Chebyshev designs corresponding to each ratio
between the maximum and minimum limits was cal-
culated. The computer was again used to determine
the parameters of all possible filter designs having
the previously calculated C-ratios. The computer was
programmed to provide designs only over the one to
ten megahertz frequency decade. The results of
these calculations for LP and HP filters are shown
in Tables 1 and 2, and the corresponding schematic
diagrams and responses are shown in Figures 1 and 2.

A Tabulation of Sixty
50-Ohm Lowpass Filters

Table | shows the LP filter tabulation in which each
design is identified with a filter number in the first
column. The next six columns list the frequencies
corresponding to the attenuation levels in the column
headings. This permits one to quickly sketch the
attenuation response of each filter up to the 50 dB
level. The next two columns specify the percentage
of reflection coefficient and the maximum VSWR.
The last four columns list the capacitor and inductor
values of the filter. The fact that only standard-value
capacitors are required in these designs can be
confirmed by referring to the C1,7 and C3,5 columns
where only stand-values are listed. By referring to
the C3,5 column, it is obvious that all of the twelve
values of the 10 percent series in one decade have
been accounted for. The C1,7 values are those that
provide the C3/C1 ratio within the previously men-
tioned limits. A consistent and orderly decrease in
the values of C1,7 and C3,5 causes a gradual increase
in the 3-dB cutoff frequency, and the increments are
small enough so that any non-critical filtering

*See Appendix B for equations relating A, | ,|, and VSWR.
VSWR is the ratio of the absolute magnitude of the filter
input impedance (measured with the filter output terminated
in its design resistance, R, to the design termination
resistance, R,. VSWR is never less than 1, thus: VSWR=
|Zinl/Rg0r RJIZ;,|, for VSWR>1.

**A series of values based on a step multiplier of (10)'12
adopted by the EIA, and now a USA Standard (C83.2).
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€0 1.957 2.041 2.108 &.18 2.77 3.0 .1¢80E 02 1.294 80U 3300 S.83 o.50
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46 E.S16 5.339 S.819 6.25 9.24 1./ .ocSOE-02 1.000 av 1000 1.81 e.7e
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13 2,149 1.768 1.669 1.%% 1.1% 8o 21112E 01 1.082 2700 1000 3.10 ¢2.45
14 2,806 1.848 1.715 1.61 1.12 .se -1078E 00 1.002 3300 1000 3.28 2,34
13 6.052 1.984 1.755 1.63 1.09 .7s »3140E-03 1.000 3900 1000 3.%4 2,27
16 1.909 1.8 1.773 1,22 1.3% 1.04 .1&895E 62 1.298 1500 820 2.91 e.61
17 2.222 e. 026 1.939 1.86 1.41 1.07 .4776E 01 1.100 1800 820 2.%7 2.19
18 2.605 2.153 2.033 1.93 1.41 1.0% «1174E O} 1.024 2200 820 c.54 2.01
19 3.406 2.2%2 2.091 1.96 1.37 1.06 .1119E 00 1.002 2700 820 2.68 .92
20 18.02 2.368 2.1%2 1,99 t.32 .95 +5540E-06 1.000 3300 820 2.9% 1.8%
21 2,218 2.144 2.080 2.02 1.60 1.c4 1954 02 1.368 1200 680 2.%3 ¢e.e9
22 2.689 2.447 2.342 2.25 1.70 1.29 +4640C 01 1.097 15060 680 2.13 1.81
23 3.104 2.588 2.446 2.33 1,70 1.¢/ .1312E 0t 1.027 1800 e80 2.10 1.67
€4 3.973 2.706 2.%16 2,37 1.65 1.2¢ .1478E 00 1.003 2200 680 2.21 1.60
25 . 12.21 2.844 2.589 2.40 1.%9 1.1% . 3¢69%E-04 1,000 2700 680 .43 1.54
26 2.728 2.630 2,550 2.47 1.9% 1.51 . 1464E 02 1.343 1000 S60 2.05 1.8%
27 3.199 2.937 2.816 2.71 2.06 1.5 .S502E 01 1.116 1200 S60 1.77 1.%2
28 3.809 3.151 2.976 2.83 2.06 1.%4 ,1190E 01 1.024 1500 S60 1.73 1.37
29 4,769 3.281 3.0%3 2.87 2.01 1.48 .1629€ 00 1.003 1800 560 1.8¢ 1.32
30 12,00 3.443 3,138 2.91 1.94 1.40 +1479E-03 1.000 2200 560 1.99 1.27
31 3,169 3.020 2,981 2.89 2.29 1.78 . lo4eE 02 1,394 820 470 1.772 1.6l
32 3.787 3.489 3,347 3.22 2.4% 1.87 ,5730€ 01 1.122 14000 470 1.49 1.28
33 4.3%5 3,711 3.517 3,35 2.46 1.85 .1742E 01 1.03% 1200 470 1.43% 1,17
34 5,614 3,904 3.634 3.42 2.40 1.//7 +18U6E 00 1.004 1500 470 1.%2 1.11
3% 10,67 4.074 3.724 2.46 2.32 1.68 +1235E-02 1.000 1800 470 1.6% 1.07
36 3.817 3.697 3.590 3.49 2.76 2.1% .16S1E 02 1.3%96 680 390 1.47 1.34
37 4.521 4,182 4.01% 3.86 2.9%5 2.26 .6137E 01 1.131 820 390 1.24 1,07
38 5.266 4.476 4.240 4.04 2.97 2.¢3 .1687E 01 1.034 1000 39¢ t.20 .%920
39 6.393 4.668 4.360 4.11 2.91 2.1% .2939% 00 1,006 1200 390 1.2% .926
40 13.35 4.91% 4.490 4.17 2.79 2.0c .9369€~03 1.000 1%00 390 1.37 .889
4l 4.368 4.252 4.136 4.02 3.21 2.9V .1891E 02 1.466 560 330 1.30 1.19
42 S.261 4.895 4,706 4.%3 3.48 2.66 .6u574E 01 1.148 680 330 1.06 .9%24
43 6,065 S.244 4.979 4.7% 3.51 &.6% .<130E 01 1,044 820 30 1.02 .830
44 7.399 5.499 S.142 4.8%5 3.44 2.% .3533€ 00 1.007 1000 30 1.05 .78¢
45 11.21 5.725 5.263 4.91 3.34 2.4 ,119%E-01 1.000 1200 330 1.13 .76}
46 S.502 $.332 S5.178 5.03 3.99 3.10 .166%E 02 1.400 470 70 1.02 .930
47 6,462 6.002 S5.767 5.55 4.2% 3.2% .6629E 01 1.142 S60 e?0 .867 ,7?%2
48 7.495 6.435 6.104 S.82 4.29 3.23 .1930€ 01 1.03%9 €80 4] 832 676
49 9,070 6.724 6.287 S5.93 4.21 3.11 +«3442E 00 1.007 820 270 859 643
S0 14,92 7.029 6.449 6.01 4.06 2.95 .0&80E-02 1.000 1000 270 931 éco
S5t 6.891 6.653 6.454 6.26 4.95 3.84 ,1519E 02 1.338 390 e20 81 73%
S2 8.114 7.466 7.160 6.88 5.24 4.00 .5600E 01 1.119 470 220 697 599
S 9.280 7.921 7,.%08 7.16 %.26 3.%6 ,1782E 01 1.036 560 eco 678 S48
5S4 11.41 8.283 ?.733 7.29 5.1% 3.8V .<777E 00 1,006 €80 220 7204 Se2
35 18.94 8.641 7.922 .37 4.98 3.e1 .4870E-0¢ 1,000 820 z2e0 761 308
56 8.717 8.3%7 8.091 7.84 6,15 4.76 <1280 02 1.294 330 180 637 572
S7 10,02 9.179 8.795 8.45 6.42 4.8% .SI60E 01 1.109 390 180 567 486
S8 11.58 9.742 9.217 8,77 6.42 4.82 .1466€ 01 1.030 470 180 556 445
S9 14,08 10.14 9,459 B.91 6.29 4.04 ,2555E 00 1.00% 360 180 577 427
%0 29,12 10.60 9.702 9.02 6.07 4.40 .ce40E-02 1,000 680 180 627 412

Table 2

requirements can be satisfied. The reflection coeffi-
cient percentages are listed in exponential form for
ease in listing very small values; thus, R.C. = 3260E-04
percent (Design #21) means .326x10-4 percent. Of
course, the 5 percent series could also have been
used in calculating the tables, but the sixty designs
that are derived from the more common 10 percent
values is quite adequate.

Table 2 shows the HP filter tabulation, and the
explanation of the LP column headings also applies
to the HP table, except the capacitor groups of C1,7
and C3,5 are exchanged. Columns C1,7 and C3,5
start and end with values that are different from
those in the LP table, and this was done so the HP
3-dB cutoff frequencies will occur in the 1-10 MHz
decade similar to that for the LP table. Note that for
the same capacitor ratio in the LP and HP tabies
the R.C. and max. VSWR values are identical, but
the other tabulated values are quite different.

To use the tables, select the appropriate table
(LP or HP) and find a listed 3-dB cutoff frequency
nearest the desired cutoff frequency (assume the
desired f,, is in the 1-10 MHz range). Note the
attenuation response and VSWR, and if these pa-
rameters are acceptable, construct the filter in
accordance with the appropriate schematic diagram
using the listed component values. If the desired
cutoff frequency is in a lower frequency decade,
simply divide all the listed frequencies by a factor

r.f. design

which is obtained by raising ten to the power which
is equal to the number of decades below the 1-10
MHz decade. Multiply all component values by the
same factor. For example, if the desired cutoff
frequency is in the 10-100 kHz decade (two decades
below the 1-10 MHz decade), the scaling factor is
102, or 100. Designs in the 10-100 MHz range are
obtained by multiplying the frequency values by
ten and dividing the component values by ten. (It is
suggested that the tabulated designs not be used
above 100 MHz because of the difficulty in obtaining
the desired response from lumped L-C filters.) An
example will demonstrate the application of a pre-
calculated filter to a typical RF design problem.

Lowpass Filter Design Example

Receiver testing is conveniently performed at fixed
frequencies using one or more inexpensive transis-
torized crystal oscillators to provide stable RF test
signals. Unfortunately, the high levels of the oscilla-
tor harmonics sometimes makes the unfiltered
oscillator output unsuitable for some applications
such as for receiver intermodulation testing where
two oscillators are required. For this application,
the harmonic levels of each oscillator must be
reduced by more than 55 dB if the intermodulation
test results are to be accurate. This filtering require-
ment provides a perfect application for one of the
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Figure 3. Crystal Oscillator and 7-Element Lowpass
Filter, Design #10.

pre-calculated 50-ohm 7-element lowpass Chebyshev
filters of Table 1.

Figure 3 is a photograph of an International
Crystal Mfg. Co., Type OE-10 14.060 MHz oscillator
and a lowpass filter that was assembled to dem-
onstrate how the oscillator harmonics can be reduced
to an acceptable level. Figure 4 shows the relative
output of the unfiltered 14.06 MHz oscillator and its
harmonics. Note that the second and third harmonic
levels are only 3 and 8 dB below the fundamental
level. Assuming that a harmonic level reduction of at
least 55 dB is desired, it is obvious that a filter
having a high reflection coefficient (for maximum
rise of attenuation) and a cutoff frequency as near
as possible to 14.06 MHz is required. Referring to

Table 1, and after scaling to the next higher frequency
decade, Filter No. 10 appears to be most suited for
this application. This design has one of the highest
values of R.C. (16.65 percent) and its attenuation
is less than 1 dB below 14.98 MHz so the oscillator
fundamental will not be significantly attenuated. The
C1,7 and C3,5 capacitor values are 270 and 470 pF,
respectively.

Filter No. 10 was constructed and its insertion
loss (1.L.) was measured using the test setup shown
in Figure 4, except the crystal oscillator was replaced
by the Hewlett-Packard Tracking Generator, Model
8443A. The measured filter insertion loss is shown in
Figure 5, and it compares favorably with the theoreti-
cal I.L. calculated from the data in Appendix A,
Table A-3 (see data for Filter No. 10, 2nd line from
bottom). The loss at the oscillator 2nd harmonic (28.1
MHz) was 57 dB which is quite adequate for this
application. The filter |.L. was greater than 70 dB up
to 100 MHz. Figure 6 shows the oscillator output
level after filtering. The 2nd harmonic level is now
60 dB below the fundamental (a drop of 57 dB),
and the 3rd harmonic (at 42.2 MHz) is undetectable.

In order to obtain insertion loss levels in excess
of 55 dB above 30 MHz, it is important that all ca-
pacitors have very low impedance paths to the case
ground. If any common ground impedance exists
between the capacitors it will provide a coupling
path between the filter input and output with a cor-
responding reduction in insertion loss. When the

Relative Output Voltage (dB)

— 9.50C L 1
' I BYPASS ‘
‘ i M.oon ez | o | & Y [:0] oot
i ‘ YTAL 0SC.  P°AD} o . o> A} o L9
ﬂ_. — Lo car, ~ g [teFiLier ] o =
e o {DpESIGN 10 | H-P 3557k
, TveE ooo1 | | taBLE 1| LIF secTion |

OSCILLATOR AND FILTER TEST SETUP

I S
|

—

Figure 4. Output Levels

30

February 1980



70 ~

60

50

Insertion Loss (dB)

20

§ $.4 4
A0 SRR S 'R ama

l

1.

. I.L.> 70 dB
3LM +100MHz
5o Aot

& oooa i

{
eoeos o?....'

S e
/. o™ SEE TEXT
Y ,

!

‘

|

1

1
|

s

SIS
=
x

ti
|
.r...-f.‘;_?...---.__fj_..

20M

Frequency (Hz) SO0

Figure 5.

il Crystal oscillator fundamental

1] and 2nd-harmonic output levels

.j: after filtering.

Relative Output Voltage (dB)
w
P

60 -

20M 30M
Frequency (Hz)

Figure 6.

r.f. design

filter was first constructed, the copper side of the
single-sided p.c. board was used as the common
ground plane for all four capacitors. With this arrange-
ment, the I.L. above 25 MHz showed a significant
drop-off from the theoretical I.L. curve (see dotted
line, Figure 5). After eliminating the common ground
paths and after providing C3 and C5 with separate
low impedance grounding straps connected directly
to the tinned-metal case, the expected insertion loss
was obtained. The previously detectable 3rd harmonic
became undetectable.

The measured insertion loss above 30 MHz (see
Figure 5, solid line) is slightly greater than the
theoretical loss, and this is no doubt due to the
self-resonance of the inductors introducing an unin-
tentional (but useful) paraliel resonance somewhere
above 50 MHz. The presence of this parallel reson-
ance in one or more of the series inductors causes
their impedance to increase considerably, and since
they are in series with the signal path, the signal
loss increases correspondingly. If more than 57 dB
of attenuation is needed at the second harmonic,
the parallel resonance of one of the series inductors
(caused by the inductor winding capacity) can be
lowered by the deliberate addition of capacitance
across one of the inductors, thereby enhancing the
I.L. at a lower frequency. If this is done, however,
the passband ripple probably will be increased, but
in this particular application it probably won't matter.

The filter was constructed with dipped mica and
chip ceramic capacitors for C1,7 and C3,5, respec-
tively. Polystyrene capacitors (470 pF) were originally
used for C3,5, but were replaced with the chip
ceramic capacitors in an attempt to improve the
deficient |.L. response before the true cause (common
ground impedance coupling) was found and corrected.
The original polystyrene capacitors probably would
have been satisfactory if their ground leads had been
connected directly to the case. The .775 and .853
uH inductors were wound on Micrometals T68-10
toroidal cores with 14 and 15 turns, respectively,
of #20 magnet wire. The Q of these inductors was
about 165 at 14 MHz.

Most design difficulties concerning simple low-
pass and highpass 50-ohm passive filters are elimin-
ated by the use of the pre-calculated filters in Tables
1 and 2; however, the problems in realizing these
designs still remain. Those not well acquainted with
the selection and purchasing of filter components
and the assembly and housing of the filter are advised
to obtain a copy of the Measurements and Control
Filter Series Home Study Course which is available
for $12 prepaid from M&C, 2994 W. Liberty Ave.,
Pittsburgh, Pa. 15216. The subjects of passive and
active filters, and component selection and test pro-
cedures are discussed in five separate courses
which will be useful to those responsible for the
occasional design and construction of filters.

Verification of Tabulated Designs

Whenever any computer-derived design data is
published, such as shown in Tables 1 and 2, the
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reader should be provided the opportunity to inde-
pendently verify the calculations associated with the
tables. Because the computer performs all the calcu-
lations for each design in an identical manner,
the verification of only one or two designs should
suffice to establish the validity of the entire table.
This is essentially true for Tables 1 and 2, except
different calculations are used in determining the
normalized component values for filters having
reflection coefficients less than and greater than
one percent.

Table A-1 is a listing of about half of the filters
in Table 1, normalized to a 3-dB cutoff frequency
of 1 radian/second and 1-ohm terminations. The “G”
heading is used to distinguish the normalized tab-
ulations from the scaled values. Also included are
designs for the Butterworth (indicated by a single
asterisk) and a 20 percent Chebyshev (indicated by
a double asterisk). These two designs are inciuded
only for comparison purposes.

Table A-1 can be used to independently calculate
and verify the correctness of the lowpass and high-
pass component values in Tables 1 and 2. For
example, the lowpass design of No. 16, Table 1, can
be checked by scaling the normalized data given in
Table A-1 where G1,7 and G2,6 = .4482F and 1.2525H,
respectively. The component values of design #16
will be calculated as a demonstration of the scaling
process. The normalized values will be scaled to
produce the lowpass design of filter No. 16, which
has a 3-dB cutoff of 1.74 MHz. Since all the filters
of Table 1 are designed for 50 ohms, the normalized
values must be scaled from one to 50 ohms. The
C, and L scaling factors are calculated in the
following manner:

Cs= 1/Rw where R=50 and w = 2nf3=2n(1.74.106) =
10.9327.106,

Cs= 1/(546-637.106) = 1829.4.10-12,

Ls = R/w = 50/(10.9327.106) = 4.5734.10 - 6.

The normalized G-values are now scaled to the
desired 3-dB cutoff frequency and 50-ohm level by
multiplying the G-values by the appropriate scaling
factors. Thus:

C1,7=G1(C,) = .4482(1829.4)pF = 819.9pF or 820pF;
C3,5=G3(C.) = 1.8039(")pF = 3300.05pF or 33000F:
L2,6 = G2(Ls) = 1.2525(4.5734)uH = 5.728uH or 5.73uH;

L4 = G4(Lg) = 1.9992(")uH = 9.143uH or 9.14uH.

Note the exact agreement between the manually
and computer-calculated scaled values of lowpass
design #16 in Table 1. By applying the proper low-

pass-to-highpass transformation and scaling pro-

cedure, the highpass designs in Table 2 may sim-
ilarly be confirmed.

To confirm that the Chebyshev normalized data of
Table A-1 are correct, the values for R.C. = 20 percent
should be divided by the F3/F-Ap ratio to convert
the G1-G7 values to a cutoff frequency of F-Ap. The
converted values will then be seen to be identical
with those values in previously published tables
(such as in references 5,6,7,8 and 9) which are nor-
malized for an F-Ap cutoff frequency of 1 rad/sec.
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For example, the G1,7 value of the 20 percent
Chebyshev filter in Table A-1 is 1.4059. If this is
divided by 1.0531 (the F3/F-Ap ratio), the new nor-
malized G1,7 value is 1.335. Referring to Geffe's
Simplified Modern Filter Design, Table A2-3, the
normalized values for G1,7 will be seen to be identical.

Since tables for reflection coefficients less than
one percent are not normally published, it is not
possible to make a table-to-table comparison for
those Chebyshev designs having a reflection coeffi-
cient less than 1 percent. However, it is possible
by referring to Table A-1 to see that the G1-7 values
approach the Butterworth values as a limit. This is
to be expected as all the Chebyshev designs are
normalized to the same cutoff frequency (1 rad/sec
at 3 dB) as is the Butterworth. The first twelve
designs in Table A-1 have such small reflection co-
efficients that, for all practical purposes, they pro-
vide a Butterworth response. The Ap value is so
small that the computer calculation indicates it as
zero. An alternate and less convenient method of
checking those designs with less than 1 percent re-
flection coefficient is to use a network analysis
program to computer-calculate the attenuation versus
frequency response of one of the filters. This was
done and the frequencies at the 1,2,6,30 and 50 dB
levels of the calculated response were found to
agree with the tabulated frequencies of Tables 1 and 2.

Of particular interest is the G3/G1 ratio for each
design which was computer-calculated from the G3
and G1 values (see second last column, Tabie A-1).
These ratios should be equal to the ratios of the
C3 and C1 capacitor values for any given design.
For example, design #10 in Table 1 has a C3/C1 ratio
of 4700/2700= 1.74074, and this is the ratio given
for the same design in Table A-1. In a few cases,
there may be an insignificant disagreement in the
last decimal place, such as in designs, 42 and
57, and a few others.

Equations for Calculating
Normalized Values

Table A-2 lists the program used to calculate the
normalized values of Table A-1. A computer print-out
is shown below Table A-2 for five different values
of reflection coefficient. The first computer run
(RC = .949 percent) is for lowpass design #18, and
the values calculated correspond to those in Table
A-1. The second and last runs (RC =1 percent and
20 percent) are included to permit the reader to
compare the values (after dividing by the F3/F-Ap ratio)
with those published by Saal, Zverev and Geffe.
Run #4 (RC = 15.0874 percent) is included to permit
comparison with those published tables listing nor-
malized values for Ap=.1 dB. For example, dividing
G1 through G7 (for Ap=.1 dB) by 1.068 gives G1,7 =
1.81, G2,6 = 1.423, G3,5=2.097 and G4 = 1.573. These
values are identical with those published in Refer-
ence #9, page 101, Table 4.4 for n=7 and ripple
(dB) = 1/10. The data obtained in Run #3 (RC=5.735
percent) is used later in the article for a design
example using 10 percent-tolerance Mylar capacitors.
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This same program, with minor changes and addi-
tions, was used to calculate the exact value of
retlection coefficient that corresponded to a given
capacitor ratio. The program was changed so the
desired capacitance ratio was specified as an input.
A reflection coefficient, which was known to be
less than that value which corresponded to the
desired ratio, was entered into the program. An itera-
tive loop was established which incremented the
R.C. in very small steps until the calculated G3/G1
ratio equaled the desired C3/C1 ratio. At this point,
the iterative calculations were stopped, the final R.C.
value was printed by the computer and the next
desired capacitor ratio was requested. This iterative
calculation procedure was easier to use rather than
finding the explicit equation relating the reflection
coefficient to any given C-ratio.

The iterative calculation procedure is especially
useful when one is forced to use 10 percent-tolerance
capacitors. This might occur when constructing
50-ohm filters for cutoff frequencies below 100 kHz where
the 2.5 percent polystyrene capacitors become pro-
hibitively large and expensive. For example, if a 15
kHz lowpass filter is desired, design #10 of Table
1 can be constructed with 10 percent Mylar capaci-
tors having nominal values of .27 and .47 uF. But,
because of the 10 percent tolerance range of this
capacitor type, a considerable error can result if a
random selection of the nominal values is used. The
following procedure is suggested to eliminate this
problem. Measure about ten capacitors of each nom-
inal value with a digital capacitance meter (the Data
Precision Model 938 selling for $139 is highly recom-
mended), and select four capacitors so that each
pair of the selected nominal values are within 2
percent of a common value. Determine the new C-
ratio and find the corresponding reflection coefficient
and normalized component values using the Table
A-2 program with an iterative loop. By reducing the
iterative R.C. loop increment, the R.C. value can be
found to any desired accuracy.

For example, assume that two capacitors of the
.27 uF group are within 1 percent of a common
value of .243 uF, and two capacitors of the .47 uF
group are within 1 percent of a common value of
517 uF. Normally, the .47/.27 ratio would be 1.7407,
but because the extremes of the 10 percent tolerance
range were assumed in this example, the new C-ratio
of the selected pairs is 2.12757, which is significantly
different than the original ratio. Using the Table A-2
program and an iterative loop of .001 percent, the
R.C. corresponding to a C-ratio of 2.12757 is 6.735
percent. The normalized values are then calculated,
and the new cutoff frequency (based on the new
capacitor values) is determined. The new design will
then exactly match the values of the capacitors
selected. But, before proceeding any further, the
new cutoff frequency should be calculated because
it no longer may be satisfactory. Using the normalized
G1 value associated with the R.C. value of 5.735
percent, calculate the new 3-dB cutoff frequency
using the following equation:

F3=G1/(100n.C1) where C1=.243.10-6 and G1=.9512
F3=.9512/(100n..243.10-6) = 12.46 kHz.

r.f. design

The new 3-dB cutoff frequency is 2.96 kHz lower
than the original 15.42 kHz cutoff frequency, and if
this is unacceptable, then a new group of capacitors
must be selected.

Calculation of Stopband Attenuation
Versus Normalized Frequency

Table A-3 lists the stopband attenuation versus
normalized frequencies for 18 designs selected
from Table 1. This data permits the calculation of
13 values of attenuation versus frequency for any of
the 18 listed filter designs. The table was used to
calculate the dashed curve for the insertion loss
response for filter design #10 shown in Figure 5.
In this case, the 3-dB fco was 15.42 MHz (after
frequency scaling design #10, Table 1) and the stop-
band attenuation at 1.3(15.42) = 20.0 MHz was 30.1
dB. Similarly, for 1.4(15.42)=21.6 MHz, 1.5(15.42)=
23.1 MHz, and 1.6(15.42) = 24.7 MHz, the correspond-
ing attenuation levels were 36.4, 41.9 and 46.8 dB
respectively.

The discussion and tabulated data contained in
this article should be of considerable long-term
use to those RF engineers having an occasional
need to design and construct simple passive LC filters.

Designing for Any Impedance Level

Although the 50-ohm impedance level is most
frequently used by RF designers, there are several
other levels that are also used. In the video and RF
range, 75, 93 and 300 ohms are occasionally encoun-
tered, and 600 ohms is very common in the audio
range. When a filter is needed for an odd impedance
level, it would be advantageous if the design could
be realized with only standard value capacitors as
was demonstrated with the 50-ohm filter tables.
Because of limited space, it is not practical to list
separate filter tables for these less common values;
however, by using a simple impedance scaling pro-
cedure, standard-value capacitor designs can be
calculated for any desired impedance level within 5
percent of any cutoff frequency.

Tables 1, 2 and A-1 are used in the calculation of
the new values, and Table A-3 is used to estimate
the response. A lowpass and highpass design
example will illustrate the procedure:

1) Select the filter type (lowpass or highpass) and

the termination resistance, R. If R/50>10, or F; is
outside the 1-10 MHz decade, see design example #2.

2) Select the desired 3-dB cutoff frequency, F.

3) Calculate the resistance ratio, R,, relative to 50
ohms: R,= R/50.

4) Calculate the desired 3-dB cutoff frequency
when scaled to 50 ohms: F350 = R(F).

5) Refer to Table 1 (or 2) to find the design that
is closest to F3%0. This is the design that will have
a cutoff frequency within +5 percent of F3 and can
be constructed with the listed standard-value ca-
pacitors for the desired resistance terminations.
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6) Using the listed value of C3 (from Table 1 or 2)
and the normalized value of G3 (from Table A-1),
calculate the exact F; frequency of the selected
design.

7) Calculate C1 and the inductor values. This com-
pletes the design.

For example, assume a 75-ohm lowpass filter is
desired with a 3-dB cutoff frequency of 3.00 MHz.
Find a design having a cutoff frequency within
about =5 percent of 3.0 MHz (+.15 MH2). Thus,
R=750ohms, F3=3.0 MHzand R,=75/50 = 1.5.

From step (4), F350= R,F3= 1.5(3.0) MHz = 4.5 MHz.
Referring to Table 1 (lowpass), the closest design
to F350=4.5 MHz is design #40 at F3#40 = 4.645 MHz,
with C1,7 = 820 pF and C3,5= 1500 pF.

From step (6), calculate the exact value of F;75.

F4375= G3/(2nR.C3) where G3#40=2.1890.
F375=2.189/(2n.75.1500-10 - 12) = 3.0968 MHz. There-
fore, the exact F375 is 3.0968 MHz for C3,5= 1500 pF.
Complete the filter calculation by determining the
L, and Cg scaling factors and calculating the L and
C values.
Ls= R/w = 75/(2r-3.0968.106) = 3.8545.10-6
Cs = 1/Rw = 1/(75.2n-3.0968.106) = 685.2.106) = 685.2.10 - 12
C1,7=G1.C; where G1=1.1967 (from Table A-1, LPF
#40) = 1.1967(685.2).10-12= 820 pF
C3,5=G3.C;=2.1890(685.2).10- 2= 1500 pF
L2,6 = G2.L, where G2 = 1.5423 and G4 =1.7182
L2,6 = 1.5423(3.8545).10-6=5.94 uH
L4 =1.7182(3.8545).10-6=6.62 uH
To summarize the final design: R=75 ohms,
F3=3.0968 MHz, R.C.=12.95 percent (based on LPF
Design #40), C1,7=820 pF, C3,5= 1500 pF, L2,6=
5.94 uH and L4 = 6.62 uH.

Design Example #2 for R/50>10, or When
F3is Outside the 1-10 MHz Decade

If R is such that R/50>10, then divide R by ten
and proceed with the design. After the calculations
have been completed, the component values are
scaled from the impedance level of R/10 to R by
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multiplying all inductor values by ten and by dividing
all capacitor values by ten.

If F5 is outside the 1-10 MHz decade, scale F; to
fall within the 1-10 MHz decade by multiplying F3
by ten raised to an integral power. After calculating
the component values, scale them to the desired
F5; by multiplying them by the same factor.

For example, design a 600-ohm, 4-kHz lowpass
filter: F3= 4 kHz and R =600 ohms. Since 600/50>10,
divide 600 ohms by ten: 600 ohms/10=60 ohms.
Since 4 kHz is outside the 1-10 MHz range, it is scaled
to fall within the 1-10 MHz range by multiplying it
by 103. Thus, 4 kHz(103)= 4 MHz. A 60-ohm, 4 MHz
lowpass filter will be calculated and then scaled to
the desired 600 ohms and 4 kHz cutoff frequency.
R,=60/50 = 1.2, F350= 1.2(4 MHz) = 4.8 MHz. The closest
lowpass filter F; from Table 1 is Design #41, F350=
4.861 MHz and C3 = 1200 pF. From Table A-1, G3#41 =
1.8327. F480= G3/(2n.R.C3)= 1.8327/(2n60.1200.10-6) =
4.051156 MHz. [After impedance scaling, F3600=
4.051 kHz.] Calculate the L and Cg scaling factors:
Ls = Rlw = 60(2n-F 369) = 60(2n.4.051156.106) = 2.3572.10-6
C,= 1/Rw = 1/(60.2n.F 360) = 654.77.10- 6

C1,7= .5040(654.77)pF = 330 pF

C3,5=1.8327(654.77)pF = 1200 pF
L2,6 = 1.3409(2.3573)uH =3.161uH
L4 =1.9881(2.3572)uH = 4.686 uH

Scaled from *Scaled from 600 ohms
60 to 600 ohms & 4.05 MHz to 4.05 kHz
33 pF 33nF =.033 uF
120 pF 120nF = .12 uF
31.61uH 31.61mH
46.86 uH 46.86 mH

Highpass Design Example
For Any Impedance Level

The highpass design procedure is similar to that
of the lowpass except that after obtaining the nor-
malized values from Table A-1, they are transformed
into highpass values so the component value calcu-
lations will be similar to those used in the lowpass
procedure.

Assume the highpass filter specifications are the
same as for the lowpass design example; that is,
R=75 ohms and F;=3.00 MHz. Then R,=1.5 and
F350=4.5 MHz. From Table 2 (Highpass), the design
having a 3-dB cutoff frequency closest to 4.5 MHz is
#40 with F350=4.490 MHz. [Note that although the
filter number and the larger capacitor value are the
same as in the previous lowpass design example,
the R.C. is different.] From Table 2 (Highpass) #40
design listing, C1,7=1500 pF and C3,5=390 pF.

*Final scaled component values for a 600-ohm
4.051 kHz lowpass filter. The desired 3-dB cutoff
frequency was 4.0 kHz, but the calculated value
will be acceptable to allow the use of standard-
value capacitors.
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Using the highpass design R.C. value (.9369E-3) as
a guide, find the normalized values for this design
from Table A-1 (see LPF No. 36 in Table A-1). These
listed lowpass normalized component values are
transformed into highpass values by calculating
their reciprocals. Thus, the highpass normalized
values of LPF #36 are: G1,7=2.1160, G2,6 =.77333,
G3,5=.550176, and G4 =.50153. As in the lowpass
design example, the value of C3 and G3 will be
used to first calculate the exact cutoff frequency.

The Ls and C, scaling factors will then be determined
and all the highpass filter component values will
be calculated.

From step (6) of the lowpass design example,
F375= G3/(2n.R.C3) = .550176/(2n.75.390) = 2.993615
MHz = F5475,

Ls= Rlw=75/2n.F;75= 3.987.10-6

Cs = 1/Rw = 1/(75.2n.F575) = 708.86.10 - 12
C1,7=G1.C4 = 1500 pF; C3,5= G3.C, =390 pF; L2,6 =
G2.Ls=3.083 uH; L4 = G4.L = 1.996 uH.

Table A-1. Element Values for 7-Element Chebyshev Low-
pass Filters, Normalized for a 3-dB Cutoff frequency of 1
rad/sec and 1-ohm Terminations.

LPF w.L R-PEFK F3/F-AFP Lles B & 53 3 6 4 53-61 LFF
. 030 +DB> «RATID, (LY “H Fr LU FATIO MO
. ZEFD JeRO H.A, 10 2470 1.8u19 0uvo 4, 0489 .
16 .S54U0E-Ue . UONOE Ul B, 3798 . d4d8c .2%2% 1.803v 9992 4.0244 1o

21  .3¢b0UE-04 L UBVGE wy 7165 ,45%4 .2648  1.3u31 L9973 3.9706 &1

v L14790E-N3  , unOVE LY +B823%  .ee11 .&743 1.8114 P93 3.9286 o
5 .EUn3lE~US . ULHUE U0 0523 .4ec/ -2770 1.81&3 9959 3.9167 o
11 .3140ue-63  ,vuunE un 448¢ . aebu .2808 1.813e -99%4 3.9000 11t
6 Iiovue~03 . UO000E 00 ITET LA +2931  1.8176 JPFI9 3,842 3o
31 .les%vE-U2 L UUULE uu BE43 4,4 .€%Y  1.38188 L9934 3.8298 31
%6 .émduuk-uvg L UDUOE LU 89T dwey +3087 1.3cle 29980 3.7778 %o

1 J45SuUE-NE L 00ULE GO0 4114 .43 3188  1.82%% 9907  3.7333 1
31 c4870NE-UC L VUUKE w0 39062 .4whu 3eve  1.¥ees 9906  3.7273 51
4o LoZBUVE-(2 . unOOE 00 3129 .4vse 393 1.8280 9899 3,7037 4o
41 11930E-01 . HUUGE 0O 1307 Sudy 340e 1,8327 98Y1  3.6304 41
17 14’8cE 00 .S177E-US 358 Socd 4lee  1.8958 9785 3.300u 17

. « $69SE-05
12 .13782E N0 .8283E-0%

7 147808 01 . 9319E-US 791 .57%v 4309 1,8nud 9704 3,235z 27
< 16¢9UE Gu . 113%E-ud S62¢ . Sews 4333 1.8e19 9757  3.2l4e 3

4 18060E 00 . )398E-ye T447  (SB3y 4404  1.8635 9749 3.191% 37

7 €3e¢77E 00 c€330e~04d SN30  .YSvel 4330 1.8e78 wre? 3.1 7

€ eSIBUE MU gB47E-04 4u82  .ouuy 4578 1.80%94 9219 3.1111 e
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Se I44CUE OV L S12%E-ud 4427 el/4 4735 1.87%2 %687  3.0370 S¢
7 39330E 00 .S4s0E-04 4388 Blwy 4749 1.8737 9684  3,0303 47
18 H4BU0E VU L IWNIE-03 3066  .bY14 5301 1.9014 9%19 2.?%00 1%
e3 11129€ 01 ,S379E-03 2B78 .7vo3 $390 1.9070 9479 2.7001 &3
28 11745E 01 . S990E-03 e816 (113 5419 11,9090 9465 2.6l a8
38 11900€ 01 .c131E-03 . S4¢7  1.909% 9461 2.6788 38
33 13189 vl |, 7482E-03 2691  ./ecu 9432 2.6471 33
13 15147 01 99eE- U3 . . 9386 2.6001 13
48 loge4E 01 1235€~-ve 2419 . /Sue 5611 1.9246 9348 2. 43
43 17423E 01 1318E~ve 2383 . /%43 56235  1.9259 9334 2.3534 43

3 178&0E vl 1379€E-ve 2361 .73/ 638 1.9272 9326 2.543% 3
38 193006 01 1618E~ve 2279 .7eby 5676 1.9313 9294 2.5184 38
33 21274 01 1906E-02 2181 . c79% S721  1.9368 9251 2.4847 33
24 41112E v1 7346E-02 1579  .8&c? §932  1.9860 8840 2.2%00 24
39 4637SE 01 9350€-02 1480 .Sueu 5948 1.9984 8733 2.20%8 39
19 .47119€ o1 D63 IE-02 1467 . yu92 5946 2.0002 8220 2,2000 19
9 47119€ 01 9633E-02 1467 . 909¢ T946 2.0002 8220 2.2000 29
34 47700€ UL 9918E~ue 14%¢  .9t1y 5947 2.0016 8708 ¢&.1951 34
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9 .S6000E 01 1364E-01 1331 .vedy 5943 2.0207

49  .57343€ o1 1431E-01 1313 .9512 5941 2.0238 8320 2.1276 49
54  .61370€ 01 1639€-01 1262 . voey 3931 2.0330 8442 2.1026 34
4 .66290E 01 1913E-01 1206 .v8%6 5914  2.0443 8348 2.0741 4
59 .687246E 01 2057E-01 1179 .9948 5904 2, 0499 8301 2.0606 359
20 .12804E 7178E-01 0774 1.1922 5437 2.18% 1.8333 20
30 .12804E 02 .?71768E-01 0774 t.1922 5437 2.18%6 2208 11,8333 30
40 .12930E 02 . 7345E-01 0767 11,1967 5423 2.1890 7182 t.8e92 40
25 .14060E 02 .8671E-01 0720 1.,2306 3307 2.2150 €985 1.8000 g%
35 .14060E 02 .8671E-01 0720 1.c3ve $307 2.21%0 6983 1.8000 3%
S0 .14640E 02 .9409€-01 0697 1,2481 3243 2.2286 6883 1.78%57 S0
15 .15190€ 02 1014€ 00 0676 1.2046 5184 2.2417 6786 1.7727 1S
45 L15S40E 02 1062E 00 0664 1,750 5143 2.2500 6723 1.7647 43
S5 .16460E 02 1193€ 00 0632 1.3ue3 So41 2.2721 6565 1.7447 5%
©0 .16512E 02 .1201E 00 0631 1.30s8 5036 2,2733 1.63%6 1.7436 60
10 .166%0E 02 .1221E 00 0626 11,3029 1.5020 2.2766 1.6532 1.7407 10
S .18913E 02 .1382€ 00 1.0560 1.374& 1.47%4 2.3320 1.6143 1.6969 S
e  .20000E 02 .1773E 00 1.0531 1.4059 1.4623 2.3591 1.5959 1.6781 ee

NOTES:

*This line gives the Butterworth element values. The
G3/G1 Butterworth ratio cannot be exactly realized with the
standard-capacitor values, and the listed values and the
G3/G1 ratio are included only for comparison purposes.

**This line lists the 20 percent Chebyshev design
parameters to demonstrate that all the above listed Cheby-
shev element values (normalized for a 3-dB cutoff frequency
of 1 rad/sec) can be transformed into the commonly pub-
lished values (normalized for an F-Ap cutoff frequency of 1
rad/sec) by dividing each element value by the listed F3/F-
Ap ratio. For example, if the RC = 20 percent G1-7 element
values are divided by 1.0531, the results will be identical
with the corresponding values listed in Table A2-3 of Philip
Geffe's book, Simplitied Modern Filter Design.

Appendix A

Table A-2, Basic Program for Calculating Element Values
Normalized for a 3-dB Cutoft Frequency and One Ohm
Terminations, with Examples.

10 oTHIS BASIC PROGRFM LALCULRTES THE ELEMENT VALUES (NORMALIZED

20 #1Q A 3-DB CUTOFF FREQUENCY OF 1 KiD-SEC AMD TERMIMATIONS OF ONE DHM>
30 ®AND RELATED PARAMETERS OF R ?-ELEMENT CHEBYSHEV LOWPASS FILTER FOR
40 enNY GIVEN REFLECTION CODEFFICIEN! %) GREATER THAN ZEFO.

30 TRINT “%EC?

20 PRINT™ P.C. R-PERK F3/F-AP 61.7 62 6 G3s 573

80 PRINT™ 6 4 63761 -

90 PRIN 32 DB WkHL1OY ) H» *rv3

100 PRINT™ (H) RATID ~

110 AD=-4.3429eLD6 (1~ /100> 2> LWL, UF A-PERR (DE>. SEE NOTE LN 190“

120 B = SOR«(, 018R) "2/ (1-(, 016f)~2)) CALC. OF RIPPLE FRCTOR: E-

130 M2 12> oLO6C1/E+SOR(1/E~C-1)) “FPAR] LHLC. OF F3-F-AF (SEE NOTE LN 190

140 0 = (EXPM>» + EXP(-M)>,2 “FINAML CALC. DF F3/,F-AP RATID”

150 IF F<1.0 60 TO 190 “NOTE: SFECIAL EQUATION FEOUIRED FOR #<1. 0~

160 b=R0-17.37178

170 X = LOGCEXP (B> + EXP(-B))/(EXPB) - EXP(=B>)) (SEE NOTE LN 150>
60 10 e

190 X = 2eL06¢200/R)> NOTE: LD6 IS TD THE BASE E-

200 Y=.30 EXP (. 0714290X) ~EXP (=, (7 14296X) )

210 61m, 44S04/Y

220 62=,354956/ ( (Y 2+.188255) o61)

230 63=2.24698/ (Y 2+.611261) #62)

240 6423.603876/ ((Y~2+, 95048) 63>

230 PRINT»260» K+ AOs Or D65ls O06: Usbds DeGer G361

260 FMT X4+ E12.65 Ell.4s F8.4sX1s F7.4» FB.4s F8.4» FS.4s FB.4

e70 60 T0 So

?BRSIC A2
RUN
%RC?
t.949
R.C. RA-PERK F3/F-RAF bls¢ 62r € G3» 3 6 4 6361
%) [0 2] RATID> ) > < H) RATID
rer - 949000E 00 . 3909%€-03 1.3066 6Yl4  1.5301 1.9014 1.9519 &.7%00
11.000
. A~PERK F3-F-Ap ble? Ger 6 63+ S 6 4 63,61
%) (3112 RRTIO «F) H) Fr H> RATIO
" +100000E 01 ,4344E-03 1.3004 -6965 1.35334 1.9036 1.9%10 2.7332
13.723%
R.C. R-PEAK F3-F-AP 617 62 6 63, 6 4 63761
<) <DB> WFTIDD ) H) ¥ H) RATIO
RE +373S00E 01 .1431E-01 £.1313 «¥91E  1.5941 2.0238 1.8%20 2.1276
113.0874
R.C. R-PERK F3/F-RP b7 62, 6 83 S 6 4 63/61

[$2] DB RATIOY > > F) H)
-13U874E 02 .1000E 00 1.0680 1.c61S 1.5196 2.2392 1.6804 1.7751
%RC?
120. 000
R.C. A-PERK  F3/F-AP 61,7 62» 6 63> S 6 4 63861
B RATIO> *) H> ) H RATID
<1773 00 1.0531 1.40%9 1.4623 2.3%591 1.59%9 1.6781

%

«200000E 02

Table A-3. Lowpass Filter Stopband Attenuation vs.
Frequency Normalized for a 3-dB Cutoff Frequency and One
Ohm Terminations.

FLI&  R.C, STOPBAND HITEMURTION «(Fa3DB FPEO.)

NO. % 1.1F 1.2F 1.3F 1.4F 1.5 1.0F 1.7F 1.8F 1.9 2. €.1F g éF 2. 3F
DECIBELS:

16 .SS4E-06 ©.8 11.5 16.1 20.6 24.8 26,/ 32.4 35.9 39,2 42.3 4%5.3 48,1 Su.8
3 146E=03 7.0 11,7 16.%5 21.0 &%. 3 ¢v.¢ 33.0 36.5 39.8 42.9 45.9 48.¥ 51.5
51 487E-02 7.2 12.3 17.2 21.9 6.3 3U.4 34.2 37.8 41.1 44.3 47.4 50.2 3. v
41 120E-01 7.4 12.9 17.6 22.4 2b.Y 3U.Y 34.7 36.3 41.7 45.U 48.0 S0.9 3.7
1w O5E 00 7.9 13.6 19.0 24.0 28.7 2.9 36.9 40.6 44.1 47,4 SU.5 53.4 So.c
7 €336 U0 ¥,& 14,2 19.8 24.9 29.¢ 34.0 38.0 41.8 45.3 48.0 51.8 54.7 57.6
Se 344E V0 B.4 14,5 20.3 25.F 30.3 4.6 38.7 42.5 46.U 49.4 52,5 55,5 58,4
18 S49%E 00 9.1 15,7 21,8 27.2 3c.C Iv./ 40.8 44,7 48,3 S1.7 4.9 $7.9 0.8
3 147€ 01 9.4 16,4 2.0 28.2 33.c 3/.8 42.0 45,9 49.%5 %2.9 %6.1 59.¢ 62.1
178E 01 9.6 16.7 3.0 28.6 33.7 38.3 42.% 46.4 S50.1 53.5 56,7 59.8 62,7
S3 L213E 01 9.8 17.0 23.4 29.1 34.¢ 0.5 43.0 47.0 50.6 54,1 37.3 606.4 63.3
24 411E 01 10.7 18,4 5.1 30.9 3b.c 40,9 45.2 49.& %2.9 56.4 99.7 62.8 65.7
14 .S16E U1 11.0 18,9 2%.7 31.7 36.9 41,7 46.1 50.1 S3.8 57.3 60.6 63.7 66.6
S4 614E 01 11.3 19,4 6.3 32.3 37.6 4c.4 46.7 50.8 54.% 56.U 61.3 64.4 67.4
40 130€ 02 12.9 1.7 &9.0 35.2 4u.¢ 45,6 0.0 S54.1 58.0 61.5 64.8 8.0 70.%
S0 .14bE 02 13.c 22.2 29.5 35.8 41.3 46.¢ 50.7 54.8 58.6 62.1 ©3.5 6&.b 71.6
10 L167E 02 13.6 22.7 30.1 36.4 41.9 40.8 51.3 5.4 59.3 62.8 06.2 69.3 72.3
S 189 02 14.0 23.2 30.7 37.0 4¢.b 40,5 52.0 S6.1 60,0 63.5 ©6.9 70.0 73,0

NOTES:

1. For highpass filter attenuation, the column headings
are:F/1.1...F2.3.

2. The attenuation levels versus normalized frequency
are listed in order of increasing value of R.C. for a selection
of 18 designs. To estimate the stopband attenuation of
the designs in Tables 1 or 2, find a listing above having
an R.C. value nearest that of the selected design. The listed
attenuation values will be within 1.5 dB of the correct value.

r.f. design
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Appendix B

Definitions and equations related to the calculations discussed in this article.

Definitions

A, — peak amplitude (dB) of the passband
attenuation ripple.
A, — stopband attenuation (dB).
Fap — frequency (Hz) where the passband atten-
uation level first exceeds the A, level (denotes
the end of the passband).
Fas — frequency (Hz) corresponding to a stop-
band attenuation level of A,.
R.C. — reflection coefficient (%).

— absolute value of R.C. in decimal form
(used in following equations).
¢ — ripple factor, a parameter <1 related to the
ripple amplitude.
n — number of branches in a ladder network
(equal to number of reactive elements in the
filters discussed in this article).
C — Chebyshev polynomial.
G1-G7 — normalized element values (1-7).
Qg = F-A//F;(for lowpass filter)

= F4/F-Aq (for highpass filter)
F-Aq = filter stopband frequency (in Hz) at A,.
F4= filter 3-dB cutoff frequency (in Hz).

*Qis the symbol for

Equations
(1) p=(1-.1"18%
(2a) Ap= -10.og(1 —p?dB
(2b) Ap=10-log(1+¢%)dB
(33) £=(10.1Ap_ 1)5
(3b) e=pl(1-p?)*

(4 ) VSWR=(1+p)l(1-p)

Equations used in the calculation of the stop-
band attenuation (Ag) of a seven element low-
pass or highpass filter.

(5) As(Q)= 100/09[1 + (e-Cp @ )2] dB
where A;o)=Stopband attenuation in dB at Q,

e=ripple factor [from Eq.(3)],

Cn (o = value of Chebyshev polynomial for

“n’"’ elements as a function of Q where:
(6) Cpgy=64Q7 — 112Q5 + 56Q3 ~ 7Q.
Calculation of Fy/F 5, ratio:
(7)F3/F oo = cosh [(cosh-1 1/¢ )in]

Hyperbolic functions in terms of natural logs
and exponents:

cosh-x=1In[x + (x2 - 1)-5,

coshy=.5[ey + e-v] e=2718282.

normalized frequency.
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Air Line Improves
SWR Measurement Accuracy

The Wiltron 19850 and 19SF50 pre-
cision air lines improve the accuracy
of SWR measurements on SMA com-
ponents and systems. Available with
WSMA (SMA compatible) male or fe-
male connectors, these 25 cm long
air-dielectric transmission lines have
an SWR of 1.006 over the 2 to 18
GHz range. When used with the signal
separation technique perfected by Wil-
tron, return loss (SWR) accuracy is
improved 10 to 20 dB, exceeding the
accuracy of ANA measurement sys-
tems. Measurements may be made
from O to 45 dB return loss and up
to 34 GHz on APC-3.5 and SMA
connectored devices.

The 3.5 mm air lines have a center
conductor that is made of thin-walled
stainless steel, plated with gold for
maximum conductivity. By closely con-
trolling tolerances, impedance is held
to 50 + 0.1 ohms, representing a 60
dB effective return loss. The recently
developed WSMA connector used pro-
vides a substantial improvement over
the life of conventional SMA connec-
tors.

Contact Wiltron Company, 825 East
Middlefield Road, Mountain View, Calif.
94043. INFO/CARD #140.

DC To DC Solid State Relay

A new family of solid state relays
from Grayhill, Inc., switches a DC
load with a DC input. These relays
will operate over a wide load range of
3 to 50 VDC. Two package sizes with
load current maximums of 400 MA and
2 amperes are offered. The inputs
are logic compatible and are sensitive
to 3 to 24 VDC with low drive cur-

r.f. design

rents. Optical isolation provides maxi-
mum protection for the driving logic
circuitry. A clamped output provides
maximum transient protection for the
relay.

Size is another outstanding feature
of this new family of relays. They
have been housed in Grayhill’s micro
cube and mini cube packages. The
micro cube measures 1" x 1.25" by
less than 1/2” high. The mini cube
package is 1" x 1.25" x 0.850" high.
These standard packages are PC mount-
able with DIP compatible termiation.
The larger mini cube package is also
available with plug-in terminals that
are accommodated in standard relay
sockets.

The price of these DC to DC relays
ranges from $7.50 to $9.00 each in 100
piece lots, depending upon the current
range requirements and termination.
Prototypes are available within two
weeks.

Contact Grayhill, inc., 561 Hillgrove
Avenue, La Grange, Illinois 60525.
INFO/CARD #139.

RF1 and EMI Shielding

A highly conductive silver epoxy
paint system for use in electronic
systems as RFI/EMI shielding and
static protection has been introduced
by Carroll Coatings of Providence,
Rhode Island.

Carroll Coatings C-608 is a conduc-
tive silver epoxy resin polyamide paint
system that offers a volume resistivity
of 0.01 + ohm/cm3in a uniform, 1 mil
thick film. Easily applied by conven-
tional paint sprayers or by brush, the
forumulation resists settling and needs
minimal agitation. Cured by air drying
(accelerated with a low temperature
bake if necessary), it has a 1 hour
tack-free time, and a 12 hour pot life
at 70°F.

Meeting the qualitative requirements
of MIL-C-22750C, Carroll Coatings C-
608 adheres to a wide variety of sub-
strates inciuding aluminum, magnesium,
polyester, acrylic, chrome, steel, bronze,
brass and MIL-P-23377 zinc chromate
epoxy primer. C-608 is currently used
in numerous airborne, land- and sea-
based military communications and
weapons system programs. Carroll
Coatings C-608 is supplied in 1, 3, and
6 Ib kits, priced according to the

current market value of silver. Litera-
ture is available on request.

Contact Carroll Coatings, Division
of Spectrum Coating Laboratories, Inc.,
Earl T. Faria, 217 Chapman Street,
Providence, R.l. 02905. INFO/CARD
#138.

10 GHz Gunn Diode Oscillator

Engelmann Microwave is offering a
new gunn diode oscillator that pro-
vides 10-100 MW of adjustable RF
output power at 10 GHz. The model
MT—AB9 provides level set tuning,
with mechanical frequency adjust-
ment to provide a 5 percent screw-
driver tuning range.

This gunn diode oscillator also fea-
tures a frequency stability specifica-

tion of 0.25 to 1 percent depending
upon the output power level setting,
over the temperature range of —30
to +85°C. The MT-A59 also inciudes
an internal power supply regulator
which accepts a wide range of input
voltages from + 12to +28 VDC.

Over voltage and reverse voltage
protection is provided, making opera-
tion of the oscillator safe even with
incorrect wiring or voltage inputs. The
specified spurious responses of the
MT-A59 are —60 dBc and harmonies
are - 20dBc.

Contact Engelmann Microwave Com-
pany, Skyline Drive, Montville, N.J.
07045. INFO/CARD #137.

S$SB-Hand-held

N888 single sideband (SSB) hand-
held transceiver. Smallest complete
H.F. communications systems avail-
able for military, police, high seas
marine, government, security, forrestry,
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mining, pipeline, offshore drilling, ex-
poration. Provides long distance com-
munications where conventional FM
equipment is inoperable. Ten watts
PEP output power, rugged construc-
tion, rechargeable battery (AC charger),

two channels, with both USB and LSB
capability, light weight 1.5 kg. size
26 cm x 5 cm x 9 cm frequency
2to 9 MHz.

Contact Fargo Company, 577 Tenth
Street, San Francisco, California 94103.
INFO/CARD #136.

100 W Conduction Cooled
Power Attenuator

KDI Pyrofilm introduces a new 100
watt conduction cooled power attenua-
tor. The PAA-100 is designed to dis-
sipate 100 watts at a heat sink tem-
perature of 100°C. Frequency is DC
to 750 MHz with a maximum VSWR

i

of 1.25. Attenuation values of 1.0 thru
20 dB +0.5 dB are available. The
resistor substrate is beryllium oxide
ceramic with a 96 percent alumina
ceramic cover. The tabs are beryilium
copper. KDI Pyrofilm also offers flange
mounted power attenuators in 20 watt
and 50 watt versions.

Contact KDI Pyrofilm Corp., 60 South
Jefferson Road, Whippany, N.J. 07981.
INFO/CARD #135.

TG Spectrum Monitor

Cushman has added a unique track-
ing generator to the CE-50A-1 spec-
trum monitor. The new CE-50A-1/TG
simultaneously transmits and receives
as it sweeps, providing a real time
look, over wide dynamic ranges (bet-
ter than 70 dB) at the frequency re-
sponse and return loss (VSWR) of RF
and IF circuits and radio systems
up to 1000 MHz.
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The TG feature converts the stand-
ard synthesized signal generator into
a swept tracking generator that’s auto-
matically locked to the instantaneous
frequency of the spectrum monitor
as it sweeps. This eliminates tuning
to a spur or harmonic, so users can
get accurate results, even with fiiters
that have extremely high rejection.
Because it is synthesizer-based, there
is no waiting for warm-up and no
drift after turn-on.

Only the CE-50A-1/TG provides a
real-time display of frequency response

and return loss (SWR) of filters, ¢a-
vities, duplexers, receivers, combiners,
antennas and so on over a calibra-
ted 70 dB range (100 dB total dy-
namic range). TG is offered with
new Cushman spectrum monitors or
as an option that can be added to
most existing CE-50A-1 units in the
field.

Contact Cushman Electronics, 2450
North First Street, San Jose, Cali-
fornia 95131. INFO/CARD #133.

Insulation Displacing Braid Tap

Only 1/4 inch thick (installed) the
AMP braid-tap connector provides a
means of connecting a drain wire to
a coaxial or shielded cable without
pre-stripping insulation from either the
drain wire or the cable. Insulating dis-
placing terminals establish electrical
connection between the braid and the
drain wire as the two halves of the
flame retardant thermoplastic housng
are pressed together. Three color-
coded styles are available to connect
RG 174, RG 178, and other cables
with a maximum outside diameter
of .110” to drain wires ranging from
AWG #20 to #24 with a maximum
insulation diameter of .054"".

Drain wires can be at the ends of
the cable or in mid-span with this
new product.

Contact AMP Inc., 3901 Derry St.,
Harrisburg, Pa. 17105. INFO/CARD
#132.

Reduce High Frequency
Noise Errors

A new two-page technical data sheet
from Hewlett-Packard describes the
use of their low-pass filter kit and
how it can be used to reduce high-
frequency noise errors in low frequency

measurements. Designed specifically

with frequency counters in mind, the
kit provides a selection of four fil-
ters with low attenuation. They can
also be used with oscilloscopes and
spectrum analyzers.

Four typical applications for this
HP model 10856A low pass filter kit
are described. They show how to fil-
ter out unwanted signals, how reducing
bandwidth reduces noise error, how to
set up the filters for programmable
filtering and how they can be used
for instrument calibration.

Contact Hewlett-Packard Company,
1507 Page Mill Road, Palo Alto, Cali-
fornia 94304. INFO/CARD #131.

Land Power Transistors

Acrian Inc. has available its 806-
866 MHz NPN power transistors, de-
signed specifically for land mobile
communications equipment.

Offered in power outputs of 1, 5,
15, 30 and 45 watts, the devices fea-
ture exclusive use of gold thin-film
metalization for maximum protection
from operational degradation and pro-
ven longest lifetime. Gold controlled-
loop wire bonding is used to pro-
vide consistent RF performance, and
thin film Nichrome emitter ballast-

A% _g
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ing offers improved current distribu-
tion and load VSWR tolerance.

The low thermai-resistance pack-
ages and eutectic die attach permit
junction temperatures which are the
lowest in the industry, contributing to
maximal MTTF. Extended operational
life also results from passivation of
device surfaces to eliminate contamina-
tion.

RF performance is 100 percent
tested and guaranteed in a wide-
band fixed tuned test fixture. Operat-
ing conditions are: F = 806-866 MHz,
Ve = 12.5volts.

Contact Acrian 10131 Bubb Rd.,
Cupertino, California 95014. Circle
INFO/CARD #130.
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Controller for Attenuators
And Switches In
Microwave Systems

This new Hewlett-Packard model
11713A attenuator/switch driver com-
bines a relay actuator with a power
supply in one package and interfaces
with the HP-IB (IEEE-488). In micro-
wave systems it can be used to actu-
ate one or two step attenuators of
the HP 8694/95/96 or 33320/21/22 series,
plus one or two electromechanical
switches such as the HP 87618 or 33311
series.

Two sets of four front panel push-
buttons can be used to manually con-
trol the attenuators; two additional
pushbuttons control the switches.
Because the ten front panel pushbut-
tons each control a transistor switch,
they can also be used to control up
to 10 external 24-volt relays.

If desired, full remote HP-IB control
can be selected. Because the 11713A
is easy to program, a simple subrou-
tine can be incorporated into a general
program,

Contact Inquiries Manager, Hewlett-
Packard Company, 1507 Page Mill
Road, Palo Alto, California 94304.
INFO/CARD #110.

Temperature Probe

Fast and accurate temperature mea-
surements such as are required in
thermal design, diagnostic and test-
ing applications are obtained using this
new temperature probe from Hewlett-
Packard. Called the HP model 10023A,
it reads surface temperatures directly
in degrees Celsius on any general
purpose digital multimeter (DMM) with

an input of > 10 megohms. Opera-
tion is easy with its convenient pen-
cil-like probe tip and press-to-read
switch.

The sensor diode in each probe
is individually characterized in a pre-
cision thermal reference bath to obtain
a calibrated, linear output of 1mV/°C.
Additionally an integrated circuit re-
sistor network is laser trimmed to
match each diode to its electronic
compensating network. The result of
this type of construction is a factory

r.f. design

UHF ANTENNA
MULTICOUPLERS ...
OFF-THE-SHELF
AVAILABILITY,
QUALIFIED TO
MIL E-5400

E-3A AWACS

9 two port multicouplers and a
single-channel filter ehminate
co-location interference
between radios spaced as
close as 3 MHz Also reduce
antenna count

Solve co-location interference in UHF communica-
tions systems. Multicouplers offer highly selective filter channels
with automatic or manual turning

interchangeable modules iower spares costs,
enhance system reliability by reducing repair time to absolute
minimum

Now part of such complex systemsastheU S
Air Force E-3A AWACS, U.S. Army Guardrail, Royal Air Force
Nimrod AEW, and other airborne, shipboard, ground-based
detense installations and arr traffic control centers around the
world.

R F PRODUCTS, INC.

Formerly TRW RF Filter Products
Davis & Copewood Sts e Camden, NJ 08103 ¢ (609) 365-5500
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calibrated probe with no internal ad-
justments and no bother of re-calibra-
tion.

Measurement accuracy, which is
traceable to the National Bureau of
Standards, is =2°C from 0°C to
+100°C decreasing linearity to +2°C,
—4°Cat —55°Candto +4°C, —2°C
at + 150°C. For applications requiring
relative rather than absolute measure-
ments of similar temperatures, the
short-term repeatability is +0.3°C.
The temperature sensor has a very
low thermal mass which is positioned
very close to the measurement sur-
face to assure fast temperature mea-

surements. This design also assures
measurements with very low thermal
gradient errors.

High thermal isolation reduces the
tendency for the probe tip to act
as a heat sink and change the mea-
sured surface temperature of small
electronic components. An electrically
isolated probe tip to 600V also allows
measurements of nongrounded com-
ponents such as power transistors
with the collector common to the
case.

Contact Hewlett-Packard Company,
1507 Page Mill Road. Palo Alto, Cali-
fornia 94304. INFO/CARD #129.

want to talk about unique
requirements, call us.

WHY GAMBLE ON PERFORMANCE?
Go with a winner.

RF communication is only as good as the antenna
that receives your signal, so why gamble? Go with

a proven antenna. In our 37 years we've gained a
well-earned reputation for producing a wide-range of
reliable, high performance airborne antennas:

stubs, horns, blades, spirals, you name it

and you'll find it in our new 80 page

antenna catalog. Contact your local

rep for your copy. And if you

Take the gamble out. Go with a winner.

4241 Glencoe Ave.

TRANSCO PRODUCTS, INC.

Venice, California 90291 U.S.A.

FOR EMPLOYMENT OPPORTUNITIES IN RF ENGINEERING,
CALL CHARLIE TALBOT. AN EQUM OPPOATUNITY EMPLOYER M/F

Tel: (213) 822-0800 Telex 65-2448 TWX 910-343-6469
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LSI Synthesizer Family

Motorola has introduced two new
frequency synthesizer integrated cir-
cuits. They are the first of a series
of seven devices, planned to change
the architecture of much of the equip-
ment currently used for RF communi-
cations. The new devices use large-
scale-integration (LSl) technology to
reduce synthesizer costs, thereby fos-
tering the implementation of phase-
locked loop (PLL) circuitry in equip-
ment that still relies on tuned cir-
cuits and multiple crystals.

The new silicon gate CMOS ICs
provide a high level of versatility and
performance in conjunction with low
DC power drain requirements. The
typical frequency range extends to
over 25 MHz and, when required,
can be expanded to over 500 MHz
with the addition of existing high fre-
quency dual modulus prescaling ICs.
Three family members are compatible
with this frequency extension tech-
nique.

The MC145155 and the MC145156
are the two devices that are intro-
duced. They are programmed with a
clocked, serial input bit stream. Other
members of the 7-device family are
still under development but are due
for introduction in 1980. These include
the MC145151 and MC145152 for par-
allel proaramming and the MC145144,
MC145145 and MC145146 which pro-
vides a 4-bit data bus programming ap-
proach. Ease of interfacing with micro-
processor/microcomputer controllers
is provided by the serial and 4-bit
data bus units.

Conact Motorola, P.O. Box 20912,
Phoenix, Ariz. 85036. INFO/CARD #128.

SIP Ceramic Capacitors

Varadyne Industries, Inc., introduced
a line of single in-line monolithic ca-
pacitors in a wide capacitance range.

These SIP capacitors are particularly
well suited for applications on high-
density printed circuit boards as their
design and compact size allows im-
proved packaging density as well as
reduced assembly time. The units come
standard in an 8-pin configuration,
and are made of flame retardent con-
formal epoxy to provide strength and
durability.

They are available in a wide ca-
pacitance range of 15pf to .01omFd
in both COG (NPO) and X7R cer-
amic formulation. They withstand a
wide temperature range of —55°C to
125°C and come in 5 percent, 10 per-
cent, and 20 percent tolerances.

Contact Varadyne Industries, Inc.,
1520 Cloverfield Blvd., Santa Monica,
Calif. 90404. INFO/CARD #124. a
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One Great Value
Three Great Ways

Programmable Direct Synthesizer: 01 to 160 MHz

THE VALUE

Rockland Series 5600 Programmable Frequency
Synthesizers employ the direct synthesis technique
— no slow and noisy phase-locked loops — yet

cost less than many PLL designs in this range!
Resolution is constant: 1 Hz across the entire 0.1
to 160 MHz range, That's a single range, too;

no range switching, no multipliers, Spectral purity
is outstanding: —70 dB phase noise: —35dB har-
monics; —70 dB spurious. Stability is exceptionally
high: 1 x 1072 /day, with a very low T.C. (1 x 1078
from 0°C to 50°C). Or inject your own external
reference. Output levelling is exceptionally tight:
0.5 dB throughout the frequency range.

Digitally programmable at much higher speed
than conventional PLL designs: 20usec switching
time, negligible switching transient, All functions
are remotely programmable (inc/uding level).

Applications unlimited: satellite communications,
NMR source, spectrum analysis, HF surveillance
receivers, radar testing, frequency-agile/automated
test systems, manual testing, crystal manufacturing
and calibration, and as a true secondary transfer
standard of frequency.

ROCKI.RAND

The greatest value: Rockland engineering and
manufacturing experience. Superb quality.
Maximum applications support.

THE WAYS

Model 5600 has manual front-panel controls plus
full remote digital programmability.

Model 5610A has blank front panel, no manual
controls, but the same full digital programmability.
Considerably lower in price than Model 5600.
Ideal for OEM Systems,

Model 5620 is a stripped-down chassis version for
OEM build-in, and retains all electrical features.
Even lower in price than Model 5610A.

THE DATA

Complete engineering specifications,
price and delivery quotations,
Use the reader-service card,

or call or write

Rockland Systems Corporation,
Rockleigh Industrial Park,
Rockleigh, NJ 07647

(201) 767-7900

N
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For a better signal,
here’s how Rockwell SAWS
shape up.

Rockwell SAW IF Communications Filters:
Excellent bandpass characteristics and maintenance-free solid-state construction.

I ocs
Rockwell International announces
the latest addition to its SAWD
(Surface Acoustic Wave Device)
product line. The Rockwell SAW
Communication IF Filter. It com-
bines the solid state advantages
of SAW technology with the
volume production and research
and development resources of
Rockwell International. The
result: A better signal for com-
munication terminals with ex-
cellent rejection characteristics.
Rockwell’s SAW Bandpass
filters provide the receiver
designer with unique benefits.

Shown in the graph above,
Rockwell SAW IF filters have
excellent bandpass characteris-
tics. Their solid state construction
requires no tuning or maintenance,
making them ideal for use in
satellite communication terminals,
tropo-scatter terminals, and spread
spectrum systems. Their compact

size means they save space and
allow design flexibility. Add to
that their flat group delay charac-
teristics and reliability and you'll
know why Rockwell SAWs are
shaping up to be the technology
leader.

Rockwell’'s SAWD products
are the result of over 10 years of
research and development
together with nearly 30 years of
Collins mechanical filter design
and production.

For more information, contact
Filter Products Marketing,
Electronic Devices Division,
Rockwell International,

4311 Jamboree Road, Newport
Beach, CA 92660. Phone:
714/833-4544/4324.

’l‘ Rockwell International

..where science gets down to business
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