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UY OUR ANTENNA ... OPEN ASSEMBLE IT EASILY ...

IT WORKS

NEW FM GAIN RINGO RANGER...you'll say
“IT WORKS", when you try this exciting new an-
tenna! Ringo Ranger is even better than the popular
Ringo. Ranger has more gain for extended range.
Easily mounted on a mast or existing tower, Ranger
consists of a one eighth wave phasing stub and three
half waves in phase to concentrate your signal at the
horizon where it can do you the most good. Your
present AR-2 can be extended with a simply installed
RANGER KIT.

ARX-2 100 watts 146-148 MHz $26 50

ARX-220 100 watts 220-225 MHz $26.50

ARX-450 100 watts 435-450 MHz 526 50
ARX-2K  Ranger Kit $10.95

NEW FM MOBILE ... Fiberglass 5/8 wave pro-

fessional mobile antenna for roof or trunk mount.

Superior strength, power handling and performance.
AM-147T 146-175 MHz mobile 52950

NEW 4 POLE...economically priced for primary
repeater or home QTH, this antenna has been proven
in hundreds of repeater installations. It is a four di-
pole gain array for mast or tower mounting. It has
sealed coax harness for direct 52 ohm feed.
The antenna can be adjusted for a 180° or 360° ra-
diation pattern. Another unmatched antenna value
by Cush Craft.
AFM-4D 1000 watts  146-148 MHz 552 50
AFM-24D 1000 watts  220-225 MHz $48.50
AFM-44D 1000 watts  435-450 MHz 546 50
center support mast not included

IN STOCK WITH YOUR LOCAL DISTRIBUTOR

ycushcraft

: CORPORATION
621 HAYWARD ST., MANCHESTER, N.H. 03103

\
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the completely new

MODEL CX-11 ... Deluxe Integrated Station

Mawy New Festines

New solid state broadband linear pow-
er amplifier 10-160 meters. 360 watts
input — requires no tuning — completely
self-protected.

New concept front-end design — utiliz-
ing TWO revolutionary double active quad
J-FET balanced mixers — for the ultimate
in cross-mod, inter-mod, and overload
prevention.

Solid-state modular construction utiliz-
ing gold-plated, pins and plug-in sockets
for all transistors, IC's, and circuit board
connectors.

Five Bandwidths of selectivity are stan-
dard — 2.4, 1.5, 1.0, 4, .1 kHz.

Peak notch filter with adjustable notch
and peak frequency.

RTTY narrow and wide shift FSK-LSB.

Built-in electronic Keyer with indepen-
dent speed and weight control and par-
tial or full dot memory.

Built-in Power Supply completely self-
protecting — both thermal and current
overload, integrated circuit controlled.

New six-digit frequency counter utilizing
new 14 inch LEDs optimized for a non-
blinking, stable display.

More Details? CHECK—OFF Page 94

ADDITIONAL FEATURES

Dual VFO's for transceive, split operation, or
dual receive.

Adjustable IF shift.

Receive or transmit offset tuning.
Push Button spotting.

Adjustable R.F. clipping.
Instantaneous break-in CW.
Built-in Wattmeter.

Built-in noise blanker.

Adjustable R.F. power output.
Pre-IF, adjustable noise blanker.

Now in production at $2900

Distributed by

PAYNE RADIO

BOX 525, SPRINGFIELD, TENNESSEE 37172

Phone/write DON PAYNE, K4ID, for a brochure,
and trade on your gear. Dial direct day or
evenings (615) 3B4-2224. Personal phone an-
swered only by Don Payne.

Contact the factory for parts and service only

- Sgr13// orne

Box 127 Franklin Lakes, NJ 07417
Tel: (201) 891-0459
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THE ATLAS 210 AND 215

SOLID STATE SSB TRANSCEIVERS

mm_- ll.
" BTATE

AF.GAIN

| 5 monst sn OFF

Rluggln

For mobile operation all you have to do is make a
one time installation of the Plug-in Mobile Mount,
and thereafter, when you want to operate mobile,
just slide your Atlas transceiver into the mount.
All connections are made automatically, as
shown below. It takes only seconds, and you are
ready to operate. Fixed station operation is
achieved in the same easy manner, since the
Atlas AC Console has the same plug-in system
as the mobile mount.

No Transmitter Tuning!

This is another outstanding feature of the Atlas
transceiver. There is no transmitter tuning what-

211
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W 1\,2%5 caL, 1. THAN
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soever. This permits instant QSY or band-
stgllchmg‘ Simply tune in to your frequency and
No other rig on the market will provide you with
§0 much operating pleasure.

When you combine the simplicity of operation
with unparalleled selectivity, immunity to cross
modulation or overload, solid state reliability,
200 watts PE.P input power and 5 band cover-
age...the Atlas 210/215 has everything you
could want in a transceiver. :
Model 210 covers 80 through 10 meters.

Model 215 covers 160 through 15 meters.

Plug-in and GO!

AMERICAN MADE AND GUARANTEED BY:

417 Via Del Monte  Oceanside, CA 92054
Phone (714) 433-1983

Available NOW at your Atlas dealers. See
him for complete details, or drop us a card
and we'll mail you a brochure and dealer
list.
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As | pointed out in this space last
month, the FCC is considering various
new ways of determining the power lim-
itations of amateur transmitters. These
range from dc power input and power
output to manufacturer’s plate dissipa-
tion ratings. All of these methods, how-
ever, contain one or more variables
which are subject to interpretation and
policing. Dc input measurements, for
example, must be done with calibrated
meters at the time of operation. Output
power measurements are complicated,
and require accurate instrumentation.
Plate dissipation ratings are aribtrary
numbers established by tube manufac-
turers which are based upon a given
amount of air and back pressure to es-
tablish a desired plate dissipation rating.
However, it is conceivable that a manu-
facturer could rate a large tube at a
lower plate dissipation rating, or con-
versely, by requiring more air flow, con-
siderably jncrease the dissipation capa-
bility of the tube. This variation is
brought about by the fact that different
types of service are used in communica-
tion systems (class A, B or C); flexible
data ratings for different classes of ser-
vice must be established because of the
variations in plate efficiency from one
class of operation to another.

As has been pointed out by Jack
Quinn, WBMZ, of EIMAC, there is only
one common denominator in a vacuum
tube which determines the maximum
capability of that device, and that is the
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manufacturer’s rated heater, or fila-
ment, power. This is a parameter which
is very carefully established by all tube
manufacturers and follows rigid, fixed
laws of physics. These current/voltage
relationships of the emitter cannot be
increased with any degree of freedom
without suffering short tube life or cata-
strophic failure.

Rather than establishing new ama-
teur power limitations based upon plate
dissipation ratings or publishing a list of
approved tube types which must be con-
tinually maintained and up-dated,
Quinn has proposed that certain max-
imum filament or cathode heater power
ratings be established. For example, Ex-
tra, Experimenter and Advanced class
licensees could use a final amplifier hav-
ing ane or more thoriated-tungsten fila-
ment tubes with a total filament power
rating which does not exceed 200 watts.
An amplifier with an indirectly-heated
oxide cathode tube would have a total
heater power which does not exceed 60
watts, according to the manufacturer’s
ratings. If this were done, the ratings
would be based upon a common ground
and good, sound, technical background.
This would also be compatible with
amateur equipment in common use to-
day as shown in table 1.

Power levels for the General-
Technician and Communicator-Novice
classes could be scaled down by what-
ever percentage the Commission deems

{continued on page 60)



ITAL/

] [e

in 5 or 10 KHz steps over the entire 2 meter band. It can also scan either

mpty frequencies, or the frequencies being used, whichever you select. Complete, separate
election of the transmit and receive frequencies, is as simple as touching the keys. When you
ransmit, bright easy to read LEDs display your frequency. Release the mic switch, and the receive
requency is displayed. There are also two programmable memories for your favorite frequencies.
fou won't
ielieve the fea-
ures and versa-
ility of the
JV-21 until
ou’ve tried it.
t’s new, and it's
rom ICOM.

The perfect companion for your IC-21A, the DV-21 is an all new unique
— digital VFO to complete your ICOM 2 meter station. The DV-21 will operate

Distributed by:

ICOM WEST, INC. ICOM EAST, INC.
Suite 3 Suite 307

13256 Northrop Way 3331 Towerwood Drive
Bellevue, WA 98005 Dallas, TX 75243
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ARRL FORUM AT DAYTON HAMVENTION in late April, led by League president W2TUK,
was primarily a question and answer session. As expected, restructuring was the
primary subject but, since the League position isn't officially set until the
Director's meeting in May, Harry's answers had to be his own personal opinions.
Other subjects included possible ARRL insurance program (under active considera-
tion but hard to find an underwriter to cover all states), how to communicate
with the FCC, protecting the ham bands from incursions by other services, and
type acceptance of commercially made gear,

ARRL 20282 Survey has had an outstanding response — about 56,000 of the
League's 100,000 members returned their surveys in time to be processed!

RESPONSE TO RESTRUCTURING so far received by FCC summarized by Prose Walker
at Dayton. Two-thirds support 20282, one-third oppose. Most want 10 meters
shared. Of the 80% discussing power, more than half are against reductions to
Generals and Techs and all oppose levels offered Novice/Communicator. Measuring
output power is opposed by the majority.

TYPE ACCEPTANCE of amateur gear is becoming more and more of an active issue
at the FCC. The subject was discussed at the Dayton Hamvention Novice forum,
which featured both Charles Higginbotham, Chief of the FCC's Safety and Special
Services Bureau, and Ray Spence, W4QZW, Chief Engineer of the FCC.

Type Acceptance has some good features but some bad ones, too. It might clean
up some problem~causing commercial gear and thus help reduce the RFI problem., At
the same time it .could prove very stifling if, for example, it forbade the indi-
vidual amateur from modifying his equipment to meet his own needs.

PROPOSED NEW HF HAM BANDS won't be ours without a stiff fight in 1979. North
Atlantic broadcasters would like to increase the intermational BC allocations
between 3 and 27 MHz by another 7 MHz at the forthcoming world conference! For
reference, that's more than twice what they're presently allocated.

NEW MOTOROLA COMMERCIAL FM GEAR is pushing the amateur price range — Maxar
line of 150- and 450-MHz transceivers starts at $395 for a l10-watt out model with
several channels. For repeaters their new Spectra-Tac voting system looks very
competitive, and finally, they have a new pager receiver which shakes in your
pocket when you get a call.

JALANG VISITED AMSAT early last week and reported JAMSAT is well along ia con-
struction of a two-meter~to-435-MHz transponder in anticipation of the next OSCAR.
Other JAMSAT projects are also in the mill.

TI9DX On Cocos Island was heard on OSCAR recently, and TU2EF reports he's been
quite active on Mode A — his log would make a serious 20-meter DXer drool. FYJAS,
A2CJP, 4WIED and ZS3E are samples — he reports EA8CS may also be on soon.

"Area Coordinator" is the tentative title for a position established by the
AMSAT board. Purpose for the Area Coordinator, who should be an active 0SCAR
user, is to advise amateurs interested in getting on OSCAR and provide local
clearinghouse for OSCAR activities. Active satellite users who want to help out
in this capacity should contact AMSAT headquarters.

FCC TAKING A CRITICAL LOOK AT SPEECH PROCESSING if footnote at the end of
Docket 20282 {s any indication, but no response to the restructuring docket filed
so far has even acknowledged that paragraph's existence. Since DXers are the most
frequent users of processors, we better take another look at that paragraph and
its implications — mushy and broad signals have all too often caused problems
on the lower ends of the DX bands.

MORE NON-AMATEUR OPERATIONS. THREATEN 420-450 MHz band, as TI in Dallas at-
tempts to get a new Speclal Temporary Authority to coutinue operating a high-
powered navigation system on 430. MHz. The 20 kW ERENS (Extended Range Electro-
magnetic Navigational System) transmitter has a range of 250 miles and has been
on since last September. They have also filed requests for similar systems on
Cape Cod and Montauk Point, Long Island. If permitted, these pulsed navigational
systems would make a large portion of the 420-450 MHz band practically unusable.
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Once you actually use an ALPHA 374 on the air, we don't think you'll be willing to
part with it. QST (April 1975) says, in part, “A combination of modern compact
components and a judicious use of . . . space has resulted in an amplifier fully capable
of continuous operation at the legal power limit. It is also ... hardly larger than the
average ssb transceiver ... The ETO ALPHA 374 was used almost daily for ...
months, including two contest weekends when it was subject to constant use. At no
time did the writer feel that the amplifier capabilities were even close to being taxed

In the BANDPASS mode, high-power operation requires no more adjustment than
that involved in operating the exciter.”

But don’t take our word (or even QST's) for it. You can actually check out a new
ALPHA 374 in your own station without risk! Buy one now from ETO (or a
participating dealer). Use it for a few days. Then if you decide that you're willing to go
on operating without a ‘374, return it for prompt refund of your purchase price. If
there’s any risk involved, it's ours!

Why not call or write ETO or your dealer right now for full details of this limited-time

offer, and a reprint of QST'’s 4-page report? (Dealer participation is optional, and the
number of ALPHA 374’'s available under this offer is limited.) ALPHA 374, $1295.

— e

NOW AVAILABLE . . . THE NEW ULTIMATE
in ultra-deluxe, high performance linear amplifiers:
ALPHA 77D. Substantially huskier and an even more
superb performer than its renowned predecessors.
Call or write for the full ALPHA 77D story. “THE
ULTIMATE" $2695.

T' EHRHORN TECHNOLOGICAL OPERATIONS, INC.

BROOKSVILLE, FLORIDA 33512
(904) 596-3711

More Details? CHECK—OFF Page 94 june 1975 7



phasing-type
single-sideband

A direct-conversion
companion transmitter
for the

Phase I

ssb receiver

The Phase Il ssb receiver described last
year in ham radiol has been a moderate
success and has proven worthy of a
companion transmitter. The phasing
method of single-sideband detection has
been revived slightly, and the addition
of a good ssb transmitter will even stir
interest among the ““filter freaks.” After
all, doesn’t it make sense to generate
just one sideband with phasing tech-
niques rather than to generate both side-
bands and remove the unwanted one with
a brute-force crystal filter?

This article presents the Phase |l
reciter, a ssb exciter that borrows phase
quadrature rf from the Phase Il receiver.

8 & june 1975

G.K. Shubert, WAGJYK, 1308 Leeview Drive, Olathe, Kansas 66061

transmitter

A 300-watt PEP solid state linear power
amplifier will be the subject of a future
article and will round out the Phase Il
system including vfo, transmit/receive
switching, vox, filtering, and a
regulated, low-voltage, high-current
power supply.

Readers of the Phase Il receiver
article have indicated an interest in a
more elaborate receiver with additional
frequency coverage. New circuits for
improving the receiver and ideas for
future development will be discussed.
The possibilities for the receiver and
transmitter pair are far too numerous to
present in full detail, so individual cir-
cuits and interconnect information will
be given, leaving the final enclosure and
layout to the individual builder. Layout
might vary drastically between a
receiver-transmitter for a single, crystal-
controlled frequency, and one designed
for the three lower amateur bands with
vfo control.

ssb reciter

Fig. 1 is the classic diagram of a
phasing-type ssb transmitter that has
appeared in the electronic handbooks
for three decades.2 The 90-degree rf
phase is developed in the Phase I
receiver and it will be necessary to refer



to the receiver article for additional
information on this aspect of the cir-
cuit. Since the transmitter may be
operated independently if this portion
of the receiver is duplicated in the
transmitter, this oscillator and phase-
shift circuit are described later in the
article.

Much of the research done on phas-
ing circuits in the 1940s occurred during
the development of telephone carrier
systems and many of the schematics
bear the Western Electric title box.
Engineering texts tell us that a single-
sideband-suppressed-carrier signal can be
regarded as the resultant of quadrature

MICROPHONE
AMPLIFIER

90-DEGREE
SHIFTER }——

ceiver. The exciter uses exactly the same
audio lowpass filter and audio phase-
shift network as the receiver. It is better
to duplicate these components in the
interest of simplicity of switching and
balancing circuits.

Although these components are not
particularly expensive, they may be a
little difficult to locate. The 1% preci-
sion film resistors are standard MIL-BEL
values as are the 0.1-uF capacitors. The
0.028-uF capacitors may have to be
made up by paralleling a 0.027-uF and a
1000-pF silvered-mica capacitor. Re-
member that ultimate sideband suppres-
sion depends upon the accuracy of these

BALANCED }_,

MODULATOR

l

90 - DEGREE
RF PHASE
SHIFTER

COMBINER

RF
OSCILLATOR

1

fig. 1. Classic phasing-type ssb
generator.

modulation of a carrier by a pair of
signals in phase quadrature, further ex-
plained with some pretty involved math-
ematics.3 It is possible to switch the
phase-quadrature rf to in-phase rf and
generate phase-modulated signals. Per-
haps this is why the phasing technique
was popular in the late 1940s and early
1950s when narrow-band fm was far
more popular on the high-frequency
bands than the then newer mode, single
sideband.

Fig. 2 is a block diagram of the entire
Phase Il system. The digital phase-
shifter in the receiver is used to supply
phase-quadrature rf to the exciter. This
means the parts cost for the exciter will
be considerably less than for the re-

BALANCED
MODULATOR

components, so be as accurate as
possible.

A circuit board has not been serious-
ly considered for several reasons. One
very obvious reason is that a circuit board
takes time to develop and debug, not to
mention the problems encountered when
you try to make modifications. The
exciter is much simpler than the re-
ceiver and has fewer ICs (the digital rf
phase shifter is the complicated part and
it is already on the receiver board). Even
the regulated 10-volt supply of the
receiver may be tapped. However, if the
10-volt receiver supply is used, a farger
heatsink is necessary and a heavier
transistor may be needed.

A Motorola MC7812 or Fairchild

june 1975 [l 9



MA7812 can be used to replace the
10-volt supply in the receiver and will
supply atl the 12-volt current (up to one
amp} that is required in both the re-
ceiver and exciter. However, a good 15-
to 24-volt dc supply will be required to
maintain good regulation with this
voltage-regulator IC. Mobile operation
with a 12-volt supply would be impossi-
ble with this IC, and the MC7808
voltage-regulator IC is a little too low.

There is sufficient room left on the b
x 6-inch (12.7 x 15.2-¢cm) board (same
as the receiver board) for vox or a small
10- to 15-watt PEP linear amplifier.”
Remember that a transmitter needs a
good, heavy, continuous ground plane
under all the components. Preserving
maximum ground area helps isolate the
receiver from the transmitter as well as
keeping the transmitter calm. The re-
ceiver is actually operating all the time
but is muted during periods of trans-
mission.

One very versatile method of making
permanent breadboards is to use double-
sided PC board material with push-in
Teflon terminals which can occasionally
be purchased on the surplus market.
Press-in  terminals are about twenty
cents each when purchased in small
quantities so you may want to use a
circle cutter to isolate small islands from
the board or use small pieces of PC
board material cemented to the main
board with a hot-melt glue gun. Layout
is not particularly critical except for

*A printed-circuit board for the Phase !
receiver is now available from D.L. McClaren,
WBURX, 19721 Maplewood Avenue, Cleve-
fand, Ohio 44135, for $10.50. The trans
formers for the receiver are still available from
the author, WAQJYK (the same transformers
are used in the Phase |l reciter). The price will
remain at $10 for the set of three required for
the receiver; the pair required for the reciter is
priced at $8. A complete set of five trans-
formers is available for $16.00. This price will
be valid only until the present supply is
exhausted — new supplies will probably be
priced 10% higher to meet the demands of
inflation.

10 [ june 1975

location of the mixers as detailed later.
The large copper area provides both
grounding and shielding.

circuit operation

The schematic for the reciter is
shown in fig. 3. The microphone ampli-
fier is a high-gain, high-impedance stage
followed by an emitter follower which
provides 1000-ohm output impedance
to drive the audio lowpass filter. The
audio lowpass filter is identical to the
one used in the receiver. It is possible to
get by with a two-coil filter in the
transmitter but the design from the
receiver was convenient and provides a
little better performance. If a different
filter is desired it can be designed from
the available literature.5.6 If tradeoffs
are to be made in the filter, or an
improvement made, the outcome can
be predicted with the help of graphs.”
Selective bypassing of the audio ampli-
fiers also helps to roll-off the low audio
frequencies. The ferrite pot-core
assemblies have metal frames and are
better shielded from rf fields than the
toroids. If power in excess of 100 watts
is contemplated, a metal rf shield may
be needed to cover the 88-mH coils.

The audio agc system uses a
Motorola MC1590G or the less expen-
sive consumer products counterpart, the
MC1350P. This versatile gain-controlled
amplifier has its internal circuitry reveal-
ed in fig. 4. For layout purposes, pin 1
is interchangeable with pin 3 (pin 6 with
pin 4 of the MC1350) and pin 5 may be
interchanged with pin 6 (pin 1 with pin
8 of the MC1350). These terminals are
the differential input and output of the
amplifier. In the reciter it is being used
as a single-ended amplifier because it is
easier to keep it stable and maximum
available power gain is not required.

The detector for this gain-controlied
amplifier is at the output of the exciter
where the rf power level is about 1-watt
PEP. Detector drive could be obtained
from a higher level stage with a voltage
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fig. 2. The Phase Il ssb transceiver consists of phasing-type receiver, above, and phasing-type ssb
generator, below. An optional linear amplifier is discussed in the text.

divider arrangement but it is not desir-
able to have too much gain in the agc
loop. Any imbalance in the balanced
modulators will cause some carrier to be
present and will be detected by the agc
detector. This carrier is interpreted by
the detector to be a ssb signal caused
by voice modulation and it will prompt-
ly turn down the modulation level
which will, of course, reduce the level
of ssb to carrier and further aggravate
the situation.

It is possible to transmit compatible
a-m by unbalancing one balanced modu-
lator and sending one sideband with as
much carrier injected as is desired. Full

a-m can be transmitted by disabling one
balanced modulator entirely and unbal-
ancing the other. The combination of
audio shaping with the lowpass filter
and low-frequency rolloff caused by the
audio transformers and sefective bypass-
ing {below 300 Hz) with audio compres-
sion caused by the agc system makes an
effective built-in  speech processor.
There is no need for any additional
speech processing since the percentage
of average-to-peak power is quite high
already.

The output of the agc-controlled
amplifier is fed to another amplifier
which has enough power capability to

june 1975 1
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drive the transformers and audio phase-
shift networks. It might be possible to
directly drive the transformers from the
MC1590G ICs if special transformers
were designed to do the job, but in the
interest of saving time | used the same

12 0@ june 1975

fig. 3. Complete schematic diagram for
the Phase il reciter. The transformers are
available from the author; see footnote
on page 10.

t MPSHIO
— *

transformers that were used in the
receiver.

The audio phase-shift network is also
identical to the one in the receiver and
it must work into a relatively high
impedance. The input impedance of the
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balanced mixers is low, on the order of
200 ohms (set by the bias resistors), so a
low-gain buffer stage is necessary be-
tween the audio phase-shifter and the
balanced modulators. The reversing
switch at the primary of one of the
audio transformers allows selection of
the desired sideband. The switch may be
remotely mounted on a panel or the
edge of the board with twisted leads

3T

iw PEP

BIG LINEAR
GOES HERE

L4

LOW-PASS VALUES FROM TABLES IN REF. 9
DIODES : IN4i54 OR IN9I4

since the level at this point is relatively
high. The receiver sideband selector
switch doesn’t offer this option because
of the extremely low audio levels.

balanced modulators

The balanced modulators are a pair
of Motorola MC1496G integrated cir-
cuits. The Nationai LM1496H or Fair-
child uA796HC may also be used. If
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better performance over a wider tem-
perature range is desired, the Motorola
MC1596G or National LM1596H can be
used but other components should also
be of premium quality. The plastic
cased version of this IC should be
avoided in this application. The
balanced modulators should be located
directly under U6 in the receiver so that
0.1-uF disc ceramic capacitors can be
connected from pins 2 and 14 of U6 in
the receiver, through feedthrough ter-
minals on the exciter board, and termin-
ating at pins 7 (or pin 8) on each of the
balanced modulators.

Fig. 5 shows the internal schematic
of the MC1496 which presents some
possibilities for a simplified board lay-
out. There was some confusion about
the MC1496 product detectors used in
the receiver because pins 1 and 4 were
interchanged on the two detectors to
aid in board layout. Careful inspection
of fig. 5 shows that pin 1 can be
interchanged with pin 4 and pin 6 may
be interchanged with pin 9 because
these are the inputs and outputs of
differential stages. This can be quite a
help when laying out a PC board or
making a breadboard and trying to
minimize the number of crossover ieads.
This transposition of pins is similar to
that mentioned for the MC1590G (or
MC1350) eartier. The MC1496 is diffi-
cult enough to bias for single supply
operation because of the 11 resistors, so
this trick is well worth remembering.

The 50k carrier-balance pots may be
run to the edge of the board for
convenience. For ease of adjustment it’s
a good idea to use multi-turn units. If
the balance pots are mounted on a panel
the leads shouid be bypassed for rf. The
metal can of the MC1496G is internally
connected to pin 10 which is grounded
but it is helpful to run a piece of
number-18 or -16 wire across the tops
of both ICs and solder it to the cans and
to the board. This forms a very stiff
ground plane between the input and
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output of the balanced modulators.
Carrier suppression and noise improved
6 dB with the extra ground strap. The
MC1496G is a very well balanced mixer
and feed-arcund becomes greater than
actual feedthrough.

The outputs of the two balanced
modulators are summed in the rf trans-
former T3, an extremely broadband
ferrite-core transformer. The broadband
coupling eliminates any tuneup proce-
dure but presents some other problems.
The balanced modulators will suppress
the carrier by 60 dB or so, but the
second harmonic of the carrier is sup-
pressed only about 30 dB. The exact
amount of suppression will vary with
individual units as well as with tempera-
ture, layout and frequency.

This second harmonic poses no partic-
ular threat but does point out the need
for the lowpass filter following the
exciter in addition to a lowpass filter
after the final linear power amplifier. |f
the second harmonic of the carrier went
unsuppressed to the antenna it would
only amount to a few milliwatts but if it
were allowed to pass through the solid-
state linear power amplifier it would
come out at about a guarter watt and,
due to the agc action in the linear itself,
when there was no voice modulation it
could go to two or three watts.

The ferrite core used for trans-
formers T3, T4 and T5 is the Ferronics
12-360J, an ideal configuration for
small receiver and transmitter coils in
the high-frequency range. Several of
these cores are also used in the solid-
state linear power amplifier. These two-
hole ferrite beads may be wound with
alt leads coming out one end or with
leads coming out opposite ends, depend-
ing on which is more convenient for
mounting and conserving board space.

linear amplifier

Transformer T3 drives a class-A
amplifier stage. A number of transistors
will work in this stage but the Motorola
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fig. 4. Schematic diagram of the MC1590G (MC1350P) gain-controited amplifiers.
Pin numbers for the MC1350P are shown in parenthesis.

MPSH-10 is economical and performs
quite well. A 2N3904 will work too.
The base configuration of the MPSH-10
is unconventional and is shown in fig. 3.

The output stage is operated push-
pull to cancel the even-order harmonics
and is transformer-coupled with broad-
band transformers. This push-pull stage
is biased for pseudo-class-AB2 operation
since class-B will result in too much
distortion and class-A is too inefficient.
The 330-ohm bias resistor may have to

be adjusted over the range from 220 to
470 ohms so that the final collector
resting current is between 10 and 20
mA. The final collector current will rise
to 100 mA on voice modulation.

The final transistors are 2N3866s and
are occasionally available on the surplus
market for under a dollar. The 2N3866
is rated to frequencies as high as 500
MHz and many of them have an actual
f+ of 1000 MHz, so many of the units
that are factory rejects because of low
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fr or low current gain are usable in this
circuit. The emitter resistors are not
bypassed and parasitic suppression net-
works are used between the base and
collector leads. More power can be
coaxed from the finals by bypassing the
emitter leads but there is no protection

to a full 300 watts PEP input. As a
matter of fact, a watt is too much drive
for the linear and a 10-dB pad is used
but the pad provides isolation that helps
keep the exciter agc working properly.
High-power linear transistors are still
expensive but there is a flood of “illegal
for class-D"’ linear amplifiers hitting the
marketplace now and these linears are

rated at more than 100-watts output. If
ouTPUT these transistors work well at 27 MHz,
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| PIN CONFIGURATION
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fig. 5. Schematic diagram of the MC1596/
MC 1496 balanced-modulator ICs.

for load mismatch so spare devices
should be on hand.

About 1 watt PEP is available from
the exciter without bypassing the emit-
ters and that is a very conservative watt.
However, even with an excellent signal
and good signal processing it will still
take perserverence and a good antenna
to work stations. If your goal in life is
QRPP, the mode best suited is CW, but
a surprising number of stations can be
worked with one watt of sideband.

The 1-watt PEP is more than ade-
quate for driving the companion linear
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they will work nearly as well on all the
lower amateur bands and production
quantities should be sizable judging
from past reports on CB gear. In the
meantime it might be well to consider a
lower power linear or one with surplus
vhf transistors.”.8

operation

The entire 1-watt transceiver draws a
maximum of 800 mA on transmit and
from 150 to 500 mA on receive. The
power supply drain on receive can be
reduced by switching the entire trans-
mitter with the R/T switching trans-
istor. The collectors of the 2N3866s
need not be switched because they
don’t conduct with the bias removed.
The main problem encountered in
switching everything is that the bias on
the balanced mixers takes about half a
second to stabilize and a short burst of
full carrier goes out over the air. This
would be a small price to pay for
portable operation and is not really
noticable since the carrier is zero beat at
the receiving station and would nat
normally be audible. However, vox
operation is not recommended because
the numerous times that the unit would
cycle from receive to transmit would
make the unit sound like slow CW with
all the little bursts of carrier. For vox
operation, only the bias to the last three
transistors is switched. The audio and
balanced mixers are left /ive and there is
a signal being generated but it is isolated
well enough that it is not heard.

It would be a shame to spoil an all



solid-state rig with an electro-
mechanical monster for antenna switch-
ing. Full-fledged diode antenna switch-
ing would require standing off 80 volts
or more of rf with the unit running at
the 100-watt PEP output level. Where
do you get 80 volts in a low voltage
radio? There must be a simpler way —
not a better way — just a simpler way to
get around the use of complicated,
noisy, unreliable hardware.

Since a lowpass filter was required
anyway, it was decided to try to get
some signal for the receiver from the
lowpass filter. It seemed logical that one
of the shunt capacitors in the lowpass
filter could be lifted from ground and
enough signal could be sampled to
supply the receiver. Some tests were
made and it was found that the middle
capacitor of the filter was the best. In
addition, it only requires standing off 3
volts of rf which is easily done with a
single inexpensive diode. The voltage to
switch the diode is fed down the coax
from the receiver by inserting the volt-
age into the link on the receiver input
tank coil and bypassing it to ground.
This circuit will protect the receiver to
some extent even if the dc control
voltage fails. It also helps protect the
receiver from strong local signals. This is
a good system with multi-transmitter
setups. The only bad part is the 10-dB
of loss for the receiver, but the receiver
is quite sensitive and signals on the
lower bands are usually so strong that
the rf gain is turned down to prevent
cross-modulation anyway.

There may be a more elegant way of
solid-state switching but this method
requires only a resistor, a capacitor and
a diode, about 15 cents worth of com-
ponents. The 10-dB of loss could be
greatly reduced if the filter were re-
designed and the impedances were
matched properly, but this is no trivial
task and would best be done with a
computer. Switching to transmit is swift
and silent leaving the operator with the

feeling that the rig just died, but after a
few minutes on the air, confidence will
be restored . . . if the 300-watt linear is
being used.

The filter used to remove the har-
monics output is one of the filters
described in complete detail in a pre-
vious article.® These filters are probably
more than adequate, but it is better to
be overcautious. For the sake of simpli-
city, the same lowpass filter is repeated:
once between the exciter and final
power amplifier and again after the
power amplifier. The filter between the
exciter and final certainly could be of
simpler design and still be adequate.
Elliptic function filters are degraded
drastically by severe mismatch and
shouldn’t be operated with vswr exceed-
ing 3:1 at full rated power.

The dc voltages to the transmitter are
switched by a medium power pnp tran-
sistor. As mentioned earlier, if low
power consumption is desired, all power
may be switched. If plenty of idle
power drain can be tolerated, only the
bias voltage to the last two stages need
be switched. The collector voltages to
these two stages may be left connected
if desired. Positive voltage is sent
through the primary of the receiver
antenna coil, out through the receiver
coax to the lowpass filter and the T/R
switching diode. Positive voltage is also
sent through a diode and 1000-ohm
resistor to the receiver for muting.

The LM380 audio amplifier in the
receiver can be muted by applying the
voltage from the 1000-ohm resistor and
diode to pin 2 but there will be some
pop when the receiver is un-muted. If
the receiver is improved by using the
MC1590G (or MC1350P) to replace the
Q4 stage, then the mute voltage from
the resistor and diode is applied to pin 2
of the MC15690G (pin 5 if it's the
MC1350P) and muting and un-muting is
rapid and silent. This smooth and silent
keying is a natural for vox operation.
Some experimenting has been done with
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“instant voice interruption” but very
few amateurs have actually used it on
the air.10,11

Since speaker operation with vox
complicates things, there'is no anti-vox
included in the simple vox circuit shown
in fig. 6. Operation with a boom-
microphone type headset was the
primary objective and it has worked
quite well for that purpose. Surprising-

TO EMITTER
FOLLOWER
MICROPHONE
AMPLIFIER

up to 10 MHz with nearly perfect phase
quadrature. in fact, the Phase Il trans-
ceiver may be the first ssb rig capable of
operating on the experimental 160- to
190-kHz band. Of course, the ferrite
transformers would have to be rewound
with more turns (the same ratios) and a
low-frequency vfo would be necessary.

At the other frequency extreme, it
would be possible to use the rig at

$iI0TO 12V

tig. 6. Vox circuit for use with headphones. Transistors are 2N3707,
diodes are silicon such as 1N4154, 1IN914 or similar.

ly, it works fairly well with a speaker at
moderate volume and using an Astatic
10-C microphone that is only slightly
directional.

It is desirable to apply a little of the
receiver signal to the headphones when
transmitting and the resistor in the mute
control line can be increased to allow
the amount of desired audio sidetone if
the MC1590G or MC1350P is the con-
trolled amplifier in the receiver. Audio
sidetone is used in aircraft radios as an
audible output indicator and to prevent
the pilot from talking too loudly and
overmodulating.

other frequencies

The transmitter is capable of opera-
tion at higher frequencies than the 10
MHz maximum limit arbitrarily imposed
by the digital rf phase-shifter. The
digital phase-shifter has provided the
key to wideband operation and in itself
will work well from the kilohertz region
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higher frequencies if phase-quadrature rf
were derived from means other than
digital 1Cs. The most promising and
economical method is coaxial phasing
lines similar to the phasing lines used for
large antenna arrays. A quick check
with a vector-voltmeter confirmed that
above 14 MHz, complete phone-band
segments can be covered with coaxial
fines and the technique looks good for
six and two meters, Coaxial fines are
relatively insensitive to temperature
variations that give other types of phase-
shifters real problems. The coaxial line
should be driven and terminated in the
characteristic impedance of the line and
the parallel paths of the two channels
should be of the same impedance even if
no coax is used in one side. Don’t forget
that the required quarter-wavelength
line is an electrical quarter wavelength
and must be multiplied by the velocity
factor for the particular coaxial cable
being used. For the twenty-meter band,



and to cover complete amateur bands, it
would be necessary to include a small
trimmer at the termination of the coax
to trim from one end of the band to the
other.

alignment

Alignment of the transmitter is very
simple. Just adjust the two 50k pots for
minimum carrier or minimum collector

audio filter) so that some compression
becomes obvious. This setting will have
to be developed on an individual basis
to suit each voice and amount of desired
compression.

If further control of compression is
desired the 15k resistor that feeds the
agc signal back from the detector to the
MC1590G can be altered as well as the
value of the 56-uF capacitor at the

fig. 7. Crystal oscillator and 18 T 20V
digital rf phase shifter. Fre- O————1 L A7806C g
quency of crystal Y1 is twice
the desired transmit carrier P
frequency. *+
1,16
TN : o
M 131
l _L% oy 8 ] c:203 T
v1 @ T 5 - 3 560
b
Lo

current then adjust the 2k pot on the
balanced-modulator for maximum side-
band suppression. It is best to use a
separate receiver for both of these oper-
ations but it is possible to monitor the
transmitters unwanted sideband in the
receiver since the sideband selection is
independent. The mute line must be
disabled to monitor its own transmitter.

The carrier can be nulled by watch-
ing final collector current with no audio
input or with the audio pot turned
down and should be quickly checked
after switching bands. Adjust the micro-
phone gain pot (the 10k pot after the

I5 560
MCIOI31
£ L)H——o
560

14
Vi

4,5,8,9,12,13

detector. The 2N3866s should draw
about 100 mA on voice peaks but it is
possible to compress until the valleys
are only about 80 mA but the audio
sounds compressed at this level.

The audio sections, including the
lowpass audio filter and the phasing
networks, may be checked by applying
the output from pin 1 of one balanced
mixer to the horizontal input of an
oscilloscope and the output from pin 1
of the other balanced-modulator to the
vertical input of the scope. Both scope
inputs should be sensitive enough to
read one volt with good deflection. The
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audio from the microphone will cause
perfect, multiple, concentric circles. If
the circles are slightly oblate but con-
centricity is good there is no problem
because the gain of one balanced
modulator is adjustable and will com-
pensate for this gain error. If the circles
are not concentric there is an error in
the phase-shifter values or a misplaced
component. If there are circles with no
audio input, the unit is oscillating! Back
up and try to isolate the flying stage.
Oscillation is probably being caused by
insufficient bypassing of the supply line
or coupling through the power supply
leads to the microphone preamplifier or
the MC1590G.

If an audio signal generator is avail-
able it may be used to check the flatness
of the filter response and the accuracy
of the phase-shifter. One and only one
circle will be present with a single audio
tone fed into the microphone input.
The circle should remain perfectly cir-
cular and of constant diameter with
signal inputs from 300 to 2700 Hz.

performance

A great deal of time went into the
breadboard just to clean up the audio
and rf amplifiers and checking to make
sure they were linear. Excellent signal
quality has been the payoff and the
ability to communicate better than the
other guys who are running much higher
power. A scope is a valuable tool for
checking linearity, but both the rf and
audio class-A amplifier stages have one
simple check that can be made with a
cheap voltmeter. The collector voltage
should be exactly one-half the supply
voltage.

An on-the-air roundtable with
Collins, Heath, Swan, Drake and Phase
11 transceivers was recorded and the
Phase |l was definitely among the top
two for quality. The unwanted sideband
of the Phase (1 transceiver is garbled and
unintelligible while the suppressed side-
band of filter-type transmitters remains
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understandable even though attenuated.
This leads people to believe that the
sideband suppression of the Phase Il is
better than it actually is. It does, how-
ever, live up to the expectation of 40-dB
unwanted sideband suppression.

The full transceiver with the 300-watt
PEP input solid-state linear has been
directly compared to a Heathkit
Marauder, model HX-10, running com-
parable power. Input to the solid-state
linear was held to 4 amps at 30 volts.
Stations always rated the Phase Il as
“better copy’’ though most reported the
same S-meter reading for both. Side-
band suppression was equally as good as
the crystal fifter of the Marauder and
some reports were in favor of the Phase
1. When carefully questioned about the
sideband suppression it usually amounts
to “unintelligible.”

Direct conversion is the ideal exper-
imental transmitter for the amateur
because there are fewer and more pre-
dictable spurious responses from direct
conversion. The only spurs likely are
harmonics and they are very effectively
removed by the lowpass filtering. Con-
ventional superheterodyne-type trans-
ceivers have possible images at the inter-
mediate frequency or frequencies,
depending upon the number of conver-
sions. Of course, there is always a
chance of parasitic oscillations in either
the audio or rf of a direct-conversion
transceiver, but these are more easily
recognized and easier to troubleshoot
with the direct-conversion method.

The thing that saves a lot of trouble-
shooting time is that the same spurs will
appear in both the receiver and trans-
mitter. For example, if the vfo being
used has a parasitic and is effectively
supplying two separate and non-
harmonically related signals to the rf
digital phase-shifter, two separate signals
will be received and two separate signals
will also be transmitted. However, don’t
get too excited about receiving two
signals at once. Not only the two signals



but the sums, differences, and an end-
less collection of products also enter in
and make it impractical.

The transceiver always listens where
it talks, providing the receiver input is
broadband like the transmitter, but it is
usually better to have a little more
selectivity in the receiver to protect
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oscillator. The output signal tends to be
fm at the reference oscillator frequency
and this should be carefully investigated
by those intending to use a synthesis
scheme.

For those of you wishing to use the
Phase 1l reciter as a transmitter paired
with some other receiver, the rf digital
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operating vfo

frequency frequency L1+
1.8-3.0 MHz 3.6-6.0 MHz 30 turns
3.0-5.0 MHz  6.0- 10 MHz 25 turns
5.0-8.8 MHz 10-16 MHz 14 turns

40245

TO CRYSTAL
10T sockeT

c1 c2 Cc3 ca
250 pF 470 pF 820 pF 820 pF
200 pF 390 pF 680 pF 680 pF

75 pF 220 pF 470 pF 470 pF

*1 1 wound on Amidon T-68-2 toroidal core; use as large wire as possibie for full, single layer.

fig. 8. Variable-frequency oscillator for the Phase |l reciter. Values for L1 are approximate and are
determined by the exact value used at C1. Value for C1 is approximate with total made up with
fixed capacitors to cover desired band segment. Toroidal core for transformer T1 is Ferronics

12-360J (or Amidon T-50-3).

from out-of-band signals. It is also very
important to have a clean vfo signal.

variable-frequency oscillator

Close-in noise in the vfo signal is
more important in this case than the
harmonics that might be present. The
close-in noise on a vfo may be caused by
fm of the oscillator and that in turn is
caused by poor voltage regulation.
Close-in noise is a particular problem
when using a frequency synthesizer
with a phase-locked, voltage-controlled-

phase shifter and crystal oscillator
schematic is shown in fig. 7. The same
scheme can be used with other ICs, but a
dual-D flip-flop should be used to help
preserve good tracking with temperature
changes.

A good vfo is necessary for amateur-
band use except in the rare cases when a
crystal is used for net operations. The
vfo shown in fig. 8 was originally
described in QST and has appeared in
many transmitters and transceivers over
the last eight years.12 The mosfet is an
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extremely stable element and the
addition of a toroidal inductor makes it
more compact. An MC7808 or uA7808
IC voltage regulator provides stable
8-volt regulation and filtering which is
important for the elimination of fm and
drifting in any vfo.

The most important part of the vfo
and the most difficult to locate is the
variable capacitor. Good variable capaci-
tors just are not used much in commer-
cial equipment anymore and the really
good ones invariably are salvaged from
some oid piece of tube-type military
gear; they have plate spacings of 1/16
inch (1.5 mm) or more and are mechani-
cal monsters. That is the price of prog-
ress. Some mechanical genius should start
marketing a log-variable inductance simi-
far to the units used in the famous Collins
linear-permeability-tuned-oscillator
(PTO) and solve all our problems.

Almost any value variable capacitor
can be adapted for vfo use by using
series and parallel silver-mica capacitors
to set the range and frequency. The
values given in fig. 8 are only ball-park
figures. The L/C ratio of this particular
vfo can be varied quite a lot without
degrading the performance. An hour or
two with a slide-rule, calculator, or ouji
board will allow the use of practically
any capacitor that comes out of your
junk box.

Also consider the use of a high-
frequency vfo at 40 MHz or higher and
dividing down to the desired frequency
with digital ICs. The stability of the
higher frequency vfo is notoriously poor
but it is as good percentage-wise as the
lower frequency counterpart and the
frequency errors will be divided along
with the frequency. The higher fre-
quency vfo will allow use of smaller
components and more readily available
variable capacitors.

output filtering

A Drake TV100-LP or TV1000-LP
lowpass filter should follow any trans-
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mitter, be it commercial or homebrew
and particularly a transmitter with a
broadband finear. The Drake filter does
an exceptional job of suppressing TVI,
is recognized by the FCC, and cannot be
duplicated in the average hamshack. The
lowpass filters used in the Phase (I
reciter are not designed to be TV filters
as such because the silver-mica capaci-
tors used will display a resonance some-
where in the vhf region and filter per-
formance will deteriorate rapidly. If
better vhf filtering is desired from the
lowpass filter, the capacitors going to
ground shouid be made up of two or
more smaller capacitors of differing
values and even different types of capaci-
tors, such as ceramic.
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converting the
slim-line

touch-tone handset

A telephone handset
combining touch pad,
microphone and speaker

into a single unit

Joseph M. Hood, K2Y AH, Rochester, New York I

Tone signalling for amateur repeater
autopatch access, repeater secondary
control access, or selective calling is a
rapidly expanding technique in fm
circles. Many amateurs are using a
touch-pad mounted in a separate en-
closure as a source of these tones. While
this method is acceptable, it does have
disadvantages; finding a place for the
bulky touch-pad enclosure and switch-
ing the associated microphone and push-
to-talk circuit interfaces with the trans-
ceiver to make the touch-pad approach
somewhat inconvenient.

A solution to this inconvenience is to
replace the separate touch-pad and
microphone elements with a unit which
contains both, a Slim/ine, Touch-Tone*

*Touch-Tone is a Registered Trademark of
the Bell System.
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INSTALL PTT
BUTTON HERE

handset. The handset also has the addi-
tional advantage of an earphone, which
can be used for private listening when
operating with a car full of sleeping

EARPHONE
ASSEMBLY

SIDETONE
TRANSFORMER
(NOT USED)
AND LAMP
ASSEMBLY.

MICROPHONE
ASSEMBLY

HANDSET (REAR VIEW)

fig. 1. Rear view of the handset showing sug-
gested location for mounting the PTT switch.

children or other persons you don't
wish to annoy with the receiver audio.

modification

The S/imline phone is not very useful
for amateur radio use as wired for tele-
phone service and will require some
electrical and mechanical surgery to
make it compatible with fm transceiver
input/output circuitry. The modifica-
tion is begun by opening up the unit by
removing the two screws found under
the removable, transparent plastic, tele-
phone number cover. With the unit
open, you can see the plastic printed cir-
cuit which contains the interwiring for
the handset. This printed circuit must
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INPUT/QUTPUT
CONNECTOR

be removed by extracting the screws on
the earpiece, touch pad, and micro-
phone connections, and then carefully
unsoldering the remaining solder con-
nections. Don’t lose the screws as they
will be used when the unit is rewired.

Since the handset has no push-to-talk
button, one will have to be instalied.
The first thing you will notice is that
there isn’t much room for one anywhere
in the unit. However, a miniature push-
button switch, available from Lafayeite
Radio and Electronics {part number
99P62184), will fit in the space between
the earphone assembly cover and the
side of the handset, as shown in fig. 1.
Care should be taken in locating the
specific spot where the switch will be
mounted. When this is determined, drill
a small guide hole in the handset case
using a slow drill speed. Then follow
with a drill large enough to allow switch
mounting. Again, use a slow drill speed
and exercise care in drilling. When the
switch is instalied the handset is ready
for rewiring.

rewiring

To use the handset it must be wired
as shown in fig. 2. This circuit uses
contacts inside the touch-pad to switch
the microphone element in the audio

5 PIN
CONNECTOR
ON HANDSET
AUDIO IN

A
PTT

N\
LAMP

o

EAR
PHONE

JEDE S EPE S S

6 6 6_ AUDIO OUT :D
oTT i 6 a
LAMP OYO fo =
TOUCH PAD
600 (REAR) Lot
J BT (e

fig. 2, internal rewiring of handset. Use an
ohmmeter to check input/output connector
pins for continuity.



output line when no touch-pad buttons
are depressed; conversely, the touch-
pad’s output replaces the microphone’s
whenever a touch-pad button is actu-
ated. The output connector on the tele-
phone is a tricky area. When you view
its connection points and output pins
there seems to be a one-to-one, geo-
metric association. Not true! Some of
the pins do not connect with their most
adjacent input point; use an ohmmeter
to check which pin goes to which out-
put point and you won't be fooled.

interconnecting

The rewired handset may be con-
nected directly to any transceiver having
an audio input compatible with a
carbon microphone. This connection is
shown in fig. 3A, and may also be used
with transceivers designed to use
dynamic microphones having integral
preamplifiers. If your radio uses a low
impedance (500 ohm) dynamic micro-
phone without an integral preamp, the
circuit of fig. 3B should work. If the rig
uses a high-impedance ceramic micro-
phone the circuit of fig. 3C is suggested.
The potentiometer should be adjusted
to give the same moduiation level as the
original microphone.

The input/output to the radio may
be made with the coiled telephone
handset cable. However, you will find
this cable is very difficult to solder. The
conductors are a combination of coiled
copper and cotton thread; this makes
them very fiexible but makes soldering
to them somewhat tedious. However, by
carefully removing the thread and keep-
ing the heat to a minimum, it can be done.

The connector used at the transceiver
input should be one which provides
effective strain relief for the handset
cable. If a good strain relief isn't pro-
vided, the small coiled copper wires,
which become brittle when soldered,
will surely break. An Amphenol type

91-MC6M cable plug and 91-PC6F chassis
receptacle are recommended.

The handset approach to fm mobile
operation relieves the “where to put the

TO 8 RECEIVER
AUDIO

o ?
2w
FiG. 2

TO SPEAKER

a1
8¢ TO XMTR PTT
40
c&— —AAA +av
sw
¢ 07390 XMTR CARBON MIC
o< S NEEDE INPUT
A o (20V MAX. OPEN CKT)
A -
<

hd A TO TRANSMITTER
1€ MICROPHONE INPUT
(1] yFo

+i2v

TO XMTR
MiC INPUT

fig. 3. interconnection wiring between hand-
set and transceiver. For carbon microphone or
amplified dynamic microphone inputs use the
circuit of (A). Dynamic microphone inputs
(500 ohm) require the circuit of (B). Use (C)
for inputs designed for ceramic microphones.
Other wiring is the same for all four types.

touch-pad’’ dilemma in first-class style.
The carbon microphone element in the
telephone produces surprisingly good
audio quality, and the private listening
feature is a nice bit of serendipity which
is quite useful. If nothing else, the hand-
set will enhance your “Frank Cannon’’
image immeasurably.
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audio-radio
frequency

interference —

its cause and
cure

Most cases of

rf interference

to audio hi-fi

and stereo equipment
can be cured —
typical solutions

are discussed here
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Harry Leeming, G3LLL*

Having an active hobbyist's and a com-
mercial interest in the fields of amateur
radio as well as in stereo and high-
fidelity equipment, | am very concerned
about hi-fi interference and its possible
cures. It would seem that many audio
equipment manufacturers leave their
products wide open to the reception of
unwanted radio signals, and to deter-
mine to what extent, | decided to run
some tests.

An amateur single-sideband trans-
mitter with about 200 watts power out-
put was connected to a center-fed di-
pole with a coaxial transmission line;
the antenna and transmitter were
located about 50 feet (15 meters) from
my company's audio equipment show-
room. Test transmissions were made at
both 21.2 and 3.6 MHz. With no
external inputs (phono pickup or
tuner), half of the fourteen amplifiers
tested proved susceptible to interference
on 80 meters, and five suffered inter-
ference on 15. When the phono pickup

*Holdings Photo Audio Centre, Mincing Lane,
Darwen Street, Blackburn BB2 2AF.




was connected the interference became
quite severe on nine amplifiers, and
when the tuner and antenna were con-
nected, all amplifiers except one
suffered heavy interference.

Since the tests were made in our hi-fi
showroom the speaker leads were rather
long, and possibly resonant near the
80-meter band, so this probably ex-
plains the greater incidence of inter-
ference on the lower frequency. Shorter
leads would possibly have reduced inter-
ference on 80 meters and increased it
on 15.

| think it would be fair to say that
the circumstances and power used were
pretty average, and it would be reason-
able to expect similar results within a
few doors of an amateur radio station,
or within less than a mile or so of a
high-powered commercial station. In all
of these tests, and in some more severe
tests undertaken at home, the amplifier
which came out best was the Quad
which, from an examination of the cir-
cuit diagram, was found to have con-
siderable built-in RFI protection as well
as being completely enclosed in a metal
cabinet.

In the future, as radio transmitters
for broadcasting, business radio and
amateur radio multiply in power and
number, and the RFI rejection of ampli-
fiers gets worse (due to the advent of
the transistor and the printed circuit),
the problem needs immediate attention.
Fortunately a few manufacturers are now

fig. 1. Loudspeaker lead can be formed into
an rf choke by winding the lead around a
ferrite antenna rod.

taking note of the problem; it is to be
hoped that others will soon follow suit.

external pickup

Before delving into the equipment
itself, let's see what can be done exter-
nally to help when unwanted radio
transmissions are already being picked
up. The first move is to determine the
frequency of the transmitting station, as
knowledge of this will enable you to
make a more intelligent approach to the
problem. Calculate the wavelength of
the interfering signal and take a look at
the lengths of the various leads used in
the audio installation. A lead only a
fraction of a wavelength long (say
1/20th) makes quite a good antenna,
and any lead which is a quarter-
wavelength long (or any multiple there-
of) will make a very effective antenna.

If no work is contemplated inside the
amplifier, the only possible approach is
to try to establish how the RFI is
entering the circuit. A simple step is to
remove the input leads one at a time,
and note which one reduces or elimi-
nates the interference. The speaker leads
are quite likely causes of trouble and
hence, experimentally, they can be
shortened to less than 1/20th of a wave-
length, or can be disconnected in favor
of a pair of headphones with short
leads.

If the RFI is still present with the
leads all disconnected, the trouble is due
either to rf pick-up on the amplifier's
internal wiring, or it is coming in
through the power lines. Check for
interference arriving via the ground lead
by disconnecting it. To test for pick-up
from the power lines simply pull the
plug out quickly while the interference
is manifesting itself. If RFI is entering
by the ac line it will disappear the
instant the plug leaves the socket; if it is
being picked up in the internal wiring of
the amplifier it will slowly fade away as
the power-supply filter capacitor dis-
charges.

If the interference is arriving through
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fig. 2. Ferrite or powdered-iron toroid can
also be used to form in-line rf chokes with
loudspeaker leads,

the ac power lines, install an ac line
filter which is effective at the frequency
of the unwanted transmission. This type
of filter is used to suppress vacuum
cleaners, electric shavers, etc., and is
available from most electronic distribu-
tors. Alternatively, the hot, neutral and
ground leads can be treated with ferrite
cores, as is described later in connection
with speaker leads.

speaker leads

If RFI via the speaker leads is the
trouble, check that the leads are not a
multiple of a quarter wavelength, and if
they are, alter the length, preferably by
shortening. If this does not cure the
trouble, connect four 0.01-uF disc cer-
amic capacitors from plus and minus
speaker sockets, with the shortest possi-
ble connections, directly to the chassis.
If the interfering signal is lower than
about 5 MHz, larger capacitor values
may be required, but they should be
used with caution in case they affect the
high-frequency stability of the amplifier.

These moves should almost certainly
reduce the strength of interference, but
if it is still present, form the speaker
leads near the amplifier into radio fre-
quency chokes (fig. 1 and 2). This can
be done by wrapping the lead around a
ferrite antenna rod, or better still, by
winding the lead around a ferrite core.
About twenty turns will be needed to
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form an effective choke for frequencies
in the range of 10 to 20 MHz, with
proportionally more turns for lower fre-
quencies.

Reception on the pickup leads them-
selves is only common at higher fre-
quencies where the leads begin to form
an appreciable fraction of a wavelength.
If possible, the simplest solution is to
shorten the leads. Alternatively, the
pickup leads can be wound around a
ferrite rod or ferrite core to form an rf
choke (fig. 3). While investigating this
side of the problem, check the pickup
grounding as the wiring scheme shown
in fig. 4 sends any signal picked up on
the ground lead straight into the phono
socket of the amplifier. Fig. 5 is a much
better arrangement.

tuners

If RFI via the tuner leads appears to
be the trouble, try disconnecting the fm
antenna as the coaxial feedline makes an
excellent shortwave antenna with the
signal going to ground through the tuner
leads and the amplifier printed-circuit
boards. The answer here, as is shown in
fig. 6, is to provide a 1:1 transformer in
the antenna lead which will pass the vhf
fm signal but isolate the lower-
frequency interfering signal. Fig. 7
shows a simple way of doing this with a
slight loss of signal; if you cannot afford
to lose a little signal the transformer

fig. 3. In some cases interference can be
reduced by winding external audio input leads
on toroidal cores.
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TO CHASSIS
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PICKUP,
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fig. 4. Correct grounding connection for external pickup is shown in (A), improper ground
connection is shown in (B). In the circuit of {A) the only input signal is the desired one, while in
(B) any signai picked up on the ground iead goes directly to the input socket of the amplifier.

shown in fig. 8 can be made quite
simply.

If the feedline is not grounded, a
1-megohm static discharge resistor
should be connected between the pri-
mary and secondary of the transformer.
If you are not able to purchase the smal)
ferrite core, it can be obtained by dis-
mantling a balun transformer from an
old TV set.

If the interference continues, even
with the fm antenna disconnected, the
audio connecting leads can be treated
with a ferrite core as described pre-
viously,

equipment modifications

In addition to the external connec-
tions discussed so far, | decided to see
what internal modifications would be
needed to improve an amplifier's per-
formance from the RFI point of view. |
quickly realized that more RF! was
getting in through the shields of the
input leads and through the ground side
of the speaker leads than was traveling
in via the live conductors. To reduce
problems with hum caused by ground
loops, most good quality amplifiers do

through the circuit-board panels. This
arrangement is fine from an audio point
of view, but does nothing to stop rf
from entering the circuit.

The problem was investigated further
with the use of an rf signal generator
and it was soon realized that no single
component was going to cure the
trouble, and a “beit and suspenders’’
attack was decided on.

Rf interference to audio amplifiers is
caused primarily by the transistor junc-
tions rectifying, and therefore demodu-
lating, the radio frequency energy. The
answer here is to short-circuit the junc-
tion sensitive to radio frequency by the
use of bypass capacitors. All the transis-
tors in my preamplifier seemed sensi-

fig. 5. The 1:1 transformer in the transmission
line from the fm antenna prevents the signai on
™ the coaxial shield from

ANTENNA going to ground

through the tuner and
amplifier. In difficult
cases at lower frequen-
cies the cable shield
should be grounded di-
rectly with a very short
lead,

coax

not have the speaker or input connec-
tors grounded near their mounting
points, but return them to the chassis

SHORT i
A :3: XFMR&FAW i
TG TUNER
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SOLDER INNER CONDUCTOR TO
SHIELD AND COVER WITH TAPE.

(50-70 MM)
OIAMETER

TAPE AND
COVER SCREEN

TO ANTENNA

fig. 6. Details of Faraday double-loop filter
are shown in (A). Two of these loops are
placed next to one another as shown in (B),
taking care to insulate all wires and shields. Be
sure the two loops are laced or taped firmly
together.

tive, and in the end it was decided that
they should all be bypassed. As has been
noted previously, much of the rf was
entering through the shields on the
phono and tuner leads, so these were
also bypassed to the chassis; it was not
found necessary to bypass the speaker
leads once the preamplifier had been
attended to.

The results of a handful of bypass
capacitors were so successful that it is
now possible to operate the amplifier
with only very slight breakthrough with
a high-power transmitter and antenna in
the same room as the amplifier. Pre-
viously, with the two units 100 feet (30
meters) apart, the interference was at a
deafening level.

Successful as the modification seem-
ed from tests in my company’s work-
shop, it was decided in the interests of
science (and amateur radio) to see what
happened when the equipment and
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transmitter were operated in my own
home. When the modified amplifier was
first connected, results with the trans-
mitting antenna 20 feet (6 meters) away
were rather disappointing as inter-
ference stili varied between “quite
loud”” and ‘‘deafening,”” depending upon
the operating frequency.

The interference was not too bad
when the tuner was switched in, but was
very objectionable when switched to the
phono pickup. Further investigations
showed that the trouble disappeared if
the fm antenna (which was only about 3
feet [1 meter] from the transmitter
antenna) was disconnected. The feedline
to the fm antenna was fitted witha 1:1
transformer, and while | do not normal-
ly make a habit of listening to my hi-fi
setup when talking to someone on the
other side of the world, this would now
theoretically be possible! Of course, the
signal injected into the amplifier at this
range is more than you would normally
expect in the average home, but it does
illustrate that many manufacturers
could considerably improve their equip-
ment in this respect at negligible cost.

bypass capacitors

Those readers contemplating similar
modifications should remember that
there is no such thing as a perfect
capacitor; all have some inductance. In
general, the larger the value of the
capacitor, the larger its self-inductance,
so the theoretical circuit of a practical

fig. 7. Simple 1:1 transformer uses two-
hole ferrite bead salvaged from old tele-
vision set.



capacitor appears as a series LC circuit
as shown in fig. 9. At high radio fre-
guencies, the inductance of, say, a
metal-foil capacitor can have a reactance
of hundreds or even thousands of ohms,
making the capacitor useless when it
comes to bypassing such radio fre-
quencies.

If you are to effectively short out the
base-emitter junctions of transistors, or
bypass the shields of connecting cables
to the chassis, the reactance of the
capacitor you use should not be more
than an ohm or two at the frequency in
question. A very suitable capacitor for

fig. 8. A practical capacitor has unavoidable
inductance of leads as well as self inductance.
At high frequencies inductance must be kept
to an absolute minimum.

this type of work is the disc ceramic
capacitor, which has a very low self-
inductance. From an RFI point of view
a 0.01 uF disc ceramic capacitor with
minimum-length leads will present a
reactance of only a few ohms from
about 5 to 100 MHz.

At lower frequencies higher value
capacitors may be needed, but they may
affect response at the highest audio
frequencies so unless the interference is
severe from a transmitter on 160 or 80
meters, capacitors of lower value should
be fitted between the base and emitter
junctions. In practice, values between
500 and 5000 pF appear in the circuits
of manufacturers who have taken pre-
cautions in this direction.

If the trouble is with breakthrough
of television audio or business radio
transmissions in the 50-200 MHz range,
a smaller value capacitor, say 50-200
pF, may be even better; when connec-

ted with the minimum practical lead
length it is possible for such a capacitor
to form a series-resonant circuit to pro-
vide an almost dead short.

Whether or not a particular value
capacitor will affect the audio response
of an amplifier is difficult to predict, as
much depends upon the impedance of
the circuit. When adding components it
is advisable first to modify only one
channel of a stereo amplifier, so that the
square-wave and frequency response can
then be compared with the unmodified
channel to ensure that the aduio re-
sponse has not been upset.

At frequencies beyond 100 MHz or
so, it becomes increasingly impractical
to add capacitors to a circuit with short
enough leads for them to be really
effective. At this frequency the best
approach is to fit ferrite beads on to the
transistor leads. These beads increase
the inductance of the transistor lead and
operate as an rf choke.

summary

Since doing the tests and modifica-
tions to my own amplifier, several cases
have occurred where customers have
had serious trouble with rf interference,
and the following modifications have
always produced a cure:

1. Input connectors. Install a 0.01 uF
disc ceramic capacitor from ground side
of all input connectors to chassis.

2. Transistors. Install a 1000 pF disc
ceramic capacitor from base to emitter
of all transistors in the preamplifier.

3. Loudspeaker terminals. Install a 0.01
uF disc ceramic capacitor from the live
and ground side of these terminals
direct to the chassis.

While modification 3 will be found
quite effective on its own, as it can
often be done externally, it has not
generally been found necessary when
the other work is done internally.

ham radio
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500-MHz

decade prescaler

Using new
sub-nanosecond ICs
to build a
ten-to-one prescaler
that will extend

the frequency range
of your counter

to 560 MHz

About seven years ago, using the new
emitter-coupled logic (ECL), | built a
100:1 digita! prescaler that extended
the range of my 1-MHz vacuum-tube
counter to 100 MHz. Although the pre-
scaler stopped well short of two meters,
it was a significant improvement at the
time. Recently | removed the old 100:1
prescaler circuitry from the chassis and
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installed a decade prescaler circuit that
accurately counts to beyond 500 MHz.
All that was required was two ICs and
about two hours of bench time,

circuit

The circuit for the 10:1 500-MHz
frequency scaler is shown in fig. 1.
The first IC, a Fairchild 11C06, is
a type-D flip-flop rated to 700 MHz by
the manufacturer.] However, with the
circuit layout | used, the prescaler stops
counting properly at about 560 MHz.
The 95H91 is a Fairchild divide-by-b
counter IC from the same ECL family as
the popular 95H90.* Input sensitivity
of the prescaler is less than 100 mV
from 10 to 500 MHz.

The two back-to-back diodes from pin
9 of the 11C06 to ground protect the in-
put against overload. Nevertheless, the
maximum input voltage should not ex-
ceed 1 voltrms. The 500-ohm pot sets the
bias voltage on U1 to about 3 volts. This
control should be adjusted for maximum
sensitivity. The output from pin 8 of the

*Total price of the two {Cs is about $36 in
small quantities from your local franchised
Fairchild distributor. Motorola and Plessey
manufacture similar sub-nanosecond ICs, in-
cluding several that are rated to 1000 MHz.



fig. 1. Circuit for 500

+5v

the 500-MHz decade SENSITIVITY *_I_ 180 ma
. I 150 uF
prescaler. All resis- 1ov
tors are Ya watt, 5%. S: tk j:
Circuit layout is
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95H91 is connected to a 50-MHz fre- clad circuit board about 2-inches square

guency counter. If the connecting cable
is more than about 12 inches (30cm) long,
a b0-ohm termination should be used.

construction

In my prescaler all the components
are installed on a small piece of copper-
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fig. 2. Component layout for the 500-MHz
decade prescaler. Circuit is built on smal
section of copper-clad circuit board. All leads
to U1 must be as short as possible.

(50x50mm). | used point-to-point wir-
ing as shown in the layout in fig. 2.
Make sure all the component teads are
as short as possible.

In my unit | included a regulated +5
volt power supply for convenience (see
fig. 3). Although the prescaler requires

LM309K

IQ+5V
ha 1 pf
: tov

fig. 3. Regulated +5 volt power supply for the
500-MHz prescaler.

8LK

180 mA and the Triad T90X trans-
former is only rated at 100 mA, it re-
mains quite cool, even during extended
periods of operation. If you are going to
use this prescaler with a TTL-based
counter that has a regulated +b volt
supply with sufficient reserve, you may
be able to power the 500-MHz prescaler
from the existing supply. Make sure,
however, that your counter’s +5 volt
supply can handle the additional 180
mA load.

reference
1. Doug Schmieskors, WB9KEY, ""1200-MHz
Frequency Scalers,” ham radio, February,

1975, page 38.
ham radio
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stable
crystal

A selection of stable

crystal-oscillator circuits

for 50 kHz to 80 MHz

which minimize the influence

of the transistor
and the crystal's

series resistance

Crystal oscillators are commonly used
wherever stable frequencies are required.
The crystals selected for these circuits
are not always completely known so far
as their inner parameters are concerned,
and many radio amateurs run into diffi-
culties with the crystal’s equivalent series
resistance, R (if it is too high, many
published oscillator circuits do not oper-
ate properly).

Since there is no practical oscillator
circuit which will cover the entire fre-
quency range from, say, 50 kHz to 150
MHz, it is the purpose of this article to
describe some circuits, using transistors,
which are fairly independent of crystal
losses and will give extremely stable
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frequencies. Aimost any general-purpose
rf transistor may be used in these cir-
cuits provided that the transit fre-
quency, fr, is higher than 260 MHz.

500 to 800 kHz

Fig. 1 shows an oscillator circuit
which can be conveniently used in the
range from 50 to 800 kHz. The only
requirement for the crystal is that it
must be operated in its fundamental
series mode. The adjustable trimmer
capacitor permits enough pulling range,
and the 0.7-volt rms output is more
than adequate for most requirements. In
most cases the frequency range of this
oscillator can be easily extended to 100
kHz, using crystals widely found in cali-
brator circuits.

1 to 20 MHz

Fig. 2 shows an oscillator circuit
which exhibits extremely low power dis-
sipation in the crystal, thus giving ulti-
mate frequency stability. Capacitors C1
and C2 must be selected according to
the frequency range as shown. While
most designers use almost the same
value capacitor at both C1 and C2, the
capacitance of C1 should be substantial-
ly higher than C2. This reduces the in-
fluence of the transistor on the stability
of the circuit by more than five times.
For some unknown reason, only a few
people are apparently aware of this
advantage.

In the circuit of fig. 2 the output
voltage is taken across the parallel RC
circuit made up by capacitor C3 and



resistor R1, a 22-ohm resistor. Together
with the crystal R1 and C3 form a low-
pass filter which suppresses the second
harmonic by 60 dB.

In cases where high stability must be
combined with the selection of many
channels, the oscillator circuit and diode
switching scheme shown in fig. 3 is high-
ly recommended. In this circuit the
crystals are used in their series-resonant
mode, and depending upon the parallel
capacitance of the fixed trimmer capaci-
tor, 39 pF in the schematic, the indi-
vidual frequencies may differ substan-
tially from crystal to crystal. In this
circuit, as well as in the others presented
here, the influence of the external com-
ponents is minimized.

harmonic oscillators

Harmonic oscillators are used for
higher frequencies. It is very difficult to
build stable crystal oscillators using 5th
or 7th overtone crystals because these
crystals are usually BT cuts which result
in very poor temperature coefficient
characteristics. It is much more con-
venient to use an AT-cut, third-overtone
crystal and take advantage of the inher-
ent frequency-doubling capabilities of
the transistor. These harmonic oscillator
circuits are often found in mobile radio
systems where a number of channels are
required.

The circuit in fig. 4 shows a switch-

—AMM—O +i2v
"

1uF

fig. 1. Crystal oscillator circuit for use over
the frequency range from 50 to 800 kHz.
Transistors Q1 and Q2 are types 2N708,
HEPS50, BC108 or similar,

H =700 mv RMS

+iz2v
100

= 200 mV RMS

FREQUENCY | C1, C3 cz2
800 kHz
4 MHz 2200 pF | 560 oF

4 MHz

20 MHz 390 pF | 100 pF

fig. 2. Crystal oscillator circuit for the fre-
quency range from 800 kHz to 20 MHz uses
series-resonant. Fundamental-mode crystals.
Parallel circuit made up of R1 and C3 sup-
presses second harmonic by 60 dB, Transistor
Q1 isa 2N708, HEPS0Q, BC108 or similar.

able overtone oscillator. The crystals,
third-overtone types, may oscillate be-
tween 20 and 80 MHz. The series induc-
tance, not required for each crystal,
must be selected so that it is series reso-
nant with 10 pF at the crystal’s operat-
ing frequency. The total number of
switchable channels may be as high as
twenty, and the circuit will still remain
stable without showing any uncontrol-
lable oscillations.

The tuned circuit in the output of
fig. 4, which can easily be modified into
a bandpass filter from the single-tuned
circuit, will provide about 500 mV rms
into 50 ohms at two times the crystal
frequency. If a bandpass filter is used at
the output, subharmonic suppression
will be greater than 60 dB.

Fig. 5 shows an overtone crystal os-
cillator circuit which can be either mod-
ulated or used as a very stable vcxo. In
circuits where the final frequencies are
derived by mixing one oscillator output
with another, frequency adjustments
can be made externally by applying a dc
voltage.

For example, assume a single-
conversion receiver is to be built for the
144-MHz band which will work only at
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fig. 3, Switchable crystal-oscillator circuit for use over the frequency range from 2 to 20 MMz uses
series-resonant, fundamental-mode crystais. Inductance at Lt should be about 30 UH at 2 MHz,
and about 1 UH at 20 MH2z. Transistor Q1 is a 2N708, HEP50, BC108 or similar rf npn type.
Diodes CR1, CR2 thru CRn are switching types such as the BAYE7.

the ssb portion. Most ssb stations oper-
ate near 144.1 MHz, so if a 58-MHz
oscillator is used and doubled in fre-
quency to 116 MHz (for use with a
28-MHz i-f} the electronic tuning (pull-
ing) range is about 60 kHz, more than
enough range for typical two-meter ssb
operation. There is practically no no-

ticeable sacrifice in frequency stability
if the tunable frequency range is not
extended beyond 60 kHz.

Similar oscillators may be useful in
portable high-frequency transceivers
where the pulling range may be slightly
less but still sufficient to cover the CW
portion of an amateur band.

f,o
Le

L5 RMS

S
50 3150

N—

o

g 180 {

0
+2v

fig. 4. Switchable overtone oscillator uses third-overtone crystals in the 20 to 80 MHz range and
frequency doubles in the transistor. inductors L1, L2 thru Ln are series resonant with 10 pF at the
crystal frequency. Inductor L4 in the tuned circuit at the output is resonant at the desired output
frequency with 10 pF; the input and output coupling inductors, L3 and L5, have one-third the
number of turns as L4, Transistor Q1 is a 2N918, BF115, HEP709 or similar. Diodes CR1, CR2
thru CRn are switching types such as the BAY&7.
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summary

The crystal-oscillator circuits dis-
cussed here are highly recommended for
new designs since they do not require
special crystal parameters. Even older
crystals, which the amateur may find in
his junk box, will provide extremely
good results. The other major advantage
of these circuits is that the influence of
the circuitry surrounding the crystal is
minimized.

»ii TO 22V
2N4416

_T_n’, 7] Al
f‘w ;’[; 3a22u ; g;\
| & T“’"‘”

=

*—*ﬁ'ﬁ

2200 -]}

fig. 5. Overtone oscillator circuit which fre-
quency doubles in the transistor and can be
frequency modulated or used as a stable
vcxo. Tuning range with a 70-MHz third-
overtone crystal is typically 30 kHz at the
crystal frequency (60 kHz at the output).
L1 is resonant with C1 at the desired output
frequency; varactor tap is at Ya the total
number of turns. Transistor Q1 is 2N918,
BF115, HEP709 or similar. Varactor diode
CR1is BB142 or Motorola BB105B.

Where more expensive crystals are
used, perhaps in a heated oven, the sta-
bility of these circuits will be superior
to most of the oscillator circuits which
are usually used in amateur equipment.
This is because of the special design and
the use of slightly larger capacitors
across the transistor which minimize its
influence on circuit stability.

ham radio

NEW! HR-440

12 Channel
440 MHz FM Transceiver

American Made
e, Ouality at Import Price
A F ¥ 4 . J‘

Delivers 10 Watts of Power
and 12 Channel Capability

You'll like the crystal clear transmit
and receive performance of
this compact 440 MHz unit . . .
and so will those listening.
Solid state design brings you
the best in American Made
circuitry. Features include
Automatic Frequency Control and
UHF power module. Frequency
range is 420-450 MHz, with 0.5 rv
tune-up sensitivity and 3 watts
audio output. No need to worry
about current drain, either. And
all of this for the low, low price

T e

Amateur Net

F qe‘v\Ci ELECTRONICS, INC.

7707 RECORDS STREET
INDIANAPOLIS, INDIANA 46226

An FM Model For Every Purpose. . ..
Every Purse

HR-6
12 Channel-25 Watts

[

ACT 10H/L/U
3 Band-10 Channel

HRT-2
5 Channel Hand-Held
B Meter FM Transceiver 2 Meter FM Transceiver FM Scanner Receiver
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rf speech processor

for the
Heath SB-102

Construction details
for an

rf speech processor
which operates at
the 3395-kHz i-f
and provides

up to 20-dB clipping

The circuit of the popular Heath SB-102
sideband transceiver, shown in fig. 1,
lends itself to the addition of an rf
speech processor. Capacitor C22 couples
the output of the balanced modulator
transformer, T1, to the cathode of the
6AU6 filter isolation ampilifier, V2.
Since C22 is mounted on the foil side of
the modulator circuit board it may be
easily disconnected from V2 and used
to reroute the ssb signal to the speech
processor. The processed ssb signal is
returned to the cathode of V2. This
arrangement works out very well as it
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does not affect any of the receiving
circuitry. The 470-ohm resistor is add-
ed to the circuit so that transformer
T1 is terminated with essentially the
original load.

speech processor

The circuit of the rf speech processor
I use with the SB-102 is shown in fig. 2.
Although this circuit was designed speci-
fically for use with the SB-102, it could
be easily adapted to other sideband
exciters which require a processor with
the sideband selection filter at or near
the input prior to signal processing (FL1
in fig. 2). The existing sideband filter is
used to filter out the clipping products.

Transistors Q1, Q2 and Q3 provide
the necessary signal amplification along
with proper terminations for the Heath
filter and automatic gain control for the
two amplifier stages. The agc system is

SPEECH
PROCESSOR
(FIG. 2}

fig. 1. Rf speech processing unit for the
SB-102 is inserted between the balanced mod-
utator transformer, T1, and the filter isolation
amplifier, V2.
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CLIPPING LEVEL

L1,L.3 15 (H. 29 turns no. 22 on Amidon
T-50-3 toroid core
L2 30 UH. 41 turns no. 22 on Amidon

T-50-3 toroid core

220
;\ /J;?UPPER

01
Q5
2N5485
MPFIO7

Q9
2N5485
MPFIO7 ¢

50 pA

fig. 2. Circuit diagram for the rf speech processor. Filter FL1 is the same as that used in the
$B-102. The existing sideband fitter in the transceiver is used to filter out the clipping products.

very effective and provides a reasonably

stable signal level before the actual

signal processing takes place.
Transistor Q4 is a manually-

controlled gain stage which allows
setting of the desired clipping level,
transistors Q%5 and Q6 form the clipper,
and Q7 is a source-follower output stage
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to drive the cathode of the 6AU6. The
metering circuit (Q8 and Q9) measures
the relative amplitude of the signal prior
to clipping; the meter is calibrated in
voltage ratios (dB} above the initial clip-
ping voltage level.

The clipper is actually a fet version
of the old vacuum-tube dual-triode clip-
per which was popular years ago. This
clipper circuit offers a high-impedance
load to the preceding amplifier stage so
it does not appreciably attenuate the
signal prior to clipping. Gate rectifica-
tion does not occur until the signal
input is well above that required for 20
dB clipping. The variable tap on Q5's
source resistor provides easy adjustment
of clipping symmetry while Q6's drain
load resistor determines the amplitude
of the clipped signal.

construction

The three stages of amplification
used in the processor described here
resuft in a rather sensitive high-gain
chain that is susceptible to internal feed-
back, oscillation and the transmitter
signal pickup. When building this cir-
cuit, therefore, it’s a good idea not to
miniaturize the layout to the extent
that you develop unwanted signal coup-
ling between components. In addition,
use toroid-cored coils to minimize in-
ductive coupling, be liberal with bypass
capacitors and decoupling resistors in
the 15-volt supply line, and use plenty
of shielding.

In the speech processor | built the
two-stage amplifier and feedback cir-
cuit (Q1, Q2 and Q3) as well as the
sideband selection fiiter, FL1, are lo-
cated in a separate enclosure mounted
toward the front panel. The gain-
controlled amplifier, clipper, output
source-follower and metering circuit are
in another enclosure toward the rear
of the chassis. All input and output
connections are made through shielded
cable.
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The speech processor is easily con-
nected to the transceiver. A miniature
two-lug terminal strip may be installed
on the mounting screw adjacent to
solder point 15 (see pictorial 3-4 in the
Heath S$B-102 manual). Capacitor C22
may then be unsoidered from point 16
and this lead reconnected to the new
terminal strip with the added 470-ohm
resistor. Miniature coaxial cable
(RG-174/U) may be routed from point
16 (and from the new terminal strip)
through the small cutouts in the center
shield adjacent to the new terminal strip
— the other end of these shielded cables
are connected to spare phono jacks A
and B on the rear apron of the trans-
ceiver. Since no holes have to be drilled
in the chassis of the transceiver, and no
components are removed, the equip-
ment can be immediately restored to
original, if desired.

Kits such as the Heath SB-102 offer
an economical approach to amateur
radio, and this same approach was used
in the construction of the speech pro-
cessor circuit. More than 100 compo-
nents are used in the processor, but with
the exception of the 3395-kHz crystal
filter, the transistors and the toroidal
cores, all components were removed
from surplus units of various kinds.
Some of the component values are not
optimum, but the circuit is not overiy
critical and there is more than enough
gain available that some leeway is per-
missable — you can probably use the
components you already have in your
junkbox.

summary

Both the pre-clipping agc and the
metering circuit have proven to be wel-
come additions to the speech processor.
The unsolicited reports | have received
on the quality of my ssb signal have,
without exception, ranged from favor-
able to flattering, and have easily justi-
fied the construction of the unit.

ham radio



DRESS UP YOUR MOBILE

Dress up your mobile installation with these multi-function mobile consoles by
Motorola. You can place them on the seat right next to you or mount them on
your transmission hump. The console can house a speaker, control head, etc.,
and provide storage space as well as a hard surface to write on. Plus with ap-
propriate switches you can even control such things as dome lite, flashers, etc. You

even have 4 styles to choose from.

ds, mics, speakers & switch shown for illustration purposes only
A ... Console with blank panel

B ... Console with cut out for speaker

C ... Console with cut out for speaker & switches

D ... Console with cut outs for switches

The above units will be shipped prepaid within the 4B continental U. S. Speakers, mount-
ing straps and some hardware not included. Up to 4 switches will be supplied with appropriate
models at no charge. Limited quantities of each model available so state your preference (lst,
2nd, etc.). Better yet, to be sure of getting exactly what you want, give us a call.

ONLY $19.95 ea.
OTHER GOODIES

30 WATT STRIPS ... Once again we can offer you the best buy around. 30
W. “G"” series hi band transmit strips by Motorola. A REAL STEAL AT

3 for $12.00
UHF RX STRIP . .. Motorola ““B" series UHF receiver strips. 2 freq, narrow
band, dual squelch. Ideal for links. . $25.00

HT220 NICADS ... GOOD, checked out nicads for the Motorola HT220
omni radio. Get yourself a spare at a reasonable price. $10.00

control h

TERMS OF SALE: Sales to licensed Radio Amateurs for use on Amateur freqs only. All
prices FOB Oak Park, IL. Check with order, COD or you can charge to

your BankAmericard or Master Charge.
STORE HOURS: Mon.-Thurs. 9:30-6:00, Fri. 9:30-8:00, Sat. 9:30-3:00. Closed Sun. & Holidays
INQUIRIES WITHOUT ZIP CODE OR CALL . .. NO ANSWER
WANTED: Good used FM & test equipment. No quantity too large or small. Finders fees too.

parsue s oy SPECTRONICS 41
1009 GARFIELD STREET ' '

OAK PARK, ILL. 60304
(312) B48-6778

More Details? CHECK—OFF Page 94 june 1975 [} 41



estimating the

noise figure

of your
vhf system

A simple method
of getting a handle
on your

vhf system

noise figure

42 june 1975
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The vhf and uhf mixers and rf preampli-
fiers used by amateurs come in assorted
sizes, colors and noise figures. Some are
homebrew, others are commercially
made. In either case, unless you happen
to be fucky enough to own or have
access to laboratory type noise genera-
tors, you probably don't know positive-
ly what your vhf system noise figure
really is.

The title of this article is not intend-
ed to suggest a quick way to accurately
determine your particular receiving
system noise figure. However, if you
will take the time to read on, and then
perform a few simple experiments, you
can determine in what ballpark your vhf
converter and preamp are playing.

You need two things to play the
game: first, a signal source, preferably
remotely located, providing a signal
which can be picked up on the antenna
and fed into the shack; and, secondly, a
receiver with a well calibrated S-meter.
The latter can be accomplished by
inserting a step attenuator™ in the i-f
circuit between the converter output

*Such as that manutactured by Hewlett-
Packard, Kay and others.



and the receiver input. If left in the
circuit, the attenuator can be used as a
calibrated i-f gain control. [n any case,
1-dB accuracy is desirable.

the experiment

Fig. 1 shows a family of curves for a
preamplifier with a 3-dB noise figure.
The curves correspond to preamplifier
gains of 4, 6 and 9 dB. Part of the
experiment is to measure rf gain so you
will know which curve to use. The
curves show the signal-to-noise ratio
improvement AS/N, with the preampili-
fier, in terms of mixer noise figure.

If that last statement is confusing,
don’t give up. First, ask yourself, “What
do | think the noise figure of my mixer
is? 8 dB?" Okay, then perform the
following experiment:

1. With the antenna connected to the
mixer and the receiver tuned away from
the signal, set the i-f gain so the noise
level registers zero S-units on the S-
meter. This is the reference.” Now tune
in the signal and note the S-meter
reading.

2.Now add the rf stage. Note the new
S-meter reading. the gain of the rf stage
in dB will be the difference in the
S-meter readings in dB with and without
the preamp. Assume it is 6 dB.

3. Next, tune away from the signal and
reset the i-f gain so the S-meter is back
at the original reference setting.

4. Finally, tune the signal in again and
note the final S-meter reading. The
improvement in signal-to-noise ratio,
AS/N, is the difference between this

*Any convenient S-meter reading can be used
as the reference, but it should be close to zero
so that signal readings will fall in the region
below S-9 where reasonable accuracy can be
obtained. Also, to perform the experiment,
the receiver must have sufficient gain so that
naise will produce an S-meter reading.

reading and that of the mixer alone.
Assume it is 3 dB.

5. Locate the AS/N = 3 dB point on the
6-dB gain curve {fig. 1). Reading down
from this point, you find that you

guessed quite well — the mixer noise

AS/N
SIGNAL- TO-NOISE RATIO IMPROVEMENT (dB)
o

fig. 1.

figure is about 8.5 dB.
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3 dB).
Derivation of curves is explained in appendix
on page 44,

This is fine and dandy, you say, but
how do | know the preamp noise figure
is 3 dB? Very likely you don’t, but you
probably know what it should be. As-
sume for example that the noise figure
is 6 dB, not 3 dB. Using the 6-dB
noise-figure curves shown in fig. 2,
locate the AS/N = 3 dB on the 6-dB gain
curve, Reading down from this point,
you see that the corresponding mixer
noise figure is about 12 dB. If preamp
noise figure is really 6 dB, you ought to

do something about the mixer noise
figure.

At this point you're learning that

there are all sorts of interesting possi-

bilities to this game. For example, if the

mixer noise figure is truly low, say 5 dB,
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AS/N

then signal-to-noise improvement with
the preamp is harder to come by. The
AS/N is less than 1 dB if the preamp gain
is 6 dB. On the other hand, if preamp
gain is 9 dB, then the noise figure
improvement can be as high as 1.5 dB.
But it can't be 2 dB. This is a good
example of how the game is played.
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fig. 2. Overall noise-figure improvement with
single preamplifier ahead of mixer (curves
assume preamplifier noise figure = 6 dB8).

Suppose that the improvement in S/N
is negative (viz: the S-meter reading
with the preamp, after resetting the
noise reference, is less than the reading
with the mixer alone). Your preamp
noise figure is obviously greater than the
mixer noise figure, regardless of what
gain it has. You better do something
about that, or don’t use the preamp.

system noise figure

Before we end our guessing game,
note that the small numbers along the
curves represent overall noise figure of
the mixer and rf amplifier together.
These numbers are the most important
of all because they represent your over-
all system noise figure.

Suppose AS/N is very large, say 8 dB,
and the rf gain measures 9 dB. This
means the mixer noise figure is 17.5 dB.
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Note that in spite of the low preamp
noise figure (3 dB), the poor perform-
ance of the mixer degrades the overall
noise figure to 9.75 dB!

Note also that if you use two rf
amplifiers, you can still use the curves.
Treat the rf amplifier feeding the mixer
as the “mixer’” and repeat the steps
outlined above, adding the other rf
amplifier to the combination.

summary

You may not be able to determine
your overall receiving system noise
figure accurately based solely on the
instructions presented here, but if there
is something seriously wrong in your
system, you should be able to recognize
it at once.

And remember, when you play this
game, that a small AS/N is a sign of one
of two things: a mixer noise figure
almost as low as the rf stage noise
figure or an rf stage noise figure almost
as high as the mixer’s noise figure.

appendix

The curves of fig. 1 and 2 were developed from the
following equation:

~ F2G,
OdB =10 log FiG, + F,o 1
This equation is derived by subtracting the overall

noise factor F, from the mixer noise factor F,
as follows:

Fo -1
Fo=Fi+=25—

G]
-1
] dB
1
Fp
ANF =101ogF, —10log |F; M o
1
FZ
ANF =10 log TR, dB
2
Fy +——

F,G
ANF =10 log [F‘léjo::ﬁ ] dB

Fa
NF, =10log |F; + G

NF, = 101log F; dB
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For the best RTTY, you need
all the help yo

u can get.

The HAL ST-6 terminal unit has
been hailed by experienced RTTY
amateurs. Its immunity to inter-
ference and noise is the talk of
the RTTY world as the best in the
business. In fact, we built it to
highest standards — but kept the
price in a range that you can
afford.

The features of this unit tell the
story of why it's so popular: Auto-
start operation, separate input
filters for each shift, an antispace
feature, and switch selection of
850 and 170 Hz shifts are stand-
ard. An extra discriminator for a
425 Hz shift is available as an
option. A space-saving special
power transformer is part of the
package; it includes windings for
low voltage and loop supplies,
and a 115/230 VAC primary.
Dual-in-line IC's are mounted in
sockets for ease of testing and
replacement. Seven G10 epoxy
glass boards with reliable wiping
contacts hold all circuitry. Tuning
is read from a 1 ma. panel meter
which, at the flick of a switch,
serves as a loop current readout.
Other visual indicators display AC
power on, Mark, and Space con-
ditions. Two other lamps indicate
whether the ST-6 is in the receive
or standby mode. For maximum
safety, a three-wire grounding

cord and grounding outlet for the
printer are included. The power
supply card contains easy-to-
replace clip-in fuses. The ST-6 is
available factory assembled and
aligned, or in kit form. The PC
boards and cabinet only are also
available.

A popular option designed to
plug right in to the ST-6 is HAL's
AK-1 AFSK oscillator. Available
assembled or in kit form, the AK-1
is an AFSK oscillator that demon-
strates stability and reliability.

It provides switch selection of
170 Hz and 850 Hz shift using
standard AFSK tones. The AK-1
may also be mounted in its own
cabinet for use as an independent
unit. Frequencies are set by 15-
turn trimmers for ease of accurate
tone adjustment. The AK-1 oper-
ates on 12 VDC, or directly from
the ST-6 power supply.

If you're ready for the very best
RTTY at an attractive price, look
into the HAL ST-6 TU, the 425 Hz
discriminator, and the AK-1 AFSK
oscillator. They'll give you all the
help you need. Order yours today!
Prices:

Assembled:

$310 — ST-6 Terminal Unit
$350 — ST-6/425 Hz Disc.

$350 — ST-6/AK-1

$390 — ST-6/425 Hz Disc/AK-1

More Details? CHECK—OFF Page 94

Kit Form:
$147.50 — ST-6 Terminal Unit
$ 35.00 — ST-6 Table or Rack
Cabinet

$ 29.00 — 425 Hz Discriminator
$ 29.00 — AK-1 AFSK Unit

All prices postpaid, USA. For
air shipment add $4 for the ST-6
kit or cabinet, $1 each for the
425 Hz kit or the AK-1 kit, $10 for
the assembled ST-6 with any

options.
[ e e e -1
HAL Communications Corp.
Box 365, Urbana, Illinois 61801
Telephone: (217) 367.7373
[0 Enclosed is § - for the
tollowing items: [ ST-6 Assembled,
[J With all options; [] ST-6/425 Hz
Disc; O ST-6/AK-1; [0 ST-6 kit
[] ST-6 Cabinet; [] 425 Hz Disc kit;
1 AK-1 kit
[ — e

Masler Charge/Interbank # and
Exp. date =

] Please send me the HAL catalog.

NamE
Address -
City/State/Zip

|

|

|

|

|

|

|

|

| i
: BankAmericard #
|

|

|

|

|

|

I

|

I

filinois residents add 5% sales tax.
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|
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|
|
] Charge to my Master Charge I
|
|
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|
|
|
|
|
|

june 1975 45



reducing
warm-up drift
in the

Collins S-line

Pre-heating the
S-line PTO
considerably reduces
warm-up drift —

the same technique
may be applied

to other equipment

The warm-up drift of the Collins S-line
may be substantially reduced by means
of the relatively simpie circuit addition of
a two-dollar resistor, without any drill-
ing or other circuit modifications. Ap-
plications to other receivers may be
readily accomplished by experiment. All
that is required is one Dale type RH-25,
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25-watt, 1000-ohm resistor, or equiva-
lent. This resistor is only about one inch
{2.6mm} long, and is attached to the cen-
ter of the rear vertical panel of the 70K-2
oscillator enclosure with a very small a-
mount of cement. These resistors are de-
signed for fiat-surface, chassis mounting
to assure proper heat dissipation, so they
are ideally suited for the job.

The modification functions only in
the receiver’s off, inoperative mode. The
resistor, R1, is wired across the power
switch terminals on the receiver’s con-
trol switch, Sb, as shown in fig. 1 so
that a few watts of energy are heatsunk
to the PTQ enclosure. Once the receiver
is turned on, the switch, S5, automat-
ically shorts R1 and the PTO resumes its
normal operating temperature. In the
pre-heat mode, the receiver's S-meter
will move slightly up from zero, and an
almost imperceptible glow will be noted
in the dial lamp. The power transformer
will be absolutely cold. The PTO enclo-
sure should then remain at about the
same temperature, whether or not the
receiver is in operation. The mechanical
configuration for the installation of R1
is shown in fig. 2.

There are two alternative procedures
for mounting the resistor. First, clean
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fig. 1. The 1000-ohm pre-heating resistor, R1,
is connected into the circuit of the Collins
receiver only when it is turned off.

the mating surfaces thoroughly with
pure acetone or equivalent. Then spread
a very thin film of transistor thermal
compound, such as Wakefield’s 120, on
the resistor, taking great care to fully
avoid the two mounting ears. Place a
very small amount of epoxy cement in
the mounting holes and on the bottom
of the ears of the resistor and set it in
place with a wedge against transformer

RI

T

°)n

70K-2

fig. 2. Rear view of the 70K-2
PTO in the Collins receiver,
showing the mounting of the Dale 25-watt,
1000-ohm resistor used to stabilize the tem-
perature of the PTO,

T3 until the epoxy cures, Hobby-type,
five-minute epoxy works well.

The second method is to coat the
bottom of the resistor with a very thin
layer of a thermally conductive adhe-
sive, such as Wakefield's 161-1-A, and
attach it to the PTQ in the same manner.

Wire the resistor according to good
practice, using shrink tubing or equiva-
lent on its terminals, since it is directly
involved with the 117-volt ac line. A
miniature spst switch may be mounted
on the power switch and wired in series
with the resistor to inactivate it during

350 "— ]7 ‘]
300
- am am PRE -HEATED
x e NORMAL
I 250
z
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& I
@ 200
3 |
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N \
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(] 10 20 30 40 50 60
TIME AFTER TURN-ON (MINUTES)

fig. 3. Warm-up drift of the Collins S-line is

reduced considerably when the PTO is pre-

heated by the added power resistor. This data

taken at an ambient temperature of 20°C.

extended standby periods or, alternative-
ly, the power cord may be unplugged.

The frequency measurement data at
14 MHz were taken on a H-P mode!
5381A, a seven-digit frequency counter
in combination with a precision external
time base. This was used in conjunction
with a Rec-Counter.! The A¢ curves
shown in fig. 3 reveal the relative im-
provement in my 75583-B; a worthwhile
four-to-one warm-up drift reduction, in
the first hour, for chasing DX on cold
winter mornings.

reference
1. K. Macleish, “The Rec-Counter,’” QST,
May, 1971, page 11.
ham radio
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; the Sky Openers.

Whetherit's opening up new bands to you or giving you a better grip on the
bands you work, look to Denlron for new and better ways of getting out like
you never could before

A. New! The Denlron TopBander ™ 160 meter transverter.
If you're working 80 now. put yourself on 160, oo, with Denlron’s remarkable
new TopBander™ Just 5 walts drive between 3.8 and 4.0 MHz gives you 100
\ watts DC input of clean 5SB on 160. Two connections do it. the TopBander™
is already matched to your 50 ohm antenna. And the M0, 220 volt 50,60 Hz
supply is built in. Plus there’s a special TopBander ™for 2 MHz MARS. Just
5199.50 postpaid in the USA

B. New! The Denlron SkyMatcher™ antenna tuners.

Denlron has two SkyMatchers Mthe model 160AT for (of all things) 160 meters,
and the model 80-10 for (you'll never guess) 80 through 10. Both models are
designed o handle the full legal limit, matching your 52 ohm transceiver
o whatever hunk of wire you have fo use. Got an antenna for the wrong
band? A longwire between two trees? A sneaky stick sticking out of your
apartment? You can tune 1o it with SkyMatcher. ™ Just $59.50, either model,
postpaid in the USA

C. New! The DenTron Superfuner ™antenna tuner. And a Super Supertuner.

Want to match everything between 160 and 10 through balanced line
coax line, random line or whatever you have, pump out the full legal limit
and look and sound good doing it? Sounds like a job for Superuner™!
Just S19.50 postpaid in the USA

Our new Super SuperTuner™ (not shown) handles a full 3 KW PEP. In case
you-know-who okays you-know-what. Or just in case you like lefting your
equipment loaf along at a fraction of what it can handle. The Super
SuperTuner ™is just 5229.50 postpaid in the US.A
New! The Denlron SkyClaw ™ 40/80/160 tunable
monoband vertical antenna.

Which would you rather be, jack-of-all-bands or
master of one? SkyClaw ™ gives you no-compro
mise performance on 160 (50kHz bandwidth), 80
(200kHz bandwidth) or 40 (the whole band) It's
self-supporting. Weatherproof. Easy to put up alone

Able to take 100 mph winds. And capable of the
_‘ full legal limit. Tuning it o your band is easy and
] reliable. And it's almost embarassingly easy to own
Just 579.50 postpaid in the USA
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circuits and
techniques
ed noll, W3kQJ

experiments and
projects — cosmos

In the months ahead this column will be
devoted primarily to two subjects:
power generation using solar energy and
wind, and new solid-state technology.
My plans for generating electrical power
with solar energy and wind have been
previously discussed in this column. A
200-watt wind generator has been
ordered, and by the time you are read-
ing this | hope to have the system in
operation. The amateur station and
workshop at W3FQJ will be powered
completely by solar and wind energies.

The second major subject, solid state,
will include discussions of bipolar, fet,
mosfet, integrated-circuit and cos/mos
technologies. Electronics, more than
many other industries, has always been
interested in the conservation of elec-
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trical energy. Solid-state devices are a
revealing example. Their low operating
voltages and lack of current-demanding
filaments and high-voltage power
supplies make them ideal for powering
with the non-polluting sun and wind.
Radio amateurs are to be commended
for their leadership in these endeavors.
In fact, their enthusiasm for QRP opera-
tion and the use of minimum power in
the sustaining of any QSO are exem-
plary.

Many amateurs would like to take
these devices on mentally, but have pro-
crastinated or take little pleasure from
learning the theory of a device without
doing some practical experimentation.
While it is true that many amateurs have
built complex solid-state devices follow-
ing detailed construction information
supplied with kits or in magazine
articles, what happens within the device
and circuit is often vague. There are a
good number of amateurs who, as yet,
have not built their first solid-state
stage. Perhaps this column will be able
to lead you to a better understanding of
device function and circuit.

The plan is to combine individual
projects with experimental steps (which
| call expros). First you will experiment
with the device, learning about its in-
nards and external operating character-
istics. Then you will build a project



using the one or several of the devices.
Expro 1 will be the jfet and will con-
clude with the construction of a two-
stage QRP transmitter. Most expros will
be built on perf boards which, if
desired, can be used over and over again.

cosmos logic

In previous columns there have been
basic presentations on the fabrication
and general operation of most solid-
state devices. One which was overlooked
was the cosmos. Fundamentally, the
cosmos device incorporates enhance-
ment-mode mosfets into integrated cir-
cuits. Uniformity, balance, stability,
versatility, reliability and compact size
are the reward of IC fabrication. The
special star of the cosmos device is its
conservation of power.

The enhancement mode of mosfet
operation, integrated fabrication and
complementary symmetry circuitry
combine to form the increasingly popu-
lar RCA series of cosmos integrated
circuits. These devices require very littie
power (standby power measured in
microwatts), operate over a wide supply

Qi
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777
fig. 1. Two enhancement-mode mosfets in
complementary symmetry.

voltage range (less than 2 to mare than
15 volts), a wide temperature range and
have the high input impedance
characteristic of all mosfet devices. Cos-
mos devices are ideally suited to logical,

digital and switching, as well as linear
applications. Typical package dissipa-
tion is 200 milliwatts.

What is complementary symmetry?
It is the basic circuit that makes cosmos
tick and be so conservative in power
demand. It is the jewel of the modern
watch.

4
$
1
(PRZ >
V%0 R2 Vo Voo
jb 4 e 4
7 777

POSITIVE GATE ZERQ GATE

fig. 2. Equivalent operation of a comple-
mentary-symmetry pair (see text).

Field-effect transistors come in two
forms, n-channel and p-channel. One
type is the complement of the other.
The channel charges move in opposite
directions. When two such devices are
connected in parallel, fig. 1, unusual
operating conditions arise. The top tran-
sistor is a p-channel enhancement-mode
mosfet; the bottom transistor, an n-
channel type. A positive voltage applied
to the parallel gates causes the n-channel
device to conduct. The p-channel unit
remains off.

What is the output of the comple-
mentary symmetry stage? Assume that
the gate voltage is made positive by the
amount of the supply voltage Voo (6
volts). The lower transistor, Q2, con-
ducts, presenting a low-resistance path
(perhaps one to several thousand ohms)
between the drain and common. The
top transistor, Q1, is cutoff. The resis-
tance of its path is in the thousands of
millions of ohms. Under this condition
what is the output voltage, assuming
that the load placed on the output is the

june 1975 51



gate circuit of a second high-impedance
enhancement-mode mosfet?

As shown in the equivalent circuit,
fig. 2, a two-resistor voltage divider is
set up. Inasmuch as the top resistance is

SILICON
/ DIOXIDE \

o &7/ 7777 SILICON WAFER 2
O %
P WELL

SUBSTRATE

fig. 3. Basic construction of a mos inte-
grated circuit.

very high in comparison to the lower
one, there is practically no voltage drop
across the lower one and the output is
in effect zero volts (ground or common
potential). Furthermore, very little
current is drawn from the supply line
because of the extremely high resistance
of the series combination of R1 and R2.

If the gate voltage is zero {common
potential), transistor Q1 conducts while
a cutoff bias is applied to transistor Q2.
Why does transistor Q1 conduct with zero
voltage applied to the gate? Note that
its source is at positive potential so the
gate of the p-channel device is negative
in comparison to the source; therefore, it
conducts. In fig. 2B the upper transistor
presents an approximate 1000-ohm path
between Vpp and output, while the
path between the output and common
is in the millions of ohms.

Now the high value resistance is in
the path between output and common;
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the low value between the supply volt-
age and output. Consequentiy the out-
put voltage is positive and essentially
the same value as V. Again the sum-
mation of the two resistances is ex-
tremely high and there is little current
demand made from the supply source.

In summary, swinging the gate volt-
age between the supply voltage value
and zero causes the output to change
between zero and the supply voltage
value. This is an ideal situation for
digital and switching applications.

It should be noted that in both cases
the resistance of the path between
supply voltage Vpp and common
(assuming no low-resistance load is
placed on the output) is in the millions
of ohms. Therefore, for both steady-
state conditions, the resting power de-
mand is exceedingly low. This is great
for logic circuits. Logical zero and
logical 1 states make the same low
power demand on the supply.

In fact, the only time that any signi-
ficant power is drawn occurs when the
gate voltage is in transition between the
two steady states. Furthermore, the
higher the speed of the transition (rate
of rise and fall of the leading edges}, the
lower the power demand made on the

n CHANNEL MOS p_CHANNEL MOS

SOURCE TO

GND SOUR TO Voo
CONTACT & METAL

CE
CONTACT & METAL

METAL METAL
TG GND TO Voo
PAD PAD
¢ [l OXIDE L, OXi | 7

SN 77 3]
LAY 1
\'\\—n*\\m-\-p¢ n+ GUARD
P+ GUARD “—p+ BaND
8AND
n SUBSTRATE p WELL

fig. 4. Fabrication plan of RCA cosmos devices.

supply. This is to state that the power
demand will be less when an incoming
signal is a steep-sided pulse or square
wave; more if the incoming signal is a
sine wave.



The complementary symmetry cir-
cuit is basic to the cosmos device. Why
the need for integration? In practice it is
difficult to obtain exact symmetry be-
tween n- and p-channels. The greatest
advantage of the complementary
symmetry connection can be made
when it is applied to integrated-circuit
technology. In the single monolithic chip,
uniform and balanced channels can be
processed using the diffusion procedure.

A basic RCA cosmos device begins
with a silicon substrate and silicon di-
oxide islands that have been deposited
on its top surface using heat deposition
and photolithographic procedures, fig.
3. Diffusion steps are then used to form
the various elements and isolating bar-
riers. When using the n-type substrate it
is necessary to first diffuse a p-type well
in that substrate to serve as the base
needed in the formation of the n-
channel transistor. The basic makeup of
the two-transistor complementary de-
vices is shown in fig. 3C. On the left, in
its well, is the n-channel unit. On the
right, diffused directly into the sub-
strate, is the p-channe! unit of the com-
plementary pair.

The complete RCA package arrange-
ment is shown in fig. 4. In addition to
the complementary stages there are
guard bands which surround and protect
the separate mos devices, well, diodes,

TO Vpp
PIN

INPUT TO GATES

Vas
PIN

fig. 5. Protective input diodes.

etcetera. They provide isolation and pre-
vent leakage. Guard bands also provide
conduction paths to the external supply
voltages.

Included as a part of the fabrication

are protective diode systems. The input
diode arrangement, fig. 5, protects the
device from static charges and input
volitage transients. This diode clamping
keeps the device and extraneous volt-

fig. 6. RCA CD4007A cosmos IC con-
sists of two complementary-symmetry
stages plus an inverter.

ages at safe levels. Nonetheless, the
device must be handled carefully in
accordance with the usual mosfet pre-
cautions.

The complementary symmetry cir-
cuit, when connected as shown in fig. 1
and included in the cosmos integrated
circuit, is called an inverter. As men-
tioned, a positive voltage applied to its
gate results in a decrease in the output
voltage. A positive change at the input re-
sults in a negative change at the output.

In terms of logic language, a logical 1
input {+ voltage) causes a logical zero
output. A logic inversion has taken
place. Conversely, with the logical zero
input, there is fogical 1 output.

Three complementary symmetry cir-
cuits are built into the RCA CD4007A
cosmos integrated circuit, fig. 6. The
first two configurations are referred to
as complementary symmetry circuits.
Note that separate drain terminals are
brought out (pins 1, 5, 8 and 13). This
provides versatility in interconnecting
the two stages into various forms of
complementary-symmetry-stages. - The
third stage is the basic inverter and its
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circuit is identical to that of fig. 1. It
differs only in that the two drains are
connected together internally at pin 12.

One complementary pair and the
inverter can be connected into a
monostable muitivibrator as shown in
fig. 7. In a resting state the p-channel
mosfet of the stage on the left is biased
off; the n-channel on. As a result the C
output is low and the inverter D output
is high because the output of the first
stage is connected to the gate of the
second.

When a negative pulse is applied by
way of capacitor C1, the p-channel mos-
fet is turned on and the n-channel off.
Capacitor C2 begins to charge to the
supply voltage and this positive voltage
on the gate of the inverter drives output
D low. This happens very quickly aided
by the feedback path between output D
and the input of the n-channel section
of the input pair, eventually shutting off
the n-channel of the first stage.

Voo

—O

14

R
C

fig. 7. Using the RCA CD4007A cosmos IC as
a multivibrator. Operation of this circuit is
described in the text.

Capacitor C1 now begins to charge to
the supply voltage, V5, through resis-
tor R1. The p-channel mosfet remains
on until the charge interval is such that
the p-channel device is shut off by the
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declining negative voltage on capacitor
C1. However, the n-channel device of
the first inverter also remains off until
capacitor C2 discharges sufficiently
through resistor R2 toward common.

ouTPUT
o)

/3 OF 7
cD40074a

fig. 8. High-frequency crystal oscillator cir-
cuit is based on two stages of an RCA
CD4007A IC.

When the turnover or threshold voltage
of the p-channel transistor of the in-
verter is reached, the device is turned
on. The output voltage at D then begins
to rise and the n-channel device of the
first stage is switched on, providing a
low resistance discharge for capacitor
C2. This causes the operation of the
first stage to go from high to low and
the cycle is completed. The multi-
vibrator then remains in its resting state
until another negative pulse arrives at
point A.

The circuit of fig. 8 shows how a
single complementary pair can be con-
nected as a high-frequency crystal oscil-
tator. The output is taken at the
common drain circuit. The feedback
arrangement is Pierce-like in the form of
a lowpass crystal filter that is connected
between the drain circuit and gate in-
put. The small trimmer capacitor per-
mits fine adjustment of the crystal oscil-
lator frequency.

ham radio



Jhere s
a Difference Jn
Quartz Crystals

o+ 20 volts

More Details? CHECK—~OFF Page 94

- Space age communication
equipment demands a crystal
that meets all standards of
technical advancement. Crystals
that were acceptable some
years ago do not meet present
day specifications. As a general
rule, your crystal must be
selected from the best quartz . . .
(no throw off cuts). Tight
tolerances demand selected
angles of cut. The x-ray is
important in making this
selection. The crystal should be
preaged with stress cycling. It
should be checked for frequency
change vs temperature change.
It must be checked for optimum
spurious response. It should be
calibrated to frequency with the
correct oscillator. International
Crystals are manufactured to
meet today's high accuracy
requirements. That's why we
guarantee all International
crystals against defective
materials and workmanship for
an unlimited time when used in
equipment for which they were
specifically made.

WRITE FOR CATALOG

INTERNATIONAL
i A

CRYSTAL MFG. CO, INC.
10 NORTH LEE
OKLAHOMA CITY, OKLA. 73102
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Dear HR:

While interest in speech processing is
understandably high, | wonder why the
same degree of interest is not shown for
the CW mode. Perhaps as amateurs we
are convinced we know all there is to
know. A little research can, however,
raise some interesting questions. Con-
sider the question of minimum band-
width requirements which are expressed
by Shannon's formula in terms of bits
per second per Hz of bandwidth as

log, (1 +s/n)

where s/n is the signal-to-noise ratio.
For b0-bit words and Morse code at 25
wpm the bit rate is close to 20 bits per
second. With an arbitrary signal-to-noise
ratio of 15 the formula gives 4 bits per
second per Hz, or 5-Hz bandwidth for
this example.

Unfortunately, we cannot achieve this
signaling rate in practice, and for a two-
state amplitude-modulated signal such as
CW the bandwidth requirements would
be approximately three times the theo-
retical minimum (15 Hz in this case).
Since bandpass audio filters with this
degree of selectivity are easily built,
why are filters of 100 and 150 Hz in
common use, and filters of 50 Hz or less
very unusual?

One reason is that some CW opera-
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. comments

tors rely almost exclusively on their
personal selectivity built into their ears
and brain. | believe there is a lot to learn
in this area, but in my own particular
case, the better the signal-to-noise ratio
reaching my ears, the better | copy.
The most common reason for the
rarity of minimum-bandwidth filters
is the phenomenon of filter ringing. |
cannot recall seeing a single article on
this aspect in the amateur magazines,
and the purpose of this letter is to
stimulate some correspondence on this
subject.

My own knowledge is inadequate,
but it appears that filter ringing arises
basically from two effects. First, the
filter's group-delay characteristic, and
second, the filter’s transient response.
From experience with active bandpass
filters | believe that the delay character-
istic can be adjusted for minimum dis-
tortion of the keyed audio envelope so
bandwidths of about 560 Hz can then be
used. The question of transient response
remains, and at the moment | don't

T Teanowioth T T T
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I

AUDIO !
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56k

fig. 1. Variable-bandwidth, variable-frequency
audio filter. With circuit values shown center
frequency can be tuned from 300 Hz to 3
kHz., (A 741 op amp would be somewhat
better over this frequency range.)



have an answer, although | have hopes
of minimizing this, too.

In the commercial world of data
transmission many signaling modes other
than two-state a-m have been evalu-
ated. Generally they succeed in trading
signaling rate for immunity to interfer-
ence. Some of these signaling modes
may well have amateur applications.
Also, the technique of coherent detec-
tion seems promising. The guestion of
spectrum shaping has been studied and
optimum relationships between trans-
mitter and receiver filter characteristics
have been established. Perhaps in our
case we should pay more attention to
the optimum design of key-click filters
and receiver audio filters.

For anyone who has not yet tried a
variable-frequency, variable-bandwidth
audio filter, | would recommend the
circuit shown in fig. 1. Or, more simply,
the IC package made by Kinetic Tech-
nology, Inc.” Their FX60 active band-
pass filter requires only one fixed and
two variable external resistors and costs
about $6.00.

Ron Skelton, 6Y5SR
Kingston, Jamaica

memory keyer mods

Dear HR:

| found in my memory keyer that
the 1101A random-access memories
{used in place of the 25L01s) would
play back a message erratically. This can
be cured by placing a 1000 ohm,
1/4-watt resistor from the data output
{pin 12) of the 1101 to ground. Note
that pin 12 of memory A is connected
to pin 12 of memory B. The resistor can
be soldered to the foil side of the PC
board. Put insulating tubing on the resis-
tor leads to prevent the leads from
shorting to the fail.

A feature which will increase the
versatility of the keyer when using it as

*Kinetic Technology, Inc., 3393 De La Cruz
Boutlevard, Santa Clara, California 95061.

a straight electronic key without a
memory is to replace the memory select
switch, S3, with a center-off spdt
switch. Placing S3 in the center position
will not allow either memory to send an
output to the keying transistor. The
keyer can then be used as a normal
electronic key without worry that the
memories will inadvertently trigger and
send an output to the keying transistor.
| would like to thank my friend Bob
Thing, WA3WKJ, for the ideas pre-
sented here.
Sam Guccione, W3GVP
Camden, Delaware

information needed to
update RSGB history

Dear HR:

Many readers of ham radio are also
members of the Radio Society of Great
Britain, and are familiar with the book,
World at Their Finger Tips. This book
was written by the late John Clarricoats
and covers the history of the society
and the work of many of its members
from 1913 to 1963.

The RSGB has honored me with the
task of writing a sequel to this book in
order to bring the society’s historical
records up to date. During the past
decade the RSGB and numerous mem-
bers have contributed to the tremen-
dous advance in all fields of radio
communications throughout the world.

In order for me to make a success of
this book, and do the society justice, |
must have information, therefore |
appeal to RSGB members who read ham
radio to send me details of their radio
achievements during the past ten years.
| would like to have this information as
quickly as possible because there is a lot
to do, and | hope to have the work
completed within a couple of years.

Ron Ham
Faraday, Greyfriars
Storrington, Sussex
RH20 4HE England
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fm equipment
interface problems

In trying to use two current pieces of
fm equipment, a 10-watt transmitter
{Regency HR-2) and a 100-watt ampli-
fier (Dycom), it was found that the two
pieces would not work together. To be-
gin with, the transmitter is well designed
and has excessive standing wave protec-
tion — a very good move, especiaily if
the wrong antenna is inadvertently con-
nected, or left disconnected. This safety
device will probably save replacement of
expensive power transistors.

The amplifier has an ‘‘automatic
switching’’ feature, meaning that dc
power is applied at all times, and as rf
excitation is applied, the unit turns it-
self on. When the transmitter is turned
on {microphone button pressed), rf ap-
pears across diode CR1 (see fig. 1), and
a dc voltage appears at point A. The rf
choke isolates the rf voltage at point A
and conducts dc to the base of transis-
tor G4, placing a positive bias on the
base, and transistor Q4 turns on, picking
up relays K1 and K2. Unfortunately,
the moment K1 and K2 start to trans-
fer, the back contacts open, opening up
the line from the transmitter, and the swr
protection circuit in the exciter cuts in,
shutting off the power. The relays then
open, remaking the exciter output cir-
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cuit and terminating the line. The cycle
then starts over (since the transmitter is
still on). The relays just sit and vibrate
like an old fashioned door beli — a re-
volting state of affairs.

The fix is ridiculously easy. Just con-
nect a 500-uF capacitor {12 volts or
more) between the base of Q4 and
ground. As diode CR1 conducts, the
500-uF capacitor, C4, is charged and
holds its charge long enough for the
relays to pull completely in. Once the
relays are picked up, the line from the
transmitter is terminated by C2-C3-L1,
usually with less than 1.2:1 vswr, partic-
ularly if adjusted carefully.

Capacitor C1 series resonates with
the interconnecting leads and relay ele-
ments to allow maximum receiver per-
formance and proper transmitter opera-
tion when the amplifier is not in use.
Power may be switched from the
100-watt amplifier to low power only
by opening the circuit at the fuse.

The changes suggested in these notes
should make the use of the equipment
much more satisfactory and enjoyable,

Dave Chapman, WSDPY

Heath SB102
modifications

| have two Heath SB102 transceivers
and both have shown the same two dif-
ficulties, which appear to be generic:
First, objectionable audio hum level,
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fig. 1. Added 500-UF capacitor allows automatically switching relays to be picked completely up

before the swr protection circuit drops them out.

and secondly, one resistor that runs hot-
ter than it should. As for the hum, an
additional filter did not help, and short-
ing the arm of the volume control had
no effect. As a part of the cable harness
there is a shielded lead from the arm of
the volume control to capacitor C308
which couples the signal into the grid of
V14A, the audio amplifier. Replacing
this lead with a separate shielded lead
eliminates the objectionable hum level.
Resistor R955 is a 100k, Y2-watt resis-
tor which avalanches down in value and
burns up. Replacing it with a 1 or 2 watt,

100k resistor clears up this problem.
Lowell White, W2CNQ

zener-diode noise

Recently | was asked to convert
some vhf preamplifiers and replace the
original 417A tube with a low-noise
transistor. This required the addition of
a zener diode to provide the correct
voltage for the transistor. The zener was

originally mounted very close to the
low-noise transistor and a noise genera-
tor was used to determine the noise
figure. The results were nearly the same
as when the original tube was in use.
The zener was then mounted away from
the transistor, near the power source. A
noise figure measurement indicated a
noise reduction of 2 dB.

Vern Epp, VE7ABK

short circuit

The 67-pF ceramic capacitors used
in the lowpass filter described in the
March, 1975, issue of ham radio have all
been sold. An alternate capacitor is the
140-pF APC capacitor available for 50
cents from CPO Surplus, Box 189,
Braintree, Massachusetts 02184. Re-
move one plate for 136 pF, fully-
meshed capacitance. Since CPO Surplus
has a handling charge of 50 cents on
orders less than $3.00, the two capaci-
tors for the lowpass filter can be ob-
tained for $1.50, postpaid.
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ATLAS
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Largest inventory of used

equipment in the Boston area.

Twupts Radio

Electzonics

SALES AND SERVICE
386 MAIN STREET
MEDFORD, MASS. 02155

a second look

table 1. Partial listing of power amplifier tubes

in current use on the amateur bands,

(from page 4)

 — thoriated tungsten filament -
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total
tube num-  filament/heater equipment
type ber power (watts) manufacturer
5728 2 51 Heathkit
811 4 100 Coliins 30L1
813 2 100
833A 2 200
3-400Z 2 140 Henry
3-500z 2 140 Drake, Heath
3-1000Z 1 157 BTI
3CX1000A7 1 152
3CvVv1500A7 1 152
4-125A 2 65
4-250A 2 140
4-400A 2 140 E. F. Johnson
4-500A 2 204
4-1000A 1 157
4CX1500A 1 200 Henry
indirectly-heated oxide cathode —
8072 1 17 CX-7A
8122 2 35 Natjonal
8873 2 40 Heath, Henry
8874 2or3 40 or 60 ETO, Henry
8877 1 50 ETO, Henry
4CX1000A 1 57 Collins 30S1
4CX15008B 1 60

desirable. If the 6-dB differences pro-
posed in Docket 20282 are used, then
one-quarter and one-eighth, respec-
tively, of the above emitter wattages
would coincide.

If a filament power limitation for
each class of license were to be adopted,
Quinn has suggested that no input or
output power limitations be imposed
upon the amateur service. The filament
power limitation would predetermine
maximum operation conditions as the
tube could only be driven up into plate
current saturation. The individual opera-
tor could exercise his own initiative and
technical ability, using any tube which
fell within the authorized emitter power
limits, This is the same sort of initiative
which prompts some amateurs to build
large antenna systems to enhance their
signal strength, and adds to the competi-
tive spirit of the hobby and advances
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fig. 1. Approximate comparison of filament
temperature and emission life vs average plate
current (mA) per filament watt for thoriated-
tungsten power amplifier tubes. Note that if
one or more maximum tube ratings are used
simultaneously tube life is severely decreased.

the technical achievements in amateur
radio.

The establishment of total emitter
power for amateur linear amplifiers
would automatically establish a maxi-
mum power, as shown in figs. 1 and 2.
The dotted regions shown on these
curves represent diode operating condi-
tions only. In actual practice, if a tube
were operated in this area under rf con-
ditions, it would probably fail within a
few hours due to either control or
screen grid failure, excessive internal
anode temperature, or oxide cathode
evaporation, etc. In view of this, the
estimated tube life shown would not be
representative at the upper current lev-
els because the tube would probably fail
catastrophically, rather than from loss
of emission.

There will, of course, be those opera-

s
\

CATMODE TEWMPERATURE (*RELVe

i 4 i 1 L L i 230
[7] 0 0 0 [T} ] B0 ma

AVERALE PLATE CURRENT AR CATWODE waTt

fig. 2. Approximate comparison of cathode
temperature and emission life vs plate current
(mA) per cathode watt for power amplifier
tubes with indirectly-heated cathodes. Note
that if one or more maximum tube ratings are
used simultaneously tube life is severely de-
creased.

tors who will obtain a few more watts
and minimize short tube life by reduc-
ing filament power during standby, and
increase filament power during rf drive
conditions, or increase plate voltage, to
maximize plate efficiencies. However, as
the old saying goes, “You can't get
something for nothing,”” and equipment
and tube manufacturers can tell upon
inspection if their product has been
abused. One or two dB would not be
worth the effort.

Presently, it is very difficult, if not
impossible, for the FCC to monitor and
police amateur power limits. If the tech-
nique suggested by W6MZ were a-
dopted, and an amateur was found to be
using a power amplifier which used
tubes with manufacturer's filament/
heater ratings in excess of the maximum
specified wattages, it would be a simple
black or white infringement of the rules.

Jim Fisk, WIDTY
editor-in-chief

NEW! NEW! NEW!

HERE'S THE BEST FOR
MOBILE OR MARINE VHF!
MODEL SS-2

LIFE — Bright stainless steel
housing, s.s. whip, along
with brass beat the
effects of salt.

PERFORMANCE — 150 w.

Gain 6 dB over coax ant.
3.7 dB over isotropic

1.5 dB over dipole
Requires no ground plane

PHYSICAL DATA —
1%4" x 46%,", 8 oz.
Alternate mounting.

PRICE — $45.00 List
Optional bracket $4.60 list

s /

L 191 VARNEY STREET
MANCHESTER, NH 03102

Electronics e %o s2r10m0
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DATA SIGNAL SCORES AGAIN
NOW WELL ESTABLISHED IN THEIR NEW FA.
CILITIES THE SUCCESSORS TO DATA ENGI-
NEERING ARE LEADING OFF WITH BOTH EX-
CITING NEW PRODUCTS AND TIME PROVEN
FAVORITES. YOU CAN DEPEND ON DATA
SIGNAL FOR THE FINEST IN AMATEUR RADIO
ACCESSORIES.

AUTOMATIC TOUCH TONE DIALER

Now, by the push of a single button you can auto-
matically dial up to six separate 7-digit telephone
numbers. All solid state with automatic PTT opera-
tion. Can send telephone number only, or repeater
access code plus telephone number automatically.

AD6 Sh. Wt. 2 Ibs. without keyboard 99.50
AMD-6 Sh. Wt. 2 Ibs. with keyboard 119.50
Factory programming of #s 7.50

DELUXE REPEATER AUTO PATCH

The auto-patch your club will be proud to own. It's
complete in every aspect. Two 1-4 digit access codes,
one 1-4 digit disconnect, rotary dial or regenerated
Touch Tone output, dial-in capability, 1", “0" and
numerical disconnects, ID by-pass, audio monitor,
keyboard, digital readout, plus many more features.
Send for brochure. Rack mount only.

RAP-101 Sh. Wt. 15 Ibs.
TOUCH TONE REGENERATOR

Give your Auto Patch users and the telephone ex-
change a break. Now all touch tone digits received
by the telephone exchange is from ONE touch tone
standard and not from a multitude of individual
pads. Regeneration eliminates miss-dials caused by
pads with off-frequency tones, incorrect amplitude
adjustments, improper tone length, split tone bursts,
etc. Includes complete 16-digit decoder plus rotary
dial capability. PC board and rack mounting available.

549.00

DCR-71 PC 249.00 Rack 325.00
Sh. Wt. 2 Ibs. Sh. Wt. 8 Ibs.

REPEATER AUTO PATCH

It's complete — a single digit access/disconnect

Auto Patch facility. All you need is a repeater and the
phone line. Complete with automatic disconnect, dial-
in capability, two way audio monitor plus remote
control. When used with a rotary dial exchange,
Data Signal's DPC-121 dial converter is also required.
P.C. board or Rack Mount available.

RAP-2 PC 99.50
Sh. Wt. 2 Ibs.

Rack 149.50
Sh. Wt. 8 |bs.

More Details? CHECK—OFF Page 94



TOUCH TONE TO DIAL
PULSE CONVERTER

Don't let the lack of a Touch Tone telephone exchange
prevent your repeater club from going auto-patch.
Convert 0-9 TT digits to Bell System compatible dial
pulse code. Uses anti-falsing TT decoder, 64-digit
memory and solid state pulsing. Starts dialing on
first incoming digit. Memory will not overload. Cancel
function. * and # output provided for control pur-
poses. PC Board and rack mount available.

DPC-121 PC 195.00 Rack 285.00

Sh. Wt. 2 Ibs. Sh. Wt. 10 Ibs.
TOUCH TONE

KEYBOARD/ENCODER 000

The smallest, thinnest keyboard with built-in touch
tone encoder. Only 14" thick. Completely self-con- QBO
tained, designed for mounting directly to hand-held Ba
portables. Operating temperature —20°F to +150°F. B
R. F. proof. o aa
DT-4M Miniature Encoder 214" x 3" x 14" 89.95

Sh. Wt. 1 Ib.  ©
TOUCH TONE PADS

Standard size 12 and 16 digit Touch Tone Pads. Au-
tomatic PTT operation with 114 second transmitter
hold. Self powered via internal 9V battery. Audio and
PTT outputs, TTP-1 and TTP-2 also has low volume
audio monitor for acoustically coupling of tones to
microphone. Zero quiescent current. Operating tem-
perature —20°F to +150°F. R. F. proof.

TTP-1 16digit 3" x 514" x 114”. Sh. Wt. 2 Ibs. 79.50
TTP-2 12 digit 3" x 5" x 114",  Sh. Wt. 2 Ibs. 59.50
TTP-3 12digit 214" x 414" x 114" Sh. Wt. 2 Ibs. 59.50

ANTI-FALSING
TOUCH TONE DECODER

Now, a true anti-falsing decoder, immune to high
noise and voice falsing. 12 to 16 digit capability.
Single 5-volt power supply. Heavy duty transistor
output. Complete p. c. board or standard 19” rack
available.
TTD-126-12 12 digit PC 149.95 Rack 219.95
TTD-126-16 16 digit PC 169.95 Rack 239.95
Sh. Wt. 2 Ibs. Sh. Wt. 10 Ibs.

BATA-TOMNIE
L]

ORDER TODAY OR WRITE FOR COMPLETE DETAILS

DATA SIGNAL, INC.

Successor to Data Engineering, Inc.

2212 PALMYRA ROAD, ALBANY, GA. 31701
912-435-1764

More Details? CHECK—~OFF Page 94 june 1975 63



electronic keyer

Data Signal recently introduced a
new printed-circuit electronic keyer
which is offered in two versions: one for
TTL, the other for CMOS logic. The
keyer is complete, including potentio-
meters, a large speaker and all mounting
hardware. The user must supply an en-
closure, a keying paddle and a small
5-volt power supply for the TTL version
or a 9-volt transistor battery for the
CMOS version.

The keyer circuit includes fully auto-
matic, self-completing dots, dashes and
spaces. Each dot and dash is provided
with its own jam-proof space, eliminat-
ing any chance of jamming dots and
dashes together. At the instant the pad-
dle is closed, the start-stop oscillator
starts sending the code element. Key
closures extending to the end of the
dot-dash space are allowed with assur-
ance of no additional dot or dash. This
wide keying tolerance makes this keyer
extremely easy to use, for beginners and
old timers alike. A variable weight ratio
control is provided to allow the opera-
tor to adjust the dot-dash to space ratio
of each character. The built-in audio
system includes a full-range audio oscil-
lator, volume control, tone control and

64 [l ijune 1975

speaker. Keying speed is adjustable from
5 to 50 wpm.

These keyers eliminate the number-
one source of keyer failure — the output
keying relay. The reed relays used in
many electronic keyers are subject to
pitting, sticking and breakage. In the
Data Signal unit output keying is ac-
complished with specially selected high
voltage, high current transistors. These
heavy-duty transistors require a small
amount of current for operation and are
designed to handle the two most often
used keying systems — grid block keying
and solid-state transmitters.

The two versions of the keyer, TTL
and CMQS, allow the user to select the
keyer best suited to his own require-
ments. The TTL version is ideally suited
for home stations where a common
5-volt supply is available, while the
CMOQOS version requires very low current
and is just right for QRP or portable
operation,

The TTL version of the electronic
keyer, model TTL/PCK-1, is priced at
$19.95 wired ($14.95 kit); the CMOS
version, model CMQOS/PCK-1, is $24.95
wired ($19.95 kit). For more informa-
tion, write to Data Signal, Inc., 2212
Palmyra Road, Albany, Georgia 31701,
or use check-off on page 94.

500 MHz
frequency counter

The new UHF 500B frequency coun-
ter from Levy Associates features labo-
ratory accuracy in a portable instrument

More Details? CHECK—OFF Page 94



at an inexpensive price. This counter,
which uses the latest state-of-the-art ad-
vances, provides all of the features of
instruments costing three times as
much: built-in nicad battery with charg-
er for easy portability, 7-digit display,
high sensitivity, high-stability tempera-
ture-compensated crystal oscillator, and
response to at least 500 MHz (575 MHz
typical). The bright LED displays and
polarizing filter make reading easy in
high ambient light conditions. Adjust-
able display storage provides for mini-
mum transmitter on time.

The sensitivity of the new UHF
500B frequency counter is 35 mV or
less to 50 MHz; less than 150 mV from
50 to 500 MHz. With the uhf preamp
option ($85) the sensitivity is 30 mV or
less to 500 MHz. Other options include
1000 MHz capability ($195), high-
stability time base with £0.0001% accu-
racy from zero to 40°C ($50), and green
or yellow displays [red is standard]
($15). The standard UHF 500B is priced
at $525. For more information, use
check-off on page 94 or write to Levy
Associates, Post Office Box 961, Tem-
ple City, California 91780.

specialized
communications
techniques

for the radio amateur

This new book from the ARRL was
written by those experienced in each of
the fields which it covers. The seven
chapters provide practical details on
communications techniques, amateur
television, slow-scan television, fac-
simile, RTTY, space communications
and advanced technigues.

The chapter on amateur television
contains circuit details and applications
information for television cameras,
transmitters and receiving techniques.
The section devoted to facsimile in-

More Details? CHECK—OFF Page 94

NGITAL KIT:

NEW BIPOLAR MULTIMETER:

AUTOMATIC POLARITY INDICATION

mp L.¥ Cas
(Optional probe) 5500

40 MHz DIGITAL FREQUENCY COUNTER:
* Will not be damaged by high power transmission leveis
* Simple, 1 cable connection to transmitter's output.

ES 220K - Line frequency time base.
1 KHz resolution . . . 5 digit: $79.50. Case extra: $10.00

ES 221K — Crystal time base
100 Hz resolution . 6 digit: $109.50 Case extra: $10.00

DIGITAL CLOCK:

ES 112K/124K * 12 hour or 24 hour clock: $46.95.
Case extra: o Metal $7.50

CRYSTAL TIME BASE:
ES 201K — Opt. addition to ES 112K, 124K or 500K
Mounts on board. Accurate to .002% . . . . $25.00

I.D. REMINDER:
ES 200K — Reminds operator that 9 minutes and 45seconds
have passed. Mounts on ES 112 or 124 board. Silent LED
flash: $10.95. Optional audio alarm $4 extra.

Dependable sohid state components and circuitry. kasy reading,
7 segment display tubes with clear, bright numerals. These products
operate from 117 VAC, B0 cycles. No moving parts. Quiet, trouble free
printed circuit

Each kit contains complete parts hist wath all parts, schematic illustrations
and easy 1o follow, step by step instructions. No special tools required.

ORDER YOURS TODAY:
Use your Mastercharge or
Bankamernicard

Money Back Guarantee

505'; Centinela * Inglewood. Ca. 90302 = (213) 674-302
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KEYBOARD and
ENCODER KIT

ENEFEEEERES
13230000000

———

53 Keys

One Chip MOS Encoder
Upper and Lower Case
Standard ASCII Output
Two Key Lockout

* * % * %

We are happy to announce a new addition to
our keyboard and encoder line, QOur new KBD-
3 uses a one chip MOS encoder system to give
yvou maximum possible features with a mini-
mum number of parts.

This keyboard produces a standard ASCIHI
coded output that is compatible with TTL,
DTL, RTL and MOS logic systems. You have
the option of wiring the kit for normal type-
writer style output in both upper and lower
case letter, or all upper case format, All com-
mon machine control commands such as “line
feed', *‘return'’, “‘control", etc. are provided
on the keyboard. Four uncommitted or extra
keys are avallable for your specific use re-
quirements, Two of these have isolated output
lines to the connector for special functions
such as ""here is".

Keyswitches are standard, full travel style
with gold plated contacts for long troublefree
service, Requires +5 Volts and -12 Volts.

KBD-3 Keyboard and Encoder Kit$49.50 ppd

SOUTHWEST TECHNICAL

PRODUCTS CORP.

219 W. Rhapsody Dept. HR
San Antonio, Texas 78216
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cludes conversion of Telefax trans-
ceivers and reception of weather-
satellite pictures. Radioteletype is thor-
oughly covered with sections on equip-
ment and hardware, AFSK, RTTY
measurements, and much more. Moon-
bounce (EME), satellites, laser funda-
mentals and communications and digital
communications are covered in the
chapter on space communications and
advanced techniques. Softbound, 208
pages, $3.00 from Ham Radio Books,
Greenville, New Hampshire 03048.

gutter clamp
mobile antenna

Answering the need for quick-on,
quick-off mobile antenna mount is the
Larsen Gutter Clamp Antenna Mount
that goes on or off the vehicle faster
than you can tell about it. Styles of the
clamp are available to fit all popular
makes of antennas. Complete mounts
and antennas of both the quarter-wave
type and gain antennas for low, high
and vhf bands, complete with the
clamp, are available.

Finished in weather-resistant
irridium, the Larsen Gutter Clamp fea-
tures a high-tension spring that clamps
the unit to any make of vehicle. A

More Details? CHECK—OFF Page 94



special rubber bumper prevents marring
the car’s finish. Provision is also made to
assure a proper ground plane for maxi-
mum radiation efficiency of the an-
tenna. The Larsen Gutter Clamp Mount
comes complete with ten feet (3m) of
coax and plug already installed.

For more details regarding the Larsen
Gutter Clamp Mobile Antenna Mount
write to Larsen Antennas, Post Office
Box 1696, Vancouver, Washington
98663, or use check-off on page 94.

linear ic handbook

A new Linear Integrated Circuits
handbook is now available free of
charge from National Semiconductor
Corp. The handbook gives complete de-
scriptions and specifications of 280 lin-
ear IC devices that are useful in building
nearly all types of electronic systems,
ranging from communications and
consumer-oriented circuits to precision
instrumentation and computer designs.
It covers product-line categories that
include voltage regulators, operational
amplifiers, voltage comparators and buf-
fers, functional blocks (timer circuits),
ICs for consumer products, transistor
and diode arrays, and analog switches.

Most of the product descriptions are
accompanied by application advice, and
the text is supported by graphs, charts
and diagrams. Selection guides are pro-
vided for operational amplifiers, fixed-
voltage regulators, variable-voltage regu-
lators, and voltage comparators. Cross
reference guides are provided for fet-
input op amps and the linear products
of Texas Instruments, Motorola, Signe-
tics and Fairchild.

For a free copy of the Linear Inte-
grated Circuits handbook, send a post-
card to the Marketing Services Depart-
ment, National Semiconductor Corp.,
2900 Semiconductor Drive, Santa Clara
California 95051, or use check-off on
page 94.

More Details? CHECK—OFF Page 94

Zulu 10... precise
GMT plus 10-minute
identification alarm.

- - -

From Corvus, a unique 100% solid-state
digital clock packed with features any ham
radio operator will appreciate.

Built around a single MOS integrated cir-
cuit, Zulu 10 provides 24-hour GMT with
to-the-second accuracy. The special alarm
alerts you every 10 minutes with a soft,
pleasant signal to help you meet station
identification requirements. And it's reset
with a single “flick of the wrist" motion of
the clock.

Feature-packed, trouble-free operation.

e Bright LED display for hours and minutes.
Seconds are indicated by a pulsing lamp
* Automatic display dimming for easy view-
ing e Attractive, compact silver case e
Pushbutton controls neatly tucked in base
e60 HZ AC operation e Full year written
warranty

Designed and engineered for the ham
radio operator by Corvus Corporation,
Dallas-based subsidiary of Mostek Cor-
poration, an industry leader in MOS inte-
grated circuit technology.

Order yours today.

13030 Branch View Lane, Dallas, Texas 75234

Please send me__Zulu 10(s) at $39.95 each, plus $2.65
for postage and handling (add local and state tax where
applicable). I've enclosed [ ] check [ money order

Name
Address

City State
Money back guarantee. If you are not totally satisfied with
your Zulu 10, send it back to us within 10 days and your
money will be refunded. HR

Zip

june 1975 [l 6
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Operate Auto-Patch

use antenna and power ... The GTX-200-T does
all the rest!

Your Low
The 12-digit tone encoder is an integeral part of the Price
2-meter VHF-FM transceiver (WOW!) Separate controls

allow independent transmit and receiver frequency selec- 324935

tion.
The GTX-200-T is all solid state, transmits at 30 watts

(nom.), also features super-sensitive dual-gate MOS FET e s A e
preamp receiver. Same old GTX-200—but what an
addition!

IMMEDIATE DELIVERY
FROM STOCK

TE-Il Tel Encoder . ..

so small and compact it can be mounted on the faceplate
of most any transceiver, including smaller-sized walkie-
talkies. Completely self-contained: connect to B+ ground
and signal output, and it’s ready to operate.

The TE-II produces all standard double frequency tones
used in telephone signalling circuits. It is completely
shielded.

Your Low
Price
$ 4 450 .
Use This
Cairect trom tactory Handy Order Form

68 june 1975 More Details? CHECK—OFF Page 94
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rTHIS PAGE IS YOUR ORDER BLANK!

ORDER NOW AND SAVE!
Specials at Unbeatable Prices

GENAVE, 4141 Kingman Dr., Indianapolis, IN 46226

6TX-200-T

(incl. 146.94 MHz)

6TX-200

2-meter FM, 100 channels, 30 watts
was $299.95  (Incl. 146.94 MHz)

6TX-100

1Ya-meter FM,100 channels,12 watts
was $309.95 (Incl. 223.5 MHz)

6TX-10

2-meter FM, 10 channels, 10 watts
was $239.95 (Incl. 146.94 MHz)

6TX-2

2-meter FM, 10 channels. 30 watts
was $299.95 (Incl. 146.94 MHz)

6TX-600

6-meter FM, 100 channels, 35 watts

[l
[]
]
[
[
]

[] PS-1 AC Power Supply
and the following standard crystals @ $4.25 each: _
Non-standard crystals @ $5.75 each: _ =

(allow 8 weeks delivery.)
For tactory crystal installation add $8.50 per transceiver.

IN residents add 4% sales tax:

CA residents add 6% sales tax:
All orders shipped post-paid within continental U.S.

was $309.95  (Incl. 52.525 MHz)
@
[[] ARX-2 2-M Base Antenna @ $29.95
[[] Lambda/30 2-M Base Antenna @ $39.95
[] Lambda/4 2-M Trunk Antenna @ $29.95
[] TE-l Tone Encoder Pad @ $59.95
[] TE-ll Tone Encoder Pad @ $44.50

(] PSI-9 Port. Power Package (less batteries) @ $29.95
@ %5095 §$__

Sub-Total: $
TOTAL: $

2-meter FM, 100 channels. 30 watts Inlmlll:tnry$24995

now ¥ 19995
NOW $21995
$ 1&95
$ 18995

NOwW

NOW

now 27998
$
$ R
$
$
s —
$

—_— e
e

({minimum order $12.00) .

NAME s . — _ AMATEURCALL_
. ADDRESS___ _eny_____ __ STATE&ZIP_

Payment by: [ Certified Check/Money Order  [] Personal Check 1 C.0.D. Include

Note: Orders accompanied by personal checks will require about two weeks to process. 20% Down.

[ 20% Down Payment Enclosed. Charge Balance To:

1 BankAmericard #__ ____ Expires -

[] Master Charge # Expires__ Interbank # S

N N N N BN B} Prices and specifications subject to change without notice. N N EE EE EES NN

More Details? CHECK—OFF Page 94
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SUPER CW FILTER

The IMPROVED CWF-2BX offers
RAZOR SHARP SELECTIVITY with
its B0 Hz bandwidth and extremely
steep sided skirts Even the
weakest signal stands out

Plugs into any receiver or lrans-
ceiver. Drives phones or connect
between receiver audio stage for
full speaker operation.

e Drastically reduces all back-
ground noise « No audible ringing
e No impedance matching « No
insertion loss « B pole active filter
design uses IC's « Bandwidth: 80
Hz, 110 Hz, 180 Hz (selectable) o
Skirt rejection: at least 60 db down
one oclave from center frequency
for B0 Hz bandwidih e Center fre-
quency: 750 Hz 9 volt transistor
battery not included

e 400 Hz or 1000 Hz center fre-
quency available add $3.00
IMPROVED CWF-2BX,
assembled ........... $23.95
CWEF-2, PC board, includes 4 po-
sition selectivity switch. . $16.95
CWF-2 kit........... $14.95

A STACK FOR
CW MEN

Dealer Inquiries Invited
MFJ Enterprises, P. O. Box 494, Miss. State, MS 39762, (601) 323-5869

CMOS ELECTRONIC KEYER

Feature for feature the
CMOS-440RS gives the most for
your money: s State of the art
design uses digital CMOS ICs and
NESS55 sidetone e Built-in key with
adjustable contact travel « Sidetone
and speaker e Adjustable tone and
volume e Jack for external key e 4
position switch for TUNE, OFF,
ON, SIDETONE OFF e Two output
jacks: direct relay, grid block
keying e Uses 4 penlight cells (not
included) o Self completing dots
and dashes e Jam proof spacing e
Instant start with keyed time base e
Perfect 3 to 1 dash to dot ratio e 6
to 60 WPM e Relay rated 250 VDC,
1% amp, 30 VA

CMOS-440RS, Deluxe . . $37.95

Write for FREE catalog and CW filter test
reports. Please include $1.50 per unit for
shipping and handling. Money back If not
satisfied One  year UNCONDITIONAL
guaranios

4x31/4x2 3/16 inch

BANKAMERICARD

master éhalge.

NEW IMPROVED

nsTant-

Adhesive

Now a choice of 5
formulas . . . and in Big
1900 drop application
container.

SﬁVE BlG only $8.95

(less than Y2¢ an application)

ORDER FROM
YOUR ONEIDA DISTRIBUTOR
OR DIRECT FROM US

ONEIDA ELECTRONIC MFG.INC.

' ’ P.O. Bo 78 Dept. 761-D

Meadville, Pa. 163135
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Last Year Over $10,000
in PRIZES Given Away!

This Year BIGGER & BETTER
Than Ever!
47th. ANNUAL
ATLANTA HAM RADIO FESTIVAL
&
ARRL STATE CONVENTION

TWO GREAT DAYS .. JULY 5th. & 6th.

Royal Coach Motor Inn
1-75 North at Howell Mill Road

LATEST HAM EQUIPMENT

GIGANTIC SHELTERED SWAP AREA
Special LOW rates for Motels and
Many Atlanta Attractions. Special
Activities and Prizes for XYLs and
Junior OPs.

ARRL FORUM . .. MARS MEETINGS
TECHNICAL PROGRAMS

SAT. EVE BANQUET — A. PROSE WALK-
ER, W4BW, Chief, Amateur and Citizen's
Div. of FCC, will speak on DOCKET 20282

For Information & Registration Forms
WRITE:
ATLANTA HAM FESTIVAL

P. O. Box 76553
Atlanta, Georgia 30328

More Details? CHECK—OFF Page 94




Many hams say...

The only thing better
than the Drake 4-Line
is the

Drake C-°Line

e 1 kHz Dual Concentric Dial Readout ® Receiver and transmitter
lock together in transceive operation ® No side controls e Iridited
cadmium-plated chassis ® Compatible with
all previous Drake lines

R-4C T-4XC
Receiver Transmitter
T-4XC FEATURES:

® Plug-in relay
e More flexible VOX operation;

R-4C FEATURES:
@ B-pole crystal filter combined with
passband tuning, SSB filter supplied
® Provision for 15 additional accessory Including separate delay controls
500 kHz ranges for phone and CW
e Transistorized audio @ Crystal control from front panel for
® Optional high-performance amateur, Mars, commercial uses
@ Provision for AFSK

noise blanker
@ AVC with 3 selectable time constants RTTY operation

o Optional 8 pole filters available for
CW, AM, RTTY

For complete details on the C-Line and other Drake equipment, contact:

R. L. DRAKE COMPANY

540 Richard Street, Miamisburg, Ohio 45342 @ Phone (513) 866-2421 @ Telex 288-017

More Details? CHECK—OFF Page 94 june 1975 n



CRYSTAL FILTERS
and

DISCRIMINATORS
1 27/64” x 1 3/64" x 3/4"

9.0 MHz DISCRIMINATORS

XD9.01 + 5 kHz RTTY $24.10
XD9-02 +10 kHz NBFM $24.10
SSB TX $31.95 XD9-03 +12 kHz NBFM $24.10
SSB RX $45.45
im %iggg 9 MHz CRYSTALS (Hc25/u)
2 XF900 9000.0 kHz Carrier $3.80
NBFM $48.95 XF901 8998.5 kHz USB $3.80
e PAE R 390h3 k: b9 $50
iri 1 XFS03 f z 3
(Export Inquiries Invited) A Hie28 u Sacket ]
Model MMv432 MMv1296 MMv432H MMv1296H
Frequency Range
Output MHz 420-459 1260-1377
Input MHz 140-153 420-459
Input Power max. 20 W. 20 W. 70 W. 35 wW.
Output Power at
Max. i/p. Min. 12 W. 10 W. 35 W. 20 wW.
Typical 14 W. 12 wW.
PRICE $75.20 $85.95 $122.80 $107.45
No Power Supply Required. SPECTRUM

All specifications apply to 50 ohm input/output system.
Construction Die cast aluminum box.

Size 4.5 x 2.5 x 1.25 ins. 4 connectors.
Broad band design, NO tuning required.
Shipping: Filters 50¢; Varactor Multipliers $1.00

INTERNATIONAL

BOX 1084 CONCORD
MASSACHUSETTS 01742
uU. S. A

FREQUENCY STANDARD

Only
$37.50

(less batteries)
POSTPAID USA

PRA MINI-AMP | KIT

® Precision crystal

® Fully guaranteed

wart - 25 WAT TS

Here's your answer to medium power portability. ® Markers at 100, 50, 25{ 10 or 5 kHz se-
Team up the Mini-amp | with a rig such as an lected by front panel switch.

HT-%EO. HT-200, fsncﬁl,:ﬁi;gnffug{ ;’:1095‘1;53"3' -1 ® Zero adjust sets to WWYV. Exclusive circuit
to watt unit for 1 A uys

you a complete kit including a carrier operated suppresses unwanted markers.

relay. No alignment required, Please add for ® Compaoct rugged design. AMractive, com-
postage (12 oz.) — Utah residents add 43{% pletely self contained.
State tax. ® Send for free brochure.

Price Research AssocIATES

2285 SOUTH MAIN STREET — SUITE 1

PALOMAR

ENGINEERS

BOX 455, ESCONDIDO, CA 92025

SALT LAKE CITY, UTAH 84115
Phones: 801-484-1672 or 801-487-6211
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trip line design
gad band
gh efficiency

,‘?\S‘ e All solid state

NEW!

RF Poierf;rgpliﬁers .“‘S
6“«PPA140!30 ; volts

—

Q) =8
B o I,

$74.95 wired & tested

WANT TO USE YOUR AMPLIFIER IN-DOORS?

PS24 POWBTSHPEIV..... «misiem o wn somm $99.95 Kt us oo v wom $114.95 wired & tested
PS12 PowerSupply. . . ... ... .. ... $6995 Kit ... oo v vona $85.95 wired & tested

hf engineering

PO Box 1921-HR Binghamton, N.Y. 13902 e 607.723.9574

IVISION OF BROWNIAN FLECTRONICS CORP

ORDER FORM

ltem Part No. Description Price Extension
Name Total
Address Shipping
City NYS Resident Sales Tax
State Zip Total Enclosed
Master Charge No. PA140/30 & PA140/10 ship wgt. 4 Ibs.
BankAmericard No. PA2501 & PA4010 ship wgt. 2 Ibs.

More Details? CHECK—OFF Page 94 june 1975 [} 73



10 CHANNEL SCANNER

For All Regency HR series 2, 2A, & 2B
MT-15, MT-25, & AQUAFONE Transceiver

FEATURES:

s Selectable Priority Channel
(Selected By Channel Selector Swilch)

« 10 Second Delay Before Scan Resumes After Transmit

« 2 Second Delay Before Scan Resumes After Signal Loss

« Plugs Into Existing Crystal Sockets. Simple 5 Wire
Hook-Up Without Major Modification To Radio

« Simple Modification For Selective Channel Bypass

» Optional Digital Channel Display

ORDER
MODEL NUMBER AMATEUR & DLR. NET PRICES

SCANN 10B 10 Channel Scanner $52.50
(Wired Only)

D10B Digital Channel Display $21.75
{(Wired Only)

NET PRICE FOR BOTH $74.25

(SUGGESTED LIST PRICE FOR BOTH - $109.95)

DUPLEXER KITS

PROVEN DE- : SEE JAN. 74
SIGN OVER 150 ],,g' |, 0ST RECENT
SOLD IN US, U g EQUIPMENT
CANADA. EU- .

ROPE. CON- ALL PARTS
STRUCTION 1 PROFESSIONAL
WELDED 3 QUALITY
ALUMINUM IRI-

DITE & SILVER EVERYTHING
PLATED SUPPLIED

CAN BE ASSEMBLED & TUNED IN ONE EVE-
NING. NO SPECIAL TOOLS. RECEIVER &
TRANSMITTER CAN BE USED FOR TUNE UP
MOD. 62-1 6 CAVITY 135-165 MHz POWER
250W ISOLATION GREATER THAN
100dB 600 kHz. INSERTION LOSS .9 dB
MIN. TEMP STABLE OVER WIDE RANGE
PRICE $349.00
MOD. 42-1 4 CAVITY SAME AS 6 CAVITY EX-.
CEPT ISOLATION GREATER THAN 80dB
600 kHz INSERTION LOSS .6 dB MAX
PRICE $249.00
OTHER KITS SOON TO BE AVAILABLE
146 to 148 MHz band pass filter, 1296 & 2304 Interdigital Mixers
144 1o 450 MHz 250w tube amp. 130 to 170 MHz notch filter kit
NORTH SHORE RF TECHNOLOGY
9 SOUTH ST SALEM MASS 019870
TEL. (B17) 745-4177

6T-HR2-3 CRYSTAL DECK

Adds 6 more xmit FQ's to your HR2 or HR2A.
Allows full 12 channel xmit. Improvements in-
clude smaller board, easier installation, and
allows netting without removing the radio

speaker.
6T-HR2-3 Kit $11.50
6T-HR2-3 Wired $15.50

NOTE: We're still making the best MOSFET
PREAMP on the market for the size and price
— Model HF 144 U. Kit $11.95; Wired $17.95

All prices include postage.
ORDER FROM

Topeka FM Communications & Electronics
A Division of Topeka FM Communications, Inc.
125 Jackson
Topeka, Kansas 66603
913-233-7580
Kansas Residents Add 39, Sales Tax

500 MHZ
PRESCALER

354 10"

EXTEND YOUR COUNTER TO 500 MHZ !!!

Can be used with Any counter capable ol 5Mhz

*FMAX greater than 500Mhz

#HIGH INPUT SENSITIVITY ' less than 150mv needed
at 500 Mhz - overload protected

#HIGH INPUT IMPEDANCE 500 ohms

#OUTPUTS =10 and =100 TTL compatable
# INCLUDES POWER SUPPLY

ORDER NOW !
PS—K kit $ 89.00
PS—A wired and lested $10900

plus $ B85 postage
Calit residents add 6% sales tax

=EVY AEEmEIATES

PO Box 961 R

Temple City. Calit. 91780

74 june 1975
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What-s All the Shouting About ?

(ley rn—nxp 0 /b

RECEIVE FREQUENCY TRANSMIT OFFSET

It's the All New (%249 FM-DX

Amateur Net $589.95 — Factory Direct Only

Owners are shouting their praise
for all sorts of reasons
The ones we hear most often are ,

e The operating simplicity, accuracy and stability of the Synthesizer
and LED Frequency Readout.

e The unmatched receiver performance with super sensitivity and
freedom from spurious responses.

e Those beautiful, clean 35 Watts of Transmitter Output.
e The rugged Modular construction.

e The 143.5 — 148.5 MHz coverage — opens a whole new world of
SIMPLEX operation.

UNTIL YOU TRY ONE YOU WON'T KNOW WHICH

FEATURE YOU WILL SHOUT ABOUT - PROBABLY
ALL THE ABOVE - AND MORE! CALL CLEGG’S TOLL
FREE NUMBER TODAY FOR DETAILS ON THE FM-DX.

(b

208 Centervillie Rd. Lancaster, Pa.
Toll free sales & services phone (800) 233-0250
In Pa. call (717) 299-7221 (collect)

B [



“Don't miss Chicago’s

Ll cibl

SEPTEMBER 6-7 S/

Thousands of dollars in door prizes
Manufacturer’s displays-Giant flea-
market

Lake County Fairgrounds-routes 45&120

Grayslake, IL HALFWAY BETWEEN CHICAGO & MILWAUKEE

For tickets in advance send $150 per to: EXPO, Box 1014, Arlington Hts, IL
Convention HQ: Holiday Inn, Mundelein, IL  312-949-5100

;ﬁ%‘éMM for RF POWER ]

e o,

MODEL 34 WATTMETER

ECHO i1l REPEATER

000050000004

L

A4950

ABY49

A COMPLETE LINE OF FM AMPLIF!EFIE
model — power output — gain — price

2METER FM

MODEL C - 25W - 4db - 569
MODEL D - 50W - 7db - $99
SUPER D KIT - 80W - 3.5db - $60
450 - UHF MODEL DS - BOW - 3.5db - $139
¢ MODEL 25 - 30W - 7db - $167 MODEL E - 35W - 10db - $80
p MODEL 30 - 30W - 9db - $194 SUPER E KIT - 40W - 11db - $60
p MODEL 50 - 50W - 5db - $§251 MODEL ES - 40W - 11db - 51156
100 - 100W - 7db - $209 4
1-10-0 - 100W - 14db - $226. 4
350 - 100W - 4db - $185 4

6 METER FM
A4950 - 50W - 10db - $183. |
A4960 - 50W - Bdb - $192
AB949 - 100W - 10db - $270

OTHER PRODUCTS
ECHO IIl FM REPEATER - $949
MODEL 34 WATTMETER - $70.|

. 848 AVE."E” P.0.BOX 1016
RIVIERA BEACH, FLA. 33404

e

(3os18aa-1323

[]D DYNAMIC s 4
COMMUNICATIONS
[ ey

76 june 1975

ELECTRONIC
ENGINEERS

RF COMMUNICATIONS
has immediate openings for
Electronic Project Engineers
and Design Engineers exper-
ienced in HF, SSB, VHF/
UHF — FM communica-

tions equipment, or both.

Call or write Ken Cooper, W2FLZ
(716) 244-5830

RF Communications Division
COMPMUNICATIONS AND
1880 Uriverasity Avenua

HANDL
Aochester, New York 14610 US A
An Foual Opportunity Emploper M

More Details? CHECK—OFF Page 94
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WILSON 204 MONOBANDER

Low
Low
Prices

The Wilson 204 is the best and most economical antenna of its type on the market. Four
elements on a 26’ boom with Gamma Match (No balun required} make for high perfor-
mance on CW & phone across the entire 20 meter band.

The 204 Monobander is built rugged at the high stress points yet using taper swaged
slotted tubing permits larger diameter tubing where it counts, for maximum strength
with minimum wind loading. Wind load 99.8 Ibs. at 80 MPH. Surface area 3.9 sqg. ft.,
Weight 50 ibs., Boom 2" OD.

All Wilson Monoband and Duoband beams have the following common features:

* Taper Swaged Tubing * Adjustable Gamma Match 52

* Fuli Compression Clamps * Quality Aluminum

* No Hotes Drilled in Elements * Handle 4kw

* 2" or 3" Aluminum Booms * Heavy Extruded Element to Boom Mounts

* M204 4 ele. 20, 26’ 2° OD $119.95 - M340 3 eie. 40, 40’, 3" OD $348.00
* M203 3 ele. 20, 20°, 2" OD $ 89.95 - M240 2 ele. 40, 16’, 3" OD $199.00
+ M155 5 ele. 15, 26, 2" OD $119.95 -+ M520 5 efe. 20, 40', 3" OD $189.00
* M154 4 ele. 15, 20°, 2" OD $ 79.00 - M715 7 ele. 15, 40°, 3 OD $159.00
* M105 5 ele. 10, 20°, 2 OD $ 69.00 - DB45 4 ele. 15, 5 ele. 10, 26, 2'" OD $129.95
* M106 6 ele. 10, 26°, 2 OD $ 89.00 - DB43 4 ele. 15, 3 ele. 10, 20, 2” OD $ 99.00
- M104 4 ele. 10, 17,2 OD $ 49.00 - DB54 5 ele. 20, 4 ele. 15, 40’, 3" OD $209.00

All Wilson Antennas are FACTORY DIRECT ONLY! The new low prices are possible by
eliminating the dealer's discount. All antennas in stock. If you order any antenna you
may purchase a CDR Ham |l for $124.95 or a CDR CD44 for $84.95. Send check or
money order, or phone in BankAmericard or Master Charge. All 2" Boom antennas
shipped UPS or PP. 3" by truck.

P. 0. BOX 794 HENDERSON, NEVADA 89015 702-451-5791




CRYSTALS
(;) 320 &

2 Meter Amateur Crystals in the 144-148 MHz Band. For All SAVOY part numbers.
Write for FREE EQUIPMENT and PART NUMBER LIST.

Most Amateur equipments can use SAVOY standard part number at the LOW —
$3.95 price.

If Standard Part numbers do not fit your equipment, send us crystal specifications
you desire. Advise frequencies & quantities required. We will quote price & delivery.

Postage: (Continental U.S.A.)
PP or 1st Cl. & handling add 10¢ per crystal
Airmail & handling add 15¢ per crystal

Prices subject to change without notice

Savoy Electronics,.Inc.

P. 0. Box 5727 — Ft. Lauderdale, Florida 33310
Tel: 305-563-1333

PORTABLE PLEASURE
from ERICKSON. ..

SRC-146A SPECIAL
with your choice of

® Rubber antenna

® [ eather case

® Ni-cads

® Charger

® Remote mike

® Speaker mike

® Extra crystals

& ,\f LR __
Glade Valley School Radio Session

16th Year — July 26 thru August 8, 1975

Restructuring is coming!
Get that license now!

Let the experienced staff from the Glade
Valley School Radio Session help you solve
that license problem. Whether you are
looking for vour General, Advanced or Am-
ateur Extra ticket they will help you in

® PL, tone burst and TT pad every way with their carefully prepared pro-
Put t th & ackicg gram to get the license you are looking for.
UL 'IDgELnEr your owrn g g8« Have a “Vacation with a Purpose” at this

. . . then call or write beautiful location in the Blue Ridge Moun-
for the ERICKSON deall ] i A highly qualified staff and excellent
\'P f ies combine to make license study a

plus ICOM/TPL/TEMPO/ASP p mt memorable experience.

SBE/KENWOOD/CUSHCRAFT/LARSEN C. L PETERS, KADNJ, Director
F

. 0. Box 458, Glade Valley, N. C. 28627

! 1

: I

1 M I 1

Please send me the Booklet and Application H

ERICKSON E Bh::fk ;"?. l';:: .I';}'.r's ﬂé:h:du ‘-’Fﬂ”t':jr T\f(‘h(:!ﬂ i
COM MuNIcAT'oNs i Radio Session !
4135 Main Street (New Location) .l Name____ - | :
Skokie, IL 60076 (312) 677-2161 | Address___ ;
- I

! |

City/State/Zip

Hours: 9-4 M-S; 6:30-9 M, Th
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High Performance
VHF-UHF Equipment

100 Channel 2 m FM Transceiver SE 285

Immediately ready-for-operation on 100 channels with a
frequency spacing of 30 kHz between 145 and 148 MHz.
Five preprogrammed repeater or simplex channels can
be selected on a rotary switch. All other channels can
be selected independently for transmit and receive using
thumbwheel switches on the front-panel. Digital frequency
selection using a frequency synthesizer. Receiver equipped
with KVG 10.7 MHz crystal filter and crystal discriminator, Operating voltage 12 VDC. Com-
pletely silicon transistorized. Output power is 10 W RF. Insensitive to incorrectly matched
antennas. Built-in squelch, calling tone, and loudspeaker. Connector provided for an external

loudspeaker. saa4
SSB/AM/FM/CW 2 meter Transceiver SE 600 digital

A transceiver that really offers you everything. Ex-
tremely low noise figure with excellent selectivity,
and high cross and intermodulation rejection.

True transceive or separate operation of transmitter
and receiver, which can be switched independently
to the CW, LSB, USB, AM and FM modes. This
versatility allows problemless operation via repeat-
ers, satellite and balloon.carried translators.

Digital frequency readout from the built-in fre-
quency counter using 13 mm Nixie tubes. Direct
readout of the transmit and receive frequency; the
indication jumps from one to the other on de-
pressing the PTT button etc.

Separate crystal filters for each mode. True AM with plate/screen grid modulation. Built-in
speech processor. Product detector for SSB and a crystal discriminator for FM. VOX, antitrip
and PTT facilities, as well as RF-output and S-meters. Built-in antenna relay. Built-in power
supplies for AC and 12 VDC operation.

2m/70 cm Linear Transverter LT 702

An all 