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Station Layout and
Accessories

Although many hams never try to build a
major project, such as a transmitter, receiver
or amplifier, they do have to assemble the
various components into a working station.
There are many benefits to be derived from
assembling a safe, comfortable, easy-to-
operate collection of radio gear, whether the
shack is at home, in the car or in a field. This
chapter, written by Wally Blackburn,
AAS8DX, covers the many aspects of setting
up an efficient station.

This chapter will detail some of the
“how tos” of setting up a station for fixed,

Fixed Stations

SELECTING A LOCATION

Selecting the right location for your sta-
tion is the first and perhaps the most impor-
tant step in assembling a safe, comfortable,
convenient station. The exact location will
depend on the type of home you have and
how much space can be devoted to your sta-
tion. Fortunate amateurs will have a spare
room to devote to housing the station; some
may even have a separate building for their
exclusive use. Most must make do with a
spot in the cellar or attic, or a corner of the
living room is pressed into service.

Examine the possibilities from several
angles. A station should be comfortable;

mobile and portable operation. Such top-
ics as station location, finding adequate
power sources, station layout and cable
routing are covered, along with some of
the practical aspects of antenna erection
and maintenance.

Regardless of the type of installation you
are attempting, good planning greatly in-
creases your chances of success. Take the
time to think the project all the way through,
consider alternatives, and make rough mea-
surements and sketches during your plan-
ning and along the way. You will save

odds are good that you’ll be spending a lot
of time there over the years. Some unfin-
ished basements are damp and drafty—not
an ideal environment for several hours of
leisurely hamming. Attics have their draw-
backs, too; they can be stifling during
warmer months. If possible, locate your
station away from the heavy traffic areas of
your home. Operation of your station
should not interfere with family life. A
night of chasing DX on 80 m may be excit-
ing to you, but the other members of your
household may not share your enthusiasm.

Keep in mind that you must connect your
station to the outside world. The location
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headaches and time by avoiding “shortcuts.”
What might seem to save time now may
come back to haunt you with extra work
when you could be enjoying your shack.
One of the first considerations should
be to determine what type of operating you
intend to do. While you do not want to
strictly limit your options later, you need
to consider what you want to do, how much
you have to spend and what room you have
to work with. There is a big difference
between a casual operating position and a
“big gun” contest station, for example.

Fig 19.1—Danny, KD4HQV, appreciates
the simplicity that his operating
position affords. (Photo courtesy
Conard Murray, WS4S)
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Fig 19.2—VE6AFO’s QSL card reveals an impressive array
of gear. Although many hams would appreciate having this
much space to devote to a station, most of us must make

do with less.

you choose should be convenient to a good
power source and an adequate ground. If
you use a computer and modem, you may
need access to a telephone jack. There
should be a fairly direct route to the outside
for running antenna feed lines, rotator con-
trol cables and the like.

Although most homes will not have an
“ideal” space meeting all requirements,
the right location for you will be obvious
after you scout around. The amateurs
whose stations are depicted in Figs 19.1
through 19.3 all found the right spot for
them. Weigh the trade-offs and decide
which features you can do without and
which are necessary for your style of op-
eration. If possible pick an area large
enough for future expansion.

THE STATION GROUND

Grounding is an important factor in
overall station safety, as detailed in the
Safety chapter. An effective ground sys-
tem is necessary for every amateur station.
The mission of the ground system is two-
fold. First, it reduces the possibility of
electrical shock if something in a piece of
equipment should fail and the chassis or
cabinet becomes “hot.” If connected to a
properly grounded outlet, a three-wire
electrical system grounds the chassis.
Much amateur equipment still uses the
ungrounded two-wire system, however. A
ground system to prevent shock hazards is
generally referred to as dc ground.

The second job the ground system must
perform is to provide a low-impedance
path to ground for any stray RF current
inside the station. Stray RF can cause
equipment to malfunction and contributes
to RFI problems. This low-impedance
path is usually called RF ground. In most
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Fig 19.3—Scott, KA9FOX, operated this well laid out station,

WO9UP, during a recent contest. (Photo courtesy NOBSH)

stations, dc ground and RF ground are
provided by the same system.

Ground Noise

Noise in ground systems can affect our
sensitive radio equipment. It is usually
related to one of three problems:

1) Insufficient ground conductor size
2) Loose ground connections
3) Ground loops

These matters are treated in precise sci-
entific research equipment and certain
industrial instruments by attention to cer-
tain rules. The ground conductor should
be at least as large as the largest conductor
in the primary power circuit. Ground con-
ductors should provide a solid connection
to both ground and to the equipment being
grounded. Liberal use of lock washers and
star washers is highly recommended. A
loose ground connection is a tremendous
source of noise, particularly in a sensitive
receiving system.

Ground loops should be avoided at all
costs. A short discussion of what a ground
loop is and how to avoid them may lead you
down the proper path. A ground loop is
formed when more than one ground current
is flowing in a single conductor. This com-
monly occurs when grounds are “daisy-
chained” (series linked). The correct way
to ground equipment is to bring all ground
conductors out radially from a common
point to either a good driven earth ground
or a cold-water system. If one or more earth
grounds are used, they should be bonded
back to the service entrance panel. Details
appear in the Safety chapter.

Ground noise can affect transmitted and
received signals. With the low audio lev-
els required to drive amateur transmitters,
and the ever-increasing sensitivity of our

receivers, correct grounding is critical.

STATION POWER

Amateur Radio stations generally
require a 120-V ac power source. The
120-V ac is then converted to the proper
ac or dc levels required for the station
equipment. Power supply theory is cov-
ered in the Power Supplies chapter, and
safety issues are covered in the Safety
chapter. If your station is located in a
room with electrical outlets, you’re in
luck. If your station is located in the base-
ment, an attic or another area without a
convenient 120-V source, you will have
to run a line to your operating position.

Surge Protection

Typically, the ac power lines provide an
adequate, well-regulated source of elec-
trical power for most uses. At the same
time, these lines are fraught with frequent
power surges that, while harmless to most
household equipment, may cause damage
to more sensitive devices such as comput-
ers or test equipment. A common method
of protecting these devices is through the
use of surge protectors. More information
on these and lightning protection is in the
Safety chapter.

STATION LAYOUT

Station layout is largely a matter of per-
sonal taste and needs. It will depend
mostly on the amount of space available,
the equipment involved and the types of
operating to be done. With these factors in
mind, some basic design considerations
apply to all stations.

The Operating Table

The operating table may be an office or
computer desk, a kitchen table or a custom-



Fig 19.4—The basement makes a good
location if it is dry. A ready-to-
assemble computer desk makes an
ideal operating table at a reasonable
price. This setup belongs to WK8H.
(Photo courtesy AA8DX)

made bench. What you use will depend on
space, materials at hand and cost. The two
most important considerations are height
and size of the top. Most commercial desks
are about 29 inches above the floor. This is
a comfortable height for most adults.
Heights much lower or higher than this may
cause an awkward operating position.
The dimensions of the top are an impor-
tant consideration. A deep (36 inches or
more) top will allow plenty of room for
equipment interconnections along the
back, equipment about midway and room
for writing toward the front. The length
of the top will depend on the amount of
equipment being used. An office or com-
puter desk makes a good operating table.
These are often about 36 inches deep and
60 inches wide. Drawers can be used for
storage of logbooks, headphones, writing
materials, and so on. Desks specifically de-
signed for computer use often have built-in
shelves that can be used for equipment
stacking. Desks of this type are available
ready-to-assemble at most discount and
home improvement stores. The low price
and adaptable design of these desks make
them an attractive option for an operating
position. An example is shown in Fig 19.4.

Stacking Equipment

No matter how large your operating
table, some vertical stacking of equipment
may be necessary to allow you to reach
everything from your chair. Stacking
pieces of equipment directly on top of one
another is not a good idea because most
amateur equipment needs airflow around
it for cooling. A shelf like that shown in
Fig 19.5 can improve equipment layout in
many situations. Dimensions of the shelf
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Fig 19.5—A simple but strong equipment shelf can be built from readily available
materials. Use %s-inch plywood along with glue and screws for the joints for

adequate strength.

can be adjusted to fit the size of your op-
erating table.

Arranging the Equipment

When you have acquired the operating
table and shelving for your station, the next
task is arranging the equipment in a conve-
nient, orderly manner. The first step is to
provide power outlets and a good ground as
described in a previous section. Be conser-
vative in estimating the number of power
outlets for your installation; radio equip-
ment has a habit of multiplying with time,
so plan for the future at the outset.

Fig 19.6 illustrates a sample station lay-
out. The rear of the operating table is
spaced about 1'/> ft from the wall to allow
easy access to the rear of the equipment.
This installation incorporates two separate
operating positions, one for HF and one
for VHF. When the operator is seated at
the HF operating position, the keyer and
transceiver controls are within easy reach.
The keyer, keyer paddle and transceiver
are the most-often adjusted pieces of
equipment in the station. The speaker is
positioned right in front of the operator for
the best possible reception. Accessory
equipment not often adjusted, including
the amplifier, antenna switch and rotator
control box, is located on the shelf above
the transceiver. The SWR/power meter
and clock, often consulted but rarely
touched, are located where the operator
can view them without head movement.
All HF-related equipment can be reached
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without moving the chair.

This layout assumes that the operator is
right-handed. The keyer paddle is oper-
ated with the right hand, and the keyer
speed and transceiver controls are oper-
ated with the left hand. This setup allows
the operator to write or send with the right
hand without having to cross hands to
adjust the controls. If the operator is left-
handed, some repositioning of equipment
is necessary, but the idea is the same. For
best results during CW operation, the
paddle should be weighted to keep it from
“walking” across the table. It should be
oriented such that the operator’s entire
arm from wrist to elbow rests on the table-
top to prevent fatigue.

Some operators prefer to place the sta-
tion transceiver on the shelf to leave the
table top clear for writing. This arrange-
ment leads to fatigue from having an un-
supported arm in the air most of the time. If
you rest your elbows on the tabletop, they
will quickly become sore. If you rarely
operate for prolonged periods, however,
you may not be inconvenienced by having
the transceiver on the shelf. The real secret
to having a clear table top for logging, and
so on, is to make the operating table deep
enough that your entire arm from elbow to
wrist rests on the table with the front panels
of the equipment at your fingertips. This
leaves plenty of room for paperwork, even
with a microphone and keyer paddle on the
table.

The VHF operating position in this sta-
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Fig 19.6—Example station layout as seen from the front (A) and the top (B). The equipment is spaced far enough apart that air

circulates on all sides of each cabinet.

tion is similar to the HF position. The
amplifier and power supply are located on
the shelf. The station triband beam and
VHF beam are on the same tower, so the
rotator control box is located where it can
be seen and reached from both operating
positions. This operator is active on packet
radio on a local VHF repeater, so the com-
puter, printer, terminal node controller and
modem are all clustered within easy reach
of the VHF transceiver.

This sample layout is intended to give
you ideas for designing your own station.
Study the photos of station layouts pre-
sented here, in other chapters of this Hand-
book and in QST. Visit the shacks of
amateur friends to view their ideas. Station
layout is always changing as you acquire
new gear, dispose of old gear, change oper-
ating habits and interests or become active
on different bands. Configure the station to
suit your interests, and keep thinking of
ways torefine the layout. Figs 19.7 and 19.8
show station arrangements tailored for spe-
cific purposes.

Equipment that is adjusted frequently
sits on the tabletop, while equipment re-
quiring infrequent adjustment is perched
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Fig 19.7—It was back to basics for
Elias, K4IX, during a recent Field Day.

Fig 19.8—Richard, WB5DGR, uses a
homebrew 1.5-kW amplifier to seek EME
contacts from this nicely laid out station.

on a shelf. All equipment is positioned so
the operator does not have to move the
chair to reach anything at the operating
position.

Aids for Hams with Disabilities

A station used by an amateur with physi-
cal disabilities or sensory impairments may
require adapted equipment or particular
layout considerations. The station may be
highly customized to meet the operator’s
needs or just require a bit of “tweaking.”

The myriad of individual needs makes
describing all of the possible adaptive
methods impractical. Each situation must
be approached individually, with consid-
eration to the operator’s particular needs.
However, many types of situations have
already been encountered and worked
through by others, eliminating the need to
start from scratch in every case.

An excellent resource is the Courage
Handi-Ham System. The Courage Handi-
Ham System, a part of the Courage Center,
provides a number of services to hams (and
aspiring hams) with disabilities. These in-
clude study materials, equipment loans,
adapted equipment, a newsletter and much



more. Information needed to reach the
Courage Handi-Hams is in the Component
Data and References chapter.

INTERCONNECTING YOUR
EQUIPMENT

Once you have your equipment and get
it arranged, you will have to interconnect
it all. No matter how simple the station,
you will at least have antenna, power and
microphone or key connections. Equip-
ment such as amplifiers, computers, TNCs
and so on add complexity. By keeping
your equipment interconnections well
organized and of high quality, you will
avoid problems later on.

Often, ready-made cables will be avail-
able. But in many cases you will have to
make your own cables. A big advantage of
making your own cables is that you can
customize the length. This allows more
flexibility in arranging your equipment
and avoids unsightly extra cable all over
the place. Many manufacturers supply
connectors with their equipment along
with pinout information in the manual.
This allows you to make the necessary
cables in the lengths you need for your
particular installation.

Always use high quality wire, cables and
connectors in your shack. Take your time
and make good mechanical and electrical
connections on your cable ends. Sloppy
cables are often a source of trouble. Often
the problems they cause are intermittent
and difficult to track down. You can bet
that they will crop up right in the middle of
a contest or during a rare DX QSO! Even
worse, a poor quality connection could
cause RFI or even create a fire hazard. A
cable with a poor mechanical connection
could come loose and short a power supply
to ground or apply a voltage where it should
not be. Wire and cables should have good
quality insulation that is rated high enough
to prevent shock hazards.

Interconnections should be neatly

Fig 19.9—Labels on the cables make it
much easier to rearrange things in the sta-
tion. Labeling ideas include masking tape,
card board labels attached with string and
labels attached to fasteners found on plas-
tic bags (such as bread bags).
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Fig 19.10—The back of this Ten-Tec Omni VI HF transceiver shows some of the
many types of connectors encountered in the amateur station. Note that this
variety is found on a single piece of equipment. (Photo courtesy AA8DX)

bundled and labeled. Wire ties, masking
tape or paper labels with string work well.
See Fig 19.9. Whatever method you use,
proper labeling makes disconnecting and
reconnecting equipment much easier.
Fig 19.10 illustrates the number of poten-
tial interconnections in a modern, full-fea-
tured transceiver.

Wire and Cable

The type of wire or cable to use depends
on the job at hand. The wire must be of
sufficient size to carry the necessary cur-
rent. Use the tables in the Component
Data and References chapter to find this
information. Never use underrated wire; it
will be a fire hazard. Be sure to check the
insulation too. For high-voltage applica-
tions, the insulation must be rated at least
a bit higher than the intended voltage. A
good rule of thumb is to use a rating at
least twice what is needed.

Use good quality coaxial cable of suffi-
cient size for connecting transmitters,
transceivers, antenna switches, antenna
tuners and so on. RG-58 might be fine for
a short patch between your transceiver and
SWR bridge, but is too small to use between
your legal-limit amplifier and Transmatch.

Hookup wire may be stranded or
solid. Generally, stranded is a better
choice since it is less prone to break under
repeated flexing. Many applications re-
quire shielded wire to reduce the chances
of RF getting into the equipment. RG-174
is a good choice for control, audio and
some low-power applications. Shielded
microphone or computer cable can be used
where more conductors are necessary. For
more information, see the Transmission
Lines chapter.

Connectors

While the number of different types of
connectors is mind-boggling, many manu-
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facturers of amateur equipment use a few
standard types. If you are involved in any
group activities such as public service or
emergency-preparedness work, check to
see what kinds of connectors others in the
group use and standardize connectors
wherever possible. Assume connectors are
not waterproof, unless you specifically
buy one clearly marked for outdoor use
(and assemble it correctly).

Audio, Power and Control Connectors

The simplest form of connector is found
on terminal blocks. Although it is possible
to strip the insulation from wire and wrap
it around the screw, this method is not
ideal. The wire tends to “squirm” out from
under the screw when tightening, allow-
ing strands to hang free, possibly shorting
to other screws.

Terminal lugs,

such as those in

Fig 19.11, solve the problem. These lugs
may be crimped (with the proper tool), sol-
dered or both. Terminal lugs are available
in different sizes. Use the appropriate size
for your wire to get the best results.
Some common multipin connectors are

Fig 19.11—The wires on one side of this
terminal block have connectors; the
others do not. The connectors make it
possible to secure different wire sizes
to the strip and also make it much
easier to change things around.
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shown in Fig 19.12. The connector in
Fig 19.12A is often referred to as a “Cinch-
Jones connector.” It is frequently used for
connections to power supplies from vari-
ous types of equipment. Supplying from
two to eight conductors, these connectors
are keyed so that they go together only one
way. They offer good mechanical and elec-
trical connections, and the pins are large
enough to handle high current. If your cable
is too small for the strain relief fitting, build
up the outer jacket with a few layers of elec-
trical tape until the strain relief clamps
securely. The strain relief will keep your
wires from breaking away under flexing or
from a sudden tug on the cable.

(A)

©)

Fig 19.12—The plugs shown at A are
often used to connect equipment to
remote power supplies. The multipin
connectors at B are used for control,
signal and power lines. The DIN plug at
C offers shielding and is often used for
connecting accessories to transceivers.
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Fig 19.13—The phone-plug family. The
/=-inch type is often used for head-
phone and key connections on amateur
equipment. The three-circuit version is
used with stereo headphones. The mini
phone plug is commonly used for
connecting external speakers to
receivers and transceivers. A
subminiphone plug is shown in the
foreground for comparison. The
shielded style with metal barrel is more
durable than the plastic style.

Fig 19.14—Phono plugs have countless
uses around the shack. They are small
and shielded; the type with the metal
body is easy to grip. Be careful not to
use too much heat when soldering the
ground (outer) conductor—you may
melt the insulation.

Fig 19.15—The four-pin mike connector
is common on modern transmitters and
receivers. More elaborate rigs use the
eight-pin type. The extra conductors
may be used for switches to remotely
control the frequency or to power a
preamplifier built into the mike case.

The plug in Fig 19.12B is usually called
a “molex” connector. This plug consists
of an insulated outer shell that houses the
individual male or female “fingers.” Each
finger is individually soldered or crimped
onto a conductor of the cable and inserted
in the shell, locking into place. These
connectors are used on many brands of
amateur gear for power and accessory con-
nections.

Fig 19.12C shows a DIN connector.
Commonly having five to eight pins, these
connectors are a European standard that
have found favor with amateur equipment
manufacturers around the world. They are
generally used for accessory connections.
A smaller version, the Miniature DIN, is
becoming popular. It is most often used in
portable gear but can be found on some
full-size equipment as well.

Various types of phone plugs are shown
in Fig 19.13. The !/s-inch (largest) is usu-
ally used on amateur equipment for head-
phone and Morse key connections. They
are available with plastic and metal
bodies. The metal is usually a better choice
because it provides shielding and is more
durable.

Fig 19.13 also shows the !/s-inch phone
plug. These plugs, sometimes called min-
iature phone plugs, are used for earphone,
external speaker, key and control lines.
There is also a subminiature (*/32-inch)
phone plug that is not common on amateur
gear.

The phono, or RCA, plug shown in
Fig 19.14 is popular among amateurs. It is
used for everything from amplifier relay-
control lines, to low-voltage power lines,
to low-level RF lines, to antenna lines.
Several styles are available, but the best
choice is the shielded type with the screw-
on metal body. As with the phone plugs,
the metal bodies provide shielding and are
very durable.

Nowhere is there more variation than
among microphone connectors. Manufac-
turers seem to go out of their way to use
incompatible connectors! The most popu-
lar types of physical connectors are the
four- and eight-pin microphone connec-
tors shown in Fig 19.15. The simplest con-
nectors provide three connections: audio,
ground and push-to-talk (PTT). More
complex connectors allow for such things
as control lines from the microphone for
frequency changes or power to the micro-
phone for a preamplifier. When connect-
ing a microphone to your rig, especially
an after-market one, consult the manual.
Follow the manufacturer’s recommenda-
tions for best results.

If the same microphone will be used for
multiple rigs with incompatible connec-
tors, one or more adapters will be neces-
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Fig 19.16—The PL-259, or UHF, connector is almost universal for amateur HF work and is popular for equipment operating in
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83-58FCP
COUPLING AING), -1 CENTER
FERRULE 2 | [ e BARe GONTACT
p> v A
BRAID AFTER FLARING  TWANGE popy  TIP

1. Strip cable - don't nick braid, dielectric or conductor.
Slide ferrule, then coupling ring on cable. Flare braid slightly
by rotating conductor and dielectric in circular motion.
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braid down over body of adapter and trim to
3/8". Bare 5/8" of conductor. Tin exposed center
conductor.

2. Slide body on dielectric, barb going under braid until flange is
agains outer jacket. Braid will fan out against body flange

3. Slide nut over body. Grasp cable with hand and push ferrule over barb
until braid is captured between ferrule and body flange.
Squeeze crimp tip only of center contact with pliers; alternate-solder tip.

PLUG ASSEMBLY SOLDER HOLE

4. Screw the plug assembly on adapter. Solder
braid to shell through solder holes. Solder
conductor to contact sleeve.

83-1SP (PL-259) PLUG WITH ADAPTERS
(UG-176/U OR UG-175/U)
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ADAPTER
1. Cut end of cable even. Remove vinyl jacket 5. Screw coupling ring on plug assembly.
3/4" - don't nick braid. Slide coupling ring and
adapter on cable.
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Fig 19.17—Crimp-on connectors and adapters for use with standard PL-259 connectors are popular for connecting to RG-58
and RG-59 type cable. (Courtesy Amphenol Electronic Components, RF Division, Bunker Ramo Corp)
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BNC CONNECTORS
Standard Clamp

1. Cut cable even. Strip jacket. Fray braid and
strip dielectric. Don't nick braid or center
conductor. Tin center conductor.

TNUT Y GASKET

2. Taper braid. Slide nut, washer, gasket and
clamp over braid. Clamp inner shoulder should
fit squarely against end of jacket.

[<332

> =332

3. With clamp in place, comb out braid, fold
back smooth as shown. Trim center conductor.

SOLDER HOLE
4. Solder contact on conductor through solder
hole. Contact should butt against dielectric.
Remove excess solder from outside of contact.
Avoid excess heat to prevent swollen dielectric
which would interfere with connector body.

Improved Clamp
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Follow 1, 2, 3 and 4 in BNC connectors (standard clamp)

exceptas noted. Strip cable as shown. Slide gasket on
cable with groove facing clamp. Slide clamp with sharp
edge facing gasket. Clamp should cut gasket to seal
properly.

1. Follow steps 1, 2, and 3 as outlined for the
standard-clamp BNC connector.

2. Slide on bushing, rear insulator and contact. The
parts must butt securely against each other, as
shown.

3. Solder the center conductor to the contact.
Remove flux and excess solder.

5. Push assembly into body. Screw nut into
body with wrench until tight. Don't rotate
body on cable to tighten.

5. Insert the prepared cable end into the connector
body and tighten the nut. Make sure the sharp edge
of the clamp seats properly in the gasket.
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4. Slide the front insulator over the contact, making
sure it butts against the contact shoulder.

Fig 19.18—BNC connectors are common on VHF and UHF equipment at low power levels. (Courtesy Amphenol Electronic
Components, RF Division, Bunker Ramo Corp)

sary. Adapters can be made with short
pieces of cable and the necessary connec-
tors at each end.

RF Connectors

There are many different types of RF
connectors for coaxial cable, but the three
most common for amateur use are the UHF,
Type N and BNC families. The type of con-
nector used for a specific job depends on
the size of the cable, the frequency of
operation and the power levels involved.

The so-called UHF connector is found
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on most HF and some VHF equipment. It
is the only connector many hams will ever
see on coaxial cable. PL-259 is another
name for the UHF male, and the female is
also known as the SO-239. These connec-
tors are rated for full legal amateur power
at HF. They are poor for UHF work be-
cause they do not present a constant im-
pedance, so the UHF label is a misnomer.
PL-259 connectors are designed to fit
RG-8 and RG-11 size cable (0.405-inch
OD). Adapters are available for use with
smaller RG-58, RG-59 and RG-8X size

cable. UHF connectors are not weather-
proof.

Fig 19.16 shows how to install the sol-
der type of PL-259 on RG-8 cable. Proper
preparation of the cable end is the key to
success. Follow these simple steps. Mea-
sure back about ¥/s-inch from the cable end
and slightly score the outer jacket around
its circumference. With a sharp knife, cut
through the outer jacket, through the braid,
and through the dielectric, right down to
the center conductor. Be careful not to
score the center conductor. Cutting



. .
Type N assembly instructions
Female
Nut Washer Gasket Clamp Male Contact Plug Body Contact Jack Body
Amphenol Connector Cable RG-/U Strip Dims., inches (mm)
Number Type a c
82-61 N Plug 8,9, 144, 165, 213, 214, 216, 225 0.359(9.1) 0.234(6.0)
82-62 N Panel Jack 0.312(7.9) 0.187(4.7)
82-63 N Jack 8,9, 87A, 144, 165, 213, 214, 216, 225
ac 0.281(7.1) 0.156(4.0)
82-67 N Bulkhead Jack
82-202 N Plug 8,9, 144, 165, 213, 214, 216, 225 0.359(9.1) 0.234(6.0)
82-202-1006 N Plug Belden 9913 0.359(9.1) 0.234(6.0)
82-835 N Angle Plug 8,9, 87A, 144, 165, 213, 214, 216, 225 0.281(7.1) 0.156(4.0)
18750 N Angle Plug 0.484(12.3) | 0.234(5.9)
58, 141, 142
34025 N Plug 0.390(9.9) 0.203(5.2)
34525 N Plug 59, 62, 71, 140, 210 0.410(10.4) | 0.230(5.8)
35025 N Jack 58, 141, 142 0.375(9.5) 0.187(4.7)
36500 N Jack 59, 62, 71, 140, 210 0.484(12.3) 0.200(5.1)

Step 1 Place nut and gasket, with "V" groove toward clamp,

over cable and cut off jacket to dim. a.

Step 2 Comb out braid and fold out. Cut off cable dielectric
to dim. ¢ as shown.

Step 3 Pull braid wires forward and taper toward center
conductor. Place clamp over braid and push back
against cable jacket.

Step 4 Fold back braid wires as shown, trim braid to proper
length and form over clamp as shown. Solder
contact to center conductor.

Step 5 Insert cable and parts into connector body. Make
sure sharp edge of clamp seats properly in gasket.
Tighten nut.

Fig 19.19—Type N connectors are a must for high-power VHF and UHF operation. (Courtesy Amphenol Electronic
Components, RF Microwave Operations)

through all outer layers at once keeps the
braid from separating. Pull the severed
outer jacket, braid and dielectric off the
end of the cable as one piece. Inspect the
area around the cut, looking for any
strands of braid hanging loose and snip
them off. There won’t be any if your knife
was sharp enough. Next, score the outer

jacket about %/ie-inch back from the first
cut. Cut through the jacket lightly; do not
score the braid. This step takes practice. If
you score the braid, start again. Remove
the outer jacket.

Tin the exposed braid and center con-
ductor, but apply the solder sparingly and
avoid melting the dielectric. Slide the cou-
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pling ring onto the cable. Screw the con-
nector body onto the cable. If you prepared
the cable to the right dimensions, the cen-
ter conductor will protrude through the
center pin, the braid will show through the
solder holes, and the body will actually
thread onto the outer cable jacket.
Solder the braid through the solder
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holes. Solder through all four holes; poor
connection to the braid is the most com-
mon form of PL-259 failure. A good con-
nection between connector and braid is
just as important as that between the cen-
ter conductor and connector. Use a large
soldering iron for this job. With practice,
you’ll learn how much heat to use. If you
use too little heat, the solder will bead up,
not really flowing onto the connector
body. If you use too much heat, the dielec-
tric will melt, letting the braid and center
conductor touch. Most PL-259s are nickel
plated, but silver-plated connectors are
much easier to solder and only slightly
more expensive.

Solder the center conductor to the cen-
ter pin. The solder should flow on the in-
side, not the outside, of the center pin. If
you wait until the connector body cools
off from soldering the braid, you’ll have
less trouble with the dielectric melting.
Trim the center conductor to be even with
the end of the center pin. Use a small file
to round the end, removing any solder that
built up on the outer surface of the center
pin. Use a sharp knife, very fine sandpaper
or steel wool to remove any solder flux
from the outer surface of the center pin.
Screw the coupling ring onto the body, and
you’re finished.

Fig 19.17 shows two options available
if you want to use RG-58 or RG-59 size
cable with PL-259 connectors. The crimp-
on connectors manufactured specially for
the smaller cable work very well if in-
stalled correctly. The alternative method
involves using adapters for the smaller
cable with standard RG-8 size PL-259s.
Prepare the cable as shown. Once the braid
is prepared, screw the adapter into the
PL-259 shell and finish the job as you
would a PL-259 on RG-8 cable.

The BNC connectors illustrated in
Fig 19.18 are popular for low power levels
at VHF and UHF. They accept RG-58 and
RG-59 cable, and are available for cable
mounting in both male and female ver-
sions. Several different styles are avail-
able, so be sure to use the dimensions for
the type you have. Follow the installation
instructions carefully. If you prepare the
cable to the wrong dimensions, the center
pin will not seat properly with connectors
of the opposite gender. Sharp scissors are
a big help for trimming the braid evenly.

The Type N connector, illustrated in
Fig 19.19, is a must for high-power VHF
and UHF operation. N connectors are
available in male and female versions for
cable mounting and are designed for
RG-8 size cable. Unlike UHF connectors,
they are designed to maintain a constant
impedance at cable joints. Like BNC con-
nectors, it is important to prepare the cable
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to the right dimensions. The center pin
must be positioned correctly to mate with
the center pin of connectors of the oppo-
site gender. Use the right dimensions for
the connector style you have.

Computer Connectors

As if the array of connectors related to
amateur gear were not enough, the preva-
lence of the computer in the shack has
brought with it another set of connectors
to consider. Most connections between
computers and their peripherals are made
with some form of multiconductor cable.
Examples include shielded, unshielded
and ribbon cable. Common connectors
used are the 9- and 25-pin D-Subminia-
ture connector, the DIN and Miniature
DIN and the 36-pin Amphenol connector.
Various edge-card connectors are used
internally (and sometimes externally) on
many computers. Fig 19.20 shows a vari-
ety of computer connectors. See the Com-
ponent Data and References chapter for
other computer-connector pinout dia-
grams.

EIA-232 Serial Connections

The serial port on a computer is argu-
ably the most used, and often most trouble-
some, connector encountered by the
amateur. The serial port is used to connect
modems, TNCs, computer mice and some
printers to the computer. As the name
implies, the data is transmitted serially.

The EIA-232-D (commonly referred to
as RS-232) standard defines a system used
to send data over relatively long distances.
It is commonly used to send data anywhere
from a few feet to 50 feet or more. The stan-
dard specifies the physical connection and
signal lines. The serial ports on most com-
puters comply with the EIA-232-D stan-
dard only to the degree necessary to operate
with common peripherals. Fig 19.21 shows
the two most common connectors used for
computer serial ports. A 9-pin connector
can be adapted to a 25-pin by connecting
like signals. Earth ground is not provided
in the 9-pin version.

Equipment connected via EIA-232-D is

Fig 19.20—Various computer connec-
tors.

usually classified in one of two ways: DTE
(data terminal equipment) or DCE (data
communication equipment). Terminals
and computers are examples of DTE,
while modems and TNCs are DCE.

The binary data is represented by spe-
cific voltage levels on the signal line. The
EIA-232-D standard specifies that a binary
one is represented by a voltage ranging
from-3to—-25 V. Abinary zeroranges from
3t025V.£12Visacommon level in many
types of equipment, but anything within the
specified ranges is just as valid.

The RTS (request to send), CTS (clear
to send), DTR (data terminal ready) and
DSR (data set ready) lines are used for
handshaking signals. These signals are
used to coordinate the communication
between the DTE and DCE. The RTS and
DTR line are used by the DTE to indicate to
the DCE that itis ready to receive data from
the DCE. The DCE uses the CTS/DSR lines
to signal the DTE as to whether or not it is
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6 9
Pin Direction Description
1 | Data Carrier Detect (DCD)
2 | Receive Data (RX)
3 (¢] Transmit Data (TX)
4 (0] Data Terminal Ready (DTR)
5 GND Signal Ground (GND)
6 | Data Set Ready (DSR)
7 o Request To Send (RTS)
8 | Clear To Send (CTS)
9 | Ring Indicator (RI)

(A)

1 13

O0O0O0O00000000O0
000000000000

14 25
Pin Direction Description
1 GND Earth Ground
2 o Transmit Data (TX)
3 | Receive Data (RX)
4 (¢] Request To Send (RTS)
5 | Clear To Send (CTS)
6 | Data Set Ready (DSR)
7 GND Signal Ground (GND)
8 | Data Carrier Detect (DCD)
20 (¢] Data Terminal Ready (DTR)
22 | Ring Indicator (RI)

(B)

Fig 19.21—The two most common
implementations of EIA-232-D serial
connections on personal computers
use 9- and 25-pin connectors.
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Fig 19.22—EIA-232-D serial connec-
tions for normal DTE/DCE (A) and those
that ignore handshaking (B).

ready to accept data. DCD (data carrier
detect) is also sometimes used by the DCE
to signal the DTE that an active carrier
is present on the communication line. A
+12-V signal represents an active hand-
shaking signal. The equipment “drops” the
line to —12 V when it is unable to receive
data.

You may notice that the name “ready to
send” is sort of a misnomer for the DTE
since it actually uses it to signal that it is
ready to receive. This is a leftover from
when communication was mostly one-
way—DTE to DCE. Note also that the sig-
nal names really only make sense from the
DTE point of view. For example, pin 2 is
called TD on both sides, even though the
DCE is receiving data on that pin. This is
another example of this one-way termi-
nology.

It would be much too simple if all serial
devices implemented all of the ETA-232-
D specifications. Some equipment ignores
some or all of the handshaking signals.
Other equipment expects handshaking
signals to be used as specified. Connect-
ing these two types of equipment together
will result in a frustrating situation. One
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Fig 19.23—EIA-232-D null modem serial
connection.

side will blindly send data while the other
side blindly ignores all data sent to it!

Fig 19.22 shows the different possible
ways to connect equipment. Fig 19.22A
shows how to connect a “normal” DTE/
DCE combination. This assumes both
sides correctly implement all of the hand-
shaking signals. If one or both sides
ignore handshaking signals, the connec-
tions shown in Fig 19.22B will be neces-
sary. In this scheme, each side is sending
the handshaking signals to itself. This
little bit of deceit will almost always work,
but handshaking signals that are present
will be ineffective.

Null Modem Connections

Some equipment does not fall com-
pletely in the DTE or DCE category. Some
serial printers, for example, act as DCE
while others act as DTE. Whenever a DTE/
DTE or DCE/DCE connection is needed a
special connection, known as a null modem
connection, must be made. An example
might be connecting two computers
together so they can transmit data back and
forth. A null modem connection simply
crosses the signal and handshaking lines.

Station Layout and Accessories

Fig 19.23 shows a normal null modem con-
nection (A) and one for equipment that
ignores handshaking (B).

Parallel Connections

Another common computer port is the
parallel port. The most popular use for the
parallel port by far is for printer connec-
tions. As the name implies, data is sent in
a parallel fashion. There are eight data
lines accompanied by a number of control
and handshaking lines. A parallel printer
connection typically uses a 25-pin D-Sub-
miniature connector at the computer end
and a 36-pin Amphenol connector (often
called an Epson connector) on the printer.

Connecting Computers to Amateur
Equipment

Most modern transceivers provide a
serial connection that allows external con-
trol of the rig, typically with a computer.
Commands sent over this serial control
line can cause the rig to change frequency,
mode and other parameters. Logging and
contest software running on the computer
often takes advantage of this capability.

The serial port of most radios operates
with the TTL signal levels of 0 V for a
binary O and 5 V for a binary 1. This is
incompatible with the £12 V of the serial
port on the computer. For this reason, level
shifting is required to connect the radio to
the computer.

A couple of level shifter projects appear
in the projects section at the end of this
chapter. One of these two examples will
work in most rig control situations, al-
though some minor modifications may be
necessary. Use the manual and technical
documentation to find out what signals
your radio requires and choose the circuit
that fits the bill. The important factors to
note are whether handshaking is imple-
mented and what polarity the radio expects
for the signals. In some cases, a 5-V level
represents a logic 1 (active high) and in
others a logic 0 (active low).

CSMA/CD Bus

Some equipment, notably ICOM rigs
with the CI-V interface and recent Ten-
Tec gear, use a CSMA/CD (carrier-sense
multiple access/collision detect) bus that
can interconnect a number of radios and
computers simultaneously. This bus basi-
cally consists of a single wire, on which
the devices transmit and receive data, and
a ground wire. Fig 19.24 illustrates the
CSMA/CD scheme.

Each device connected to the bus has its
own unique digital address. A radio comes
from the manufacturer with a default
address that can be changed if desired,
usually by setting dip switches inside the
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Fig 19.24—The basic two-wire bus
system that ICOM and some Ten-Tec
radios share among several radios and
computers. In its simplest form, the
network would include only one radio
and one computer.

radio. Information is sent on the bus in the
form of packets that include the control
data and the address of the device (radio or
computer) for which they are intended. A
device receives every packet but only acts
on the data when its address is embedded
in the packet.

A device listens to the bus before trans-
mitting to make sure it is idle. A problem
occurs when both devices transmit on the
bus at the same time: They both listen, hear
nothing and start to send. When this hap-
pens, the packets garble each other. This
is known as a collision. That is where the
CSMA/CD bus collision-detection feature
comes in: The devices detect the collision
and each sender waits a random amount of
time before resending. The sender waiting
the shorter random time will get to send
first.

Computer/TNC Connections

TNCs (terminal node controllers) also
connect to the computer (or terminal) via
the serial port. A TNC typically imple-
ments handshaking signals. Therefore, a
connector like the one in Fig 19.22A will
be necessary. Connectors at the TNC end
vary with manufacturer. The documenta-
tion included with the TNC will provide
details for hooking the TNC to the com-
puter.

DOCUMENTING YOUR STATION

An often neglected but very important
part of putting together your station is
properly documenting your work. Ideally,
you should diagram your entire station
from the ac power lines to the antenna on
paper and keep the information in a spe-
cial notebook with sections for the various
facets of your installation. Having the sta-
tion well documented is an invaluable aid
when tracking down a problem or plan-
ning a modification. Rather than having to
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search your memory for information on
what you did a long time ago, you’ll have
the facts on hand.

Besides recording the interconnections
and hardware around your station, you
should also keep track of the performance
of your equipment. Each time you install a
new antenna, measure the SWR at differ-
ent points in the band and make a table or
plot a curve. Later, if you suspect a prob-
lem, you’ll be able to look in your records
and compare your SWR with the original
performance.

In your shack, you can measure the
power output from your transmitter(s) and
amplifier(s) on each band. These measure-
ments will be helpful if you later suspect
you have a problem. If you have access to
a signal generator, you can measure re-
ceiver performance for future reference.

INTERFACING HIGH-VOLTAGE
EQUIPMENT TO SOLID-STATE
ACCESSORIES

Many amateurs use a variety of equip-
ment manufactured or home brewed over
a considerable time period. For example,
a ham might be keying a *60s-era tube rig
with a recently built microcontroller-
based electronic keyer. Many hams have
modern solid-state radios connected to
high-power vacuum-tube amplifiers.

Often, there is more involved in con-
necting HV (high-voltage) vacuum-tube
gear to solid-state accessories than a cable
and the appropriate connectors. The solid-
state switching devices used in some
equipment will be destroyed if used to
switch the HV load of vacuum tube gear.
The polarity involved is important too.
Even if the voltage is low enough, a key-
line might bias a solid-state device in such
a way as to cause it to fail. What is needed
is another form of level converter.

MOSFET Level Converters

While relays can often be rigged to inter-
face the equipment, their noise, slow speed
and external power requirement make them
an unattractive solution in some cases. An
alternative is to use power MOSFETs.
Capable of handling substantial voltages
and currents, power MOSFETs have be-
come common design items. This has made
them inexpensive and readily available.

Nearly all control signals use a common
ground as one side of the control line. This
leads to one of four basic level-conversion
scenarios when equipment is intercon-
nected:

1) A positive line must be actuated by a
negative-only control switch.

2) A negative line must be actuated by a
positive-only control switch.

To
Negative-only
Switch

To
Positive-only
Switch
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To
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Fig 19.25—Level-shifter circuits for opposite input and output polarities. At A,
from a negative-only switch to a positive line; B, from a positive-only switch to a

negative line.

BT1—9-V transistor-radio battery.

D1—15-V, 1-W Zener diode (1N4744 or
equiv).

Q1—IRF620.

Q2—IRF220 (see text).
R1—100 Q, 10%, '/s W.
R2—10 kQ, 10%, /s W.



3) A positive line must be actuated by a
positive-only control switch.

4) A negative line must be actuated by a
negative-only control switch.

In cases 3 and 4 the polarity is not the
problem. These situations become impor-
tant when the control-switching device is
incapable of handling the required open-
circuit voltage or closed-circuit current.

Case 1 can be handled by the circuit in
Fig 19.25A. This circuit is ideal for inter-
facing keyers designed for grid-block key-
ing to positive CW key lines. A circuit
suitable for case 2 is shown in Fig 19.25B.
This circuit is simply the mirror image of
that in Fig 19.25A with respect to circuit
polarity. Here, a P-channel device is used
to actuate the negative line from a posi-
tive-only control switch.

Cases 3 and 4 require the addition of
an inverter, as shown in Fig 19.26. The
inverter provides the logic reversal needed
to drive the gate of the MOSFET high,
activating the control line, when the con-
trol switch shorts the input to ground.

Almost any power MOSFET can be
used in the level converters, provided the
voltage and current ratings are sufficient
to handle the signal levels to be switched.
A wide variety of suitable devices is avail-
able from most large mail-order supply
houses.

to
positive-only
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Fig 19.26—Circuits for same-polarity level shifters. At A, for positive-only
switches and lines; B, for negative-only switches and lines.

BT1—9-V transistor-radio battery.

D1—15-V, 1-W Zener diode (1N4744 or
equiv).

Q3—IRF620.

Q4—IRF220 (see text).

Mobile and Portable Installations

Time and again, radio amateurs have
been pressed into service in times of need.
New developments outside of Amateur
Radio (cellular phones, for example) often
bring with them predictions that amateurs
will no longer be needed to provide emer-
gency communications. Just as often, a
disaster proves beyond doubt the falseness
of that exclamation. When the call for
emergency communication is voiced by
government and disaster relief organiza-
tions, mobile and portable equipment is
pressed into service where needed. In addi-
tion to the occasional emergency or disas-
ter type of communications, mobile and
portable operation under normal conditions
can challenge and reward the amateur
operator.

Most mobile operation today is carried
out by means of narrow-band repeaters.
Major repeater frequencies reside in the
146 and 440-MHz bands. As these bands
become increasingly congested, the 222

and 1240-MHz bands are being used for
this reliable service mode as well. Many
amateurs also enjoy mobile and portable
HF operation because of the challenge and
possibilities of worldwide communication.

MOBILE STATIONS

Installation and setup of mobile equip-
ment can be considerably more challeng-
ing than for a fixed station. Tight quarters,
limited placement options and harsher
environments require innovation and
attention to detail for a successful instal-
lation. The equipment should be placed so
that operation will not interfere with driv-
ing. Driving safely is always the primary
consideration; operating radio equipment
is secondary. See Fig 19.27 for one neat
solution. If your vehicle has an airbag, be
sure it can deploy unimpeded.

Mobile operation is not confined to lower
power levels than in fixed stations. Many
modern VHF FM transceivers are capable
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R1—10 kQ, 10%, /s W.

U1—CD4049 CMOS inverting hex
buffer, one section used (unused
sections not shown; pins 5, 7, 9, 11
and 14 tied to ground).

of 25 to 50 W of output. Compact HF rigs
usually have outputs in the 100-W range and
run directly from the 13.6-V supply.

If a piece of equipment will draw more
than a few amps, it is best to run a heavy
cable directly to the battery. Few circuits
in an automobile electrical system can
safely carry the more than 20 A required
for a 100-W HF transceiver. Check the
table in the Component Data and Refer-
ences chapter to verify the current-han-
dling capabilities of various gauges of
wire and cable. Adequate and well-placed
fuses are necessary to prevent fire hazards.
For maximum safety, fuse both the hot and
ground lines near the battery. Automobile
fires are costly and dangerous.

The limited space available makes
antennas for mobile operation quite dif-
ferent than those for fixed stations. This
is especially true for HF antennas. The
Antennas chapter contains information
for building and using mobile antennas.
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Fig 19.27—N8KDY removed the ashtray for his mobile installation. The old

faceplate for the ashtray is used as a cover for the rig when not in use. This may
help reduce the temptation for would-be thieves. (Photo courtesy AA8DX)

Interference

In the past, interference in mobile in-
stallations almost always concerned inter-
ference to the radio equipment. Examples
include ignition noise and charging-sys-
tem noise. Modern automobiles—packed
with arrays of sensors and one or more
on-board computers—have made interfer-
ence a two-way street. The original type
of interference (to the radio) has also in-
creased with the proliferation of these
devices. Anentire chapterinthe ARRL RFI
Book is devoted to ways to prevent and
cure this problem.

PORTABLE STATIONS

Many amateurs experience the joys of
portable operation once each year in the
annual emergency exercise known as
Field Day. Setting up an effective portable
station requires organization, planning
and some experience. For example, some
knowledge of propagation is essential to
picking the right band or bands for the
intended communications link(s). Por-
table operation is difficult enough without
dragging along excess equipment and
antennas that will never be used.

Some problems encountered in portable
operation that are not normally experi-
enced in fixed-station operation include
finding an appropriate power source and
erecting an effective antenna. The equip-
ment used should be as compact and light-
weight as possible. A good portable setup
is simple. Although you may bring gobs of
gear to Field Day and set it up the day
before, during a real emergency speed is
of the essence. The less equipment to set
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up, the faster it will be operational.

Portable AC Power Sources

There are two popular sources of ac
power for use in the field. One is referred to
as a dc-to-ac converter, or more commonly,
an inverter. The ac output of an inverter is
a square wave. Therefore, some types of
equipment cannot be operated from the in-
verter. Certain types of motors are among
those devices that require a sine-wave out-
put. Fig 19.28 shows a typical commercial
inverter. This model delivers 120 V of ac at
175 W continuous power rating. It requires
6 or 12 V dc input.

Besides having a square-wave output,
inverters have some other traits that make
them less than desirable for field use.
Commonly available models do not pro-
vide a great deal of power. The 175-W

Fig 19.28—Photograph of a commercial
dc-to-ac inverter that operates from 6 to
12 V dc and delivers 120 V ac (square
wave) at 175 W.

model shown in Fig 19.28 could barely
power a few light bulbs, let alone a num-
ber of transceivers. Higher-power models
are available but are quite expensive. An-
other problem is that the batteries supply-
ing the inverter with primary power are
discharged as power is drawn from the
inverter.

Popularity and a number of competing
manufacturers have caused gasoline gen-
erators to come down considerably in
price. For areliable, adequate source of ac
(with sine-wave output), the gasoline-
engine-driven generator is the best choice.
(While still referred to as generators, prac-
tically all modern units actually use alter-
nators to generate ac power.) Generators
have become smaller and lighter as manu-
facturers have used aluminum and other
lightweight materials in their construc-
tion. Fig 19.29 shows the type of genera-
tor often used during Field Day.

Generators in the 3 to 5-kW range are
easily handled by two people and can pro-
vide power for a relatively large mult-
ioperator field site. Most generators
provide 12 V dc output in addition to 120/
240 V ac.

Generator Maintenance

Proper maintenance is necessary to ob-
tain rated output and a decent service life
from a gasoline generator. A number of
simple measures will prolong the life of the
equipment and help maintain reliability.

Itis a good idea to log the dates the unit
is used and the operating time in hours.
Many generators have hour-meters to
make this simple. Include dates of mainte-
nance and the type of service performed.
The manufacturer’s manual should be the

Fig 19.29—Modern gasoline engine-
powered generators offer considerable
ac power output in a relatively compact
and lightweight package.



spare spark plugs should always be kept
with the unit, along with tools needed to
change them. Always use the type of spark
plug recommended by the manufacturer.

Generator Ground

A proper ground for the generator is ab-
solutely necessary for both safety reasons
and to ensure proper operation of equip-
ment powered from the unit. Most genera-
tors are supplied with a three-wire outlet,
and the ground should connect to the plug
as shown in Fig 19.30. Some generators
require that the frame be grounded also. An
adequate pipe or rod should be driven into
the ground near the generator and con-

nected to the provided clamp or lug. If no
connection is provided, a clamp can be used
to connect the ground lead to the frame of
the generator. As always, follow the manu-
facturer’s recommendations.

Portable Antennas

An effective antenna system is essen-
tial to all types of operation. Effective
portable antennas, however, are more dif-
ficult to devise than their fixed-station
counterparts. A portable antenna must be
light, compact and easy to assemble. It is
also important to remember that the por-
table antenna may be erected at a variety
of sites, not all of which will offer ready-
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Fig 19.30—A simple accessory that
provides overload protection for
generators that do not have such
provisions built in.

primary source of maintenance informa-
tion and the final word on operating pro-
cedures and safety. The manual should be
thoroughly covered by all persons who
will operate and maintain the unit.

Particular attention should be paid to fuel
quality and lubricating oil. A typical gaso-
line generator is often used at or near its
rated capacity. The engine driving the alter-
nator is under a heavy load that varies with
the operation of connected electrical equip-
ment. For these reasons, the demands on
the lubricating oil are usually greater than
for most gasoline-engine powered equip-
ment such as lawn mowers, tractors and
even automobiles. Only the grades and
types of oil specified in the manual should
be used. The oil should be changed at the
specified intervals usually given as a num-
ber of operating hours.

Fuel should be clean, fresh and of good
quality. Many problems with gasoline
generators are caused by fuel problems.
Examples include dirt or water in the fuel
and old, stale fuel. Gasoline stored for any
length of time changes as the more volatile
components evaporate. This leaves excess
amounts of varnish-like substances that will
clog carburetor passages. If the generator
will be stored for a long period, it is a good
idea to run it until all of the fuel is burned.
Another option is the use of fuel stabilizers
added to the gasoline before storage.

Spark plugs should be changed as speci-
fied. Faulty spark plugs are a common
cause of ignition problems. A couple of
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Beam

Rotator

| «— Mast Bolted to Ladder
120°
120°
Rope or Wire Guys
Plan View (3 Pairs)

ro

AL T rrrTd

Extension
Ladder

le—— 80% of Mast Height

Guy Anchor Pipe
Driven into Ground

Hole in Ground to Keep
Base from "Walking"

Fig 19.31—An aluminum extension ladder makes a simple but sturdy portable
antenna support. Attach the antenna and feed lines to the top ladder section while
it is nested and laying on the ground. Push the ladder vertical, attach the bottom
guys and extend the ladder. Attach the top guys. Do not attempt to climb this type
of antenna support.
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made supports. Strive for the best antenna
system possible because operations in the
field are often restricted to low power by
power supply and equipment consider-
ations. Some antennas suitable for por-
table operation are described in the
Antennas chapter.

(B)
Fig 19.32—The portable tower mounting
system by WA7LYI. At A, a truck is
“parked” on the homemade base plate
to weigh it down. At B, the antennas,
mast and rotator are mounted before
the tower is pushed up. Do not attempt
to climb a temporary tower installation.

Antenna Supports

While some amateurs have access to a
truck or trailer with a portable tower, most
are limited to what nature supplies, along
with simple push-up masts. Select a por-
table site that is as high and clear as pos-
sible. Elevation is especially important if
your operation involves VHF. Trees,
buildings, flagpoles, telephone poles and
the like can be pressed into service to sup-
port wire antennas. Drooping dipoles are
often chosen over horizontal dipoles
because they require only one support.

An aluminum extension ladder makes
an effective antenna support, as shown in
Fig 19.31. In this installation, a mast,
rotator and beam are attached to the top of
the second ladder section with the ladder
near the ground. The ladder is then pushed
vertical and the lower set of guy wires at-
tached to the guy anchors. When the first
set of guy wires is secured, the ladder may
be extended and the top guy wires attached
to the anchors. Do not attempt to climb a
guyed ladder.

Figs 19.32 and 19.33 illustrate two
methods for mounting portable antennas
described by Terry Wilkinson, WA7LYI.
Although the antennas shown are used for
VHF work, the same principles can be
applied to small HF beams as well.

In Fig 19.32A, a 3-ft section of Rohn 25
tower is welded to a pair of large hinges,
which in turn are welded to a steel plate
measuring approximately 18x30 inches.
One of the rear wheels of a pickup truck is

“parked” on the plate, ensuring that it will
not move. In Fig 19.32B, quad array anten-
nas for 144 and 222 MHz are mounted on a
Rohn 25 top section, complete with rotator
and feed lines. The tower is then pushed
up into place using the hinges, and guy
ropes anchored to heavy-duty stakes driven
into the ground complete the installation.
This method of portable tower installation
offers an exceptionally easy-to-erect, yet
sturdy, antenna support. Towers installed
in this manner may be 30 or 40 ft high; the
limiting factor is the number of “pushers”
and “rope pullers” needed to get into the
air. A portable station located in the bed of
the pickup truck completes the installation.

The second method of mounting portable
beams described by WA7LYTI is shown in
Fig 19.33. This support is intended for use
with small or medium-sized VHF and UHF
arrays. The tripod is available from any
dealer selling television antennas; tripods
of this type are usually mounted on the roof
of a house. Open the tripod to its full size
and drive a pipe into the ground at each leg.
Use a hose clamp or small U-bolt to anchor
each leg to its pipe.

The rotator mount is made from a
6-inch-long section of 1'/>-inch-diameter
pipe welded to the center of an “X” made
from two 2-ft-long pieces of concrete
reinforcing rod (rebar). The rotator clamps
onto the pipe, and the whole assembly is
placed in the center of the tripod. Large
rocks placed on the rebar hold the rotator
in place, and the antennas are mounted on
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(©)

Fig 19.33—The portable mast and tripod by WA7LYI. At A, the tripod is clamped to stakes driven into the ground. The rotator
is attached to a homemade pipe mount. At B, rocks piled on the rotator must keep the rotator from twisting and add weight to
stabilize the mast. At C, a 10-ft mast is inserted into the tripod/rotator base assembly. Four 432-MHz Quagis are mounted at
the top.



a 10 or 15-ft mast section. This system is
easy to make and set up.

Tips for Portable Antennas

Any of the antennas described in the
Antennas chapter or available from com-
mercial manufacturers may be used for
portable operation. Generally, though, big
or heavy antennas should be passed over
in favor of smaller arrays. The couple of
decibels of gain a 5-element, 20-m beam
may have over a 3-element version is
insignificant compared to the mechanical
considerations. Stick with arrays of rea-
sonable size that are easily assembled.

Wire antennas should be cut to size and
tuned prior to their use in the field. Be care-
ful when coiling these antennas for trans-
port, or you may end up with a tangled mess

when you need an antenna in a hurry. The
coaxial cable should be attached to the cen-
ter insulator with a connector for speed in
assembly. Use RG-58 for the low bands and
RG-8X for higher-band antennas. Al-
though these cables exhibit higher loss than
standard RG-8, they are far more compact
and weigh much less for a given length.

Beam antennas should be assembled
and tested before taking them afield.
Break the beam into as few pieces as nec-
essary for transportation and mark each
joint for speed in reassembly. Hex nuts
can be replaced with wing nuts to reduce
the number of tools necessary.

Ground Rod Installation

A large sledgehammer, a small steplad-
der and a lot of elbow grease. That’s the

THE TiCK-2—A TINY CMOS KEYER 2

TiCK-2 stands for “Tiny CMOS
Keyer 2.” It is based on an 8-pin DIP
microcontroller from Microchip Corpora-
tion, the PIC 12C509. This IC is a perfect
candidate for all sorts of Amateur Radio
applications because of its small size
and high performance capabilities. This
project was described fully in Oct 1997
OST by Gary M. Diana, Sr, N2JGU, and
Bradley S. Mitchell, WB8YGG. The keyer
has the following features:

e One memory message—a single
memory message, capable of at least
playing back “CQ CQ DE callsign
callsign K”

e Mode A and B iambic keying

e Low current requirement—to support
portable use.

e Low parts count—consistent with a goal
for small physical size.

e Simple interfaces—this includes the rig
and user interfaces. The user interface
must be simple; ie, the operator shouldn’t
need a manual. The rig interface should
be simple as well: paddles in, key line out.

e Sidetone—supply an audible sidetone
for user-feedback functions and to sup-
port transceivers that do not have a
built-in sidetone.

e Paddle select—allow the operator to
swap the dot and dash paddles without
having to rewire the keyer (or flip the
paddles upside down!).

e Manual keying—permit interfacing a
straight key (or external keyer) to the
TiCK.

usual formula for driving in an 8-foot
ground rod. Michael Goins, WB5YKX,
reports success using fluid hydraulics to
ease the task in very dense clay soil.

He suggests digging a small hole, about
a foot deep, just enough to hold a few gal-
lons of water. When the hole is complete,
pour water into the hole, and then push the
ground rod in as far as it will go. Next, pull
it out completely. Some of the water will
run into the smaller hole made by the
ground rod.

Repeat the process, allowing water to
run into the small hole each time you re-
move the rod. Continue pushing and re-
moving until the rod is sunk as far as you
want. About 6 inches of rod above the
ground is usually enough to allow conve-
nient connection of bonding clamps.

Design

Fig 19.34 shows the schematic for the
keyer. The PIC 12C509 has two pages of
512 bytes of program read-only memory
(ROM) and 41 bytes of random-access
memory (RAM). This means that all the
keyer functions have to fit within the ROM.
The keyer settings such as speed, paddle
selection, iambic mode and sidetone enable
are stored in RAM. The RAM in this
microcontroller is volatile, that is, the val-
ues stored in memory are lost if the power
to the chip is cycled off, then on—but
there’s not much of a need to do that
because of the low power requirements for
the chip.

A 12C509 has eight pins. Two pins are
needed for the dc input and ground con-

Table 19.1
TiCK-2 User Interface Description
Action

Press pushbutton S (dit-dit-dit)
Hold pushbutton down M (dah-dah)
Hold pushbutton down T (dah)
Hold pushbutton down A (dit-dah)
Hold pushbutton down | (dit-dit)

Hold pushbutton down
Hold pushbutton down A (dit-dah)
Hold pushbutton down
Hold pushbutton down M (dah-dah)
Hold pushbutton down K (dah-dit-dah)

Hold pushbutton down S (dit-dit-dit)

TiCK-1 and 2 Response

P (dit-dah-dah-dit)

SK (dit-dit-dit dah-dit-dah)

Function

Speed adjust: Press dit to decrease, dah to increase speed.
Memory playback: Plays the message from memory, using the key line and

sidetone (if enabled).

Tune: To unkey rig, press either paddle or pushbutton.
ADMIN mode: Allows access to various TiCK-2 IC setup parameters.
Input mode: Allows message entry. Press pushbutton when input is

complete.

Paddle select: Press paddle desired to designate as dit paddle.

Audio select: Press dit to enable sidetone, dah to disable.

Default: enabled.

Straight key select: Pressing either paddle toggles the TiCK to/from

straight key/keyer mode. Default: keyer mode.

Mode select: Pressing the dit paddle puts the TiCK into iambic
mode A; dah selects iambic mode B (the default).

Keyer mode: If pushbutton is released, the keyer returns to normal

operation.

Cycle repeats with Speed adjust.

Station Layout and Accessories
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Except as indicated, decimal
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in microfarads ( uF); others
are in picofarads (pF);
resistances are in ohms;
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Notes:

For NorCal 40 and 40A QRP Transceivers, R3=1 MQ and R2=27 kQ.

To use a piezo element at LS1, jumper (or omit) R3 and C4, and omit R2 and C5.
If you use the AUXILIARY +3 to 5 V Input, omit C1, C2 and U2.

Do not simultaneously connect a power supply to the AUXILIARY input and J2,
unless a diode is connected in series with the AUXILIARY supply; see text.

J3-2 ?

Fig 19.34—Schematic of the TiCK-2 keyer. Equivalent parts can be substituted. Unless otherwise specified, resistors are
/s W, 5%-tolerance carbon-composition or film units. The PIC12C509 IC must be programmed before use; see Note in the
parts list for U1. RS part numbers in parentheses are RadioShack; M = Mouser (Mouser Electronics).

C1, C2—1 pF, 16 V tantalum
(RS 272-1434; M 581-1.0K35V).
J1—3-circuit jack (RS 274-249;
M 161-3402).
J2—2-circuit jack (RS 274-251) or
coaxial (RS 274-1563 or 274-1576).
J3—2-circuit jack (RS 274-251;
M16PJ135).
LS1—Optional piezo element
(RS 273-064).
Q1—MPS2222A, 2N2222, PN2222, NPN
(RS 276-2709; M 333-PN2222).
S1—Normally open pushbutton
(RS 275-1571; M 10PA011).

nections. The IC requires a clock signal.
Several clock-source options are avail-
able; you can use: a crystal, RC (resistor
and capacitor) circuit, resonator, or the
IC’s internal oscillator. The authors chose
the internal 4-MHz oscillator to reduce the
external parts count. Two I/O lines are
used for the paddle input. One output feeds
the key line, another output is required for
the audio feedback (sidetone) and a third
I/0 line is assigned to a pushbutton.

User Interface

Using the two paddles and a pushbutton,
you can access all of the TiCK’s functions.
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U1—Programmed PIC 12C509, available
from Embedded Research. (Use the
TIS Find program for address
information.) The TiCK-2 chip/data
sheet, $10; TiCK-2 programmed IC,
PC board and manual, $15; TiCK-2
programmed IC, PC board, parts and
manual, $21. All prices are postpaid
within the continental US. Canadian
residents please add $5; all others
add $6 for shipping. New York state
residents please add 8% sales tax.
The DIP and SOIC (surface-mount)

Certain user-interface functions need to be
more easily accessible than others; a pri-
oritized list of functions (from most to least
accessible) is presented in Table 19.1.
The TiCK employs a single button in-
terface (SBI). This simplifies the TICK PC
board, minimizes the part count and makes
for ease of use. Most other electronic
keyers have multibutton user interfaces,
which, if used infrequently, make it diffi-
cult to remember the commands. Here, a
single button push takes you through the
functions, one at a time, at a comfortable
pace (based on the current speed of the
keyer). Once the code for the desired func-

chips and kits are the same price.
Please specify which one you prefer
when ordering. Note: Components
not included with the SMD version kit
are the voltage regulator and voltage
divider components for the audio
output. Source code is not available.

U2-5 V, 100 mA regulator (RS 276-1770;
M 333-ML78L05A).

Misc: PC board, 8-pin DIP socket,
hardware, wire (use stranded #22 to
#28, Teflon insulated for heat/solder
resistance).

tion is heard, you simply let up on the
button. The TiCK then executes the
appropriate function, and/or waits for the
appropriate input, either from the paddles
or the pushbutton itself, depending on the
function in question. Once the function is
complete, the TiCK goes back into keyer
mode, ready to send code through the key
line.

The TiCK-2 IC generates a sidetone sig-
nal that can be connected to a piezoelec-
tric element or fed to the audio chain of
a transceiver. The latter option is rig-
specific, but can be handled by more expe-
rienced builders.



The TiCK Likes to Sleep

To meet the low-current requirement,
the authors took advantage of the
12C509’s ability to sleep. In sleep mode,
the processor shuts down and waits for
input from either of the two paddles. While
sleeping, the TiCK-2 consumes just a few
microamperes. The TiCK-2 doesn’t wait
long to go to sleep either: As soon as there
is no input from the paddles, it’s snooz-
ing! This feature should be especially at-
tractive to amateurs who want to use the
TiCK-2 in a portable station.

Assembling the TiCK

The TiCK-2’s PC board size (1x1.2
inches) supports its use as an embedded and
stand-alone keyer. The PC board has two
dc input ports, one at J2 for 7 to 25 V and
another (J4, AUXILIARY) for 2.5 to 5.5 V.
The input at J2 is routed to an on-board
5-V regulator (U2), while the AUXILIARY
input feeds the TiCK-2 directly. When
making the dc connections, observe proper
polarity: There is no built-in reverse-volt-
age protection at either dc input port.

The voltage regulator’s bias current is
quite high and will drain a 9 V battery
quickly, even though the TiCK itself
draws very little current. For this reason,
the “most QRP way” to go may be to power
the chip via the AUXILIARY power input and
omit U2, C1 and C2.

When using the AUXILIARY dc input port,
or if both dc inputs are used, connect a
diode between the power source and the
AUXILIARY power input pin, attaching the
diode anode to the power source and the
cathode to the AUXILIARY power input pin.

This provides IC and battery protection
and can also be used to deliver battery
backup for your keyer settings.

Sidetone

A piezo audio transducer can be wired
directly to the TiCK-2’s audio output:
pads and board space are available for
voltage-divider components. This elimi-
nates the need to interface the TiCK-2
with a transceiver’s audio chain. Use a
piezo element, not a piezo buzzer. A piezo
buzzer contains an internal oscillator and
requires only a dc voltage to generate the
sound, whereas a piezo element requires
an external oscillator signal (available at
pin 3 of Ul).

If you choose to embed the keyer in arig
and want to hear the keyer’s sidetone in-
stead of the rig’s sidetone, you may choose
to add R2, R3, C4 and C5. Typically R3
should be 1 MQ to limit current. R2’s value
is dictated by the amount of drive required.
A value of 27 kQ is a good start. C4 and C5
values of 0.1 uF work quite well. C4 and C5
soften the square wave and capacitively
couple J6-1 to the square-wave output of
pin 3. Decreasing the value of R2 decreases
the amount of drive voltage, especially
below 5 kQ. Use a 20 k€ to 30 kQ trimmer
potentiometer at R2 when experimenting.

In Use

To avoid RF pickup, keep all leads to
and from the TiCK as short as possible.
The authors tested the TiCK in a variety of
RF environments and found it to be rela-
tively immune to RF. Make sure your radio
gear is well grounded and avoid situations

that cause an RF-hot shack.

The TiCK keys low-voltage positive
lines, common in today’s solid-state rigs.
Don’t try to directly key a tube rig because
you will likely—at a minimum—ruin out-
put transistor Q1.

To use the TiCK as a code-practice oscil-
lator, connect a piezo element to the audio
output at pin 3. If more volume is needed,
use an audio amplifier, such as Radio
Shack’s 277-1008.

The higher the power-supply voltage
(within the specified limits), the greater
the piezo element’s volume. Use 5 V (as
opposed to 3 V) if more volume is desired.
Also, try experimenting with the location
of the piezo element to determine the
proper mounting for maximum volume.

Just When You Thought It Was
Small Enough...

In addition to the DIP version of the
TiCK-2, there is also a surface-mount ver-
sion of the keyer. This uses a 12C509 IC,
which resides in a medium-size SOIC
package measuring roughly 5x5 mm! This
is approximately two-thirds the size of the
DIP version of the IC. (For simplicity, the
surface-mount keyer does not include the
regulator circuitry.) See Fig 19.35.

The surface-mount version of the TiCK
PC board has no provisions for standoffs,
but it can easily be mounted in an enclo-
sure (or on the back of a battery!) using
double-stick foam tape. The authors used
this method to put the surface-mount TiCK
into some really tiny enclosures. To assist
the builder, the pads on the TiCK board
are larger than necessary.

Station Layout and Accessories

Fig 19.35—At left, photo of DIP version, and above, SMD
version of the TiCK-2.
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VINTAGE RADIO T/R ADAPTER

This T/R Adapter provides automatic
transmit/receive switching for many vin-
tage transmitters and receivers. It pro-
vides time-sequenced antenna transfer,
receiver muting and transmitter keying
in semi and full break-in CW modes or

with push-to-talk systems in AM or SSB.

General Description

The vintage radio adapter consists of
two assemblies, the control unit and a re-
motely located antenna relay. The control

unit accepts key, keyer or push-to-talk
input and produces time-sequenced out-
puts to transfer the antenna between re-
ceiver and transmitter, mute the receiver
and key either cathode keyed or grid block
keyed transmitters. The antenna relay is

Note: Relay mounted off board
HBKO05_19-36 K1 O |NC
K1A [/
u2 Lo |c
78L05 (E —
+5V O [NO
Reg 1
:L * out IN g g g O [+12V
C3 + 1uF |
4 4 01 R3 Co gy [TO]CND
Vd Reset 10 k /47 —
Speed Semi 3 ANT
Semi
o 1k Q3
Ant _W\/_o 3\13904 2N3638A O
R4 10k GsK D3 v
1N4148A
Dt RS Remote
220 Antnenna
16 C4 18 pF Relay
Paddle 0.001 | Xal
| e Y=
) R102 * 13
9 Dah 15
e v |21y
C5 18 pF Transmitter
KEY/PTT Line
R1
Tone 6—O NC a2 0 Qs
oN3904 X IRF710 Cathode (+)
10 R5 _ /]
Delay ™
10k 2N3906
R11 r77
1k Q6 .
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Key L
! 18
D2 C1 Pitch
1N4003 0.01 /77
Vss  Mode 1N4003
5 8 . I )
* These components required only if using keyer function of C1V controller.
If the unit is used with external keyer, these components may be eliminated.
In such case, connect pin 17 to ground.

Fig 19.36—Schematic diagram of the T/R switch. The circuit within the dashed lines is optional—it is used with the keyer
function of the C1V controller. If an external keyer is used, this circuit can be eliminated; in this case, connect pin 17 to

ground.

C1—0.01-pF, 50-V disc capacitor
(Mouser CD50Z6-103M).

C2—0.001-pF, 50-V disc capacitor
(Mouser CD50P6-102M).

C3—0.1-uF disc capacitor
(Mouser CD100U5-104M).

C4, C5—18-pF, 100-V, 10% NPO disc
capacitor (Mouser 100N2-018J).
C6—1-uF, 50-V, vertical electrolytic

(Mouser XRL50V1.0).
D1, D3—1N4148A switching diode.
D2, D4—1N4003 power diode.
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K1—SPDT relay, 2 A, 12-V dc coil
(Radio Adventures BAS111DC12).
Q1, Q2—2N3904 NPN, TO-92.
Q3—2N3638A PNP, TO-92.
Q4—2N3906 PNP, TO-92.
Q5—IRF710 HEXFET, TO-220.
Q6—PNP, TO-92 (MPSA92).
R1—50-kQ potentiometer, linear taper
(Mouser 31CN405).
R2, R6, R11, R13—1 kQ, '/s-W, 5%
carbon film.

R3, R4, R5, R7, R9, R12—10-kQ, "/s-W,
5% carbon film.

R8—220-Q, '/s-W, 5% carbon film.

R10—47 kQ, '/»-W, 5% carbon film.

U1—C1V keyer/controller chip (Radio
Adventures).

U2—78L05 5-V voltage regulator TO-92
(Mouser NJM78L05A).

Y1—2.0-MHz resonator (supplied with
C1V).

Misc—Vintage Radio Adapter PC board
(Radio Adventures 090-0112).



remotely mounted to aid in running
coaxial cable and to minimize relay noise.
The antenna relay is rated to handle over
100 W. If high power is contemplated, an
antenna relay with a higher power rating is
needed. A complete circuit board kit is
available, making the unit very easy to
duplicate. If you choose to build the unit
from scratch, a template package that in-
cludes the PC board layout and part place-
ment diagram is available from ARRL
HQ.!

How it Works

The control circuit of the adapter is based
on the C1V keyer/controller chip from
Radio Adventures Corp. See Fig 19.36. In
this circuit, the controller features of the
chip are used to provide the sequencing
outputs to various circuits. By adding a few
components, the keyer functions of the
C1V can be utilized if desired.

When the KEY input line is pulled low by
a key, bug, keyer or push-to-talk switch,
the C1V controller chip immediately raises
the ANT signal pin, pin 9, and SEMI signal,
pin 3, switching the antenna from receiver
to transmitter and muting the receiver.
About 5.5 ms later the C1V raises the TX
signal pin, pin 10, keying the transmitter.
The delay provides time for the relays to
transfer and for the receiver to quiet.

When the KEY line is released, the C1V
controller delays 5.5 ms and then lowers
the TX signal, pin 10, unkeying the trans-
mitter. This 5.5-ms delay compensates for
the 5.5-ms transmit delay at the start of the
keying sequence, hence preserving the key-
ing waveform. 5.5 ms after lowering the TX
pin, the C1V controller lowers the ANT pin,

XMTR ANT RCVR

To Controller Remote
Antenna Relay Jack

HBKO05_19-38

Fig 19.37—The remote antenna relay

schematic diagram.

C1—18-pF disc ceramic, #100N2-018J

C2—0.1-pF disc ceramic, #CD100U5-
104M.

K2—SPDT relay, 2 A, 12 V dc coil.

Misc:

Bud Econobox, 1'/16x3%sx1'/2, #CU-123.

S0-239 coaxial connectors.

pin 9, switching the antenna back to the
receiver and unmuting the receiver. This
delay allows time for the transmitter power
to decay before switching the antenna, pre-
venting “hot” switching the antenna relay.
This process provides full break-in keying

up to about 40 WPM. See Fig 19.37.
Although ANT signal, pin 9, follows the
keying, SEMI, pin 3, delays on release of
the key. The amount of delay is deter-
mined by the setting of the DELAY potenti-
ometer, R1. The delay can be varied from
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Fig 19.38—(A) Timing diagram of the C1V keyer/controller chip. The text explains
how the control circuit works. (B) Block diagram showing how the antenna switch
can connect to a vintage station. (C) Sample receiver mute circuits. Left: The
receiver can be muted in the cathode or RF gain circuit. Right: If you prefer, the
mute relay can also be connected to the speaker circuit.
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about 10 ms to about 1.5 seconds. If KEY
line is again lowered before the delay is
completed, the delay timer is reset and the
full delay time is available after KEY is
released. The output of SEMI, pin 3, pro-
vides semi break-in timing for use in situ-
ations where QSK is not desired.

Level shifter transistor Q1 can be con-
nected to either ANT or SEMI as desired. Q1
drives relay amplifier Q3, which in turn
energizes relay K1 and the remote antenna
relay K2 (see Fig 19.38).

Level shifter transistor Q2 drives Q4,
which provides drive for the HEXFET
transistor used for cathode (positive) key-
ing and the high voltage PNP transistor
used for grid block (negative) keying. The
HEXFET power transistor selected for the
cathode keying output will key currents
beyond 500 mA and open circuit voltages
of beyond 200 V. These ratings should be
adequate for most cathode-keyed rigs.

The PNP transistor is rated at over
200 V and 10 mA. If your application
requires higher voltage or current, a tran-
sistor with adequate ratings must be substi-
tuted and emitter resistor R11 must be
reduced in value to provide sufficient cur-
rent. The value of the resistor can be found
with the following formula: R11 = 10/1. For

example, to switch 20 mA, R11 = 10/0.02
=500 Q, a 470-Q resistor would be used.

Construction

Construction is straightforward if the
circuit board kit is used. If you choose to
hand wire your unit on perf board or lay
out your own circuit board, layout is not
critical. The finished boards can be
mounted in an enclosure of your choice. It
is convenient to mount the antenna relay
in its own enclosure to reduce the possi-
bility of RF getting into the logic circuits
and to make routing of coaxial cables more
direct. Note that the relays are mounted on
small carrier PC boards and are suspended
by their leads only. This method of mount-
ing greatly reduces relay noise that occurs
when the relays are mounted on the main
PC board.

Installation

Power requirements for the adapter are
12 V dc at approximately 120 mA. Antenna
connections are straightforward and need
no further discussion. Select either the cath-
ode or grid block output for connection to
your transmitter as appropriate. See Figs
19.36 and 19.37.

There are a couple of options for muting

QUICK AND EASY CW WITH YOUR PC

A couple of chips and a few hours work
will yield this CW only terminal for a PC.
Designed by Ralph Taggart, WB8DQT,
the software transforms a computer into a
Morse machine that’s a full-function CW
keyboard and a receive display terminal.

The circuit works with IBM-compatible
PCs and uses the printer port to communi-
cate with the computer. Parts cost is gen-
erally less than $50, and a printed-circuit
board is available to make construction
easier.

Circuit Description

Each stage of the circuit in Fig 19.39A
is labeled with its function. Ferrite beads
are used to keep RF from entering the unit.
K1 provides isolation, so any transmitter
may be keyed without worrying about
polarity. Fig 19.39B shows the power and
computer interconnections for the circuit
board.

Power Supply Options

Three voltage sources are required
(+12 V, +5 V and -9 V) at relatively low
current. The simplest approach is to use a
wall-mount power transformer/supply
(200 mA minimum) to provide the +12 V.
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the receiver. Fig 19.37C shows a typical
circuit for muting the receiver in the cath-
ode or RF gain circuit. Many receivers
bring the mute terminals to the rear apron.
In some cases it may be necessary to go
inside the receiver to bring out the cathode
circuit.

If your receiver does not provide mute
terminals and/or you do not want to mute in
the cathode circuit, you can connect the
mute relay K1 into the speaker circuit as
shown in Fig 19.37C (right). The resistors
ensure that the speaker terminals of the
receiver are always terminated by a load
close to 8 €2, preventing possible damage to
the receiver if the resistors were not used.

Note: Some receivers, especially those
built in the *30s and ’40s, put the receiver
into a standby condition by opening the
center tap of the power transformer high-
voltage winding. Do not attempt to mute
your receiver by this method. Use cathode
or speaker muting instead.

For AM or SSB systems, connect the
receiver as discussed, choose the QSK
connection for level shifter transistor Q1
and connect the microphone PTT switch
to the key/PTT input.

Notes
1See the CD-ROM for template.

C1-C3, C5, C7-C13—0.1 pF monolithic
or disc ceramic, 50 V.

C4—0.047 pF Polypropylene (dipped
Mylar), 50 V.

C6—0.22 pF Polypropylene (dipped
Mylar), 50 V.

C15—0.47 puF Tantalum or electrolytic,
50 V.

C16—10 pF Tantalum or electrolytic,
50 V.

D1, D3—1N4004.

D2—1N270 germanium.

DS1—Green panel-mount LED.

DS2—Red panel-mount LED.

FB—Ferrite beads (11 total).

K1—12 V dc SPST reed relay
(RS-275-233).

J1, J2—RCA phono jacks.

P1—4-pin microphone jack
(RS-274-002).

Q1, Q3—2N4401.

Q2—MPF102.

R1—1 kQ.

R2, R3—10 kQ.

U2—74LS14N hex Schmitt trigger
(14 pin).
U3, U4—LM741CN op amp (8 pin).

C14—1 pF Tantalum or electrolytic, 50 V.

U1—NE567CN PLL tone decoder (8 pin).

Fig 19.39—Schematic of the CW interface. All fixed value resistors are '/s»-W,
5%-tolerance carbon film. Capacitance values are in microfarads (uF). RS
indicates RadioShack part numbers. IC sections not shown are not used.

U5—74LS00N quad NAND gate (14 pin).

4-pin microphone plug (RS-274-001).

4-pin microphone socket (chassis
mount).

DB-25M Connector (RS-276-1547).

DB-25 Shell (RS-276-1549).

Coaxial power connector
(RS-274-1563).

8-pin DIP IC sockets.

14-pin DIP IC sockets.

DPDT miniature toggle switch.

J3 is a panel-mounting coaxial power
jack to match your wall-mount/
transformer power supply.

BT1 is a 9-V alkaline battery. See text.
C17 and C18 are 0.1 pF, 50 V mono-
lithic or disc ceramic bypass capaci-
tors. The +5 V regulator chip should
be mounted to the grounded wall of
the cabinet. Off-board components
are duplicated in section B of this
drawing (J1, J2, P1, the CW LED
indicator, and K1). The cw and power
indicators are panel-mounting LED
indicators (red for power and green
for cw). FB indicates optional ferrite
beads used to prevent RF interfer-
ence with the interface circuits.
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A 7805 voltage regulator chip (U6) pro-
duces +5 V from the +12 V bus for the
74LS TTL ICs. Since the -9 V current
requirements are very low, a 9 V alkaline
transistor battery was used in WB8DQT’s
unit. This battery is switched in and out
using one set of contacts on the POWER
switch and will last a long time—unless
you forget to turn the unit off between
operating sessions!

The Computer Connection

The circuit connects to the PC parallel
printer port, which is usually a DB-25F
(female) connector on the rear of the com-
puter. A standard cable with a mating
DB-25M (male) connector on one end and
a DB-25F on the other end could be used.
This cable is available at any computer
store, but it would require a DB-25M to be
mounted on your project box.

Unfortunately, DB-25 connectors need
an odd-shaped mounting hole, which is
difficult to make with standard shop tools.
Since only four conductors are needed
(ground, printer data bits 0 and 1, and the
strobe data bit), it’s easier to make a cable.
Use a 4-pin microphone connector at one
end and a DB-25M at the other end. Wire
the cable as follows:

Microphone DB-25M

Function Plug Connector
Ground 1 25

Printer data 0 2 2

Printer data 1 3 3

Printer strobe 4 1

Drill a /s-inch round hole on the rear
apron of the project enclosure for the mat-
ing chassis-mount 4-pin microphone
socket.

Keying Options

For equipment with a positive, low-volt-
age keying line, point K on the board can be
connected directly to the keying jack. In
this case, omit K1 and its 1N4004 diode.
For a wider range of transmitting equip-
ment, use the keying relay. Mount it any-
where in the cabinet using a dab of silicone
adhesive or a piece of double-sided foam
mounting tape.

Construction

The simplest way to construct this cir-
cuitis on a single PC board. The PC-board
pattern and parts overlay are on the CD-
ROM. Make a PC board, or use the over-
lay to wire the circuit using perf-board.
An etched and drilled PC board, with a
silk-screened parts layout, is available
from FAR Circuits.!
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Any cabinet or enclosure that can ac-
commodate the circuit board can be used.
The pOWER switch and POWER and CW
LED indicators are the only front-panel
items. J2 (KEYED LINE), J1 (AUDIO IN), J3
(+12 V pc POWER) and P1 (COMPUTER) are
on the rear apron of the enclosure.

Alignment

There are three alignment adjustments,
all of which are for the receive mode. Start
by loading (and running) the software and
turning the unit on. Switch the receiver to a
dummy antenna to eliminate any interfer-
ing signals, and tune the receiver to a strong
signal from a frequency calibrator or any
other stable signal source. Carefully adjust
the receiver for peak audio output. You may
need a Y connector so the receiver can feed
the interface and a speaker.

Connect a pair of headphones to the
junction of the 0.1-uF capacitor and 10-kQ
resistor at pin 3 of U4. Adjust the Tune
(R1) control on the PC board for the loud-
est signal. The filter is sharp, so make the
adjustment carefully.

Set the PC board Level pot (R2) to
midrange and adjust the VCO pot (R3) until
the CW LED (DS1) comes on. Decrease
the Level setting slightly (adjust the con-
trol in a counterclockwise direction) and
readjust the VCO pot, if required, to cause
the CW LED to light. Continue to reduce
the Level setting in small steps, each time
readjusting the VCO setting, until you
reach the point where operation of the CW
indicator becomes erratic.

Now turn the Level control back (clock-
wise) to just past the point where the LED
comes on with no sign of erratic operation.
The Level threshold setting is critical for
best operation of the receive demodulator.
If the control is advanced too far, the LED
will trigger on background noise and copy
will be difficult. If you reduce the setting
too far, the interface will trigger errati-
cally, even with a clean beat note. If you
have a reasonably good CW receiver (CW
bandwidth crystal filters and/or good au-
dio filtering), you can back down the Level
control until the LED stops flickering on
all but the strongest noise pulses, but where
it will still key reliably on a properly tuned
CW signal.

Software Installation

The software for this project can be ac-
cessed from the CD-ROM. The distri-
bution files include MORSE2.EXE, a
sample set-up file (CW.DAT), a sample
logging file (LOG.DAT), the HELP text
file (CWHELP.DAT) and the program

Quick-BASIC source code (MORSE2.
BAS). To run the program log into the
directory holding these files and type
MORSE <CR>. The symbol <CR> stands
for Return or Enter, depending on your
keyboard.

The program menu permits you to enter
or change the following items:

* SPEED—Select a transmitting speed
from 5 to 60 WPM. The program auto-
calibrates to your computer clock speed,
and transmitting speeds are accurate to
within 1%. On receive, the system auto-
matically tracks the speed of the station
you are copying up to 50 or 60 WPM.

* YOUR CALL—You can enter your
call sign so you never have to type it in
routine exchanges. The call can be
changed at any time if you want to use the
program for contests, special events, or
any other situation where you will be us-
ing another call.

* OTHER CALL—If you enter the call
of the station you are working (or would
like to work), you can send all standard
call exchanges at the beginning and end of
a transmission with a single keystroke.

¢ CQOPTIONS—Select one of two CQ
formats. The “standard” format is a 3x3
call using your call sign. The program also
lets you store a custom CQ format, which
is useful for contests.

* MESSAGE BUFFERS—There are
two message buffers. Either can be used
for transmitting.

* SIDETONE—Select on or off and a
frequency of 400 to 1200 Hz.

* WEIGHTING—Variable from 0.50
through 1.50.

e DEFAULT SETUP—AII the infor-
mation discussed up to this point can be
saved into a default disk file (CW.DAT).
These choices will then be selected when-
ever you boot the program. Any setup can
be saved at anytime.

* LOGGING—The program supports a
range of logging functions. It even in-
cludes the ability to check the log and let
you know if you have worked that station
before. If you have fully implemented
the logging options, it will tell you the
operator’s name and QTH.

e HELP FILES—If you forget how to
use a function or are using the program for
the first time, you can call up on-screen
HELP files that explain every function.

Notes
1See the CD-ROM for template. Use TIS Find
program for address information.



AN EXPANDABLE HEADPHONE MIXER

From time to time, active amateurs find
themselves wanting to listen to two or
more rigs simultaneously with one set of
headphones. For example, a DXer might
want to comb the bands looking for new
ones while keeping an ear on the local
2-m DX repeater. Or, a contester might
want to work 20 m in the morning while
keeping another receiver tuned to 15 m
waiting for that band to open. There are a
number of possible uses for a headphone
mixer in the ham shack.

The mixer shown in Figs 19.40 and
19.41 will allow simultaneous monitoring
of up to three rigs. Level controls for each
channel allow the audio in one channel to
be prominent, while the others are kept in
the background. Although this project was
built for operation with three different
rigs, the builder may vary the number of
input sections to suit particular station
requirements. This mixer was built in the
ARRL Lab by Mark Wilson, K1RO.

CIRCUIT DETAILS

The heart of the mixer is an LM386 low-
power audio amplifier IC. This 8-pin device
is capable of up to 400-mW output at § Q—
more than enough for headphone listening.
The LM386 will operate from 4- to 12-V
dc, so almost any station power supply, or
even a battery, will power it.

AsshowninFig 19.41, the input circuitry
for each channel consists of an 8.2-CQ resis-
tor (R1-R3) to provide proper termination
for the audio stage of each transceiver, a
5000-€ level control (R4-R6) and a
5600-Q resistor (R7-R9) for isolation
between channels. C1 sets the gain of the
LM386to46 dB. With pins 1 and 8 open, the
gain would be 26 dB. Feedback resistor R10
was chosen experimentally for minimum
amplifier total harmonic distortion (THD).
C2 and R11 form a “snubber” to prevent
high-frequency oscillation, adding to ampli-
fier stability. None of the parts values are
particularly critical, except R1-R3, which
should be as close to 8 € as possible.

CONSTRUCTION

Most of the components are arranged
on a small PC board.! Perfboard will work
fine also, but some attention to detail is
necessary because of the high gain of the
LM386. Liberal use of ground connec-

Fig 19.40—
The 3-channel -
headphone mixer is built on a ;

small PC board. Lead length was
kept to a minimum to aid stability.

Except as indicated, decimal
values of capacitance are

in microfarads ( uF ); others
are in picofarads ( pF );
resistances are in ohms;
k=1,000, M=1,000,000.
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Fig 19.41—Schematic diagram of the LM386 headphone mixer. All resistors are
/s W. Capacitors are disc ceramic unless noted.

tions, short lead lengths and a bypass
capacitor on the power-supply line all add
to amplifier stability.

The mixer was built in a small diecast
box. Tantalum capacitors and '/+-W resis-
tors were used to keep size to a minimum.
The *386 IC is available from RadioShack
(cat. no. 276-1731). A 0.01-pF capacitor
and a ferrite bead on the power lead help
keep RF out of the circuit. In addition,

Station Layout and Accessories

shielded cable is highly recommended for
all connections to the mixer. The output
jack is wired to accept stereo headphones.

Output power is about 250 mW at 5%
THD into an 8-Q load. The output wave-
form faithfully reproduces the input wave-
form, and no signs of oscillation or
instability are apparent.

Notes
1See CD-ROM for template.
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A SIMPLE 10-MINUTE ID TIMER

This project was originally described
in “Hints and Kinks” in the November
1993 issue of QST by John Conklin,
WD@O. It is an update to an earlier
WD@O design for which parts are no
longer available.

This simple and effective timer can be
built in an evening and uses inexpensive

and easily obtained parts. Its timing
cycle is independent of supply voltage
and resets automatically upon power-up,
as well as at the end of each cycle.

Construction and Adjustment

Assembly is straightforward and parts
layout is not critical. The circuit of

Fig 19.42 can be built on a small piece
of perfboard and housed in an inexpen-
sive enclosure. To calibrate the time, set
R1, TIME ADJ, at midpoint initially, and
then adjustit by trial and error to achieve
a 10-minute timing cycle. The buzzer
will sound for about 1 second at the end
of each cycle.
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Fig 19.42—The new and improved 10-minute reminder uses easy-to-get components. Part numbers in parentheses are
RadioShack; equivalent parts can be substituted. Resistors are '/s-W, 5% or 10% tolerance units.

C1—470-pF electrolytic, 16 V or more
(272-957).

C2, C3, C4—0.1 puF, 16 V or more
(272-109).

D1—1N4001, 50 PIV, 1 A (276-1101).

AUDIO BREAK-OUT BOX

Two integrated circuits and a small PC
board are all you need to solve the prob-
lem of feeding one receiver into several
add-ons, such as a TNC, a PC interface or
a speaker. Ben Spencer, G4YNM, de-
scribed this project in March 1995 QST. It
takes the audio output from a receiver and
applies it to the inputs of four identical,
independent, low-level AF amplifiers and
one high-level (1-W output) AF amplifier.

See Fig 19.43. Each low-level output
channel can provide up to 20 dB of gain
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LS1—12-V piezo buzzer (273-074).

Q1, Q2—N2222 or MPS2222A
(276-2009).

R1—100-k trimmer potentiometer
(271-284).

that’s independently adjustable. You can
apply audio to each of your accessories at
aselected level without changing the level
to the other accessories. In addition you
can set the level to the speaker indepen-
dently. Turn the speaker volume up to tune
in the signal, and then turn the speaker
volume down once tuning is finished and
the mode is operating.

Circuit Description
Four identical low-level channels,

R2, R3—100 k (271-1347).

R4, R5, R6—3.3 k (271-1328).

U1—555 timer IC (276-1723).

U2—4017 decade counter IC (276-2417).

each feeding an amplifier (U1A, B, C and
D), are shown in Fig 19.43. Using the
top channel as an example, C1 connects
the input jack J1 to the noninverting
input of UTA. R3 and R4 set UL A’s volt-
age gain. R4 is the gain control, and
when set fully clockwise (maximum
resistance), the amplifier’s gain is 10
(20 dB). At a counterclockwise (mini-
mum resistance) setting, the amplifier’s
gain is 1 (0 dB).

The lower cut-off frequency (set by C2
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Fig 19.43—This audio break-out box
requires less than 500 mA from a 12-
VDC supply. All resistors are "/s-W,
5%-tolerance carbon composition or
film units unless otherwise specified.
RS numbers in parentheses are
RadioShack stock numbers.

C1, C3, C4, C6, C7, C9, C10, C12, C13,
C15, C17—100 pF, 16-V radial
electrolytic or tantalum (RS 272-
1028).

C2, C5, C8, C11—1 pF, 16-V radial
electrolytic or tantalum (RS 272-
1434).

C14, C16—0.1 pF, 50 V disc ceramic
(RS 272-135).

R1, R2, R5, R6, R9, R10, R13, R14—
100 k.

R3, R7, R11, R15—10 kQ.

R4, R8, R12, R16, R17—100-kQ log or
audio taper, panel-mount potenti-
ometer (RS 271-1722) or PC-board
vertical-mount trimmer potentio-
meter; see text.

R18—2.7 Q, /> W.

U1—TLO084, TL074, or LM324 quad op
amp (RS 276-1711).

U2—LM380N 2-W audio power
amplifier. The LM380 is available in
several packages. Be sure to use
the 14-pin DIP if you are going to
build this project on the PC board
from FAR or from the ARRL
template.

Misc: Single-sided PC board (see
Note 1), enclosure, knobs, IC
sockets, input and outpu t connec-
tors of choice, hook-up wire.

and R3) is 16 Hz. The upper cut-off fre-
quency of each channel is well beyond the
audio frequency range. Each channel’s
output is dc isolated from its load; for ex-
ample, UIA’s output is dc isolated by C3.

R17 is the volume control for AF power
amplifier U2. This stage will drive a
low-impedance load such as aloudspeaker
(4to 16 Q) atalevel upto 1 W.

Construction

A single-sided PC board is available,'
but the unit will work equally well built on
perf-board. A template is on the CD-ROM
and includes a PC board layout and a parts
layout. This parts layout also can be used
as a guide for construction on perf-board.
The PC board directly accepts vertical and
horizontal-mount single-turn potentio-
meters, but you can run wires from the
mounting holes to front-panel-mount
potentiometers. Since the project uses
high-gain audio circuits, enclose it in a
metal box. Place the input and output jacks
on the rear panel to keep the interconnect-
ing leads out of the way.
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Checkout

After rechecking your wiring and solder-
ing, connect the circuit to a 12-V power
supply. The current drawn should be less
than 50 mA when no audio is applied. Con-
nect J1 to the AF output of your receiver

and a speaker to J6. Adjust R17, VOLUME,
for a comfortable listening level. Next
check the operation of the low-power out-
puts by connecting J2, J3, J4 and J5 to a
small earplug. Vary the four gain controls
to check their operation. Each gain control

AN SWR DETECTOR AUDIO ADAPTER

This SWR detector audio adapter is
designed specifically for blind or vision-
impaired amateurs, but anyone can use it.
The basic circuit can be adapted to any
application where you want to use an audio
tone rather than a meter to give an indica-
tion of the value of a dc voltage.

Usually a meter (or meters) is used to
display SWR by measuring the feed line
forward and reflected voltages. This
adapter generates two tones with frequen-
cies that are proportional to these voltages.
The tones are fed to a pair of stereo head-
phones (the miniature types are ideal) so
one ear hears the forward-voltage tone and
the other ear hears the reflected-voltage
tone. Ben Spencer, G4YNM, described
this system in the July 1994 OST. He con-
nected the forward voltage tone to his left
earphone and reverse voltage tone to his
right earphone. Thus, tuning up a trans-
mitter is simply a matter of tuning for the
highest pitched tone in the left ear, and the
lowest pitched tone in the right ear.

The PC board can be installed in exist-
ing SWR detectors, and the forward and
reflected voltages obtained by tapping into
the lines that currently connect the volt-

Fig 19.44—Schematic of the SWR
detector audio-adapter circuit. Unless
otherwise specified, resistors are '/s-W,
5%-tolerance carbon-composition or film
units. All capacitors are disc ceramic
unless otherwise stated. The circuits of
A and B are identical, each driving one
earphone of an 8- to 32-Q stereo
headset. At A, the forward-voltage
circuit; at B, the reflected-voltage
circuit. A voltage regulator that provides
5-V dc is shown at C.

R5A, R5B—10-kQ horizontal-mount
trimmer potentiometer; optionally, a
25-kQ dual-gang, panel-mount
potentiometer can be used.

R6—25-kQ dual-gang, panel-mount
potentiometer.

U1, U3—LM358N dual op amp (available
from Jameco. Use TIS Find program
for address information or substitute
an NTE928M (available from Hosfelt
Electronics).

U2—74LS629 dual VCO (available from
Jameco) or a NTE74LS629 (available
from Hosfelt Electronics).

Misc: PC board, stereo headphone jack,
8- to 32-Q stereo headphones,
mounting hardware.
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age sensors to the existing meters or meter
selector switch.

Circuit Description

The audio-adapter circuit is shown in
Fig 19.44. Each half of the adapter circuit

can now be set to provide the audio level
needed for each add-on.

Notes

1PC boards are available for $6, plus $1.50
shipping, from FAR Circuits. Use TIS Find
program for latest address information.

operates identically. Most SWR detectors
consist of two RF voltage sensors, one for
forward voltage and one for reverse. These
voltages are diode-rectified. The resulting
dc voltages are fed to meters that indicate
relative forward and reflected power. With

FWD - .
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this circuit, the forward and reflected volt-
ages are applied to the audio adapter board
and drive voltage-controlled oscillators
(VCOs).

The forward dc voltage from the SWR
detector is routed to R1, buffered by U1B,
fed to SENSITIVITY control R5A and applied
to VCO U2B. As the voltage on pin 1 of
U2B increases, so does the frequency of
the tone output at U2B pin 10.

Adjusting the Sensitivity control sets the
range of audio tones produced by the audio
adapter. This signal is fed via VOLUME con-
trol R6A to the audio amplifier (U3A) to
drive the left headphone. Zener diode DI
limits the maximum input voltage, partly to
protect U1B, but also to limit the upper
VCO frequency to about 3 kHz.

Without any dc input, each VCO runs at
alow frequency (approximately 380 Hz) to
tell you the unit is operating. Increased
voltage on the transmission line—even
from a low-power transmitter—is suffi-
cientto cause the tone frequency to increase
noticeably. As the voltage decreases, so

does the frequency of the tone.

Construction

A single-sided PC board and template
package are available.!? The PC board is
small enough to fit inside most existing
SWR detectors and the circuit can be bat-
tery operated if required. Mount a stereo
headphone jack on the SWR detector’s
front panel to accept the headphone plug.

R6A and R6B are parts of a dual-sec-
tion, panel-mount potentiometer. RSA and
R5B are PC-board mounted trimmer po-
tentiometers. For those who want a panel-
mounted SENSITIVITY control, a dual-gang
potentiometer can be substituted for R5A
and R5B.

Testing and Calibration

Once the unit is installed in an SWR
detector, connect a 5-V power supply to
the audio adapter board. When power is
applied you should hear two identical low
frequency tones in the headphones. Ad-
just the VOLUME controls to provide a

comfortable listening level.

Next, connect your transmitter to a
dummy load via the SWR detector. When
you key your transmitter, the tone in the
left earpiece should increase in frequency
quite dramatically, representing increas-
ing forward power. Theoretically, with a
matched line and load, there should be no
reflected voltage and therefore, the
right-headphone tone shouldn’t change. In
all probability, however, the tone fre-
quency will increase, but only slightly.

If you use an antenna tuner for match-
ing your antenna system, you’ll hear the
two tones change frequency according to
the degree of mismatch. The best match is
indicated by the forward headphone tone
reaching its maximum frequency while the
reflected (right) headphone tone fre-
quency decreases to its minimum.

Notes
1PC boards are available for $2.50, plus
$1.50 shipping, from FAR Circuits. Use TIS

Find program for latest address informa-

tion.
2See CD-ROM for template.

PC VOLTMETER AND
SWR BRIDGE

Personal computers are very good at
doing arithmetic. To use this capability
around the shack, the first thing to do is
convert whatever you want to measure
(voltage, power, SWR) to numbers. Next
you have to find a way to put these num-
bers into your computer. Paul Danzer,
N1II, took a single chip A/D (analog to
digital converter) and built this unit to
connect to a computer printer port. Con-
struction and testing is just a few evenings’
work. The software to run the chip is ac-
cessible from the Handbook CD-ROM.

Circuit Description

The circuit consists of a single-chip
A/D converter, U2, and a DB-25 male plug
(Fig 19.45). Pins 2 and 3 are identical volt-

Fig 19.45—Only two chips are used to
provide a dual-channel voltmeter. PL1
is connected through a standard 25-pin
cable to a computer printer port. U2
requires an 8-pin IC socket. All resis-
tors are '/ W. You can use the A/D as
an SWR display by connecting it to a
sensor such as the one used in the
Tandem Match described in this
chapter (see text). A few more resistors
are all that are needed to change the
voltmeter scale. The 50 kQ resistors
form 2:1 voltage dividers, extending
the voltmeter scale (on both channels)
to almost 10-V dc.

PL1
DB - 25 Male

L)

HBKO05_19-45
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Fig 19.46—Construction of this model took only one evening. No special tools are
required. All parts except U2 are available from most suppliers as well as
RadioShack. The A/D converter chip can be purchased from any National Semi-
conductor dealer such as Digi-Key. Use TIS Find program for address information.

age inputs, with a range from O to slightly
less than the supply voltage V.. (+5 V).
R1, R2, C3 and C4 provide some input
isolation and RF bypass. There are four
signal leads on U2—DO is the converted
data from the A/D out to the computer, DI
and CS are control signals from the com-
puter and CLK is a computer generated
clock signal sent to pin 7 of U2.

The +5 V supply is obtained from a
+12 V source and regulator Ul. One
favorite accident, common in many ham
shacks, is to connect power supply leads
backwards. Diode D1 prevents any dam-
age from this action. Current drain is usu-
ally less than 20 mA, so any 5-V regulator
may be used for Ul. The power supply
ground, circuit ground and computer
ground are all tied together.

In this form the circuit gives two iden-
tical dc voltmeters. To extend the range, a
2:1 divider, using 50-kQ resistors, is
shown. Resistor accuracy is not important,
since the circuitis calibrated in the accom-
panying software.

The breadboard circuit, built on a uni-
versal PC board (RadioShack 276-150), is
shown in Fig 19.46 The voltage regulator
is on the top left and the converter chip,
U2, in an 8-pin socket. Power is brought in
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through a MOLEX plug. Signal input and
ground are on the wire stubs. Two strips of
soft aluminum, bent into L-shapes, hold
the male DB-25 connector (RadioShack
276-1547) to the PC board.

Use It As An SWR Bridge

Most analog SWR measuring devices
use a meter, which has a nonlinear scale
calibration. An SWR of 3:1 is usually close
to center scale, and values above this are
rarely printed. To use the PC voltmeter as
an SWR bridge indicator, move jumpers
WA and WB from the A1 and B1 positions
to the A2 and B2 positions. Disconnect the
cathodes (banded end) of the diode detec-
tors in your SWR bridge and connect them
to J1 and J2.

The current that flows out of these
diodes, and into J1 and J2, goes through the
25-kQ resistors R7 and R8, to provide volt-
ages of less than 5 V. These voltages are
proportional to the forward and reverse
voltages developed in the directional cou-
pler. The software in the PC takes the sum
and difference of these forward and reverse
voltages, and calculates the SWR.

Software
The software, including a voltmeter

function and an SWR function, is written
in GW-BASIC and saved as an ASCII file.
Therefore you can read it on any word
processor, but if you modify it make sure
you resave it as an ASCII file. It can be
imported into QBasic and most other
BASIC dialects.

It was written to be understandable
rather than to be most efficient. Each line
of basic code has a comment or explana-
tion. It can be modified for most comput-
ers. The printer port used is LPT1, which
is at a hex address of 378, 379 and 37A. If
you wish to use LPT2 (printer port 2) try
changing these addresses to 278, 279 and
27A.

Gary Sutcliffe, WOXT, wrote a small
BASIC program to help you find the ad-
dresses of your printer ports. Run
FINDLPT.BAS, which is included with
the Handbook software accessible from
the CD-ROM.

The CONV.BAS program was written
to run on computers as slow as 4.7-MHz
PC/XTs. If you get erratic results with a
much faster computer, set line 1020
(CD=1) to a higher value to increase the
width of the computer generated clock
pulses.

The CONV.BAS program operates by
first reading the value of voltage at point
A into the computer, followed by the volt-
age at point B. It then prints on the screen
these two values, and computes their sum
and difference to derive the SWR. If you
use the project as a voltmeter, simply ig-
nore the SWR reading on the screen or
suppress it by deleting lines 2150, 2160
and 2170. If the two voltages are very
close to each other (within 1 mV) the pro-
gram declares a bad reading for SWR.

Calibration

Lines 120 and 130 in the program inde-
pendently set the calibration for the two
voltage inputs. To calibrate a channel,
apply a known voltage to the input point
A. Read the value on the PC screen. Now
multiply the constant in line 120 by the
correct value and divide the result by the
value you previously saw on the screen.
Repeat the procedure for input point B and
line 130.



THE TANDEM MATCH—AN ACCURATE DIRECTIONAL WATTMETER

Most SWR meters are not very accurate
at low power levels because the detector
diodes do not respond to low voltage in a
linear fashion. This design uses a compen-
sating circuit to cancel diode nonlinearity.
It also provides peak detection for SSB
operation and direct SWR readout that
does not vary with power level. Fig 19.47
is a photo of the completed project. The
following information is condensed from
an article by John Grebenkemper, KI6WX,
in January 1987 QST. Some modifications
by KI6WX were detailed in the “Technical
Correspondence” column of July 1993
OST. A PC Board is available from FAR
Circuits.!

Circuit Description

A directional coupler consists of an in-
put port, an output port and a coupled port.
Ideally, a portion of the power flowing
from the input to the output appears at the
coupled port, but none of the power flow-
ing from the output to the input appears at
the coupled port.

The coupler used in the Tandem Match
consists of a pair of toroidal transformers
connected in tandem. The configuration
was patented by Carl G. Sontheimer and
Raymond E. Fredrick (US Patent no.
3,426,298, issued February 4, 1969). It has
been described by Perras, Spaudling and
others. With coupling factors of 20 dB
greater, this coupler is suitable to sample
both forward and reflected power.

The configuration used in the Tandem
Match works well over the frequency
range of 1.8 to 54 MHz, with a nominal
coupling factor of 30 dB. Over this range,
insertion loss is less than 0.1 dB. The cou-
pling factor is flat to within 0.1 dB from
1.8 to 30 MHz, and increases to only
+0.3 dB at 50 MHz. Directivity exceeds
35 dB from 1.8 to 30 MHz and exceeds
26 dB at 50 MHz.

The low-frequency limit of this direc-
tional coupler is determined by the induc-
tance of the transformer secondary
windings. The inductive reactance should
be greater than 150 Q (three times the line
characteristic impedance) to reduce inser-
tion loss. The high-frequency limit of this
directional coupler is determined by the
length of the transformer windings. When
the winding length approaches a signifi-
cant fraction of a wavelength, coupler
performance deteriorates.

The coupler described here may over-
heat at 1500 W on 160 m (because of the
high circulating current in the secondary
of T2). The problem could be corrected by
using a larger core or one with greater
permeability. A larger core would require
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Fig 19.47—The Tandem Match uses a
pair of meters to display net forward
power and true SWR simultaneously.

longer windings; that option would
decrease the high-frequency limit.

Most amateur directional wattmeters
use a germanium-diode detector to mini-
mize the forward voltage drop. Detector
voltage drop is still significant, however,
and an uncompensated diode detector does
not respond to small signals in a linear
fashion. Many directional wattmeters
compensate for diode nonlinearity by
adjusting the meter scale.

The effect of underestimating detected
power worsens at low power levels. Under
these conditions, the ratio of the forward
power to the reflected power is overesti-
mated because the reflected power is
always less than the forward power. This
results in an instrument that underesti-
mates SWR, particularly as power is
educed. A directional wattmeter can be
checked for this effect by measuring SWR
at several power levels. The SWR should
be independent of power level.

The Tandem Match uses a feedback cir-
cuit to compensate for diode nonlinearity.
Transmission-line SWR is displayed on a
linear scale. Since the displayed SWR is
not affected by changes in transmitter
power, a matching network can be simply
adjusted to minimize SWR. Transmatch
adjustment requires only a few watts.

Construction

The schematic diagram for the Tandem
Match is shown in Fig 19.48. The circuit is
designed to operate from batteries and
draws very little power. Much of the cir-
cuitry is of high impedance, so take care to
isolate it from RF fields. House the circuit
in a metal case. Most problems in the pro-
totype were caused by stray RF in the
op-amp circuitry.

The schematic shows two construction
options. Connect jumpers W1, W2 and
W3 to use the circuit as it was originally
designed (with two 9-V batteries and
TLC27L4 or TLC27M4 op amps). By
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omitting these jumpers, any quad FET-
input op amps can be used instead of
the TLC27x4s. Possible substitutes in-
clude the TL064, TLO74, TL0O84, LF347
and LF444. In that case you should also
omit the 9-V batteries and the automatic
turn-on circuitry of Q1, Q2 and Q3 (every-
thing to the left of the jumpers on the
top row of the diagram). Now you will
have to connect an external + 15 V supply
between the + V line and chassis ground
and a —15 V supply to the -V line.

The FAR Circuits Tandem Match cir-
cuit board is double sided, but does not
have plated-through holes. The compo-
nent side is mainly the chassis and circuit
ground planes, although there are a few
signal traces. You will have to install
“jumper posts” in a few locations, and
solder them to both sides of the board to
connect these traces. Carefully follow the
schematic diagram and parts-placement
diagram supplied with the board to iden-
tify these “posts.” Check the board care-
fully to ensure that none of the ground
traces pass too close to a circuit lead. You
may have to scrape a bit of foil away from
a few places around the component holes.
This is easy with an X-ACTO knife.

The trimmer pots must be square
multiturn units with top adjustment screws
for use with the FAR Circuits board.
Mount the ferrite beads so they don’t touch
any board trace; the beads have sufficient
leakage to cause problems in the high
impedance parts of the circuit. Before
mounting the SO-239 connectors to the
circuit board, enlarge the center location
holes to */s-inch diameter to accept the
connector body. The components con-
nected to the SO-239 are soldered directly
between the center pin and the board
traces.

Directional Coupler

The directional coupler is constructed
in its own small (2%/4x23/sx2'/4-inch) alu-
minum box (see Fig 19.49). Two pairs of
SO-239 connectors are mounted on oppo-
site sides of the box. A piece of PC board
isrun diagonally across the box to improve
coupler directivity. The pieces of RG-8X
coaxial cable pass through holes in the PC
board. (Note: Some brands of “mini 8”
cable have extremely low breakdown volt-
age ratings and are unsuitable to carry
even 100 W when the SWR exceeds 1:1.
See “High-Power Operation” for details
of a coupler made with RG-8 cable.)

Begin by constructing T1 and T2, which
are identical except for their end connec-
tions. (Refer to Fig 19.49.) The primary
for each transformer is the center conduc-
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Fig 19.48—Schematic diagram of the Tandem Match directional wattmeter. Parts identified as RS are from RadioShack.
Contact information for parts suppliers can be found using the TIS Find program.

D1-D4—1N5711. J3, J4—Open-circuit jack. R3, R4—10-kQ, 10-turn, cermet Trimpot.
D6, D7—1N34A or 1N271. M1, M2—1 mA panel meter. U1-U3—TLC27M4 op amp.
D8-D14-1N914. Q1, Q3, Q4—2N2222 metal case only. U4—TLC27L2 or TLC27M2.
FB-Ferrite bead, Amidon FB-73-101 or Q2—2N2907 metal case or equiv. U5-U7—CA3146.

equiv. R1, R2, R5—100-kQ, 10-turn cermet U9, U10—LM336.
J1, J2—S0-239 connector. Trimpot.
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tor of a length of RG-8X coaxial cable.
Cut two cable lengths sufficient for
mounting as shown in the figure. Strip the
cable jacket, braid and dielectric as shown.
The cable braid is used as a Faraday shield
between the transformer windings, so it is

only grounded at one end. Important—
connect the braid only at one end or the
directional-coupler circuit will not work
properly! Wind two transformer second-
aries, each 31 turns of #24 enameled wire
on a T-50-3 iron-powder core. Slip each
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core over one of the prepared cable pieces
(including both the shield and the outer
insulation). Mount and connect the trans-
formers as shown in Fig 19.48, with the
wires running through separate holes in
the copper-clad PC board.
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Fig 19.49—Construction details for the directional coupler.

A metal case is required.

The directional coupler can be mounted
separately from the rest of the circuitry if
desired. If so, use two coaxial cables to
carry the forward- and reflected-power
signals from the directional coupler to the
detector inputs. Be aware, however, that
any losses in the cables will affect power
readings.

This directional coupler has not been
used at power levels in excess of 100 W.
For more information about using Tandem
Match at high power levels, see “High-
Power Operation.”

Detector and Signal-processing
Circuits

The detector and signal-processing cir-
cuits were constructed on a perforated,
copper-clad circuit board. These circuits
use two separate grounds—it is extremely
important to isolate the grounds as shown
in the circuit diagram. Failure to do so
may result in faulty circuit operation.
Separate grounds prevent RF currents on
the cable shield from affecting the op-amp
circuitry.

The directional coupler requires good
50-Q loads. They are constructed on the
back of the female UHF chassis connectors
where the cables from the directional cou-
pler enter the wattmeter housing. Each load
consists of four 200-Q resistors connected
from the center conductor of the UHF con-
nector to the four holes on the mounting
flange, as shown in Fig 19.50. The detector
diode is then mounted from the center con-
ductor of the connector to the 100-pF and
1000-pF bypass capacitors, which are lo-
cated next to the connector. The response
of this load and detector combination mea-
sures flat to beyond 500 MHz.
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Fig 19.50—The parallel load resistors mounted on an SO-239
connector. Four 200-Q resistors are mounted in parallel to

provide a 50-Q detector load.

Schottky-barrier diodes (type 1N5711)
were used in this design because they were
readily available. Any RF-detector diode
with a low forward voltage drop (less than
300 mV) and reverse breakdown voltage
greater than 30 V could be used. (Germa-
nium diodes could be used in this circuit,
but performance will suffer. If germanium
diodes are used, reduce the values of the
detector-diode and feedback-diode load
resistors by a factor of 10.)

The rest of the circuit layout is not criti-
cal, but keep the lead lengths of 0.001- and
0.01-uF bypass capacitors short. The
capacitors provide additional bypass paths
for the op-amp circuitry.

D6 and D7 form a voltage doubler to de-
tect the presence of a carrier. When the for-
ward power exceeds 1.5 W, Q3 switches on
and stays on until about 10 seconds after
the carrier drops. (A connection from TP7
to TP9 forces the unit on, even with no
carrier present.) The regulated references
of +2.5 V and -2.5 V generated by the
LM334 and LM336 are critical. Zener-diode
substitutes would significantly degrade
performance.

The four op amps in Ul compensate for

nonlinearity of the detector diodes. D1-
D2 and D3-D4 are the matched diode pairs
discussed above. A RANGE switch selects
the meter range. (A six-position switch
was used here because it was handy.) The
resistor values for the RANGE switch are
shown in Table 19.2. Full-scale input
power gives an output at UIC or U1D of
7.07 V. The forward- and reflected-power
detectors are zeroed with R1 and R2.

The forward- and reflected-detector
voltages are squared by U2, U5 and U6 so
that the output voltages are proportional
to forward and reflected power. The gain
constants are adjusted using R3 and R4 so
that an input of 7.07 V to the squaring cir-
cuit gives an output of 5 V. The difference
between these two voltages is used by U4B
to yield an output that is proportional to
the power delivered to the transmission
line. This voltage is peak detected (by an
RC circuit connected to the OPERATE posi-
tion of the MODE switch) to indicate and
hold the maximum power measurement
during CW or SSB transmissions.

SWR is computed from the forward and
reflected voltages by U3, U4 and U7.
When no carrier is present, Q4 forces the

Table 19.2

Performance Specifications for the Tandem Match

1.5t0 1500 W
1.8 to 54 MHz

Power range:
Frequency range:
Power accuracy:
SWR accuracy:
Minimum SWR:
Power display:
SWR display:
Calibration:

Better than +10% (+0.4 dB)

Better than +5%

Less than 1.05:1

Linear, suitable for use with either analog or digital meters
Linear, suitable for use with either analog or digital meters
Requires only an accurate voltmeter




SWR reading to be zero (that is, when the
forward power is less than 2% of the full-
scale setting of the RANGE switch). The
SWR computation circuit gain is adjusted
by R5. The output is peak detected in the
OPERATE mode to steady the SWR reading
during CW or SSB transmissions.

Transistor arrays (US, U6 and U7) are
used for the log and antilog circuits to
guarantee that the transistors will be well
matched. Discrete transistors may be
used, but accuracy may suffer.

A three-position toggle switch selects
the three operating modes. In the OPERATE
mode, the power and SWR outputs are
peak detected and held for a few seconds
to allow meter reading during actual trans-
missions. In the TUNE mode, the meters
display instantaneous output power and
SWR.

A digital voltmeter is used to obtain
more precise readings than are possible
with analog meters. The output power
rangeis0to5V(OV=0Wand5V =full
scale). SWR output varies from 1 V (SWR
=1:1)to5 V(SWR =5:1). Voltages above
5V are unreliable because of voltage lim-
iting in some of the op amp circuits.

Calibration

The directional wattmeter can be cali-
brated with an accurate voltmeter. All
calibration is done with dc voltages. The
directional-coupler and detector circuits
are inherently accurate if correctly built.
To calibrate the wattmeter, use the follow-
ing procedure:

1) Set the MODE switch to TUNE and the
RANGE switch to 100 W or less.
2) Jumper TP7 to TPS8. This turns the
unit on.
3) Jumper TP1 to TP2. Adjust R1 for 0 V
at TP3.
4) Jumper TP4 to TPS. Adjust R2 for 0 V
at TP6.
5) Adjust R1 for 7.07 V at TP3.
6) AdjustR3 for5.00 V at TP9, or a full-
scale reading on M1.
7) Adjust R2 for 7.07 V at TP6.
8) Adjust R4 for 0 V at TP9, or a zero
reading on M1.
9) Adjust R2 for 4.71 V at TP6.
10) Adjust R5 for 5.00 V at TP10, or a
full-scale reading on M2.
11) Set the RANGE switch to its most sen-
sitive scale.
12) Remove jumpers from TP1 to TP2
and TP4 to TPS.
13) Adjust R1 for O V at TP3.
14) Adjust R2 for 0 V at TP6.
15) Remove jumper from TP7 to TP8.

This completes the calibration proce-
dure. This procedure has been found to

Table 19.3
Range-Switch Resistor Values

Full-Scale Range Resistor
Power Level (1% Precision)

w) (k$2)

1 2.32

2 3.24

3 4.02

5 5.23

10 7.68

15 9.53
20 11.0
25 12.7
30 15.0
50 18.7
100 28.7
150 37.4
200 46.4
250 54.9
300 63.4
500 100.0
1000 237.0
1500 649.0
2000 open

equal calibration with expensive labora-
tory equipment. The directional wattme-
ter should now be ready for use.

Accuracy

Performance of the Tandem Match has
been compared to other well-known direc-
tional couplers and laboratory test equip-
ment, and it equals any amateur directional
wattmeter tested. Power measurement
accuracy of the Tandem Match compares
well to a Hewlett-Packard HP-436A power
meter. The HP meter has a specified mea-
surement error of less than +0.05 dB. The
Tandem Match tracked the 436A within
+0.5 dB from 10 mW to 100 W and within
+0.1 dB from 1 W to 100 W. The unit was
not tested above 1200 W because a trans-
mitter with a higher power rating was not
available.

SWR performance was equally good
when compared to the SWR calculated
from measurements made with 436A and
a calibrated directional coupler. The Tan-
dem Match tracked the calculated SWR
within +5% for SWR values from 1:1 to
5:1. SWR measurements were made at
8 W and 100 W.

Operation

Connect the Tandem Match in the 50-Q
line between the transmitter and the antenna-
matching network (or antenna if no match-
ing network is used). Set the RANGE switch to
a range greater than the transmitter output
rating and the MODE switch to TUNE. When
the transmitter is keyed, the Tandem Match
automatically switches on and indicates
both power delivered to the antenna and
SWR on the transmission line. When no
carrier is present, the output power and
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SWR meters indicate zero.

The OPERATE mode includes RC cir-
cuitry to momentarily hold the peak-
power and SWR readings during CW or
SSB transmissions. The peak detectors are
not ideal, so there could be about 10%
variation from the actual power peaks and
the SWR reading. The SWRx10 mode in-
creases the maximum readable SWR to
50:1. This range should be sufficient to
cover any SWR value that occurs in ama-
teur use. (A 50-ft open stub of RG-8 yields
a measured SWR of only 43:1, or less, at
2.4 MHz because of cable loss. Higher
frequencies and longer cables exhibit a
smaller maximum SWR.)

It is easy to use the Tandem Match to
adjust an antenna-matching network.
Adjust the transmitter for minimum out-
put power (at least 1.5 W). With the car-
rier on and the MODE switch set to TUNE or
SWRx10, adjust the matching network for
minimum SWR. Once minimum SWR is
obtained, set the transmitter to the proper
operating mode and output power. Place
the Tandem Match in the OPERATE mode.

Parts

Few parts suppliers carry all the com-
ponents needed for these couplers. Each
may stock different parts. Good sources
include Digi-Key, Surplus Sales of
Nebraska, Newark Electronics and
Anchor Electronics. Use the TIS Find
program for latest address information.

High-power Operation

This material was condensed from a
letter by Frank Van Zant, KL7IBA, that
appears in July 1989 OST (pp 42-43). In
April 1988, Zack Lau, W1VT, described a
directional-coupler circuit (based on the
same principle as Grebenkemper’s cir-
cuit) for a QRP transceiver. The main ad-
vantage of Lau’s circuit is very low parts
count.

Grebenkemper uses complex log-anti-
log amplifiers to provide good measure-
ment accuracy. This application gets away
from complex circuitry, but retains rea-
sonable measurement accuracy over the
1 to 1500-W range. It also forfeits the
SWR-computation feature.

Lau’s coupler uses ferrite toroids. It
works great at low power levels, but the
ferrite toroids heat excessively with high
power, causing erratic meter readings and
the potential for burned parts.

The Revised Design

Powdered-iron toroids are used for the
transformers in this version of Lau’s basic
circuit. The number of turns on the sec-
ondaries was increased to compensate for
the lower permeability of powdered iron.
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Fig 19.51—Schematic diagram of the high-power directional coupler. D1 and D2 are germanium diodes (1N34 or equiv).

R1 and R2 are 47- or 51-Q '/>-W resistors. C1 and C2 have 500-V ratings. The secondary windings of T1 and T2 each consist of
40 turns of #26 to 30 enameled wire on T-68-2 powdered-iron toroid cores. If the coupler is built into an existing antenna
tuner, the primary of T1 can be part of the tuner coaxial output line. The remotely located meters (M1 and M2) are connected
to the coupler box at J1 and J2 via P1 and P2.

Two meters display reflected and for-

ward power (see Fig 19.51). The germa- Tape wrapped Shield braid
nium detector diodes (D1 and D2—1N34) Rg-8 (ground only one end)
provide fairly accurate meter readings /
particularly if the meter is calibrated (us- I I
ing R3, R4 and R5) to place the normal Ja gmmm: YMMHE J3
transmitter output at midscale. If the wind- S0-239 So-239
ing sense of the transformers is reversed, 1 -
the meters are transposed (the forward- Grommets A H~— Pc-board
power meter })ecomes the reflected-power Feeﬁtr;?oughs STield Brad Shield
meter, and vice versa). (ground one

. Stand-off Standoff
Construction Insulator T Insulator

Fig 19.52 shows the physical layout of
this coupler. The pickup unit is mounted 12 ‘ h "
ina 3‘/z><3‘/2><4?mch box. The meters, PC- Phono jack I:[ ‘ Tape'-Qthpped I ]:l Phono jack
mount potentiometers and HIGH/LOW 9 1
power switch are mounted in a separate
box or a compartment in an antenna tuner.

The primary windings of T1 and T2 HBK05_19-52
are constructed much as Grebenkemper

described, but use RG-8 with its jacket g 19 52—Directional-coupler construction details. Grommets or standoff
removed so that the core and secondary jnsulators can be used to route the secondary windings of T1 and T2 through the
winding may fit over the cable. The braidis PC-board shield. A 3'/2x3'/2x4-inch metal box serves as the enclosure.
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wrapped with fiberglass tape to insulate it
from the secondary winding. An excellent
alternative to fiberglass tape—with even
higher RF voltage-breakdown characteris-
tics—is ordinary plumber’s Teflon pipe
tape, available at most hardware stores.

The transformer secondaries are wound
on T-68-2 powdered-iron toroid cores.
They are 40 turns of #26 to 30 enameled
wire spread evenly around each core. By
using #26 to 30 wire on the cores, the cores
slip over the tape-wrapped RG-8 lines.
With #26 wire on the toroids, a single layer
of tape (slightly more with Teflon tape)
over the braid provides an extremely snug
fit for the core. Use care when fitting the
cores onto the RG-8 assemblies. After the
toroids are mounted on the RG-8 sections,
coat the assembly with General Cement
Corp Polystyrene Q Dope, or use a spot or
two of RTV sealant to hold the windings
in place and fix the transformers on the
RG-8 primary windings.

Mount a PC-board shield in the center of
the box, between T1 and T2, to minimize
coupling between transformers. Suspend T1

between SO-239 connectors and T2 between
two standoffinsulators. The detector circuits
(Cl1, C2, D1, D2, R1 and R2) are mounted
inside the coupler box as shown.

Calibration, Tune up and
Operation

The coupler has excellent directivity.
Calibrate the meters for various power
levels with an RF ammeter and a 50-Q
dummy load. Calculate I’R for each power
level, and mark the meter faces accord-
ingly. Use R3, R4 and RS to adjust the
meter readings within the ranges. Diode
nonlinearities are thus taken into account,
and Grebenkemper’s signal-processing
circuits are not needed for relatively accu-
rate power readings.

Start the tune-up process using about
10 W, adjust the antenna tuner for mini-
mum reflected power, and increase power
while adjusting the tuner to minimize
reflected power.

This circuit has been built into several
antenna tuners with good success. The
bridge worked well at 1.5-kW output on

1.8 MHz. It also worked fine from 3.5 to
30 MHz with 1.2- and 1.5-kW output. The
antenna is easily tuned fora 1:1 SWR using
the null indication provided.

Amplifier settings for a matched
antenna, as indicated with the wattmeter,
closely agreed with those for a 50-Q
dummy load. Checks with a Palomar noise
bridge and a Heath Antenna Scope also
verified these findings. This circuit should
handle more than 1.5 kW, as long as the
SWR on the feed line through the watt-
meter is kept at or near 1:1. (On one occa-
sion high power was applied while the
antenna tuner was not coupled to a load.
Naturally the SWR was extremely high,
and the output transformer secondary
winding opened like a fuse. This resulted
from the excessively high voltage across
the secondary. The damage was easily and
quickly repaired.)

Notes
1Use TIS Find program for latest address
information. See CD-ROM for template.

AN EXTERNAL AUTOMATIC ANTENNA SWITCH FOR USE WITH

YAESU OR ICOM RADIOS

This antenna-switching-control project
involves a combination of ideas from sev-
eral earlier published articles.">? This
system was designed to mount the antenna
relay box outside the shack, such as on a
tower. With this arrangement, only a
single antenna feed line needs to be
brought into the shack. The lead photo
shows the control unit and relay box, de-
signed and built by Joe Carcia, NJ1Q. As
the W1AW chief operator, Joe has plans
for the switch at W1AW. Either an ICOM
or Yaesu HF radio will automatically se-
lect the proper antenna. In addition, a
manual switch can override the ICOM
automatic selection. That feature also pro-
vides a way to use the antenna with other
radios. The antenna switch is not a two-
radio switch, though. It will only work
with one radio at a time.

Many builders may want to use only the
ICOM or only the Yaesu portion of the
interface circuitry, depending on the brand
of radio they own. The project is a
“hacker’s dream.” It can be built in a vari-
ety of forms, with the only limitations
being the builder’s imagination.

Circuit Description

Fig 19.53 is ablock diagram of the com-
plete system. An ICOM or Yaesu HF radio
connects to the appropriate decoder via the

) to Remote Relay Box
Ant Feed Line Input

ICOM Feed
MF/HF Line
Radio ICOM Input
ACC2 Decoder Feed Ant 1
Line
Relay ) ) Ant 2
Control { ( Control !
Multi-Conductor !
) to Remote Relay Box Control Cable
YaesuAm Feed Line Input Ant6
MF/HF Remote
Radio Yaesu Relay Box
ACC Decoder
HBKO05_19-53

Fig 19.53—Block diagram of the remotely controlled automatic antenna switch.
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Table 19.4

ICOM Accessory Connector Output
Voltages By Band

Band (MHz) Output Voltage

1.8 7-8.0
3.5 6-6.5
7 5-55
14 4-45
18, 21 3-3.5
24,28 2-25
10 0-1.2

Note: The voltage step between bands is
not constant, but close to 1.0 V, and the
10-MHz band is not in sequence with the
others.

Table 19.5

Yaesu Band Data Voltage Output (BCD)
Band A B () D (BCD Equiv.)

(1) @ ) (8

1.8 5v 0V 0V 0oV 1

3.5 oV 5V 0V 0oV 2

7.0 5V 5V 0V 0V 3

10.1 ov ov 5V 0oV 4

14 5V 0V 5V 0V 5

18.068 0OV 5V 5V 0V 6

21 5V 5V 5V 0V 7

2489 0V 0OV 0OV 5V 8

28 5V 0V 0V 5V 9

accessory connector on the back of the
radio. Some other modern rigs have an
accessory connector used for automatic
bandswitching of amplifiers, tuners and
other equipment. For example, Ten-Tec
radios apply a 10 to 14-V dc signal to pins
on the DB-25 interface connector for the
various bands. Other radios use particular
voltages on one of the accessory-connec-
tor pins to indicate the selected band.
Check the owner’s manual of your radio
for specific information, or contact the
manufacturer’s service department for
more details. You may be able to adapt the
ideas presented in this project for use with
other radios.

A single length of coax and a multicon-
ductor control cable run from the rig and
decoder/control box to the remotely lo-
cated switch unit. The remote relay box is
equipped with SO-239 connectors for the
input as well as the output to each antenna.
You can use any type of connectors,
though.

ICOM radios use an 8-V reference and
avoltage divider system to provide a stepped
band-data output voltage. Table 19.4
shows the output voltage at the accessory
socket when the radio is switched to the
various bands. Notice that seven voltage
steps can be used to select different an-
tennas. The ICOM accessory connector
pin assignments needed for this project
are:

Pin 1 +8 V reference

Pin 2 Ground

Pin 4 Band signal voltage

Pin 7 +12 (13.8) V supply

Yaesu radios provide the band informa-
tion as binary coded decimal (BCD) data
on four lines. Nine different BCD values
allow you to select a different antenna for
each of the MF/HF bands. Table 19.5
shows the BCD data from Yaesu radios
for the various bands. The Yaesu 8-pin
DIN accessory connector pin assignments
needed for this project are:

19.38 Chapter 19

Pin 1
Pin 3
Pin 4
Pin 5

+12 (13.8) V supply
Ground

Band Data A

Band Data B

Pin 6 Band Data C

Pin 7 Band Data D

Fig 19.54 is the schematic diagram for
the control box. We will discuss each part
of the control circuit later in this descrip-
tion. First, let’s turn our attention to the
external antenna box.

EXTERNAL ANTENNA BOX

Only the number of control lines going
out to the relay box limits the number
of antennas this relay box will switch.
The unit shown in the lead photo has ten
S0O-239 connectors, to switch the common
feed line to any of nine antennas. Many
hams will use an eight-conductor rotator
cable (such as Belden 9405) to the relay
box. Using eight wires, we can control
seven relays (six for antennas and one to
ground the feed line for lightning protec-
tion) with the relay coil B+ supply, as well
as a ground lead. The lead photo in Fig
19.53 shows eight relays, and I plan to add
two additional relays so I can select
between all nine antennas when I install the
unit at W1AW. The box contains a 12 V dc
voltage regulator (LM7812 or equivalent),
which I bolted to the aluminum box. I used
an insulating spacer (TO-220 mounting
hardware) between the back of the regula-
tor and the box, and applied a layer of heat-
sink compound on both sides of the
insulating wafer. There is also a connector
for power and control lines. [ used a DB-15
connector because I plan to add more relays
and control lines later, so I can switch be-
tween 9 antennas. A DB-9 connector would
be suitable for use with the eight-conductor
control cable, or you may wish to use a
weatherproof connector. Fig 19.55 shows
the relay box schematic diagram.

Since the box will be located outside,

I used a weatherproof metal box—a
Hammond Manufacturing, type 15902150,
watertight aluminum box. It’s about
8!/2x4!/4x3'/s inches. This is a rather hefty
box, meant to be exposed to years of vari-
ous weather conditions. You can, however,
use almost anything.

The coax connectors are mounted so
each particular antenna connector is close
to the relay, without too much crowding. I
used flange-mount SO-239s (although the
single hole type will also work). For added
weather protection (and conductivity), [
applied Penetrox® to the connector flange
mount, including the threads of the mount-
ing screws. On the power/control line con-
nector, I used Coax Seal®.

I attached aluminum angle stock on
either side of the box to mount it on a tower
leg. The U-bolts should be of the proper
size to fit the tower leg. They should also
be galvanized or made of stainless steel.

Antenna Relays

One of the more difficult parts of this
project was the modification of the relays
(DPDT Omron LY2F-DC12). To improve
isolation, the moveable contacts (arma-
ture) are wired in parallel and the connect-
ing wire is routed through a hole in the
relay case.

Remove the relay from its plastic case.
Unsolder and remove the small wires from
the armatures. Carefully solder a jumper
across the armature lugs. I used #20 solid
copper. Then solder a piece of very flex-
ible wire (such as braid from RG-58 cable)
to either armature lug. Obviously, the
location of the wire depends on which side
you wish to connect the SO-239. You will
also need to make a hole in the plastic case
that is large enough to accommodate the
armature wire without placing any strain
on the free movement of the armature. I
slipped a length of insulating tubing over
this wire to prevent it from shorting to the
aluminum box.

The normally open and normally closed
contacts are also wired in parallel. This
can be done on the lugs themselves. For
this, I used #12 solid copper wire.

I mounted the relays in the aluminum
box, oriented so they could be wired to-
gether without difficulty. (See Fig 19.56.)
With the exception of the wire used for the
relay coils (#22 solid wire), [ used #12 solid
copper wire for the rest of the connections.

To eliminate the possibility of spikes
or “back emf,” a IN4007 diode is soldered
across the coil contacts of each relay. In
addition, 0.01-uF capacitors across the
diodes will reduce the possibility of stray
RF causing problems with the relay
operation.

Since the cable run from the shack to
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Ant 1
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Ant 2
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Ant 3
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Select

Ant 5
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Ant 6
Select

18 Vdc

* The N.O. and N.C. contacts, including the
armatures, are wired in parallel to increase

D5 - D11 = 1N4007

K1 -K7 = Omron LY2F-DC12
12 V dc Coil

U7 - LM7812 +12 V Regulator

current-handling capability.
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U7 LM7812
R29 = Protect
eg Relay
A A e L ouT—e¢ NG
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0.0q\ D11 K7 T ? l

J3 - 8 pin external (weatherproof)

socket or DB-9

Ant 1

Ant 2

Ant 3

Ant 4

Ant 5

Ant 6

Common
to
Station

Fig 19.56—This photo shows the external relay box. The
LM7812 regulator is mounted to the bottom of the box. The
relay normally open and normally closed contacts are wired in
parallel using #12 solid copper. Joe Carcia plans to install two
additional relays to use this project at W1AW, so he included
the extra flange-mount SO-239 connectors when he was
drilling holes in the box. Unused S0O-239s can be capped off.
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Fig 19.55—The schematic diagram for
the external antenna relay box. All
relays are DPDT, 250 V ac, 15 A
contacts. R29 is used to limit the
regulator current. Mount the regulator
using TO-220 mounting hardware, with
heatsink compound. With the excep-
tion of the normally closed and
normally open contacts, all wiring is
#22 solid copper wire.
D5-D11—1N4007

J3—8 pin external weatherproof
connector (or DB-9 with appropriate
weather sealant)

K1-K7—Omron LY2F-DC12 with 12 V
coil (Allied Electronics Stock number
821-2019)

U7—LM7812 +12 V regulator

Fig 19.57 (below)—This photo shows
the inside of the control box. A
RadioShack aluminum enclosure holds
all of the components. The ICOM
interface is built on a two-section
RadioShack Universal Project Board
(276-159B) and another single section
of the same board. The bottom board in
the enclosure as well as the right half
of the middle section hold the ICOM
circuit. The Yaesu interface is built on
another section of the Universal Project
Board, and is on the left side of the
middle section. The top circuit board is
a RadioShack Universal Project Board
(276-150), which holds the DIP sockets
and relay-selection transistors. The
circuit boards use point-to-point
wiring. All high voltage leads are
insulated. The LEDs are mounted in
holders on the front panel. The 7805
5-V regulator is mounted on the back
panel using TO-220 mounting hardware,
with heatsink compound.



the tower can be quite long, consideration
has to be given to the voltage drop that
may occur. The relays require 12 V dc. As
such, I installed a 12 V dc regulator in the
box, and fed it with 18 V dc (at 2 amps)
from the control box. If the cable run is not
that long, however, you could just use a
12-V supply.

One of the relays is used for lightning
protection. When not in use, the relay
grounds the line coming in from the shack.
When the control box is activated, it
applies power to this relay, thus removing
the ground on the station feed line. All the
antenna lines are grounded through the
normally closed relay contacts. They
remain grounded until the relay receives
power from the control box.

CONTROL BOX

This is the heart of the system. The 18 V
dc power supply for the relays is located in
this box, in addition to the Yaesu and
ICOM decoder circuits and the relay-con-
trol circuitry. All connections to the relay
box are made via an 8-position terminal
barrier strip mounted on the back of the
control box.

The front of the box has LEDs that indi-
cate the selected antenna. A rotary switch
can be used for manual antenna selection.
The power switch and fuse are also located
on the front panel.

The wiring schemes on the Yaesu and
ICOM ACC sockets are so different, I
opted to have a 5-pin DIN connector for
each rig on the control box. Since there is
only one set of LEDs, I used an 8-pin DIP
header to select the appropriate control
circuit for each radio. See Fig 19.57.

ICOM CIRCUITRY

This circuit originally appeared in April
1993 QST.?> I’ve modified the circuit
slightly to fit my application. The original
circuit allowed for switching between
seven antennas (from 160 to 10 meters).
The Band Data signal from the ICOM
radios goes to a string of LM339 compara-
tors. Resistors R9 through R15 divide the

8-V reference signal from the rig to pro-
vide midpoint references between the
band signal levels. The LM339 compara-
tors decide which band the radio is on.
A single comparator selects the 1.8 or
10 MHz band because those bands are at
opposite ends of the range. The other
bands each use two comparators. One de-
termines if the band signal is above the
band level and the other determines if it is
below the band level. If the signal is
between those two levels, the appropriate
LED and relay-selection transistor switch
is turned on.

I used point-to-point wiring on Radio
Shack Universal Project Boards to build the
various circuit sections. The ICOM inter-
face uses both sections of a 276-159B
project board shown at the bottom of the
stack in Photo B for Ul and U2. Another
section of project board holds U3, located
on the right side of the middle section.

The ICOM circuit allows for manual
antenna selection. The 8-V reference is
normally taken directly from the ICOM
ACC socket. If this circuit is to be used
with other equipment, then a regulated
8-V source should be provided.

YAESU CIRCUITRY

The neat thing about Yaesu band data is
that it’s in a binary format. This means
you can use a simple BCD decoder for
band switching. The BCD output ranges
from 1 to 9. In essence, you can switch
between 9 antennas (or bands). Since the
relay box switches just six antennas, I
incorporated steering diodes (D1 through
D4 in Fig 19.54) so I can use one antenna
connection for multiple bands. In this
regard, I opted to use one antenna con-
nection for 17 and 15 meters, and another
connection for 12 and 10 meters because
the ICOM band data combines those
bands. [ did not include the control line or
relay for a 30-meter antenna with this ver-
sion of the project.

One section of the RadioShack 276-
159B project board holds the Yaesu inter-
face circuit. That board is shown on the

A TRIO OF TRANSCEIVER/COMPUTER INTERFACES

Virtually all modern Amateur Radio
transceivers (and many general-coverage
receivers) have provisions for external
computer control. Most hams take advan-
tage of this feature using software specifi-
cally developed for control, or primarily
intended for some other purpose (such as
contest logging), with rig control as a sec-
ondary function.

Unfortunately, the serial port on most
radios cannot be directly connected to the
serial port on most computers. The prob-
lem is that most radios use TTL signal lev-
els while most computers use RS-232-D.

The interfaces described here simply
convert the TTL levels used by the radio to
the RS-232-D levels used by the computer,
and vice versa. Interfaces of this type are

Station Layout and Accessories

left side of the middle layer of the stack
shown in Fig 19.57.

DIP Sockets and Header

A RadioShack Universal Project Board,
276-150 holds the DIP sockets along with
the relay keying transistors. This board is
shown as the top layer in Photo B. The
Yaesu socket has 1-kQ resistors wired in
series with each input pin. The other header
connects directly to the ICOM circuitry.

The DIP header is used to switch the
keying transistors between the ICOM and
Yaesu circuitry. The LEDs are used to
indicate antenna number. Use stranded
wire (for its flexibility) when connecting
to the LEDs.

Relay Keying Transistors

Both circuits use the same transistor-
keying scheme, so I only needed one set of
transistors. Each transistor collector con-
nects to the terminal barrier strip. The
emitters are grounded, and the bases are
wired in parallel to the two 16-pin DIP
sockets. The band data turns on one of the
transistors, effectively grounding that
relay-control lead. Current flows through
the selected relay coil, switching that
relay to the normally open position and
connecting the station feed line to the
proper antenna.

Power supply

The power supply is used strictly for the
relays. Other power requirements are
taken from the rig used. There is room here
for variations on the power supply theme.
In this case, [used a 12.6 V, center-tapped,
2 A power transformer. I feed the output to
a bridge rectifier, and two 4700 uF, 35-V
electrolytics. (I happened to have these
parts on hand.)

Notes

1“An Antenna Switching System for Multi-
Two and Single-Multi Contesting,” by Tony
Brock-Fisher, K1KP, January 1995 NCJU.

2“A Remotely Controlled Antenna Switch,”
by Nigel Thompson, April 1993 QST.

3“NA Logging Program® Section 11”

often referred to as level shifters. Two ba-
sic designs, one having a couple of varia-
tions, cover the popular brands of radios.
This article, by Wally Blackburn, AA8DX,
first appeared in February 1993 QST.

TYPE ONE: ICOM CI-V

The simplest interface is the one used
for the ICOM CI-V system. This interface
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Computer

Radio

Radio

Radio

Fig 19.58—The basic two-wire bus
system that ICOM and newer Ten-Tec
radios share among several radios and
computers. In its simplest form, the
bus would include only one radio and
one computer.

works with newer ICOM and Ten-Tec
rigs. Fig 19.58 shows the two-wire bus
system used in these radios.

This arrangement uses a CSMA/CD
(carrier-sense multiple access/collision
detect) bus. This refers to a bus that a num-
ber of stations share to transmit and re-
ceive data. In effect, the bus is a single
wire and common ground that intercon-
nect a number of radios and computers.

The single wire is used for transmitting
and receiving data. Each device has its
own unique digital address. Information
is transferred on the bus in the form of
packets that include the data and the ad-
dress of the intended receiving device.

The schematic for the ICOM/Ten-Tec
interface is shown in Fig 19.59. It is also
the Yaesu interface. The only difference
is that the transmit data (TxD) and receive
data (RxD) are jumpered together for the
ICOM/Ten-Tec version.

The signal lines are active-high TTL.
This means that a logical one is repre-
sented by a binary one (+5 V). To shift this
to RS-232-D it must converted to —12 V
while a binary zero (0 V) must be con-
verted to +12 V. In the other direction, the
opposites are needed: —12 V to +5 V and
+12VtoOV.

Ul is used as a buffer to meet the inter-
face specifications of the radio’s circuitry
and provide some isolation. U2 is a 5-V-
powered RS-232-D transceiver chip that
translates between TTL and RS-232-D
levels. This chip uses charge pumps to
obtain +10 V from a single +5-V supply.
This device is used in all three interfaces.

A DB25 female (DB25F) is typically
used at the computer end. Refer to the dis-
cussion of RS-232-D earlier in the chapter
for 9-pin connector information. The in-
terface connects to the radio via a '/s-inch
phone plug. The sleeve is ground and the

»~ | RTS

o | CTS

~N | TxD

w | RxD

T~

) DB25F
to Computer

Except as indicated, decimal values of
capacitance are in microfarads ( pF );
others are in picofarads ( pF );
resistances are in ohms; k=1,000.

IC pins not shown are unused.

0.01 :0.01 10.22 uF
35V
8 14 4 +C4 5
Tiout C2+ C2-
Ve 2 u3
+ 78M05
U2 c3 10-22 pF D1
ICL232 or T™ —=%v 1N4001
MAX232 16 3 Reg 1

9-20 Vdc

Radio
RxD
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* Omit C10

ICOM/Ten-Tec Connection

Fig 19.59—ICOM/Ten-Tec/Yaesu interface schematic. The insert shows the ICOM/Ten-Tec bus connection, which simply
involves tying two pins together and eliminating a bypass capacitor.

C7-C10—0.01-pF ceramic disc.
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U1—7417 hex buffer/driver.

U2—Harris ICL232 or Maxim MAX232.
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capacitance are in microfarads ( uF );
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IC pins not shown are unused.
* Install for testing only.

Fig 19.60—Kenwood interface schematic.

C6-C9, C11, C12, C17, C18—0.01-pF
ceramic disc.

tip is the bus connection.

It is worth noting that the ICOM and
Ten-Tec radios use identical basic com-
mand sets (although the Ten-Tec includes
additional commands). Thus, driver soft-
ware is compatible. The manufacturers are
to be commended for working toward
standardizing these interfaces somewhat.
This allows Ten-Tec radios to be used with
all popular software that supports the
ICOM CI-V interface. When configuring
the software, simply indicate that an
ICOM radio (such as the IC-735) is con-
nected.

TYPE TWO: YAESU INTERFACE

The interface used for Yaesu rigs is
identical to the one described for the

C13-C16, C19-C21—0.01 pF ceramic
disc.

ICOM/Ten-Tec, except that RxD and
TxD are not jumpered together. Refer to
Fig 19.59. This arrangement uses only the
RxD and TxD lines; no flow control is
used.

The same computer connector is used,
but the radio connector varies with model.
Refer to the manual for your particular rig
to determine the connector type and pin
arrangement.

TYPE THREE: KENWOOD

The interface setup used with Kenwood
radios is different in two ways from the
previous two: Request-to-Send (RTS) and
Clear-to-Send (CTS) handshaking is
implemented and the polarity is reversed
on the data lines. The signals used on the

Station Layout and Accessories

U1-U4—PS2501-1NEC (available from
Digi-Key).
U5—Harris ICL232 or Maxim MAX232.

Kenwood system are active-low. This
means that O V represents a logic one and
+5 V represents a logic zero. This charac-
teristic makes it easy to fully isolate the
radio and the computer since a signal line
only has to be grounded to assert it.
Optoisolators can be used to simply switch
the line to ground.

The schematic in Fig 19.60 shows the
Kenwood interface circuit. Note the dif-
ferent grounds for the computer and the
radio. This, in conjunction with a separate
power supply for the interface, provides
excellent isolation.

The radio connector is a 6-pin DIN plug.
The manual for the rig details this connec-
tor and the pin assignments.

Some of the earlier Kenwood radios
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Table 19.6
Kenwood Interface Testing
Apply Result

GND to Radio-5
+5 V to Radio-5
+9 Vto PC-4
-9V to PC-4
GND to Radio-2
+5 V to Radio-2

-8 to —12 V at PC-5
+8 to +12 V at PC-5
+5 V at Radio-4

0 V at Radio-4

-8 to —12 at PC-3
+8 to +12 V at PC-3

+9 V to PC-2 +5 V to Radio-3
-9V to PC-2 0 V at Radio-3
Table 19.7

ICOM/Ten-Tec Interface Testing
Apply Result

GND to Bus +8 to +12 V at PC-3
+5 V to Bus -8to—-12 V at PC-3
-9V to PC-2 +5 V on Bus

+9 V to PC-2 0 V on Bus

Table 19.8

Yaesu Interface Testing

Apply Result

GND to Radio TxD
+5 V to Radio TxD
+9 V to PC-2
-9V to PC-2

+8 to +12 V at PC-3
-8 to—-12 V at PC-3
0 V at Radio RxD
+5 V at Radio RxD

require additional parts before their serial
connection can be used. The TS-440S and
R-5000 require installation of a chipset
and some others, such as the TS-940S
require an internal circuit board.

Construction and Testing

The interfaces can be built using a PC
board, breadboarding, or point-to-point
wiring. PC boards and MAX232 ICs are
available from FAR Circuits. Use the TS
Find program for the latest address in-
formation. The PC board template is avail-
able on the CD-ROM.

Itis a good idea to enclose the interface
in a metal case and ground it well. Use of
a separate power supply is also a good
idea. You may be tempted to take 13.8 V
from your radio—and it works well in
many cases: but you sacrifice some isola-
tion and may have noise problems. Since
these interfaces draw only 10 to 20 mA, a
wall transformer is an easy option.

The interface can be tested using the
data in Tables 19.6, 7 and 8. Remember,
all you are doing is shifting voltage levels.
You will need a 5-V supply, a 9-V battery
and a voltmeter. Simply supply the volt-
ages as described in the corresponding
table for your interface and check for the

correct voltage on the other side. When an
input of =9 V is called for, simply connect
the positive terminal of the battery to
ground.

During normal operation, the input sig-
nals to the radio float to 5 V because of
pullup resistors inside the radio. These
include RxD on the Yaesu interface, the
bus on the ICOM/Ten-Tec version, and
RxD and CTS on the Kenwood interface.
To simulate this during testing, these
lines must be tied to a 5-V supply through
1-kQ resistors. Connecting these to the
supply without current-limiting resistors
will damage the interface circuitry. RS
and R6 in the Kenwood schematic illus-
trate this. They are not shown (but are
still needed) in the ICOM/Ten-Tec/
Yaesu schematic. Also, be sure to note
the separate grounds on the Kenwood
interface during testing.

Another subject worth discussing is the
radio’s communication configuration.
The serial ports of both the radio and the
computer must be set to the same baud
rate, parity, and number of start and stop
bits. Check your radio’s documentation
and configure your software or use the
PC-DOS/MS-DOS MODE command as de-
scribed in the computer manual.

A COMPUTER-CONTROLLED TWO-RADIO SWITCHBOX

This versatile computer-controlled two-
radio switchbox was designed by Dean
Straw, N6BV, who made it primarily for
contest operations using one of the popu-
lar computer logging programs, such as
CT, NA or TR. The switchbox was built
into two boxes, a main unit and a hard-
wired remote head. Fig 19.61 shows the
back of the main unit, and Fig 19.62 shows
the small wired-remote head. The remote
head is compact enough to place almost
anywhere on a crowded operating desk.
Besides toggle switches, it uses red and
green LED annunciators to tell the opera-
tor exactly what is happening.

RadioShack components were used
throughout the project as much as possible
so that parts availability should not be a
hurdle for potential builders. The overall
cost using all-new parts was about $160.

OVERVIEW OF FEATURES

The switchbox controls both transmit-
ting and receiving functions for either
phone or CW modes. (Data modes that
connect through the transceiver’s micro-
phone input or that use direct FSK could
also be controlled through the switchbox,
using additional external switching.) This
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Fig 19.61—A view of the rear panel of
the main box of the Two-Radio
Switchbox.

Fig 19.62—The remote head for the
Two-Radio Switchbox.

particular switchbox was built to work
with two ICOM IC-765 HF transceivers,
but you can easily wire the microphone,
PTT, headphone and CW key-line connec-
tions to match your own radios.

Receiving Features

For this discussion, assume that Radio
A is located to the left in front of the op-
erator and Radio B is to the right. Assume
also that the two radios are connected to
separate antennas (and perhaps linear
amplifiers), and that interaction and over-
load between the two radios has been mini-
mized by good engineering. In other
words, Radio B can receive effectively on
one frequency band, even while Radio A
is transmitting full power on another
band—and vice versa. Here we’ll assume
that you are using stereo headphones. You
can select:

1. Radio A in both ears (monaural)—
for both transmit and receive, in the RX A
switch position.

2. Radio B in both ears (monaural)—
for both transmit and receive, in the RX B
switch position.

3. Radio A in the left ear; Radio B in
the right ear—for both transmit and re-



ceive, in the STEREO switch position.

4. Radio A in both ears in receive;
Radio B in both ears while Radio A is
transmitting, toggling automatically while
in the AUTO TX switch position.

5. Radio B in both ears in receive;
Radio A in both ears while Radio B is
transmitting, toggling automatically while
in the AUTO TX switch position.

6. Green LEDs on the remote head give
instant indication of the source(s) of audio
in the stereo headphones.

The AuTO TX facility in 4 and 5 above
allows you to call CQ on one radio, while
devoting full attention to listening to the
second radio. You could, for example,
look for new multipliers in a contest or to
check whether another band is open or not.
Late in a contest, you can easily become
mesmerized listening to your own voice
from a voice recorder calling CQ, or lis-
tening to the computer automatically call-
ing CQon CW. The AuTO TX facility forces
you to pay attention to the second radio—
but this function can be switched off, if
you like, from the remote head. If you
choose the STEREO receiving mode, the
AUTO TX function is automatically dis-
abled, since it would make it pretty con-
fusing to have the right and left audio
sources shift automatically.

Another useful feature in STEREO is a
BLEND control on the main box. This allows
you to shift the apparent position of
the right-hand receive audio somewhere
between full-right and near the middle of
your spatial hearing range. Some operators
claim that this helps cut down on fatigue
during long operating sessions when using
stereo reception.

There is a second stereo headphone jack
on the main box, with a switch labeled
FOLLOW A or B ONLY. A second operator
can either monitor what the first operator
is doing (perhaps for training or coordina-
tion during a contest), or else the second
operator can pay full attention to the sec-
ond receiver.

The switchbox also has a separate
SIDETONE input jack for audio from an
external keyer. This connects to the B
channel so that you can still hear sidetone
when you have selected AuTO TX (with
Radio A as transmitter) and use the paddle
instead of the computer to send CW, per-
haps to send a fill for a missed report.

The wiring bundles going to each radio
are set up to accommodate external DSP
filters, something that can bring a high-
quality older transceiver up to “modern”
status, comparable to the newer radios
with all their DSP bells and whistles.

Transmitting Features
1. The microphone “hot” line, the

microphone “cold” line, the CW key line
and the PTT line are all switched between
Radio A and Radio B. Both microphone
“hot” and “cold” leads are switched to
reduce the possibility of ground-loop-
induced 60-Hz hum on your transmitted
signal.

2. In the TX A switch position on the
remote head, Radio A is selected manu-
ally, or the computer program can control
transmitter selection through one of its
parallel ports. Placing the switch in posi-
tion TX B overrides computer control and
selects Radio B manually.

3. A manual T/R CONTROL switch, S5,
on the main box can disable automatic
computer control of the transmitter selec-
tion. While the TR program allows this
function to be set by software control, CT
doesn’t have this ability, so S5 was added.

4. An external paddle may be con-
nected to J10 to send CW, using the 7R
computer program as a keyer.

5. Two sets of paralleled, diode-iso-
lated RCA phono jacks (J3 through J6) are
mounted on the main box. You can con-
nect the AMPLIFIER RELAY control lines
from each transceiver to both the
switchbox and two external amplifiers
without needing Y-connectors. By the
way, only one radio can transmit at a time
with this switchbox. This keeps you com-
pletely legal in any single-operator or
multi-single contest category.

6. AnRCA phono connector J9 is avail-
able for an external foot-switch input to
the 7R program.

7. A separate EXT KEYER RCA phono
connector J13 mounts on the main box.
This parallels the LPT CW keyer output
from the computer program.

8. Red LEDs on the remote head indi-
cate which transmitter is active while it is
transmitting.

THE SCHEMATIC

Fig 19.63A shows the schematic of the
PCB used in the two-radio switchbox, and
Fig 19.63B shows the interconnection dia-
gram from the PCB to the other compo-
nents in the main box and the remote head.
Switching relays K1 and K2 are the heart
of the receive-audio circuitry. K1A selects
audio from either Receiver A or B and
applies it to the left-ear terminal of head-
phone output jack J11. Relay K2B nor-
mally connects the right-ear terminal of
J11 in parallel with the left-ear terminal,
for monaural operation. In the STEREO
mode, K2B puts the output from Receiver
B into the right ear. Note that S3A on the
remote head disables K1 when STEREO
mode is selected, so that Receiver A out-
put remains in the left ear, with Receiver
B output in the right ear.

Station Layout and Accessories

Relay contacts K1B are used to turn on
the Greenreceive LEDs in the control head
to indicate whether audio is coming from
Receiver A alone, B alone, or both A and
B together in stereo. Many contest opera-
tors have trained themselves to listen to
two radios simultaneously in STEREO
mode. But many of us are only endowed
with a single brain, and we get easily dis-
tracted in stereo, especially on SSB! Thus
the AuTO CQ feature was added to the
switchbox.

In this mode, when S4 in the control
head is set to AUTO TX and S3 is set to
MONO, closure to ground on the AMPLIFIER
RELAY line by either transceiver will
toggle between the audio outputs from
Receiver A and B automatically. When the
radio stops transmitting, the receive audio
will toggle back. Both AMPLIFIER RELAY
control lines are isolated from each other
by summing diodes.

Just so you won’t be surprised, both the
CT and TR software programs energize
“Radio 2” as what we call “Radio A,” and
“Radio 17 as “Radio B.” This is slightly
non-intuitive but it seems to be a function
of the default state of the computer paral-
lel port. The operator, however, quickly
becomes accustomed to this and toggles
between the radios, while watching the
computer screen to see which frequency
band is active.

The author borrowed most of the trans-
mitting-selection circuitry from an N6TR
design. (N6TR is the creator of the TR
program.)

CONSTRUCTION

Fig 19.64 shows a view of the inside of
the completed main unit box. The author
chose to use a standard Bud LMB 6x4x
3!/>-inch aluminum box, but things got
pretty crowded, as you can see. You will
probably want to use a bigger box—and
you will probably choose to use smaller
cables in the bundles going to each trans-
ceiver. N6BV taped together three stan-
dard “zip cords” for the key-line, PTT and
receiver audio cables, plus a shielded
cable for the microphone line. This bundle
was definitely overkill in terms of current-
handling capacity and made the service
loops inside the main box quite bulky.
Smaller-gauge “speaker wire” would have
been far easier to handle.

Most of the switchbox circuitry was built
onasingle-sided copper PCB using “wired-
traces construction” (also called the “Lazy
PC Board” technique), described in the
Circuit Construction chapter. A large-
diameter drill was used to ream out the cop-
per around holes where the ground plane
was supposed to be removed.

A 25-pin DB25F connector was mounted
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Fig 19.63—At A, schematic diagram for the PCB. At B, the interconnection diagram for the Two-Radio Switchbox. Resistors
are '/ W. Capacitors are disk ceramic. Capacitors marked with polarity are electrolytic.

D1-D13—General-purpose silicon

switching diodes, such as 1N4148 or

1N914 (RS 276-1620).

DS1, DS2—Green LED (RS 276-069A).

DS3, DS4—Red LED (RS 276-068A).
J1—Insulated RCA phono jack for

microphone

input.

J3-6, J6, J9, J13—Chassis-mounting,

grounded RCA phono jack
(RS 274-346).

J10-12—'/s-inch stereo phone jack

(RS 274-312B).

J8—DC power jack (RS 274-1565A).
K1-K4—DPDT 12-V PC-mount relay

(RS 275-49A).
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Q1-Q9—General-purpose NPN switch-
ing transistor, 2N2222 or 2N3904
style (RS 276-1617).

S$1-S8—FIlat lever switch, DPDT
(RS-275-636B).

S$6, S7—Momentary contact SPST
(RS 275-1556A).

U3—7805 5-V regulator (RS 271-281).
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Fig 19.64—Inside the main box. With service loops for the cable bundles going
to the two radios, the inside of the main box is cramped and a larger box

would be a good idea!

on the main box for J2 and an inexpensive
6-foot long 25-conductor DB25M-to-
DM25M cable (bought at a local computer
store) went to the computer’s parallel port.
Much of the point-to-point wiring to the
DB25 and DB15 connectors used ribbon
wires from a scavenged surplus computer.

The remote-control head required a
total of 10 wires from the main box, and a
15-pin DB15M connector J7 was used so
that an inexpensive commercial VGA
computer DB15F cable could be used. The
connector at one end was cut off the 6-foot
long cable, which was then hard-wired
into the remote head. Tie wraps were
used to provide mechanical strain reliefs
for cables entering into the main box and

into the remote head.

The author created labels using a word
processing program in 12-point Times
Roman typeface. These were laser printed
onto a thin mylar sheet used for creating
overhead transparency films. Clear nail
polish (“Hard As Nails”) was brushed
lightly over the labels on the mylar sheet
to protect them from wear. After the pol-
ish had dried, the labels were cut out using
a paper cutter and they were then stuck
onto the boxes using more clear nail pol-
ish as glue.

OPERATION

The switchbox and remote head can be
operated entirely manually, with no con-

nection to a computer, if you like. How-
ever, it is a lot more fun when you can
control each radio from the computer key-
board, especially if you’ve interfaced the
radio to read and write the frequency to
the transceivers! Then you can “point-
and-shoot” from packet DX spots or you
can type in a desired frequency and press
the [Enter] key to tune your radio.

You must set up your computer program
to control the two-radio switchbox
through a parallel (LPT) port. If you con-
trol your radios’ frequencies, you will do
that through serial ports. Follow the direc-
tions for your software carefully. In gen-
eral, you’ve got to get everything exactly
right in order for all functions to work
properly, particularly the frequency and
mode controls for your radio. Connect the
switchbox to a source of +12 V dc that can
source about 1 A. The ICOM radios have
a jack on the back that will provide this.

With the control head switches set to TX
A, MONO and TX AUTO OFF, toggle between
Radio 2 and Radio 1. In the CT program
press ALT-. (press the ALT key and the
period key together) or in TR press ALT-R
to toggle between transmitter A and B. You
should hear relays changing in the switch-
box and when you go into transmit the red
Transmit LEDs on the remote head will
light for the appropriate transmitter.

Now, switch between the RX A and the
RX B positions. The green receiver RX A
and RX B LEDs on the control head should
alternately light. Try the STEREO switch to
see both green LEDs light up. Switch back
to MONO and then switch the TX AUTO
switch on and key the transmitter. The RX
A and RX B LEDs should toggle as you key
and unkey the transmitter.

Adjust the receiver front-panel volume
controls for normal audio levels. Now,
check out STEREO headphone operation
and adjust the BLEND pot for the spatial
placement you prefer.

You should now be all set to enjoy com-
puter-controlled two-radio operation!

TR TIME-DELAY GENERATOR FOR VHF/UHF SYSTEMS

If you’ve ever blown up your new
GaASsFET preamp or hard-to-find coaxial
relay, or are just plain worried about it, this
transmit/receive (TR) time-delay genera-
tor is for you. This little circuit makes it
simple to put some reliability into your
present station or to get that new VHF or
UHF transverter on the air fast, safe and
simple. Its primary application is for VHF/
UHF transverter, amplifier and antenna
switching, but it can be used in any ampli-
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fier-antenna scheme. An enable signal to
the TR generator will produce sequential
output commands to receive relay, a TR
relay, an amplifier and a transverter—
automatically. All you do is sit back and
work DX! This project was designed and
built by Chip Angle, N6CA.

WHY SEQUENCE?

Several problems may arise in stations
using transverters, extra power amplifiers

and external antenna-mounted TR relays.
The block diagram of a typical station is
shown in Fig 19.65. When the HF exciter
is switched into transmit by the PTT or
VOX line, it immediately puts out a
ground (or in some cases a positive volt-
age) command for relay control, and an
RF signal.

If voltage is applied to the transverter,
amplifier and antenna relays simulta-
neously, RF can be applied as the relay
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Ry Fig 19.65—A typical
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ontrol
® Relay —e DC IN
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Exciter TR Command Line
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contacts bounce. In most cases, RF will be
applied before a relay can make full clo-
sure. This can easily arc contacts on dc
and RF relays and cause permanent dam-
age. In addition, if the TR relay is not fully
closed before RF from the power ampli-
fier is applied, excessive RF may leak into
the receive side of the relay. The likely
result—preamplifier failure!

Fig 19.66 is a block diagram of a sta-
tion with a remote-mounted preamp and
antenna relays. The TR time-delay gener-
ator supplies commands, one after another,
going into transmit and going back to re-
ceive from transmit, to turn on all station
relays in the right order, eliminating the
problems just described.

CIRCUIT DETAILS

Here’s how it works. See the schematic
diagram in Fig 19.67. Assume we’re in
receive and are going to transmit. A
ground command to Q2 (or a positive volt-
age command to Q1) turns Q2 off. This
allows C1 to charge through R1 plus
1.5 kQ. This rising voltage is applied to all
positive (+) inputs of Ul, a quad com-
parator. The ladder network on all nega-
tive (—) inputs of Ul sets the threshold
point of each comparator at a successively
higher level. As C1 charges up, each com-
parator, starting with UlA, will sequen-
tially change output states.

The comparator outputs are fed into
U2, a quad exclusive-ORrR gate. This was
included in the design to allow “state pro-
gramming” of the various relays through-
out the system. Because of the wide
variety of available relays, primarily
coaxial, you may be stuck with a relay
that’s exactly what you need—except its
contacts are open when it’s energized. To
use this relay, you merely invert the out-

put state of the delay generator by using a
jumper between the appropriate OR-gate
input and ground. Now, the relay will be
“on” during receive and “off” during
transmit. This might seem kind of strange;
however, high-quality coaxial relays are

hard to come by and if “backwards” relays
are all you have, you’d better use them.

The outputs of U2 drive transistors Q3-
Q6, which are “on” in the receive mode.
Drive from the OR gates turns these transis-
tors “off.” This causes the collectors of Q3-
Q6 to go high, allowing then base-to-
emitter junctions of Q7-Q10 to be forward-
biased through the LEDs to turn on the relays
in sequential order. The LEDs serve as
built-in indicators to check performance and
sequencing of the generator. This is conve-
nient if any state changes are made.

When the output transistors (Q7-Q10)
are turned on, they pull the return side of
the relay coils to ground. These output
transistors were selected because of their
high beta, a very low saturation voltage
(V) and low cost. They can switch (and
have been tested at) 35 V at 600 mA for
many days of continuous operation. If sub-
stitutions are planned, test one of the new
transistors with the relays you plan to use
to be sure that the transistor will be able to
power the relay for long periods.

To go from transmit to receive, the
sequencing order is reversed. This gives
additional protection to the various sys-
tem components. C1 discharges through

PREAMPS

RX TR
Isolation Rel

Relay elay

1 Relay
TR R Power

2 Suppl
CMD Time Delay AMP PPl

Generator 3
XVTR
4 Power
Amp
XVTR

v Relay Amp

for RX +H2V C;;‘;‘;'
RX for TX
Transverter é
> DC
HF
Exciter
TR CMD HBK05_19-66

Fig 19.66—Block diagram of the VHF/UHF station with a remote-mounted preamp
and antenna relays. The TR time-delay generator makes sure that everything

switches in the right order.
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Fig 19.67—Schematic diagram of the
TR time-delay generator. Resistors
are '/ W. Capacitors are disc ceramic.
Capacitors marked with polarity are
electrolytic.

D1-D4—Red LED (MV55, HP 5082-4482
or equiv.)

D5-D8—33-V, 500-mW Zener diode
(1N973A or equiv.)

C1—1.5-uF, 16-V or greater, axial-lead
electrolytic capacitor. See text.

Q1-Q6—General purpose NPN
transistor (2N3904 or equiv.)

Q7-Q10—Low-power NPN amplifier
transistor, MPS6531 or equiv. Must
be able to switch up to 35 V at 600
mA continuously. See text.

R1—47-kQ, '/»-W resistor. This resistor
sets the TR delay time constant and
may have to be varied slightly to
achieve the desired delay. See text.

U1—Quad comparator, LM339 or
equiv.

U2—AQuad, 2-input exclusive or gate
(74C86N, CD4030A or equiv.)

R1 and Q2 to ground.

Fig 19.68 shows the relative states and
duration of the four output commands when
enabled. With the values specified for R1 and
C1, there will be intervals of 30 to 50 milli-
seconds between the four output commands.
Exact timing will vary because of compo-
nent tolerances. Most likely everything will
be okay with the values shown, butit’s a good
idea to check the timing with an oscilloscope
just to be sure. Minor changes to the value of
R1 may be necessary.

Most relays, especially coaxial, will re-
quire about 10 ms to change states and stop

XCVR ?—ﬂ'l NC
|
|

HBKO05_19-69

NC
|
|
| Power |
Amp
DC, DC
|
| TR
Relay
' + 00 2
Amp
DC IN/ OUT TR Delay
Control Switch Gen
Relay O/C 3
Amp
TR CMD

Fig 19.69—The TR time-delay generator can also be used to sequence the relays

in an HF power amplifier.

bouncing. The 30-ms delay will give ad-
equate time for all closures to occur.

Construction and Hookup

One of the more popular antenna
changeover schemes uses two coaxial
relays: one for actual TR switching and
one for receiver/preamplifier protection.
See Fig 19.69.

Many RF relays have very poor isolation
especially at VHF and UHF frequencies.
Some of the more popular surplus relays
have only 40-dB isolation at 144 MHz or
higher. If you are running high power, say

RX TX RX
TR Command
1
_J ; RX Isolation Relay
I L TR Relay
l I Amplifier
l _I Transverter
4
3 4
2 8
1 3 3
C1-R1 2N g
Charge 0 Time —— 1 T

Fig 19.68—The relative states and durations of the four output commands when
enabled. This diagram shows the sequence of events when going from receive to
transmit and back to receive. The TR delay generator allows about 30 to 50 ms for
each relay to close before activating the next one in line.

Station Layout and Accessories

1000 W (+60 dBm) at the relay, the receive
side of the relay will see +20 dBm
(100 mW) when the station is transmitting.
This power level is enough to inflict fatal
damage on your favorite preamplifier.

Adding a second relay, called the RX
isolation relay here, terminates the preamp
in a 50-Q load during transmission and
increases the isolation significantly. Also,
in the event of TR relay failure, this extra
relay will protect the receive preamplifier.

As shown in Fig 19.69, both relays can
be controlled with three wires. This scheme
provides maximum protection for the
receiver. If high-quality relays are used
and verified to be in working order, relay
losses can be kept well below 0.1 dB, even
at 1296 MHz. The three-conductor cable to
the remote relays should be shielded to
eliminate transients or other interference.

By reversing the RX-TX state of the TR
relays (that is, connecting the transmitter
Hardline and 50-Q preamp termination to
the normally open relay ports instead of
the normally closed side), receiver protec-
tion can be provided. When the station is
not in use and the system is turned off, the
receive preamplifier will be terminated in
50 Q instead of being connected to the
antenna. The relays must be energized to
receive. This might seem a little back-
ward; however, if you are having static-
charge-induced preamplifier failures, this
may solve your problem.

Most coaxial relays aren’t designed to
be energized continuously. Therefore,
adequate heat sinking of coaxial relays
must be considered. A pair of Transco Y
relays can be energized for several hours
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when mounted to an aluminum plate 12
inches square and !/s inch thick. Thermal
paste will give better heat transfer to the
plate. For long-winded operators, it is a
goodideato heat sink the relays even when
they are energized only in transmit.

Fig 19.69 shows typical HF power ampli-
fier interconnections. In this application,
amplifier in/out and sequencing are all pro-
vided. The amplifier will always have an
antenna connected to its output before drive
is applied.

Many TR changeover schemes are pos-

Fig 19.70—The completed time-delay
generator fits in a small aluminum box.

A SWITCHED ATTENUATOR

How many times has a signal been too
strong for the experiment you wish to carry
out? It could be from an oscillator on the
bench or from signals from an antenna
overpowering a mixer. This attenuator will
solve those problems and is presented from
Practical Projects, courtesy of the RSGB.

WHERE CAN | USE IT?

Applications other than those given
above are if you are interested in DF and
need to attenuate the signal when getting
close to the transmitter, or if you have a
problem with a TV signal being too strong
and causing ghosting on other signals
(cross-modulation).

ATTENUATORS

These problems can be averted by using a
switched attenuator (pad). The times that we
need attenuators occur far more often than
first realized. When designing the attenu-

ators, account must be taken of the distinct
possibility of poor screening. There is hardly
any point in designing a 20-dB attenuator
when the leakage around the circuit is ap-
proaching this value. It is also important to
decide on the accuracy required. If it is in-
tended to do very accurate measurements
the construction has to be impeccable, but
for comparisons between signals it would be
possible to accept attenuation values to a
smaller degree of accuracy.

The most useful attenuator is a switched
unit where a range from zero to over
60-dB in 1-dB steps can be covered. This is
not as difficult as it first seems because, by
summing different attenuators, we can ob-
tain the value we need. It takes only seven
switches to cover 65-dB. The seven values
of attenuation are 1 dB,2 dB, 4 dB, 8dB, 10
dB, and two at 20 dB; these can be switched
in or out at will. As an example, if 47 dB
were needed, switch on the two 20-dB pads
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Fig 19.71—The
completed
attenuator.

sible depending on system requirements.
Most are easily satisfied with this TR delay
generator.

The TR delay generator is built on a
2'/>x3!/s-inch PC board.' See Fig 19.70. Con-
nections to the rest of the system are made
through feedthrough capacitors. Do not use
feedthrough capacitors larger than 2000 pF
because peak current through the output
switching transistors may be excessive.

1From FAR Circuits. Use TIS Find program for
address information. Template is on CD-ROM.

plus the 4, 2 and 1-dB pads. [A ‘pad’ is the
name given to a group of components with
a known attenuation. — Ed|

Construction

The prototype attenuator is shown in
Fig 19.71. It was constructed 20 years ago
and it is still in regular use. It is housed in
a box made from epoxy PCB material. The
top and sides are cut to size and soldered
into a box. It is easier to cut the switch
holes prior to making the box. After the
box has been constructed, screens made
from thin brass shim should be cut and sol-
dered between the switch holes. Next, the
switches are fitted and the unit wired up.
When this is done, the unit is checked and
a back cover, securely earthed to the box,
is fitted.

Components

The switches must have low capaci-
tance between the contacts and simple
slide switches are the best selection. The
Maplin DPDT miniature switch (FH36P)
would be suitable and Maplin also sup-
plies 1% resistors. Connectors to the unit
must be coaxial but can be left to personal
preference. (Equivalent components are
available from RadioShack.—FEd.)

The resistor values shown in Fig 19.72
determine the attenuator’s accuracy at
around 5%. This is done for practical rea-
sons. For example, if we wanted to make
the attenuation value of the 4-dB cell ex-
actly 4 dB, the resistor values would have
to be 220.97 and 23.85 Q. You will see
from Fig 19.72 that the values used are
220 and 24 Q, giving an attenuation value
of 4.02 dB.
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Fig 19.72—The attenuator consists of seven pi network sections, so-called because each pad (eg, R1, R3 and R2) resembles
the Greek letter pi (n). Input and output impedances are 50 Q.

SIMPLE QRP TRANSMIT-RECEIVE CHANGEOVER

When you build a transmitter, you need
a method of switching the antenna from
the receiver to the transmitter during the
transmit period. It is also useful to coor-
dinate the transmitter power supply switch-
ing with the antenna changeover switch-
ing. The transmitter should not have its
power connected during receive periods;
if you were to touch the key by accident,
the transmitter will operate without any
load. In many cases this will cause the PA
transistor to fail and may harm your re-
ceiver. This project is presented from
Practical Projects, courtesy of the RSGB.

DOUBLE-POLE SWITCH

The simplest changeover is a double-pole
switch. This can change the antenna with
one pole and the power with the other. The
disadvantage, however, is that you must re-
member to flick the switch each time you
want to change from receive to transmit.
With a small QRP transmitter it is possible
to flick the little rig right off the bench!

A primitive method of sharing the
antenna between the transmitter and the
receiver is to have the antenna permanently
connected to the transmitter. The receiver
is then connected to the antenna via a small
capacitor. Two back-to-back diodes across
the receiver input are used to prevent large
RF voltages from damaging the receiver.
The diodes can be 1N4148 or similar and
the capacitor can be 50 to 100 pF.

The problems with this arrangement are
that some transmitter power is dissipated
in the diodes, and a lot of RF still gets into
the receiver front-end; on transmit loud

Fig 19.73—The
completed unit.

B

{+12V
Q2 ) .
Decimal values of capacitance
B are in microfarads (uF); others RX Ant
are in picofarads (pF); '
E C Q1 Resistances are in ohms; A antenna
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Fig 19.74—Circuit diagram of the electronic transmit/receive antenna changeover switch.
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thumps are heard from the receiver. The
volume control on the receiver can be
turned down but this can become a tire-
some chore when using this method.

Electronic Antenna Changeover

A much better method is shown in
Figs 19.73 and 19.74. The circuit causes a
relay to change over when the key is
pressed. The circuit is simple and uses a
pnp transistor as a switch and an npn tran-
sistor as a relay driver. The relay can be
any small one with a 12-V coil. Take care
to check that the relay does not already
have a diode across the coil. If it does, you
can leave it in and omit D3, but take care to
fit the relay the correct way round or it will
not work. The circuit is built on plain per-
forated board, as shown in Fig 19.75, with
the components pushed through and solder
connections made beneath the board. The
solder tags (lugs, in American English—
Ed.) act as earth contacts to brass standoffs
to the case when the board is bolted to
them. The changeover board can be housed
in the same case as the transmitter.

When complete, check the wiring and
connect the 12-V supply. The relay should
change over when the key is pressed. The
delay is set by R6. The relay should drop
out when you pause between words, but
not between letters. Diode D1 is included
to prevent interaction with the circuits to
be keyed on the transmitter.

A QRP L-MATCH ATU

The author had good results with this
simple L-match tuner feeding a single-
wire antenna against quarter-wave coun-
terpoises (elevated ‘ground wires’). He
used only two counterpoises, 20 m and
5 m long, to cover all bands from 80 m to
10 m. The simple tuner project shown in
Fig 19.76 is presented from Practical
Projects, courtesy of RSGB.

CONSTRUCTION

The L-match employs just two main
components, a coil and a capacitor, as
shown in Fig 19.77. The coil is wound on
a plastic 35-mm film container. It has a
total of 50 turns of #24 SWG enameled
copper wire, wound tightly and without
spaces between the turns, as shown in
Fig 19.78. It is tapped at each turn up to
10, then at 15, 20, 25, 30, 35, 40 and 45
turns. The use of crocodile clips permits
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Fig 19.75 — Component layout.

any number of turns to be selected.

The taps on the coil are formed by bend-
ing the wire back on itself and twisting a
loop. The loops are then scraped and
tinned with solder. Some enameled cop-
per wire is self-fluxing and only requires
the application of heat from a hot solder-
ing iron bit loaded with fresh solder for a
few seconds before it will tin. Make a good
job of tinning the loops to ensure the
crocodile clips make good contact. The
capacitor is a polyvaricon from an old
radio. The author used a 2 to 200 pF com-
ponent with both gangs in parallel, but
other values will work.

Fig 19.76—Front view of the simple L-
match ATU, showing crocodile-clip
connection to the coil. The knob must
be of the insulated type, as both sides
of the variable capacitor are potentially
live to RF.

The ATU was made up on a wooden
base with scrap PCB for the front and rear
panels, as in Fig 19.79. You will need a
socket to go to the transmitter or receiver
and one each for the wire antenna and the
counterpoise or earth. You can use what-
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Fig 19.77—Schematic of
simple L-match ATU.
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Fig 19.78—The coil is constructed on a
35-mm film container.

Fig 19.79—Physical layout. The front and rear panels are fixed to the base with

wood screws.

ever matches your existing equipment.
The prototype used a phono socket for the
transmitter and two 4-mm sockets for the
antenna and earth. The coil is mounted by
screwing the lid of the film container down
on the base, then snapping the completed
coil assembly into it. He glued the capaci-
tor to the front panel. Wire up point-to-
point, as shown in Fig 19.80.

OPERATION

When completed, you can check opera-
tion with a receiver or a low-power trans-

Fig 19.80—Rear view of the ATU, showing
sockets and connections to the capacitor.

Station Layout and Accessories

mitter (less than 5 W). With a transmitter,
use an SWR meter to find the coil tap which
gives the lowest SWR, then adjust the ca-
pacitor to tune to minimum SWR. Inciden-
tally, remember not to touch any exposed
metal within the ATU while on transmit!
An insulated knob and a scale help you to
note the position of the capacitor for future
reference. To set it up using areceiver only,
find the best position for the tap and the
capacitor by listening to a weak signal and
adjusting for the loudest signal (with the
help of an S meter, if you have one). As a
guide, try 20 turns on 160 m, 10 turns on
40 m, 4 turns on 20 m, and 2 turns on 10 m
and 15 m.
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A QRP T-MATCH ATU

An antenna tuning unit (ATU) is very
useful if you are a licensed radio amateur
or a short-wave listener. The purpose of
an ATU is to adjust the antenna feed
impedance so that it is very close to the
50-Q impedance of the receiver or trans-
mitter, a process known as matching.

When used with areceiver, an ATU can
dramatically improve the signal-to-noise
ratio of the received signal. On transmit,
the antenna must be matched to the trans-
mitter so that the power amplifier oper-
ates efficiently. The QRP tuner shown in
Fig 19.81 is also presented from Practi-
cal Projects, courtesy of the RSGB.

DESIGN

The basic ATU design is called a
T-Match; you can see the basic shape of
the letter ‘T’ reflected in the layout
formed by the components C1, C2 and L1

Table 19.9
Components list
Capacitors
C1, 2 200 - 200 pF

Inductors

L1 T-130-2 powdered iron toroid with
total 36 turns of #22 SWG
enameled copper wire, tapped at
10, 12, 15, 17, 20, 23, 26, 29, 31,
33 and 35 turns from the earth end

T1 12 bifilar turns of #26 SWG
enameled copper on FT-50-43
toroid

Additional items

S1 1-pole 12-way rotary switch

S2 SPST toggle switch

RF connectors, SO239 sockets or similar
(see text)

Aluminium or die-cast metal box

Three plastic knobs for capacitors and
switch

Two 4mm sockets for balanced antenna
connection

in Fig 19.82. The circuit will match the
coaxial output of the transceiver to an
end-fed antenna or to a coaxial cable feed
to the antenna. This design also uses a
BALUN (BALanced to unbalanced) trans-
former for use with antennas using twin-
wire balanced feeder. This unit will
handle up to 5 W and operates over the
frequency range of 1.8 to 30 MHz.

CONSTRUCTION

Inductor L1 is wound on a T-130-2 pow-
dered-iron toroid. The inductor is tapped

and fixed to the tags (terminals, in Ameri-
can English—Ed.) of a 12-way rotary
switch. Taps are formed by making a loop
about 1 cm long in the wire and twisting it
tightly. The loops are scraped clean of
enamel and tinned with solder ready to be
soldered onto the tags of the 12-way rotary
switch. If the loops are about 1 cm long, it
is just possible to bend them to fit the tabs
of the switch without having to extend them
with short wires.

The balun is wound with two wires
twisted together; known as BIFILAR

to TX C1 C2
via SWR () T N N ;1 } () Antenna
Indicator = —
400 pF 400 pF
S2
Balun In/Out
Construction Q
of T1
L1 )
; Antenna
Balance
3 ) Feeders
(
2
4
HBKO5_19-82

Fig 19.82—Basic circuit of the T-Match ATU.

Insulated stand-off with two solder lugs

TX via
SWR
Indicator

\
il

(under toroid)

Antenna

Antenna
Balance
Feeders

HBKO05_19-83

Fig 19.81—The completed T-Match ATU.
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Fig 19.83—Internal view of the ATU. A small metal box makes a suitable housing.



WINDING. These two wires can be twisted
together (before winding on to the tor-
oid) by fixing one pair of ends in a vice,
the other ends in a small hand drill. The
drill is then slowly rotated so that the two
wires are twisted together neatly. Iden-
tify the start and finish of each winding
with a buzzer and battery or an ohm-
meter. The finish of the first winding is
joined to the start of the second, as shown
in Fig 19.82.

The two capacitors are twin 200-pF
polyvaricon capacitors with both gangs
connected in parallel to give 400 pF max.
You have to drill holes in the box for the

control shafts of the capacitors and the
switch and the RF sockets. The switch is
fixed using a nut on the control shaft and
the two capacitors are fixed using adhe-
sive (hot melt glue is preferred). Take care
not to let any tags from the capacitors
touch the box as both sides of both capaci-
tors are not earthed.

An appropriate RF socket, such as a
S0O-239, BNC or phono socket may be
used—the choice is yours and should suit
your existing equipment. 2-4 mm sockets
may be used for the balanced output. See
Fig 19.83 for layout. It is a good idea to
make a graduated dial for each of the

three control knobs. An alternative is to
use calibrated knobs. You can then cali-
brate the settings of the three controls so
that they can rapidly be reset when you
change frequency bands.

OPERATION

The best indication of optimum match-
ing can be achieved using an SWR
bridge; the ATU controls are adjusted
sequentially and several times for mini-
mum SWR. If used for receive only, the
best antenna-to-receiver match can be
achieved by adjusting the controls for
maximum signal.

AN “UGLY TRANSFORMER” FOR HEAVY-LOAD STATIONS

There is definitely a place for less-
than-pretty construction methods and
components in Amateur Radio! The
phrase Ugly Construction, pertaining to
circuit boards, is attributed to Wes Hay-
ward, W7ZOI, while the Ugly Amplifier
was made famous by Rich Measures,
AGO6K. Transforming away inefficient
120-V ac supply or “copper losses” en
route to the shack is the perfect applica-
tion for the Ugly Transformer project
described here! For example, vintage
radio enthusiasts—especially those with
a thirst for kW power levels—will find
that many of yesteryear’s RF power
amplifiers use a 110-120-V plate trans-
former. The Hallicrafters HT-33B,
shown in Fig 19.84, is typical of such
equipment. AC power line requirements
of the HT-33B are specified at 117 Volts
and 2350 Watts! Assuming a power fac-
tor of 0.95 (nearly unity), this still corre-
lates to greater than 21 A of line current.
Even a dedicated branch circuit would
have quite a job transferring that current
over an appreciable length from the ser-
vice box without a considerable voltage
drop, and accompanying power loss,
across the service conductors. Also, not
every shack (or the larger structure/dwell-
ing it is part of) lends itself to easily acces-
sible electrical service modifications like
installing such a high-current, dedicated
supply line. The project described below
was created to meet the needs of a high-
load, 120 V ac ham station without the
need for invasive modifications to existing
120-V service wiring. This project was de-
signed and built by ARRL Handbook Edi-
tor Dana G. Reed, W1LC.

The heart of this project is a surplus (or
new) 240 to 120 V ac control transformer.
The transformer cost $20 on the surplus
market. [ts nameplate indicates Type SZO,
Model D46192 made by HEVI-DUTY

the hallicrafters co.

MODEL NT-308
UINEAR ANPLIFIER

Fig 19.84—Typical of ham gear from the 1950s and early 1960s, this classic
Hallicrafters HT-33B Linear Amplifier features a 117 V ac plate transformer. The
magnetic circuit breaker on the front panel trips at a line current of 22 Amps! Many
existing 110 to 120 V ac branch circuits would be unsuitable for such a load.

Electric Company in Milwaukee, WI,
rated for 50 or 60 Cycles, and a 55°C rise.
The transformer primary features two
separate windings that can be connected
in parallel or in series for either 240 or
480 V ac, respectively. The secondary de-
livers 120 V ac. As you’ll see shortly, it
was conservatively nameplate-rated at
1000 Volt-Amperes, or “1 kVA”—the
apparent power rating, equal to the product
of the voltage and the load current on either
the primary or secondary side.! As shown
in Fig 19.85, the project is contained in
a heavy-gauge-steel surplus ammo box
along with a small whisper-quiet axial ac
fan to keep the transformer cool during
extended periods of operation. The air in-
let diameter is sized to the fan blades and
the outlet diameter is approximately 30%
smaller to allow a slight pressurization of
the enclosure while still encouraging a
premium air transfer through it. The trans-
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former was mounted inside using '/4+—inch
metallic standoffs under all four mount-
ing brackets to facilitate better air move-
ment beneath the iron-core and windings
in order to remove unwanted heat.

The project uses 240 V ac available at a
proximity outlet (perhaps the very source
used to power a more modern RF amplifier
at the operating position) and the control
(step-down) transformer’s turns ratio to
reduce potentially high, distance-driven,
120-V ac line losses. It accomplishes this
by employing a practice used by utility
companies and high-voltage transmission
line system operators—moving the power
over long distances at higher voltage and
lower current to minimize power (I°R)
losses along the way. A transformer is key
to accomplishing this task.? This trans-
former cuts the load current by one half
between the service box and the load. Thus
the “Ugly Transformer” looks electrically
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Fig 19.85—W1LC’s Ugly Transformer project is contained in a surplus heavy-gauge-steel military ammo box. In the left photo,
the small axial cooling fan, 20-A, 120-V ac outlet and fan exhaust vent can be seen, respectively, from left to right. The
protective screening was from an old roll of “gutter guard” and is used to prevent accidental contact with components inside.
Screening can be of either metallic or non-conductive construction. The photo at the right shows the control transformer and
associated wiring inside with the cover off. Case grounding for electric mains purposes is accomplished by connecting the
240-V cord ground to a terminal securely fastened under one of the transformer’s mounting brackets. A stranded, insulated
ground-wire jumper must also be connected between this grounding point and the cover to ensure a complete case ground.
The use of a nylon cable clamp on the cord inside keeps it from being accidentally pulled out of the surplus enclosure.

to the 240-V line just like a more modern
RF power amplifier. It draws less than 11 A
on the primary side (when wired for 240-V
ac) while the 120-V secondary delivers the
heavy current, but only over a very short
distance from the transformer’s secondary
terminals/120-V outlet to the device or
devices drawing the high current. Fig 19.86
shows the schematic of the Ugly Trans-
former project itself.

Before this project was assembled and
hailed a success, Reed had to prove its
worthiness by conducting a load test on
the transformer itself—a recommended
exercise on any surplus unit you may pro-
cure (consulting the specifications sheet
for a new transformer may suffice if over-
load parameters are listed, or if a unit is
selected with a greater kVA rating than
the load requires.) Retrieving two older
electric quartz heaters on hand—each
rated at 1500 W—both were connected
across the secondary of the transformer
from a 117 V ac, no-load setting obtained
with a variable-ratio transformer con-
nected to the primary side. The quartz-
heater load represented up to three times
the rated nameplate load for the trans-
former. What registered on the voltmeter
under overload conditions was nothing
short of amazing—a very modest 3-V drop
to 114 V ac at 3 kW of resistive heater
load! The transformer-under-test was on
the bench at this point and had no external
cooling applied. The transformer was
carefully monitored for approximately
five minutes under these aggressive and
continuous-load conditions. At the end of
the test, the taped winding was only
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slightly warm to the touch with no evi-
dence of dangerous short-term overheat-
ing. It was therefore judged suitable for
the intermittent high-current task required
by my own ancient linear amplifier for
SSB or CW operation (AM rating of same
is somewhat less at reduced drive levels.)

A useful added feature, in case of an
“event” on the system, is an industrial
“stop-start station” shown schematically

in Fig 19.87A. This circuit is typically
used for industrial motor control, and as
adapted here, prevents instantaneous
and automatic reactuation of the primary
circuit if there is a momentary loss of
power. Such surges can be damaging,
especially to older equipment where re-
placement parts (like a blown plate trans-
former) can be quite a challenge to find,
and expensive. The stop-start station of

HBKO05_19-86
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Fig 19.86—Schematic diagram of the Ugly Transformer project.

CB1—15-A, 240-V circuit breaker.
MOT—Small axial cooling fan (see text.)
M1—0-150 Vac/60-Hz Voltmeter (optional.)

T1—Control (stepdown) transformer,
240-V to 120-V, 2-3 kVA.



53 240-Vac >
—~— 120-Vac 120-Vac ~—
STOP START
il
—0 | o—+—0 0O
S1 s2 K1
K1A
LO—— —0
STOP-START
K1B L{ ENABLED Kic
240-Vac Source
(A)
120-Vac
120-V ac
(3) )
D1
R1
240-V
K2 Variable (2)
+ Ratio
—< C1 Transformer
(4) (3)
Neutral 120-V ac
R2
1 2 Slow-Start
K2A, K2B
Step-Start
(B) HBKO05_19-87

Fig 19.87—Schematic diagrams of
optional circuits that can be used
along with the base project to
provide additional protection for
the load. At A, an industrial stop-
start station is adapted here to
primarily remove power to the
critical load in the event a low- or
no-voltage transient occurs
somewhere on the system. Such a
condition causes relay K1 to drop
out and simultaneously releases
the associated hold-in contact
K1A. Power will not be restored
until system voltage increases and
the momentary switch S2 is
manually re-actuated. At B, inrush
current protection using a basic
but effective step-start (or slow-
start variation) design.
C1—Electrolytic capacitor, 47 pF,
250 V.

D1—Diode, 1000 PIV, 1 A. 1N4007
or equiv.

K1—3PDT Relay, 240-V ac coil,
240-V-ac, 12-A Contacts
(Magnecraft & Struthers-Dunn
750XCXM4L-240A or equiv.)

K2—DPDT Relay, 110-V dc coil,
240-V-ac, 25-A contacts (Potter
& Brumfield PRD-11DY.)

R1—Resistor, 910 Q, 2 W.

R2—Power Resistor, 15 Q, 50 W.

S1—Pushbutton Switch, momen-
tary, normally-closed.

S2—Pushbutton Switch, momen-
tary, normally-open.

Variable-Ratio Transformer (if
used), 0-240-V ac, 10-A (min.)
rating.

Fig 19.87A allows the operator to manu-
ally start the operation again, when de-
sired, and with a re-sequencing of the
surge-inhibiting circuitry if included. An
optional, variable-ratio transformer
(Variac, Powerstat, etc.), or a step-start
circuit as shown in Fig 19.87B, can also
be added to the primary or secondary
side, or in tandem with a specific 120 V
ac outlet(s) mounted on the project case
to slow-start vintage equipment, thereby
limiting high inrush current.> A vintage
RF power amplifier is indeed but one
example of such a heavy load. Some
shacks use a large number of smaller-load
devices that can approximate, or even
exceed that of a vintage station.

The entire project is fairly simple to con-

struct, even if the optional circuitry dis-
cussed above is added. Of course, both ends
of the transformer’s primary should be
fused or otherwise protected by a circuit
breaker sized for the transformer rating and
the load. If a circuit breaker is used, it can
also serve as the means of disconnect oth-
erwise provided by a DPDT switch. A
power indicator light is optional and rec-
ommended, but not necessary. A built-in
voltmeter on the secondary side would be a
nice addition, especially when a variable-
ratio transformer or step-start circuit is
present. The particular enclosure selected
should be sized according to how much of
the optional circuitry you plan to include,
and the physical size of the specific compo-
nents themselves. Parts used are not criti-
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cal in terms of manufacturer or model num-
bers, but rather should be electrically sized
for the job at hand. Remember that the ob-
jective here is to substantially reduce volt-
age drops and power loss, chiefly
proportional to all series resistances in a
service branch circuit. The selection of
such items as fuse holders, switches, power
cords and connectors, and outlets should
all be on the high-current side. That is, do
not use underrated components! The only
possible exception as noted above is a step-
down transformer of stout construction,
verifiable under test or by review of the
manufacturer’s spec sheet.

Judicious selection of conservatively
rated components used in the design, as
well as a thoughtful approach to project
layout, can afford the user a measure of
margin above and beyond nameplate rat-
ings as shown here. This is especially true
when they’re used in an intermittent com-
mercial and amateur service (ICAS) envi-
ronment. However, not all components are
equal, even with identical ratings, and
nothing can really take the place of com-
ponent testing prior to usage in a critical
and specific application such as this
project warrants.

Notes

1Apparent power is the trigonometric sum
of resistive and reactive power compo-
nents in the ac-operated device such as
the power or “control” transformer de-
scribed here. It is also the product of the
voltage and current as would be read on
ordinary metering devices connected into
the circuit at such a point. For a review of
resistive and reactive components, and
impedance in ac circuits, please refer to
the Electrical Fundamentals chapter of
this Handbook and review the section on
“Impedance.”

2A power transformer is typically a highly
efficient electromagnetic device that trans-
fers power based on a specific turns ratio
between one or more windings. For a re-
view of the relationship between voltage,
current, and impedance in a power trans-
former, please refer to the section on
“Transformers” in the Electrical Funda-
mentals chapter of this Handbook.

3Use caution in deciding which item(s) in your
shack should or should not be surge pro-
tected using the method described here.
For example, some vintage transmitters
and amplifiers also used mercury vapor
rectifier tubes to produce high voltage.
These types of rectifier tubes require sev-
eral minutes of warm-up time before high
voltage is applied. Solid-state rectifiers can
usually be retrofitted in place of the tubes
thus allowing step-start inrush current pro-
tection and immediate application of high
voltage. Conversely, newer solid-state,
microprocessor-equipped transceivers are
not designed to be externally slow or step-
started, but rather should have full speci-
fied voltage applied via the power switch of
the radio.
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