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Foreword

Welcome to the realm of QRP, a place where less RF power is more fun for the
operator! In general, QRP operalors use equipment that weighs |25s, takes up less
space, costs less and is |less dependent on ac power than the typical ham station of
50 W or more. In return, QRP enthusiasts get freedom—freedom to carry a
complete station with accessories and antenna, in a briefcase. A typical QRP
station is small enough to take along on vacation in a car full of family, by air or
backpacking. Your QRP station can operate from batteries for long periods when
the power fails, or indefinitely from unusual power sources such as private
hydroelectric, wind or solar power systems.

Freedom is gratifying. but better still is the sense of accomplishment that comes
from operating equipment you built yourself. You may best love the feeling when
that first CQ from your home-built transmitter is answered—or the way a smile
sleals unlo your fase when Lhat 1-kW station gives your 1-W transmitter a 539
report.

These qualities place QRP operation near the heart of Amateur Radio, and as a
result QRP operation has always been a popular topic in League publications. In
this book, we have assembled a balanced colleclion of QRP articles from 15 years
of League publications for easy reference. While there are a few very simple
projects suitahle for beginners, you will alsn find challenging projects and pertinent
articles about cirzuit design, component selection and adaptation A QRP buffat is
before you—enjay!

David Sumner, K1ZZ
Executive Vice President

Newington, Connecticut
May 1990
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Preface

The QRF area of Amateur Radio is rich in experimentation, and the projects in this
book cover 15 years of Amateur Radio technology. Feedback and pertinent work from
the “Hints and Kinks" or “Technical Correspondence’ columns of QST are included
in this book. Parts availability changes every few months, however, and some parts
mentioned may be difficult to acquire. In addition, many circuits use active devices well
beyond their design range, and even the simplest circuits may not work with all samples
of the listed components. So if a circuit doesn't wark on the first try, con’t let it discourage
you. One joy of QAP is the relatively small investment of funds and time in most projects.
You can try many circuit configurations and parts substitutions without breaking your
budget.

Don't be frightened at the thought of experimenting with circuits; there are many
resources to help. Some of the ariicles in this collection contain ideas that can be applied
to other projects. Doug DeMaw, W1FB's QAP Notebook provides a basic foundation
in QNP technigues with lists of standard component values and QRP organizations.
Look in the ARAL Handbook for information about basic radio theory and circuit
operation. Ask around, and you may find local hams with QRP construction experience.
Your ARAL Seclion Manager (listed on page 8 ¢f QST) can put you in touch with an
Assistant Technical Coordinator near you who can help with technical questions and
activities.

If vou have trouble locating parts for projects. **Stalking Those Fugitive Components,”
in Chapter 2, should be of some help. Look for local parts suppliers in the yellow pages
under “'Electronic Equipment & Supplies - Dealers."" Start building a library of manu-
facturers' data books to help you determine equivalent parts.

Finally, the QIRP purist knows that the mode is officially limited to operation with less
than 5 W (10 W PEP for SSB) of output power. ARRL extends the definition to include
transmitters with up to 10 W of dcinput power, regardless of transmitter efficiency. Somea
of the articles in this book significantly exceed either of these limits. Those construction
projects that are not strictly QRF are included for educational purposes and for those
cases where the operator decidzs to exceed the strict QRP limitations.

CALL FOR PAPERS

If there is sufficient support among QRP enthusiasts, we at ARAL Headquarters would
like to publish a QRP Compendiam. For such a book we will need a sleady supply of
previously unpublished articles. If you wish to contribute or want more infermation,
contact the ARRL Technical Department for an author's guide. Articles should be clearly
addressed to the Technical Department for the QRP Compendium.




From February 7990 QST, p 43:

Why QRP?

Low-power operation is more popular than ever before. Why not

join in the fun?

By Kenny A. Chaffin, WBBE

2842 South Wabash Circle
Denvear, CO 80231

hy would anyone except a
W masochist want Lo operate with less

than 3 W output? What possible
attraction could there be? Perhaps it"s for the
same reason gnyone would operale an
amateur station in this age of global telephone
systems and satellite TV,

Maybe it's for tae challenge of doing some-
thing a little different. Maybe it's [or the
thrill. But I can te] vou, there's nothing quite
like having a Q5C with a Japanese, Russian,
or rare DX station while running less power
than a kid's nightlight!

The QRP  sipnal was created to mean
“Shall I reduce power?"" but has since been
adopted by the enthusiastzs of low-power
operation as their banner. QRP has come to
mean 5 W or less output for CW, or 10 W
PEP output or less for 358, Most amateur
organizations anc contests embrace these as
the official QRP limits.

Many of the same amateur activities that
take place in the rest of Amateur Radia’s
domain are alive and well within the QRP
communily. These activities include con-
structing home-brew equipment, operating
QRP stations, experimenting, DX chasing,
and contesting.

Yon Can Build I

The QRP arena is one of the few places
where the average home-brewer still can make
a decent showing, In this age of multistage,
integrated circuil, super-sophisticated all-
mode transceivers, QRF operation stands out
as a home-brewer's dream. How many hams
can hope to duplicate the operation of the
latest HF transceiver on their workbench?
Probably none. If, however, we change the
rules by restricting the power output, itis cer-
tainly possible for nearly anyone with the
ability to obtain a ham license to build a 5-W
transmitter.

QRP transmitting equipment is simple and
physically small. The same can't always be
said for the receiver, however. A QRP
receiver must do the same job as any other
receiver, while usaally in a smaller box. It is
certainly possible to build an adequate QRP
receiver by using minimal circuitry and
integrated circuis—but it's not easy to
duplicate a top-of-the-line commercial
receiver in a matzhbox.

If you are interested in home-brewing, but
haven't actually done much, I wonld siggest
the QRP transmitters as a good first project.
QRP transmitters usually consist of a few

tramsistors, and for HF work, the layout is
not particularly critical, Probably the toughest
part is finding or building the coils and
chokes. Even the coils are not a big deal once
vou've wound a few, Schematics and kits are
readily avalable. They make o easy to get
started. After you've put topether a kit or
twao, it'll be a piece of cake to move on to
“bigger and better’” projects.

If you do start with a QRP transmitter, you
can simplify the circuit even further by opting
for crystal control. It may not be as restric-
tive as you think. A fair amount of QRP
operation 1akes place on dedicated QRP
frequencies—making it easy to pizk the erystal
vou need (s2¢ Table 2). By adding a trimmer
capacitor azross the crystal you can “pufl™

the resonant frequency slightly to the lower
side of the crystal frequency (This is, in effect,
a simple VXO circuit.) The crystal can be
pulled from about 3 kHz on 80 meters to
10 kHz on 15 meters, depending on the crystal
type and other factors.

Antennas

Once you have a working transmitter,
vou'll need a suitable antenna. Which brings
us t¢ the question: What <ind of antennas do
QRP stations wse? You may think that fol-
lowing the lead of low-power, simple trans-
mitter and receivers, QRP antennas should
be small and simple. Thisis definitely not the
case. A QRP antenna system should be as
efficient as possible. Many transmission lines

THE AMERICAN
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ARRL's popular Worked All States award has a QAP endorsement. If you'ra looking for
an intereating stataside challenge, why not break out a flea-powered transmiller and yive
it & try? To make things easier, we no longer require "ORP™ to be indicated on the cards

submitied for the award.
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The '"Medified Cubic Incher” is a typical,
easy-to-build 2-W CW nig. Il can easily ba
canstructed in an afternoon, and will pro-
vide plenty of QAP contacts on 80 ar 40
maters. Construction details can be found
in The 1990 ARAL Handbook, p 30-41,

attentuate the signal consideraby before it
reaches the antenna. If you have 3 W of RF
output and 3 poor feed line, you could end
up with onlya couple of watts at the antennal
You should approach your QRP feed line as
if it were being used for UHF or satellite
work, You want to get as much power to the
antenna as possible. Using a lossy feed line
at kW power levels is tolerable; at QRP levels,
however, the lass of every milliwatt becomes
maore critical.

The antenna isell is alio important. For
best results you need the best antenna vou can
put up—it's as simple as that—a high-gain
Yagi it possible, up high and clear. 1t's just
as though vou were chasing the farthest DXL
My antenna is a vertical, which is probably
one of the worst choices, But it's the hest |
can do considering aesthetics, ordinances, and
neighborly relations. Evea with my vertical
1've worked Japan and meany Soviet stations
using only 5 W output.

Books and Clubs

A couple of reference books you may want
1o pick up are, The Joy of ORP by Adrian
Weiss, WBRSP, and OR P Notehook by Doug
DieMaw, WIFEB. The former is more opera-
tions oriented and the latter is almost entrely
construction projects. There is also a morthly
column on QRP written by Michael Rryee,
WREVGE, that runs in 73. Another monthly
QRP column appears in World Radio.

Oceasional QRP articles, such as this one,
appear in various Amateur Radio magazines,
Several QRP clubs are available for those
interested {see Table 1). QRP Amateur Radio
Club International s one of the biggest, and
publishes QR Quarterly, For information
about QRP ARCI and a sample copy of QRP
Quarrerly, write to Joe Sullivan, WATWLLU,
267 Sutton Street, Morth Andover, MA
01845, The Michigen QRP Club encourages
low-power operation with its newsletter, The
Five Watter. And if you're interested in
British-style QRPing, you can join the
G-QRP club [G-land QRPing is strongly as-
sociated with home-brewing QRP gear |

Operating Skills Required

IT you want to hone your operating skills,
QRP is for you. With only a few watts of sig-
nal to work with, it becomes mandatory to
perfect your operaling technigue if you are

common European countries.

final was a MAND gatel

work & KL7 In the CQ W coniesl.

347,200 points per watt!

with opan-wire ladder lins.

Peopk like to overcome challenges; it's part of our
nature. | lack the physical skills to be a mountain climber,
so | have instead chosen to challenge the ficke layers of
the ionosphere with & transmitter that runs miliwatis. It's
my way of riding the knife-edge of what can ba done.

Like many hams, | started chasing DX with 100 waiis. |
was content with this until a friend loaned me an HW-7.
The meager 5 W didn't work very well with ar indoor apart-
ment antenna, but it gave me quite a thrill to work a few

| finally managed to move to the country, wnere | had
enough acreage to grow a betler antenna crop. | also built
a crystel-controfled ransmiller that used a 74300 logic chip
as the osclllator and final emplifier, producing 250 milli-
watts, A few local states ware quickly put in the log. |
smiled every time | told the station | was working that my

A few hundred miles seemed to ba the limit until the
1984 CW Sweepstakes weskend. | had never paid much
attention 1o contests, so | was not preparad fcr the bedlam
| found whan | turnad an my radios that Saturday aftar-
noon. A loud W4 was calling CQ on 40 meters, and with no
expectation of actually being heard, | sent my call sign—
onca. What's this? He's working mal Uh, let's see, | first
got my ticket in, uh, '64—that will do. By the time the
contest was over, | had worked 24 statas with 250 milll-
watts. Those big-gun contesters sure have good ears|
Three years later, | had them all. My hand was literally
shaking az | waiting for the band to Improve enough to

The 1989 CW SS gave me state number twenly-nine. A
couple of DX contests later, eight DXCC couniries ware in
tha Ing. All contacts were made via an BO-meler dipole fed

Confessions of an Inveterate Milliwatter

Last yaar, my milliwatt quest continuing, | modifiad an
HW-8 to run 10 milliwatts output. | had quite an adventure
during the '88 CW Sweepsiakes, netling 56 CS0s with 31
ARAL sections. The 18-hour operation boiled down to

ARRL Lab Englineer Ed Hare, KA1CV, shows off his modified
Heath HW-8 ORP transceiver. Ed's micro-power rig puls out
slightly lass than 10 milliwatts on 80 threugh 15 meters.

It's a high-tech efiort. | use a compuler to predici exped-
ed signal lavels to those elusive western states. By all Indi-
cations, WAS with 10 milliwatts can be done! If any
operators west of the Mississippl want (o test thair station's
weak-signal capabiliies. | would appreciate a sked!—Ed
Hare, KATCV, ARAL Lab Engineer.

QRP Classics 2
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Table 1

QAP Clubs

QRP Amateur Radio Club Intermational
cfa Bill Harding, K<AHK

10823 Cartars Oak Way

Burke, VA 22015

Michigan QRP Club

clo Membership Chairperson
5346 W Frances Rd

Clio, MI 48420

G-0RP
clo George Dobbs, G3RJY
488 Manchester Rcad

Aoachdale Lance, England OL11 3HE

Membarship—§10
Newsletter—ORP Cuarterly

Membarship—=%7
Mewslettar—The Five Watter

Membership—$12 US
Mewsletter—Sprat

Table 2

Internationally Recognized QRP
Frequencies (kHz)

cwW 558 Movice
1810

3560 3BES ario
7040 (7030} T2E5 7110
10106

14060 14285

21060 21380

24800 24850

28060 2BEAS 28110
50060 50EBS

going to work through that DX pileup. QRP
is the radio equivalent of brain over brawn.

But isn't a 1-W signal lost in the shuffle of
more powerful stations? It's not as lost as you
may think. & 1-W sgnal is only a little nore
than three S-units weaker than a 100-W sig-
nal. So, if your 100-W signal is 5-9, your 1-W
signal will be about £-6. And that's plenty of
signall

For QRP operation, you must be able to
find DX stations, be aware of when and for
how long bands will be open and have a crisp
and clear setup on both CW and 55B. You
must be able to quickly assimilate a DX cper-
ator's technigue.

One of the primary skills QRFP operation
strengthens is patisnce. With QRP power
levels you have to wait for the right monent
and make your move. This means you must
be alert and listening rather than trans-
mitting. You have to be familiar with the
bands, operating procedures of DX stations
and other QRP ope-ators. All this takes a bit
of patience, practice and listening.

How Do I Do It?

Okay, let's say vou just want to operate
QRP without building any special equipment.
That's easy, just turn the power down on your
100-W transceiver. This requires a power
meter or some other method of determining

. your output power. This adjustment is depen-
dent on vour rig, and may be as simp.e as

reducing the RF output control or as compli-
cated as retuning the transmitter Tor reduced
output.

Here's a neat experiment that will introduce
you to the realm of QRPF opeation in a
gradual fashion: cut your maximum output
in half and operate at that power level for a
week or 20, then cut it in half again, Continue
cutting power until you're down to 5 W. [I'm
sura von'll he surprised, as T was, at how well
you can communicate with reduzed power.
In many cases, the operator on the other end
can't tell the difference. My Heath HW-3400
puts out about 100 W maximum, and now
that [ work QRP almost exclusively, I really
have to have a special reason to crank it up
to full power.

Commercial QRP Equipment

If for some reason you can't operale your
rig at reduced output, there is commercial
QRP equipment available. Heathkit has
offered three different QRP transceivers. All
operate CW exclusively and cover only that
portion of the HF bands. The first was the
HW-7. It put out a few watts and had a rela-
tively unstable receiver. The redesigned and
improved version turned into the HW-8; there
are plenty of these still in use.

The QRP community really tooc the HW-3
to heart and there are modifications galore
available to spruce it up. Most of these have
been collected in the Aotwater Jandbook,
available from Michael Bryce (he writes the
QRP column for 73). This handbook has been
recently revised and reprinted, aid includes
mods for both the HW-8 and the latest-
generation HW-9,

The culmination of Heath's QRP line is the
HW-9. It features a vastly improved receiver
and a bit healthier power output—slightly
more than 5 W on some bands, The HW-9
also covers the newer WARC HF bands and
is the only QRP rig currently on the market.
You'll have to find the others at swap meets
or through the classifieds. Exped to pay up
to 570 for an HW-7, $60-8100 fo- an HW-8,
and S100-£220 for a used HW-4,

The cream of the ceop among JRP rigs is
Ten-Tec's Argonaut series, The latest version
(still long oul of production) is the Argonaut

QRP Classics 3

515, It's worth its weight n gold. The previ-
ously released 509 is almost as good and the
509's predecessor, the 505, is still hanging in
there, These rigs operate both CW and 558
and are usually available at swap fests,
through want ads, and from individuals. A
505 goes for $100-3175, a 509 for $125-5200
and a 515 for $200-5300 or more, depending
on the market. Most of these rigs are gener-
ally available, it’s just a matter of whether
you can afford, and find, 3 515 or an HW-8,

A Few More Advantages

There arc a couple of other advantages of
QRP operations that aren’t so obvious. Be-
cause you are operating with a minimal power
aulput, your transmitter will probably last
“forever.”" Your electric bill will be less—
especially if you stop using vour 2-kW space
heater. The other nonobvious advantage is
that you won't overload the front end of your
nelghzor's television, [1's 2 premy rare occa-
sion when operating with § W causes inter-
ference.

Contests and Awards

The bonus multipliers and points for QRP
contest operation have gotten many hams
hooked on QORP. Operating *QORP battery
power' for Field Day gives a multiplier of
five. You only have to make one contact for
every five QRO QS50s.

QRP operation is becoming quite popular
for many major contests. The following con-
tests bave QRP categories: November Sweep-
stakes, June and September VHF QS0
Parties, Ianuary VHF Sweepstakes, and the
ARRL Imternational DX Contest, among
others,

As far as awards, QRP ARCI offers a
thousand-miles-per-watt award, available o
anyore presenting evidence of a qualifying
Q50, QRP ARCI also offers special QRP
awards for WAS, WAC and DXCC. The
other QRE clubs also offet versions of these,
and other, QRP operaing achievement
awards,

What's Left

What do you do once you've completed
QRP DXCC? How about milliwatting? Milli-
watting is operating at les: than 1-W output.
Once you've perfected your QRP skills and
equipment, this is the next challenge. Admit-
tedly, there are few who strive for these ranks,
but when it all works—WOW! I've recently
seen g circuit for a half-wart crystal-controlled
transmitter using a single 2N2222 transistor.
I haven't tried it yet, but when [ do, I can't
wait 10 hear what the operator on the other
end savs when [ tell him. Of course, at milli-
wartt levels your antenna ard feed line become
doubly critical. It seems strange {o see a
l-inch-square, single-trarsistor transmitter
connected to Ya-inch hardline! But i0's great
fun.

So why not give QRP or milliwatt opera-
ton & try? You just might get hooked. See
you on 7040 kHz—a popular QRP hangout.




From April 1984 QST, p 52:

QRP: More Than a State of

Mind

Looking for a new challenge? Try reducing power and
adopting a few new operating habits.

By Bradley Wells,* KR7L

Low-power operation, or QRP, has en-

joved a surgein popularity in recent vears.
Why? Mostly its the challenge of working
stations the **hard way,"" be it during con-
tests or everyday operation, and the great
satisfaction that comes from making con-
tacts that the "'big gun:"' make. Moct low-
power ops will agree that the motivation
for QRP is the same as for chasing DX —
but the rewands are inversely proaortional
to the amount of power used.

In this article, we'll take a look at the ex-
citing world of QRP, discuss sore equip-
ment that's available and talk about ways
of improving your chances of success with
low-power operation. One word of caution
to the reader. though: QRP can be habit-
forming.

The definizion of QRP, recognized by
TSt amateur organizations, is 10 input,
or 5-W measared output. Five watts may
not soumned like much to those whe consider
200 W low power, but the difference is not
as great as you may think, Under actual
conditions, 5 W will have little effect on
vour ability 10 work DX. The difference
between QRP and, say, 200 or 2000 W is
only 3 or 3 5 units. Also, QRP exemplifies
the spirit of the Rules — specifically
97.67(b), which states that ** .. . amateur
stations shall use the minimum anount of
transmitter power necessary to carry oul
the desired communications.”™
Choosing an Anlenna

A major failing of both experienced and
novice (QRPers is the antenna system. Un-
Tontumately, moest bamns think low powes
cquates with poor antennas, Many QRP
operators seem o delight in using their rig
with a 30-foo: piece of wire thrown out the
nearest window,

The basic mule of QRP antennas is that
nothing beats a beam; and nothing beats
a beam on a tall tower. Put up the best
beam/tower combination you can afford.
A pood 3-element beam and 40-foot tower
will put you on a more-than-equal footing
with those running 200 W to a vertical,

A good full-size dipole is the next best
choice. On 20, 15 and 10 meters, a high

*1290 Puget Dr E, Port Orchard, WA 98366

dipole exhibits directivity, sa place it broad-
side 10 the desired direction of radiation.

Related 10 the dipole, and almost as casy
to construct, is the single-quad loop, This
antenna is more directive, has wide band-
width and can exhibit up to 2-dB gain over
a dipola.

The poorest choice for tie QRPer is the
vertical antenna, The vertical suffers two
defects when compared to a dipole. It is
highly susceptible 1o men-made QREM,
notably power-line noise. For a vertical to
have the same radiation efficiency of a
dipole, & good radial svstem 15 required,
Amatenrs lacking space for beams or
dipoles might consider the Cusheraft R-3
tuned vertical, which requires no radials
and approaches the efficizncy of a half-
wave dipole.

Do not skimp on the coax, Use the best
grade of RG-8 you can afford. We are not
interesied in power capability, but in
achieving the lowest attenuation possible,
The ham with an amplifier will not miss a
couple of watts heating his coax as much
as the QRPer running 3 W will. For por-
table operation, RG-8X may be used where
its light weight and ease of handling offset
the increase in attenuation, Make all con-
necilons clean and weatherproof, Strive for
the highest possible efficiency in both feed
line and the antenna,

Operating Tips

One may wonder how a DX station can
hear a §-W signal when megawaits are com-
ing at him, But hear it he does, and more
often than oot the exporiicoced QRP
operator will get through “hose pileups o
snag tie rare DX station. To do this,
however, the operator reguires somie
knowledge of tactics used by successful
stations.

First, and most impoctant, listen before
using your key or mic. [s he working sta-
tions by call area or at random? Is he pick-
ing up tailenders? Is he lstening high or
low, and how wide is the split? All of these
things can only be learned by listening,
Spend five, even 10 minutes on your
receiver before you begin to transmit.

Second, invest in a memory keyer.
You're going to send voue call a number
of times, and it's much easier to do so by
pushing a button instead of wearing out
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your wrist., Send your call at a slightly
slower speed than the DX station is
fransmitting.

Third, on phone, use standard phonerizs.
The ham on the other end doesn’t have
ame to figure oot cute call signs, and will
ignare you. In addition, use some form of
specch processing 10 boost your average
power, but don't overdo it. Too much is
far worse than too little,

Fourth, time your calls, This is most im-
portant for QRP operators. Don't try to
be first to hit the keyer or PTT switch, MNor-
mally, everyone will send their calls all at
once, pause, then try again, When you hear
that pause, slip vour call in just once,
That's all wou have time for. Do this cor-
rectly, and you may get through on the
third or fourth call,

Finally, know when to quit. Everyone
has days when the propagation is wrongor
I ady Luck iz against vou. Relieve it ar not,
the world will not end if you fail to waork
the DX in that pileup.

R, for Success

With only 5 W, laere is no way youre
poing to blast an opening into a crowded
band. You don’t have an "*afterburner’ to
kick in under heavy ORM conditions, or
the power to make your own propagaticn.
S0, vou need a change in operating stvle.

The first habit you will break, and soan
forget, is calling **CQ.™ In fact, *'CQ"™ and
“C0O DX will just about disappear from
your vocabulary and kever. With full legal
power, @ ““C0O" in any direction will gat
sou contacts. QRP will never bring the
same results, For these unwilling 1o change
this operating hahit, the kiss of death is on
their QR career.

There are several ways to increase vour
chances of success. First, have a good beam
antenna. Second, sign your call with /QrRP.
This may cause stations to call vou out of
curiositv. The idea isto let evervone know,
vp fromt, why vou're not 40 dB over 5 9.
However, most hams will not answer a
weak “"C0Q" unless vour call begins with
something like 579, VK@ or T32,

The single-most-effective QRP operating
tzchnigue is search-and-pounce. Search-
and-ponnee i simply  tmning  carefully
through each band until vou find a station
ta work. Most of the stations vou work will




be calling “CQ,"" or vou will nail them as
they finish a Q=0.

Work the station with a moderate-to-
loud signal. Sinee the sensitivity of most
QRP receivers outstrips the effective range
of their transmitter, a signal that is very
wealk may be impossible 1o work, Propaga-
tion 15 4 reciproca thing, and if the station
on the other end is S 1 running a kilowatt,
imagine what § W will sound like. Acteally,
there will be no sound at all — vou simply
will not be heard. This condition is more
prevalent on B0 and 40 meters, where
antennas and propagation tend to work
against the QRPer.

If wvou become involved in a2 marginal
contact, don't prolong it. The other
operator did you a favor by coming back
and will not get much enjovment out of the
Q50 if you're only 3 3 9 at his end, The
place to tell him all about vour rig, anten-
na and the weather is on your Q5L card.

A fact of QRP ife, and one of its more
frustrating aspects, is that you are going to
get stomped on occasionally — whether it's
deliberate bad manners, carelessness or
simply that the station firing up on frequen-
cy can't hear you. Sometimes, you can
operate through the QRM, but gene-ally
it's the end of the QS0,

For those of you who chase DX (and
who doesn®t?), listening on the local DX
repeater is a good way 1o expand vour
search-and-pounce technique, If you do
spot & bit of DX, work him first, then an-
nounce his frequency over the repeater. Do
it the other way around aud vou may find
yvourself hip-deep in **big gun'' stations.

Another prime requirement for being
able to work DX (or anyone else) on a con-
sistent basis is at least a working knowledge
of propagation. All of the major amateur
publications have monthly propagation
charts. They use different formars, so dif-
ferent interpretive technigues are applicable
to each. All of these charts arc prepared
zeveral months in advance of publication:
you should be able to update their infor-
mation (o make allowance for current con-
ditions. There are two ways to do this. One
is 10 monitor the WWYV propagaion
forecast at 18 minutes after cach hour.
These recordings provide real-time infor-
mation to update vour monthly charts, A
second method is to subscribe to one of the
DX bulletins, Printed on a weckly or
biweekly basis, all are excellent indicazors
of relatively current propagation
conditions.

The three bands providing the bulk of
activity for QRP are 20, 15 and 10 meters.
When the 10-meter band is open, there is
little difference between 5 and 500 W, It
can exhibit rapid shifts in propagation,
howewver, which can be disconcerting to
aven experienced hams. Twenty meters is
the most consistent hand, providing open-
ings to some part of the world day and
night.

Jim Ford, MEIF, of Costa Mesa, Czlifornia, went the low-power route, and he's glad he did,
Using the BPE “"Hamcatlon Rig"” ¢April 1983 QS8T) as a gude, Jm buill his cwn ORP rig, which he
operates with great success on 10 MMz

Forty and 80 meters are less consistent
producers because of their more-seasonal
nature and higher levels of QRN and QRM.
Rath fend ta be winter bands, bat can pro-
duce results any time of year. The best DX
time is 30 minutes before and after local
sunrise or sunset, Also, the 30-meter band
is excellent for QRPers. 1ts propagation lies
midway between 20 and 40 meters, and
only limited-power (250 W) operation is
permitted.,

NMuost QRP CW operation is around
40-60 kHz up from the bottom edge of any
band. Most phone operation terds to be in
the Advanced and Extra Class subbands.
Stay out of the Novice segments; beginners
have enough problems without the added
difficulty of having to copy less than 5 9
signals,

The QRP Contester

For many, contesting is just one in-
teresting fazet of Amateur Radin. For
others, contzsts are Amateur Radio. Non-
contesters and contesters alike may view
opéerating a contest with a QRF rig as the
ultimate insanity, Actually, e reverse iy
true. Most of us don’t have the megabucks
required to put together a top-drawer, big-
gun, killer-type contest station, However,
mast hams ¢an afford a first-class QRP sta-
tion. Since QRP rigs are relatively inexpen-
sive, you can afford to inves: more in
antennas — a deciding actor in contesting.

Many cortests bave a separate single-
operator, all-band QRP category. Thus,
you need only compete against other QRP
operatars. However, winning still requires
maximum doses of perseverance and a
large amount of skill.

Contesting effectively with QRP requires
the application of saveral important tech
niques. At the beginning of the contest,
waork the strongest stations. Then, work the
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prograssively weaker stations. In addition,
don't waste too much time calling any one
station, IT he hasn't come back to vou by
the Tourth call, move or. You can work
him later when the pileup is reduced. An
exception to this would be near the end of
the contest when that DX station represents
a new multiplier.

Instead of tuning up and down the band,
start at the high end and work stations as
you go to the low end. When vou hit the
bottom cdge, guickly tune up to the top
and start down again. This will maximize
your time on all portions of the band,
Those proficient with a search-and-pounce
techrogue will have a QSO rate almost
equal to most stations calling *'CQ."" Also,
new siations will appear and disappear with
great rapidity, so don't warry ahont work-
ing the band drv.

Another rule for the QRPer is to work
the MUF (maximum usable frequency).
Work the highest frequency that is open in
the arza vou want to cover, based on WWV
or other propagation information.
Operating at or close to the MUF reduces
path Joss and waximizes your 3-W signal,

Ina DX contest, know the areas that are
easiest 1o work, and concentrate on those
at the start of the contest. Work the more
difficult areas during the last 24 hours. For
example: Generally, Fapan, Oceania and
Europe can be worked from the West Coast
on 20 meters in the morning. For the
QRPur, however, it is more productive to
work Japan and Oceania Saturday morn-
ing and Europe Sunday morning, By the
last day, Europeans will 1ave worked out
much of the Eastern seaboard and will re-
spond more quickly to a call from the West
Coast,

In sny contest, but mo-e particularly in
a DX contest, establish some tvpe of game
plan. Spend some time consulting propaga-




tion charts, and write up a time-versus-
frequency plan for your own use. Decide
which areas you will cover at what times
and the best band for each combination.
This plan should be used as a guide for each
hour of opzration. The most productive
directions will be based on your experience
and an examination of previous contest
scores.

Mext to vour log, the most important
record to keep is the dupe sheet.
Duplicating contacts means wasted effort,
lost points and less-productive operating
time. Since, as a QRP station, you will be
operating 99% of the time in a search-and-
pounze mode, your dupe sheet must be as
current as your contest .og. There are as
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many different dupe sheets as there are con
{ests, 50 use one that fits your needs.
Finally, keep the proper perspectiveand
attitude before, during and after the con-
test. Above all, don't worry about the big-
gun station down the block. You're not
competing against him, only against other

QRPers,
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Experimenting for the Beginner

Experimenting is
half the fun of
Amateur Radio!
QRP (low power)
gear is great for
the newcomer to
this fine art. Here's
how to get started.

By Doug DeVaw, W1FB
ARRBL Contributing Editor
FCO Box 250
Luther, MI 49656

Whai's this? You've never built a

piece of amateur equipment? You dont
know anything about circuits, sc you just
operate? Well, if this description fits you,
at least half the thrill of being a ham has
gluded you! For many of us the greatest
exciternent in amateur work came [rom
building and using that first transmitter.
There's a special feeling connected with
telling the other guy or gal, “The rig here
iz homemade. ' If you haven't been able
to make this statement over the air,
perhaps it's time you did!

Most experimenters  start out  with
relatively simple projects, and sightfully
so. In the old days some of us tinkercrs
cnjoyed builling one-tube transmitters.
Often, the name of the game was “‘power
putput.” Thet is, we tried to extract more
output power from a single oscillator than
the tube was designed to deliver. A
numbcr of popular transmitters of this
tvpe were described in Q5T by F, Sutrer.!
But today it’s prudent to use transistors
and to operate them within their safe
maximum ratings,. QRP  equipment
(gencrally 5 watts or less of of output
power) can provide many interesting and

TFoatnotes appaar at end ol articla.

exciting hours of operation, and it"s easy
and inexpensive to build, Therefore, QRP
is the theme of our article this month on
basic radio learning,

How to Experiment

We need not have college degrees in
engineering to conduct experiments in
nonprofessional electronics work. We can
assemble suggested circuits, test them,
learn their characteristics, and then make
changes and observe the results. Familiari-
tv with fundamental circuits can lead to
circuit improvernents and  innovations,
and perhaps later to some original design
work. Many of the carly-day inventors of
clectrical and  electronic  devices and
systems Tollowed this approach, which
supports the wvalidity of the precept,
“Learn by doing.”*

We emateurs have the advantage of try-
ing owur Idcas at home rather than at work.
So, if the circuit is a flop, no need o con-
template the unemployment line! Further-
maore, if the equipment is & transmitter for
one of the amateur bands, we arc licensed
to put it on the air and to give it a true
“environmental test,'" an advantage not
enjoyed by many enginzers and tech-
MICIAMNS.

The simplest approach we can take to
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experimenting is to adopt the breadboard-
ing technigue.! This allows us to tack a
test circuit together quickly and easily. [n
the process we cut down on expense and
gliminate the chore of laying out and etch-
ing & circuit bogrd, The final product may
not look like a work of art, but it can be
used on the air just as effectively as a
commercial-looking version of the same
circuit,

Bargain-bag assortments of 1/4- and
I/ 2-watt resistors are: a vital part of the ex-
perimenter™s  work:hop., Likewise with
sssortments of dizc ceramic capacitors,
trimmer capacitors, volume controls and
small electrolytic capacitors. Of course,
we need a small pencil type of soldering
iron (40 watts), some solder and a fow fect
of light-gauge, insulated hookup wire.
Bargain assortments are often availahle
from Radio Shack, Poly Paks and other
prominent vendors, The best deals are
often available at Amateur Radio fea
markets, 5o we mus: be on the alert when
browsing at hamfests and conventions.

An important item in our workshop s a
YOM  (volt/ohm/milliampere  meter).
Even & low-cost imported instrument will
suffice if cost is an important considera-
tion. For rf measurements it is wisc to
have a VOM that can be used with a
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Fig. 1 — Circuit of a one-transistar QRP transmitter. Fixedvalue capaciiors are disc ceramic, 50
volts or greater, Resistors are 1/4- or 1i2-watt composition, 10% tolerance. C1 descrined In text.
G2 is a 100pF mica trimmer, L1 is a &l | winding of 34 tumns of no. 26 anam. wire on an Amidon
or Palomar T50-2 foroid cora. L2 it Bturng of no. 26 enam, wire, wound aver L1 winding (see taxt).
J1 18 a phono jack, and J2 is & 2-gircuit phome jack. Y1 is a fundamental surplus or new crystal for
the standard 40-meter QRP frequency (060 kHz).
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Barpain assortments of transistors, 1Cs
Flg. 2 — Details for measuring transmitter out- ‘g' : S b he of h E
put power with a dummy load (R¥), an rf probe and diodes aren’t likely to be of much use
and a YOM (see 1ext). to us unless we have a way to locate the

homemade rf probe.® This will permit us
to measure rf voltages in oscillators and
transmitters when  performing  imirial
checkout or debupging. A frequency
counder 15 very useful to the experimenter,
and should be acquired if the expense can
be jusified.

We will need a de power supply for our
workbench, and for most of our ex-
periments we can manage nicely with a
1Z-vull, T-ampere regulated supply.* I Lthe
outpw voltage can be made variable, so
much the berter.
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Fig. 3 — Same circuil as Flg. 1 except that an FET is usad at Q1.
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defective ones: Most V'bargains" of (his
type contain manufacturer's rejects, and
50% or more of the semiconductors in a
bag are often open, shorted or leaky.
Therefore, we're better off to buy parts of
known quality for each of our ex-
perimends. This practice will help us to
avold confusion and despair,

The Simplest Trunsmitter

How uncomplicated can a transmiter
be for experimental work? Factually, a
ane-transistor  oscillator qualiies ac a
rransmitter. Many beginners have had ex-
siting results with such a circuit while
pparating with ony 50 milliwatts (.05
watt!) of power ou:put. For example, the
circuit in Fip.l was tacked together one
lunch hour in the ARRL lab and was con-
nected to a 28-foct (8.5-m) base-loaded
vertical antenpa with buried radials. On
the third co an answer came from a Wi in
Dhio. A sienal report of RST 569 was
received for our A0-mW signal on 7060
kHz. A second QSO with 2 W2 station in
Mew Jersey netted an RST 589 report!

Y1 of Fip. | determines the operating
frequency. C2 tunzs L1 to the approxi-
mate freguency of Y. IT it is s5e1 for
resonance al exactly 7060 kHz in this ex-
ample, the cw signal may become chirpy.
With this type of oscillator it is best to
tune the C2/L2 circuit for the best sound-
ing note consistent with reasonable power
output, Maximum power will not coincide
with the cleanest ow note when connecling
an antenna to this type of oscillator unless
very light coupling is used (L2) between
thie tuned circuir and the antenna, The
lighter coupling will, in itself, reduce the
available power to the antenna.

The circuit of Fig. 1 can be used on 160,
B0, 40 or 20 meters by o ousing &
fundamental-cut crystal lor the desired
frequency. C1 is part of the feedback net-
work and will have to be chosen for the
erystal we uwse. This is because some
crystals are more active than others. The
maore sluggish a crystal is, the preater the
feedback voltage required to make thecir-
cuit oscillate reliakly, Values between 15
and 100 pF are typical for use at C1 inthis
particular circuit, We can experiment with
the number of turns in L2 to extract maxi-
mum rf power output from the circuit.

Fig. 2 shows how we can use a 47-chm
resistor a5 a dummy load to measure the
output power. An rf probe {mentioned
carlier} and VOM are connected across R
with the kev closed. Output power can be
calculated from:

P = E¥R

where P is in watts, E is in rms volts and R
is in ohms. Therefore, if we measured 1.53
volts across BRI, we would have an output
power of 50 milliwatts (0.05 W). The ac-
curacy of our measurement depends on
the purity of the sine wave from the
transmitter. A distorted waveform will




viecld only approximate  power-output
readings on the VOM. A 51-0hm resistor
could be used at RI, but that is a 5T
tolerance (eold-band) value, and would
cost more than a  silver-band (10%
talerance) resistor. So, we can usc a 47- or
SB-phm resistor, Either value is close
enough to 30 ohms for our purposes. Here
again is an example of the jov of ex-
perimenting versus designing!

We can also use field-effect trarsistors
as oscillators of the kind illustrated in Fig.
I. The version seen in Fig. 3 comains a
dual-gate MOSFET. Output power from
this circuit will be somewhat lower than
that from the bipolar transistor oscillator
of Fig. 1, but plenty of Q505 can be had
with this simple transmitter. Other dual-
gate MOSFETs could be used in place of
the 3N211, such as a 40673,

If we decided to use a VFO to control
the operating frequency of the transmitter
in Fig, 1. we could make the modifica-
fions shown ir Fig. 4. Y and 1 are
removed to prevent oscillation at the
crystal frequency. A de-blocking
capacitor (C3) 5 added as shown. The rf
voltage (rms) developed from the base of
1 to ground (with the VFO connected
and operating) should be between | and 3
volts for best results. This shows just
another way we can experiment with sim-
ple circuirs.

Additional ¢xperiments can be con-
ducted with the one-transistor transmit-
ters by trying various types of transistors
in the basic circuits of Figs. 1 and 3. One
important transistor characteristic is the
EAiniun vperating voltage (Yo, which
should never be rated less than two 1imes
the supply voltage for ew work, This will
allow for the veltage swing (peak to peak)
during the rf sine-wave cycle at the collec-
tor or drain. If the voltape is allowed to
rise beyond the specified safe valie, the
transistor can ‘go away'' instantly! We
must be concerned also with the upper fre-
quency rating of the semiconductor. This
is usually specified as fy. A pood rule of
thumb for obtzining maximum oscillator

wr amplifier perfonmance is o ose o Lan-
sistor that has an fyp ar least five times
higher than the chosen operating frequen-
cy. Thus, for 7-MHz operation the f¢
should be 35 MHz or higher. Most FETs
are rated for 2 maximum upper frequency
in terms of gain. Generally, they are good
from awdio frequencics up to that lmat
for amateur experiments.

The maximum safe current of a (ran-
sistor is important (o us also, This s
specified as 1. {collector current) for
bipolar transistors, and as Iy (drain cur-
rent) for FETs. At no time should we
allow the transistor to draw more current
than the specified safe value. In fact, it's
wise to operate the device somewhat
below (25" or more) that maximum
value. This will help to prevent failures
from excessive heating of the transistor
junction.

A pood safery rule is to do all initial cir-
crit festing ar reduced operating voliage.
For a bd-voll circull we mught want [0
slart our testing at & or 8 volts until we
were certain that there were no wiring er-
rars. If things seem to be working normal-
Iv, we can increase the supply voltage to
12.

An “Experimenter's Special”

Thus far we've discussed twvo rather un-
profound transmitter circuits, Once we've
finished tinkering with them we may want
to move ahead to something more spec-
tacular in simple circuitry. Fig, 3 shows
the circuit of a two-stage, soid-state QRP
transmitter that was designed by Wes
Hayward, WT20L" Soomc modilivations
have been made for this article, but the
circuit is essentially as he designed it This
cxperiment should give us hours, weeks or
cven months of fun in the workshop and
on the air, It delivers slightly more than 1
watt of output to a 50-chm antenna, and
can be made to operate on any band from
160 to [0 meters by using the parts values
specified in Table 1, Actuglly, this is a
three-transistor circuit if we count the
keving transistor, Q3. Bun, there are so

few parts in the circuit that we can asseni-
ble it in short order.

Q1 is a2 uned-collector  crystal
osallator. 1ts output energy is fed ro the
base of Q2, which operates as a Class C
amplifier. A pi network (C3, L3 and C4)
serves as a4 harmonic filter (low pass)

rather than as an impedance-trans-
formation network, as is more often the
casz with twube and transistor output
amplifiers.

Q3 functions as an clectronic switch,
When tts basc resistor is grounded by the
cw key it conducts and allows the dec o
rcach  the amplifier stage, Q2. This
method helps to reduce the possgibility of
shorting out the 12-vo't supply accidental-
Iy, as could happen with the circuits of
Fig. I and 3 where J1 s in the 12-volt line.

Fundamental crystals are used on 160
%0, 40 and 20 meters. For operation on 13
and 10 meters we wil need to use third-
overtone crystals at Y1, The oscillator is
permitted to run continuously, and keying
is applied only to the amplifier, Q2. This
prevents chirp on 15 aad 10 meters, which
vwould ocour if the oscillator stage were
keved.

Feedback capacitor C3 is used only on
60 and 80 meters. All of the componen:
values are the same for 10 and 15 meters
Oscillator trimmer €1 has ample range to
provide resonance on both bands.

Construction Thoughis

Experimentation cai continue after the
transmitter 5 butlt and tested — we may
want to try our skills a: cabinet making, or
the unit can be cnclosed in a small com-
mercial case, such as one finds at Radio
Shack stores, Bur we can use pieces of
double- or single-sided circoit board to
fashion a homemade cabinet. We can
flow a continuous bead of solder (darned
cxpensive stuff these davs!) along the in-
side seams (corners) o7 the box to join the
side and bottom walls. The lid can be o
Ll-shaped piece of metal (furnace ducting
or aluminum). Spray paint or contac:
paper may be applied 10 the outer surfaces
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Fig. & — htethod for attaching a YFO to the
circuits of Fig. 1 and Fig. 3. Q1 is thus
changed from an ascillatar to an amplilier.

Table 1

Fig. & Clreuit Component Velues for Various Bands

6l €2 ©3 ©4 ©5 L1 L2 L3 AT RFCI
feF) {pFl pFl ipFl PF) 3y Mo 2E Bt DI Mo 25 10 301 Mo 28
1B0m 400 1800 1800 180 38Q  TH02 THO-2 FT3761 (50 uH,
43t Mo 26 S5t P11 Mp 22 30 211 Mo 28
BOm 400 100 TS0 7S 200 TS0 T50-2 FT-37.61 (25 uHi
JatHo. 28 4¢& 191 Mo, 22 310 20 Nu, 28
40m 180 100 470 4T —  Ta0Z 502 FT-3763 (15 uH:
71 Mo 24 3t 120 Mp 22 470 301 Mo, 28
wm 60 33 20 20 —  TE0E T50-5 FT-3763 (15 uH:
171 No. 24 31 O(Npo 22 470 301 No, 28
5H0m 0 23 105 1M —  TE0E TH0-5 FT-37-63 (15 4Hi

Tarcid coes are used in L1, L2 and L3. These are sowdered-iron coras available from Amicon
Associetes and Palomar Engineers (TS0-2, etc.). RFCG1 is wound an a small fertite care (FT-37-67), and
s on), gvailable from same suppliers. The letter 1" signities the number of wire lums in the winding.
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Fig. 5 — Circit of the WTZ0! "Universal QRF Transmitter,” It can provide up to 1.5 watls af ¢f output when vsing a 12- to 14valt de supply. Fixec-
value capacitcrs are disc ceramic unless otherwise indicated. Resilors are 1/4- or 1/2-watl composifion, 10% talerance. Values nat given are listed in
Table 1. Ui is elactralytic or lantalum. G1 is a mica trimmar. 02 is 8 Motorola tmnaistor, but other brands and numbers with gquivalent

characteristics can be used

NOTE: JOIN PADS X aMD Y
FOR oM, JOIN PADS X AND Z
FOR 190M-15M USE

* USED OH SOME
8aMD5. 5EE TABLE 1

Fig. & — Partzplacement gulde for the circuit of Fig. 5. The shaded areas represanl an X-ray view

of the etched side of the board.

of the box 0 impart that professional
ook some of us prefer. Press-on decals
are excellent for labeling the controls, but
Dymo tape labels are suitable also,
especially if taey are the same color as the
panel,

The circuit of Fig. 5 can be assembled
on a sheet of pc hoard using th: type of
point-to-point wiring  deseribed in an
earlier QST zrticle” if a “*masterpiece’ is
not essential to our purpose, Baot, if pe-
board construction of the classic style is
preferred we can duplicate the pattern
shown in Fig, 6 and in the Hints & Kinks
section of this issue.” [f poin-to-point
breadboard assembly is our choice we
must be careful to keep the input and out-

put components of amplifier Q2 (Fig, §)
separatad from one another. Straight-line
wiring (not bunched up) s preferable 1o
achicve this; Too-close spacing can cause
unwanted feedback and amplifier in-
stability. All of the rf leads in the circuit
need to be kept as short and direct as

possible. This s especially important
when installing the bypass and coupling
capacitors,

Ceution: When applying  operating

voltage to the circuits in ths article, chect
the pofarity! There is no more cffective
way o send our transistors and elec-
trolvtic capacitors on & permanent leava
of absence than cross-poarizing the dc
voltage connections! Once vou have the
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misfortune of becoming a member of
“Junction  Bustes, Amalgamated,””
rou'll never repeat your mistake!

A Word About QRP Operation

The [-watt transmitter of Fig. 5 will be
20 dB weaker in signal strength than your
transceiver that delivers 100 watts of out-
put. So if vou would be heard ar 30 JdB
over 59 with your (00 watts, vou will be
only 10 dB over 5Y with the QRP rig. Or
assume your bigger rig was being heard 59
by the other operator. When vou switched
to the QRP transmitter vour signal would
drop to roughly 55 or 35-1/2, depending
on the accuracy of the 5 meter {assuming
6 dB per 5 unit). So you could still be
heard well cnongh under qniet hanpd con.
ditions to be copied Q5.

Patience and tenacity are the better vir-
wes we can adop: when running low
power. Find clear fraquencies on which to
call . Don't expect answers from sia-
tions with weak or marginal signals,
tnless they are also using QRP. Unless
you'ie a supe opcralon, it's unlikely that
you'll fare very well in DX pileups.

Good antennas are important in suc-
cessful QRP work, Many  first-time
ORPers capitulate after a few days of
poor results when using mediccre anten-
nas. Erect the antenna high and in the
cear, and use a directional, gain tvpe of
antenna (beam) on 20, 15 and 10 mete-s,
if you have one available. A good antenna
will help to make up for the deficiency in
power when using GRP eguipment.

The ARRL would welcome clear photo-
graphs and reports of the best DX worked
with the circuits of Fig. | and Fig. 3.
Ferhaps if we can pe enough input on this
siubject we can run a page of photos, calls
and DX records in an issue of OST. We




hope you will soon be able to say, “1've
built my first piece of amateur gear, and i;
works great]™’

Motes

F. Sutter, ' *The Runt Sixty' and the “Q5L
Sxty," " O8T, Sepl. 1939, p. 50,

“The expression "breadboxd' has confused some
meweomers o Amateur Radio, 1t originated in the
warly dave of the amateur service when hams buil;
their transmitters on wooden foundations, such as
the ends from orange crates. The kitchen brend.
brard became popular [or that purpose, aiid
therecafier any wonden chassis base was called a
breadbonrd.

"Deails for building a slwple diode ¢f probe can
b fownd in the measurcinents chapier of the pas:
several editions of The Radio Amereur’s fand.
hook.

‘D, DeMaw and R. Sheiter, A Simple Lhilie
Power Supply,*' {._)3:"', Bow, 1970, DPasis kits avell
asle from supplics in note 7,

"W, Hayward and D. DeMaw, Solid Srare Desiga
JSor the Rodio Amateur, (Mewingion, CT: Ameri
can Radio Relay League, Inc., [997) ch. Z, p
26, This p1|h||r;|lic||1 s raoommended for expers
menters Becavse il conains a weelth of basi
theory and many practial examples of simple
lransmitiers, receivers and 18] cquiprmenl.

*[, Dedaw, **Quick and Easy Circuit Boards for the

i T Beginner,™ OST, Sept, 1579, po 3L
Fig. 7 — Photograph of the assamblad kit varsion note 7] of the WTZ0| QAP tranemitior, ag laid 'E:cns-:u ar:n:: E%dllu\; E.“,_"i ,m!:'“m [T S —

out and built by WARUZO. The panels are made from pleces of dauble-sided pc board. The dimen- mitter are available from Circwit Heard Speciak
slons (HWDj are W8 x 2-14 x 3 Inches (22 = 57 x 76 mm), fsts.

For updated supplier acdresses, see ARRL Pars
Suppliers List in Chapter 2,

LITTLE JOE

CIRCUIT BOARD SPECIALISTS
FQ BOX 949 FUEBLO CO #1002

Etching pattern for the Universal ORP Transmitter. Black remesents copper, The pattern is shawn
actual size from Ihe foil side of the bogrd
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From September 1979 QET, p 30:

Quick-and-Easy Circuit Boards
for the Beginner

Why endure layout agony and the mess of chemicals?
Make vour own breadboard-style modules quickly. Here’'s how!

By Doug DeMaw, WI1FB
ARRAL Cortributing Editor
PO Box 280
Luther, MI 43656

I f you dreac those brown ferric-chloride
stains on yonr clothes, the radinm of erch-
ing & circuit board and the puzzlement of
laying out a pe-board pattern, this article
is for vou! There's no rule that suggests a
firm need for commercial-quality circuit
boards. Sure, the professional stuff looks
ereat with these lines and circles of copper
so neatly ciched on cpoxy or phenolic
board martcrial. But, consider the person
hours involved 1o planning a lavowt, ap-
plying the etch-resist tape or lacquer, then
aiching away the unwanted copper. All of
this can become rather futile if the
amateur i interested only in testing a cir-
cuit on a one-shot basis, A simple bread-
board type of assembly will often suffice;
time and moocy will be saved in the pro-
cess,

But what of the fimshed produoct? Sure,
nobody really wants an “*ugly duckling™
ro show off 3t the next club meeting or
when hams drop in to visit the shack.
However, pood looking circoit-board
asscmblics can be had cven when using the
non-eich technigues outlined hera, An ex-
perimental circuit board which has the
compaonents ocatly in place, ““dress-right-
dress” fashion, can be a thing of beauty
to the beholder's eyes, provided he or she
is nol an inspector for a government-
contract job! Let's examine some ways to
make our own non-ctched boarcs.

The Standofi Technigque

The basic foundation for any of the
“quickie'’ boards we shall discuss here is a
sheet of copper-clad  circuit-board
material — the kind we find in prolifera-
tion at hamfest flca markets. Racio Shack
stores and similar outlets, It necd not be
clad on both sides, but **‘double-sided

Fig. 1 — Phatograph of the simple breadboard depizted in Fig. 24, High-chmags resistons semv

as standoff terminals.

board,'” as the near misnomer indicates, is
suitablz also. Our objective in making any
circuit board ready for wsz is to provide a
suitabl: number of elecrically isolated
conductive islands upon which the various
components can be connected by means
of solder, At least that is the Tundamental
pringiple of efched boards. Bur, alter-
native methods  exist for  developing
isolated pads or tie points. Regardless of
the appreach taken to achieve this effect,
the name of the game remains the same:
Aszemble the componenss close to and
above a copper “*ground plane.” In this
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type of situation the copper on the board
becomes the circuit pround, just as a
chassis does when circuin boards aren’t
employed. The copper plane enables us to
make dircer ground connections, thereby
minimizing the pigtail lengths of he
various resistors, capacitors and tran-
sistors. Short lead lengths and a quality
ground conductor kelp prevent circuwit in-
stability (sclf-oscillations or parasitics) It
is for this reason that many amateur proj-
ects call for double-sided po board: One
side is etched and the opposite side is solid
copper, except  where  the  various




COPPER-CLAD

BOAFD
T
HODHK
E
0% BEND
b
1=}

c3
y |
,||I’—<j auTPuT

|G 0aF

HFCHY

0. iF

' ll:i

’J;u A pF
0,01

(c)

Fig. 2 — Pictarial view ol a circuit board 1hat wses the standofl technique as showr at A,

A closeup view of one of the standefl resistors

i5 shown a1 B, Mote how the pigiailz ara bent. The

schigmatic diagran al © shows the assembled circuil displayed at A

Fig. 3 — lllustration & shows how isofated pads can be gluad ta a piece of copper<lad po board
1o form & simple breadboard. The eguivaient circuil 15 shewn at B, A shorl wire jumpsr can be

waed 0 join individual pads, 85 shown just belo

w G al A

COFPER ‘—7/_

CUTRUT

coax
GhD

INPUT

c e
INPUT L50 1) D_”Tm"'
Jl‘i DG trz

[T MHz}

\“\ GLUE PADS TO
Maih BJAaRD

(4]

FL!

—_— s
: .
i —0 outeut 1somL

(=R
ca ¥

Ll

77
=1z

1=}

components are installed. A small amount
of copper s removed around each pe-
hoard hole to prevent short-circuiting the
component leacs (o the ground plene.
The “standoff techniguc® cals for
some more haggling at flea markets,
Along with the pe-board materdal we
garner in the swap-and-shop area, we
must fook for high-ohmage 1/4- or
1/2owatt composibion  recistars. Values
from 220 k2 1o several megohms are
suitable, Generally, bapgs of bargain

reststors are abundant, Don't worry if the
pigtails are short; this type will be just
fine, provided the wire leads are each 174
inch (&6 mm} long or greater.

The prrpose of wtilizing high-ohmage
reslstors 5 (o ensure that they act more
like imsufarors than as e resistors.
Hence, the higher the resistance the better
for our applicartion. As a rule of thumb,
the resistor heing nsed as a standoff in-
sulator should have a valuc that is at least
10 times the circuit impedance or value of
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resistance ussd at thar circuit peint. For
cxample, if & resistor is used as a tie point
at the 50-0 oulput of a circuil, the resistor
should be a 500-0 type, or greater. In the
circuit at Fig, 2C we find that R2 is 5.6 k{1
anc R3 is 27 k&2, We will make the stand-
off resistor, E4, 10 times greater than the
smallest resistor, B2, or 56 k0. Any value
higher than 58 k@ will work nicely, too.
O anly concern for the value of E3, the
+%volt standoff resisior, is that it is high
gnough in value to mnimize the current
drain from owur power supply. A value of
220 k8 would draw only 0,04 mA al 9
volis, This 15 an insignificant amount,
aven if a transistor radio battery served as
the power source.

Tig. 2A illustrates pictorially how one
might apply the stardoff technigue to
wire the ecircuit shown at C of Fig. 2. 1l
lusiration B demonstretes how the resistor
pig:ails arc bent before the componént 15
soldered to the pe-beard material. The
base circuitry at ()1 of Fig. 2A is strung
out excessively, This was done 1o reduce
clutter in the drawing In a practical ¢ir-
cuit all of the signal leads should be kept
as short as possible. E4 would, therefore,
be placed much closer 1o Q1 than the
drawing indicates,

Bl and R2 of Fig. 2 actually serve rwo
purposes: They are not only the normal
circuit resistances, but function as stand-
off posts as well, This practice should be
followed wherever a capacitor or resistor
can be emploved in the dual role.

CGlue-and-Pad Method

A simple but moce dme-consuming
technigue for making circuit boards is il-
lusirated in Fig, 3A. Once apain we have
chesen a piece of copper-clad pe board as
our foundation. The isolated pads consist
of small squares of pe-board material,
single or double sided. The size of the
pads is arbitrary, but the author prefers
them to be 174 inch (6 3 mm) square. The
smaller the pads the more of them can be
plazed in a given area of the main board.
There is no reason the pads can't be rec-
tapgular or round. The format will des
perd on personal choice and the cutting
technigue available to the amateur.

A power or “armstrong”’ type of hack
saw 5 perhaps the best tool for curting the
board material into squares. 1f you have a
friend who has access to a model-shop
shear, perhaps he will be willing to cut a
supply of squares for vou during his lunch
hour. Phenolic-based pe board will shai-
terim a shear, butl glass-epoxy board with
a cloth base will cut evenly when sheared.

Once the squarces are prepared they can
be affixed to the main board by means of
cpoxy cement. [t can take as long as 24
hours Tor the glue 1o set firmly, depending
an the brand and grace of cement used,

MNoted Q5T author WTZOT once sug-
pesied an alternative method for gluing
pads to a pe board. He mentioned hot-
met glue as a faster arent for attaching




the pads 1o the main board. This type of
adhesive 1s available from hardware stores
in small packets. It comes in tubular stick
form. A thin slice of the hard glue is
shaved from the stick by means of a knife.
The plue slice is placed between the bot-
tom of the pad and the top surface of the
main board. A soldering-iron tip is
pressed ageinst the pad, held there until
the glue mealts and spreads, thes removed.

The shortcoming of this approach is
that the glue softens cach time a compo-
nent is soldered to a pad. If requires more
than casual care when assembling the cir-
cuit components. Epoxy glue will not melt
during the soldering process. Also, the
completed module will remain  intact
much longer if epoxy cement & uscd.

A comparison between the practical
and schematic circuits for a simple half-
wave hamonic filter is provided in Fig. 3,
The pictorial version shows how we might
mount the parts when using the glue-and-
pad techmijue, I'here are some unused
pads in the foreground.

Saw-Slot Boards

For those who subscribe to the arm-
strong method diseussed earlier, a hack
saw can be used to cut through the copper
an a section of pe haard o form isnlated
pads. This concept was popularized by the
author and WIICP in a 05T beginner's
series which ran from Aprl through
September 1974, An example of this
technigue s given in Fig, 4. The copper
must be cut completely away where cach
dark line is shown. This will prevent short
clrcuits berween adjacent pacds. A hobby
Moto Tool can be employed 1o cur the
grid seen in Fig. 4. If this is done, a
straight-edge guide will be necessary if a
neat job is desired,

If Etching [s Your “Thing"'

A universal pe breadboa-d can be
ptched and wsed many times if one does
not mind dabbling with etchant chemi-
cals. A few brown stains here and there on
onc's garments could fit nicely into our

-—
-yt BROOVES
WITH HASK-
BAW OA MOTD
ToOL
r -
I
CEPPEA
P&0g

Fig. 4 — Saw-blade scoring al copperclad po
board material provides |solated pads in this
drawing.

Fig. & — Suggested palttern for a universal
breadoerd that can be etched as shown, not
to sczle. & +V and a ground bus are pravided
for easy access along the lenglh ol the Luaid.
Boe the “Himts and Kinks" section al this
issue far a full-size pattern lemplate.

E§ ARAL vsrrsnie sstasanies ARAL -1

contemporary world of fashion, so maybe
the eching technigue st all that bad!

The pattern shown in Fig. 5 is arbitrary.
It suits the author's needs handily for cir-
cuil experimentation. Tle smaller pads are
suitahle for mounting transistors, diodes
and other discrete components, The long
conductors along the edges and one side
of th2 breadboard are laid out to function
a5 plus-voltape and ground buses. The
4V foil has branches that extend through
four groups of pads, The ground conduc-
tor has similar branches that pass through
alternate groups of pads. This helps to
keep lead lengths on the various parts to a
minimum.'

ARRL universaL Breapeoarp ARRL
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We can use ordinary masking tape as
the ctch-resist material. Cover all of the
copper surface with a layer of tape. Press
the tape firmly against the copper by run-
ning a smooth object, such as the sideol a
lead peneil, back and forth across the
tape, Mext, draw the pattern on the fape,
An X-acto knife can be utilized 1o renove
1ape sections where the coppér must be
elched away, All that remains for board
preparation is 15 10 30 minutes of etching
in ferric-chloride solwion. Do not aliow
the efching solfution fo contact your eyes
or skin. If it does, wash it off immediately
with clegr, cool water.

To ensure reasonahle longevity of this
type of breadboard, material with heavy-
pauge copper laminate should be used.
Cilass-epoxy insulation s also  recome
mended. If the copper is too  Lhin,
repeated soldering will loosen the copper,
and stress on the pads will separate them
from the main board.

Some Closing Comments

Meedless to say, earlier comments about
brown stains on our clothing were offered
in a purely jocular vein. Avoid allowing
the eiching chemicals to splash on your
clothing: The stain will be permanent!

There are probably a number of addi-
tional methods for fabricating  circuit
boards quickly and simply. Mo credit is
claimed for originality concerning the pro-
cedures described in this article. The pur-
pose of this presentation is to illustrate
some of the more common approaches to
breadboard fabrication without chemi-
cals, Dut of greater importance, we've
tried to stimulate :onfidence among those
who were herctofore unwilling to ergage
in home-project work through [ear of
circuit-board layout and etching. Let's
compare brown stains later if we should
use ferric chloride. If not, perhaps we can
swap high-value resistors or sharpen saw
blades together!

Black reprasenis copper; the pattern is shawn
at actual size. The keard Is single sided
{copper on ono sido only), shown frem the Toil
side, and is a univerzal breadboard pattern
suggested by DeMaw (sse Fig &§).

'Megatives and circull boards for the breadboard are
wwatilaabile from Circuil Board Spaouialisis.

For updaled supplier addresses, sea ARRL Parts
Suppliers List im Chapter 2.




From Qectlober 1987 QST, p 24:

Stalking Those Fugitive

Components

Specialty components appear
hard to find for those who
aren’t experienced gleaners.
Let's learn where and how
to obtain some of these
bread-and-butter items.

By Doug DeMaw, WiFB
ARRL Contributing Editor
PO Box 250
Luther, Ml 48656

hat's this you're saving? You
W would build more ham gear if
only vou could obtain the neces-

sary componen:s? [ receive dozens of letters
to this effect each vear. Most of them seem
to be from the newer hams who have el
to learn the fire art of foraging for those
seemingly elusive parts. Some Comespon-
dents are critical because my Q8T articles
are not based on using parts that can be
purchased at Radio Shack stores. Sure,
Radio Shack stocks a lot of things that are
pseful for building projects, but many of
the circuits we amateurs want to build
require compoacnts that Radio Shack will
never carry. A designer is severely restricted
if he has to rely on any single supply source.
At best, his output will soon be recuced to
rinky-dink projects,

What, then, might vou do to solve the
annoying parts-procurement problem? This
subject has bern addressed frequently in
ST, but unly in geoceal tenns, That is, the
authors did noet [ocus on specialty items
that many of us need from day to day. This
article is aimed at those unigque parts that
wi do not find at the corner parts store.
All you need is some ambition and a few
postage stamps to cquip yourself with the
means to get the parts highlighted here.

Some of the suppliers I list in this article
have many parts to offer in addition to
those discussed here, and numerous other
suppliers exist. | concentrate in this article
on those dealers from whom [ purchase
most of my parts and materials. | consider
their prices far and generally below the
figures set by new parts distributars that
aren’t in the surplus business. 1 have
experienced neither poor service nor rip-

offs from any of the dealers listed, but
neither the ARRL nor [ endorse them. As
the saving goes, "‘let the buyer beware,"

Locating Component Sources

I watch for some of the smaller display
ads in Q8T and other amateur publications,
and kKeep rabs on the classified ads in the
various magazines. That is where vou'll
often seeinformation that caa lead to a free
catalog of bargain parts. [ respond to every
ad of that type. Consequently, [ have stacks
of catalogs. It is a practice [ recommend
to all of vou who enjoy building amateur
equipment. There is scarcely a component
I can't find for my projects, if [ scan the
pages of these mail-order catalogs.

Writers (myself included) often recom-
mend ham-radio flea markets as a source
of parts for home use. Flea markets are,
indeed, wonderful places to look for cer-
tain items. But, owing to the infrequency
of Mea=wan kel events in any given region,
procuring parts by that means iz a long-
range siwation at best, [ depend on flea
markets mainly o stock up on items for
future, unplanned projects. For example,
if | see asuper bargain on 2822225, poly-
styrene capacitors or 2200-pF filter
capacitors, [ buv them for later use. This
practice glso enables me to help other hams
int the area, should they havea sudden need
for something I have in mv poodie cache,

Parts and materials never appear
magically! We may davdream until dooms-
day, but that won’t yield results. We must
also innevate as the demand dictates,

Equipment Cases
Consider the low cost and simplicity, for
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example, of fashioning a small project case
from galvanized furnace-ducting materia..
Most plumbing and heating shops will give
you scraps or pieces from stock, or they
may charge vou a few cents per pound for
thz material. A large pair of tin shears caa
be used to cut the sections of metal 12
shape, and bending can be done by hand
over any right-angle form. The cabinet
walls and top can be soldered together, or
Fastened with no. 6 sheet-metal screws, The
completed cabinet cen be spray painted
with sandable gray primer, sanded and then
coated with your favorte color of paint for
the finishing touch.

Large cabinets, such as those used for
antenna-matching networks, can be
fashioned from temperad Masonite®, This
material can be painted any color vou
prefer. The front panel can be made from
an aluminum cookic sheet, available at
most variety stores, There is no need to
wornain @ Transmaich in @ shielded cabinet,
sirce it does not generate TV The signal
going into the Transmatch should already
be clean!

[ have mentioned many times the eas:
and low cost of making small boxes from
sections of single- or double-sided PC
board. The cost of any of these homemads
enclosures is substantially less than that of
a commercially made box, and the
materials are available locally., These
methods permit almost instant construction
of an equipment case.

Magnet Wire
Many hams ask me where they can find

magnet wire. | must say that the markel
has, for the most part, dried up with respect




to magnet wire. Radio Shack selis small
spools of enameled wire, but orly in a few
popular gauges. Jug Wire Co in New York
wias my primary source for magnet and
hare bus wire, but a recent notice from Jug
indicated that thev were going out of
business,

What can vou do to solve this problem?
First, check with your local electric-motor
repair shops, The operators are often
willing to reel ofT a reasonable number of
feet of the wire you need, and at a nominal
cost, Here, again, use your initiative.

When [ first became a ham, it was
common practice for my colleagues and me
io acquire ald power transformers just for
the purpose of removing the magnet wire
from the windings. The same was true for
old dynamic speakers from jun<ed radios,
The speaker lield coils contain bundreds of
feet of small cnameled copper wire! Still
another source of magnet wire s the field
cails of lares, low-resistance de relays—12-
and 28-V units in particular. Generally, the
larger the relay and the lower the field-coil
resistance, the larger the wire gauge, Look
for these relavs at flea markets, They can
be available for 25 cents or less.

Another excellent source of magnet wire
is picture-tube yokes from discarded TV
reecivera, The wvertical- ond horizontal
deflection coils contain many fezt of usable
sizes of wire,

Litz Wire

Litz {sho-t for fifzendrakn, which means
“orranded wire'') wire is desirable for
winding small LF, MF and HF slug-tuned
coils. It provides a higher £ than plain
enameled wire, This is because many
strands of tnameled wire are used to form
a cotton- or silk-covered conductor, The
additional surface area afforded by
multiple conductors offsets skin effeci—
the tendency for ac to flow at or near the
surface of a conductor, resulting in greater
ac resistance with rising frequency. 1 have
never seen Litz wire offered in surplus
equipment catalogs. [ obrain my Litz wire
by purchasing old RF chokes and slug-
tuned coils that are wound with it. Many
WW 11 power RF chokes contain Litz wire,
and you may want to cansider this methad
of parnering some.

Cail Forms and Insulating Moterial

Blank slug-tuned coil forms are currently
too expensive to consider for most amateur
projects. There are some surplus bargains,
however, and vou should watch for them.
Stock up on these forms should vou see
them at flea markets, but be awvare of the
effects of improper corc material on
operating frequency. Low-frequency cores
will spoil the Q of an HF or VHF slug-
tuned coil. The same is true of improper
toroid-core material. A relative test of coil
) may be made by winding a coil on an
unknown form, then placing asilver-mica
or variable capacitor in parallel with the
coil to obtain resonance at a desired fre-

guensy. Check the tuned ciicuit with a dip
meter. IT a good dip can be had with the
dipper coil a fair distance from the test coil
{say, one inch), the Q is reasonably high.
If, however, the dipper must be coupled
tightly to the test coil to obtain a dip
(usually shallow at best), the b is probably
too low to consider for your circut, In
other words, the farther the dipper coil 13
from the test coil, consistent with a deep
dip reading, the higher the Q of the coil.

Hememade fixed-indictance coils can be
wourd on plastic tubing and rods at a low
cost. Included are power-line RF chokes,
anterma traps and antenna-loading coils.
Firat, check the serap department of your
local plastics outlel for odd-lot bargains.
Such materials as Teflon®, Delrin, paly-
styrese, Plexiglas™, PVC, Tenite® and
Lexan® are often available in small pieces
at atrractive prices. You may also obtain
a catalog from United S:ates Plastic Corp
in Lima, Ohio, a mail-order house that has
tubirg, rod and shecting of all types (sce
listing at the end of this artcle).

Feed-line spreaders car be made inexpen-
sivelv from such materials as hair curlers,
plastic clothespins, sections of plastic coat
hangers and even ballpoint pen bodies.
Again, | stress the value of being
innovative!

Special Capacitors

1"v¢ read many laments about how
“impossible™ it is for some QST readers
to lozate high-voltage disc-ceramic capaci-
tors, polystyrene capacitors, NP0 capaci-
tors and even silver-mica capacitors. These
items are widgldy available from the surplus-
parts vendors. | must admit, however, that
large transmitring variable capacitors are
scarce (and extremely expensive). Radiokit
seems 1o be the main outler for large

variable capacitors. When the Cardwell
Corp bought the tooling and stocs of
E. F. Johnsen and Hammarlund several
years ago, it seemed that a variable capa-
citor monopoly was taking shape. The
James Millen Co was the only other major
manufacturer of these parts and, to com-
plicate matters more, Millen went out of
business, too, 10 was a sad day for Amateur
Radio! You may still be able to obtain
Millen capacitors ‘rom Radiokit, Our best
hope is to remove large variable capacitors
from surplus radio gear, such as W 11
command transmitters and BC-191/
BC-375E transmitier tuning units. Fair
Radio Sales in Lima, Ohio iz worth
checking for these units and other arge
WW 1 electronics equipment. Their cata-
log will fill many of vou older hams with
nostalgial

The Joys of Stripping

Lest someone misunderstand, | refer to
radio parts! When Lew MoCov, WIICF,
was the Bezinner and Novice editor for
(ST, years ago, he constanily stressed the
value of stripping parts from old TV and
radio sets for use in ham projects. I'm sure
that many of you recall his “‘transmitters
from old TV se1s,” We at ARRL HQ often
wrndered why he never made a TV sel
from an old transmitter, bt he refused the
challenge when it was offered 1o him!
Monetheless, his advice in those days was
sage. Even today we can glean countless
excellent small parts from old TV and
transistor-radio sers. | saw six table-model
TV sets Tor sale last fall at the Hudsonville,
Michigan, bam Mes i ket The owone was
asking 25 cents apiece for the sets! Many
PC-mount fixed and slug-tuned coils are
found in TV receivers, in addition to a host
of resistors and capacitors. Also, you can
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zalvage many Joténtometers and switches,
as well as a veriety of hardware to add to
yvour stock of nuts and bolts,
Pocket-size transistor radios are loaded
with small resistors and capacitors, How
many of theselittle radios have you thrown
away when thkey became defective? Con-
sider the parts you could have salvaged for
larer use. Discarded AM and FM -eceivers
also contain small variable capacitors that
can be used for homemade receivers and
ORP transmitiers. The IF transformers can
be used as is, or can be rewound for other
frequencies. Mot only can vou increase the
bulk of your parts larder by stripping TV
sets and transistor radios, you will have a
nice pastime for those rainy or snowy

evenings in winter, Solder wick or solder
suckers are invaluable for this job.

Source Listing

Table 1 lists a number of hard-to-find
components keyed to the suppliers that
stock fiem. The dealer identification is
given at the bottom of the table. | have
identified specific components that are
offered by these suppliers, but they carry
many additional items. Their catalogs are
worth adding to wour reference library.
Remember that guantities and specific
values may be limited, depending on the
supplier.

Some Final Comments

Although thizs month we haven't covered
theory, applications or a practical project,
I feel that parts procurement is an
important part of construction. | have
addressed those parts that readers seem to
have the greatest difficulty locating,
Perhaps this article will reduce the number
of ingquiries I receive!

Unfortunately forus amateurs, some of
the suppliers listed specify a minimum
order. In such instances, it is sometimes
convenient to pool your order with those
of other hams in your area. This may
require some salesmanship on your parn,
but it can be done. Good luck in stalking
those fugitive components!

ARRL Parts Suppliers List

BELLMWY
ARA Enginsering
2521 W LaPalma Ave Unit K
Anahaim, CA 92801
89952114

T 5R5E

B.C.E.GH.LALELMMNS XY
All Electranics Corp,

13004 Ownard Stres)

Van Muys, A 31411
800-526-5432

‘fres TTE

C.EILK.LSX

Allied Electronics

401 E Bth 51

Fort Werth, Tx 78102
BOD-433-5700

"TEES

i)

8.C.0.E.GH K LKUXY
Alpha Electronic Laboralones
705 Vandiver, Suile A
Columbia, MO GLE02-2089
J4-8Ta-1514

“fraa

m

Amidon Agsocales, Inc.
12033 Misego St
M. Hollywoed, CA 21807

&, 0,F.G,H, Millen componants
Antennas Elo.!Jnodills
PO Box 4215
Andover, MA D1810-£215
SOE-4T5-THI
‘=858

EFGLELS.X

Armow Electroncs

25 Hub Dr

Mealvilla, MY 11747-082d
BO0-032-7769 Iax 516 585 0878
-1

e

H,0, lacsimile equiprmeant
atlantic Surplus Salss
ATE0 Nautiiug Ave.
Brooklyn, MY 11224
T18-3720349
51

LE.M.T.U
ATW Research, Inc
13th & Broadway
Dakota City, NE 68731
A02-987-37 1

Avatar Magnstics
==z Ronald C. Willlams

A.0.H
Barker & Williamson
10 Canal 51
Bristol, PA 15007
215-TEB-5581

88 E,GH,LJKLNMLUDYY
BCD Eheclro
PO Box 450207
Garland, TX 750450207
214-343-1770  fax 214-343-1854
"E1iyvoar

AB.C.0EGH LW,
Circuit boards far ARRL projects, kits
Circuit Board Specalists
PO Box 951
Pueblo, CO 81002-2251
Ti8-542-4525
*iree

AB.CE|LK
Circuil Specialisis, Ine,
PO Box 3047
Scomsgale, AL BS27 13047
B02-266-0784
81 "*15 [mail arders)

ABDEHILTW
Communications Conceals, Inc.
508 Millstone Drive
Xenia, OH 45385
513-426-8600  far 513-429-3811
*fro

L.5.toals
Contact East, Inc.
335 Willow Siraat
MN Andover, MA 01842
S08-682-2000
“frea

Howers
Cealtronic
AT00 Muise Aves
Ventura, CA& 83003
B05-642-8521
" "550

0.E.I M. H ¥
Pater W, Dahl Co, Ing
SEES Waycross
El Paso, TX 72924
B15-715-2300

Davis RF

POy Box 230
Carlisle, MA 01721
508-36%-1738

"3

ADEF HIKLNSW.X
Dick Smith Electronics
PO Box 4RA
Greanwood, 1N 26142
317-8B8-F265

AELLKELXY
Digi-Key Corporation
701 Brooks Ave. So.
0 Bax G77
Thiaf River Falls, MN 56711
BOT-344-4539
“lree

E-Z CIRCUIT by Bishap Graplics, Inc
20236 Roscon Blvd.

Conoga Park, CA S130d
818-7T73-2081

*frag 525

ACEFILKLNSX
Edia Electronics, Inc
2700 Hempstead Tpke
Lewvitbown, MY 117561143
516-735-3330

ACDEFGHIKLSXY
Electra Sonic, Inc.
1180 Gordon Bakar Rd,
Willwdale, Oneng Canada M2H 383

AL
Electronic Disiributors, Inc
4300 M. Elston Ava
Chizags, IL 60630
312-283-4800

Flna Farrite Laborateries, Inc
PO Box 395

Wioodsiock, MY 12498
914.579-2407

0,6 H LM NG
Fair Radio Sales Ca., Inc.
PO Box 1105
1115 E. Eureka St
Lima, OH 45802
d19-227.6573  fax 4100071713
"l “tE10

llllll
FAR Circuita
18ME40 Field C1
Durdes, IL 80118
TOE-426-2431

J (@-pale crystal filters)
Fox-Tango Corp
747 5 Macedo Blvd
Parl 5t Lucie, FL 348983
A07-A79-6888
" 5a58

8]
Gregory Electronics
249 Route 46
Sacdle Brook, NJ 07662
201-458-3000
“fres g T
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ABLKMNT
H & A Corporation
A. Herbach & Rademan Co.
400 E. Eriv A,
Philadephia, PA 19134
215-426-1708
“frea **E15

I K
Hammaond Mig. Ca., Ing

TER0 Wakdan Ava.

BuHalo, NY 14225

|,F
Hammotd Mig., Lid.
384 Edinburg Ad., N
Guelph, Ontario Canada M1H 1E5

Q
Hi-ManLals
FO Box 802
Courncil Blufts, 14 51502
*%1 Catzlog req'd
ABEH,ILKL

Hoslall Zlectronlcs
2700 Sunsat Blvd
Steubanville, OH 43952
BOD-524-6454

B LOW (Bpole erpstal lilters)
Int’l Radic and Computers, Inc
751 5 Macedo Blvd
Port 8. Lucio, FL 34083
A07-BT0-BERE
"sasa

Internatonal Crystal Mig Co,
PO Box 26330

Okiahoma City. OK 73126
405-2363741

ADF.GH,
Mitlen Equipmeanl
Jamas Millen Electronics
PO Bax 4215BY
Andover, MA 01810
508-8752711  fax 50B-474-8849

JAM Crystals

2341 Crystal Dr.

PO Box 06017

Fi. Myers, FL 3348086017
BO0-526-9825

“tres

E
K2AW's Silicon Allay
175 Friends Lana
Westbun, NY 11590
516-334-7024
“rea "*g510




Kepro Cacuil Systeams, Inc,
630 Axminister Dr.

Fenlon, MO 63026-2902
B00-325-1878 (oul of state)
J14-343-" 830 (MO}

*irem ""815

C.EFG,|KLX
Lashen Electronics, Inc.
21 Broadway
Danville, HJ 07834
201-627-3TA3 215

AL, EXAR XR-2208 1C
Marshall Electranica
20 Sterling Dr
Wallinglord, CT 06492
203-265-3822
“*525

F {aluminum and stainless tubing
and pipsi
Metal and Cable Corp, Inc
PO Box 117
Twinsbum, OH 44087
2164254455
"r550

K.L
MFJ Enterprizes
PO Box 484
Mississippl Stats, M5 39762
601-323-3068

ABEHM
Microwave Components of
Michigan
PO Box 1697
Taylor, NI 48180
313-753-4381 (avenings)
"sase

ABCDE-GHIJKLSU
Milo Assaciales, Inc.
4169 Milarsville Rd.
Indianapalis, IN 46205
I17-546-3458 fax 317-547-1729
*free

mixers, signal procossing
Mini Gircuins Laos
PO Box 350166
Brooklym, NY 11235-0003
710-934-4500

AEF.GHLLMXY
Modarn Aadio Laberatorias
PO Box 14502-Q
Minneapolis, MMN 55414
52

Moeller lstrument Co.
lveryton Industrial Park
Main Streat

Ivorytom, CT D842
2037672104 BO0-243-9310
"0

Motorola Semiconductor Products,
Ing

PO Box 20912

Phosnix, AZ 85036

ABCEFGHLLKELSUXY
Mouser Elaclronics
2401 Hwy 287 N
Mansfigld, TX TROA3
A00-346-6873
“frao 1

E
Mational Semizonductor Corp
2900 Semiconducicr Or
Santa Clara, CA S5052-8000

aDE
Qak Hills Ressarch
4061 M Douglas Ad
Luthsr, MI 489856
TS50

ABCDEFGHL KLMNSTLL WYY
Ocean State Electronics
PO Box 1458
‘Westerly, RL 2881
BOO-BEE-6626  fax 401-596-3590
*frea ""EE

AL FL
ORA Electroncs
9410 Owensmouth Ave
Chatsworth, CA 91311

B
Palomar Enginaars
PO Box 455
Escondico, Ca 92025
B10-747-3343
“trae

ADK
Fasternack Enterprises
PO Box 16759
Irvine, CA 92713
T14-281-1920
“fres

.
PS Elctionivs
2522 3. Paxson Lane
Arcadia, C& 51007
B18-247-2565 fax 31B-447-0483
*free

B
Philips Compenants (Farmoxcuba)
Kt Maricn Rd
Saugerties, WY 12477

AL
A & O Electronics
1224 Prospect Ave
Cizwaiand, OH 44116
218-621-1052

A,0,E, Electron wbas and RF power
transisiors
R.F. Gain, Ltd.
116 South Long Beach Rd.
Rockville Centre, NY 11570
BO0-348-5560

ABCDEFGHIJELSUWXYZ
Radiokit {mail)
PO Box 873
Pelham, MH 03076
Telex: BE7EY/
-1

Fadiokit {stose)

15 Londondaery Ad, Uinit 8
Londondarry, NH 03053
BO03-437-2722

ABDEFH
AF Parts Co.
1320- 10 Grand Ave
San Marcos, CA 92068
G18-744-0720
“froe "T520

D.Y
Santry Mig., Co.
Crystal Park
Chickashe, QK 738
405-224-5TED
“froa

E
Silicon General, Ine.
11861 Waestern Ave
Garden Grove, CA 92641

{Mechanical componants and metal
SloCk)
Small Pans, Ing.,
PO Bow 3013060
Mizmi, FL 33238
305-751-0856
*iren ) ]

A0 FJY
Spectrum Inlernational, Inc,
PO Box 1084
Concord, MA 01742
508-262-2145

A MM
EBtar-Tronics
PO Box BE3
MeMinnville, CR 97128
S03-472-0718
sz

MK
Surplus Tredars
PO Box 276
Alburg, WT 05440
"5

K.H
Ten-Teo, Inc.
Highway €11, E.
Seavierville, TH 37862

Terold Corporation of Maryiand
BL00 Lawrel-Bowie Rd,

Bowia, MD 20715-4037
S01-464-2100

"l

A,G0ubos
Typatronics
PO Box 8873
Ft Lauderdela, FL 3331(
"5BSE

U5 Plastic Carp
1380 Meubrecht Rd
Lima, OH 45801
BO0-537-9724

Ronald C. Williams WaJVF
(Avatar Maynglics)

1408 W Edgewood Ave
Irdianapalis, IN 46217

AEFTW
Wymzn Ressarch, Inc.
Box 95, AR 1
Waldron, 1N 45182
317-525-64582

Chart Coding

A—MNemw Components

B—Toaoids and Farriles

C—FEtched Circult Board Materials
D—Trarsmitting and Aeceiving Matatals
E—Sadlid-State Davices

F—aAnlanna Hardware

G—Dials and Knobs

H—V\ariable Capaciiors
I—Translormars

J=|F Filtars

K—Cabinels and Boxes

L—"Gianaral Suppline

M—Surplus Parts

HN—SvLrpius Aszemblies

O—ATTY Equipment and Pats
P—Surplus FM Gear and Pans
O—Equipment Manuals

R—Service of Collins Equipmeant
5—Test Equipment

T—aAmalaur TV Cameras and Componens
U=Mizrocomputer Pasipharal Equipment
V—Teownrs

W—FRady-mads Printed Circuit Boards
E—Wra

¥—Crystals

Z—ClImbing and Safety Equipmant

*Cataleg Price
* = Mirimum Order

To the bast of our knowledos the suppliers shown are willing 1o sell components b amateurs in smal quentities oy mail, Tnis lising doss nol necessarny indicals
that these firms have the approval of ARRL.
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From September 1988 QST, p 44;

BLENDING CIRCUIT-BOARD FABRI-
CATION TECHNIQUES FOR SUCCESS

[ In his August 1987 article on homemade
circuit boards,” Doug DeMaw mentioned
the unsuitability of mechanically eiched
boards for use with ICs or other compo-
nents with close pin spacings. (Generally,
mechanical etching isn't precise enough to
make traces suitable for the 0.1-inch
pin spacing standard with [Cs.) I've been
getring around :his limitation by making a
gridded sub-board for the IC and mounting
to the main (mechanically etched) circuit
board with the piggvback method described
in Doug's article (see Fig 4), Jumper wires
connect the IC sub-board pads to the main
circuit board; glue holds the 1C sub-
assembly in place.—Jfodin Evans, K3500,
RRI, Box 131, Kingsley, P4 18826

MY BEOARD

Fig 4—John Evans gets around the
ncompatibility ol mechanically etchead
toards and 1Cs by mounting his ICs on
gridded, single-sided sub-boards. (Here,
the main board is also gridded for clarity.)
The sub-boards are mounted to the main
board using the Jiggyback lechnigue
gescribed by Doug DeMaw. See lext,

ETCH-RESIST PENS FOR HOME-
MADE CIRCUIT BOARDS

"I Because ['ve been fahbricating circuit
boards at home for some time, Doug
DeMaw's cirewt-board article* was of
more-than-usual interest to me. In
particular, I've been involved in
“longhand™ PC-board production (a
ceneral rerm for boards producec with

resist applied by hand with a brush or
marking pen) for quite some time.* Most
problem: with boards made by the
longhand method are caused by uneven
ink [low from the pen. Marcus referred
to this problem in a &0 article.® This
uneven-flow problem can be corrected by
opening the pen and adding a solvent that
is compalible with the ink. (Usually, the ink
vehicle it an alcohol-based solvent.)

The ink in most feli- or fiber-tip pens is
stored ina fiber cylinder enclosed in a thin
plastic sheath. Add 10 to 15 drops of
alcohol or a similar solvent (rubbing
alcohol [T0% isopropyl], lazquer solvent
[denatured ethyvl alcohel] anc butvl acetate
[thinner for model paints] are satisfactory)
to the cylinder end that contacts the pen tip.
{Stop adding alcohol if it apaears that the
next drop will cause leakzge from the
bottom cof the cylinder.) Replace the ink
cylinder ia the pen and allow a few minutes
for the rejuvenated ink to migrate into the
pen tip. Now, the pen should produce
opagque back lings without smearing. I the
lines appear 10 be almost foo Nuid, that's
ideal. (By the way, overapplication of
alcohol to the ink cylinder cen cause leak-
age through the pen’s lip vent hole. Watch
out for this so you don’t generate profanity
when a vent drop hits the board and spoils
your work!} Using this method, I've suc-
cessfully rejuvenated /0-vear-old pens!

The best resist pens I've found for
circuit-board work are produced in
Germany and sold in art stares npder the
name Stasdtler Lumocolor. Medium (no.
317} and fine (no. 318) points are available,
{1 recommend the no. 318 pen for most
circuit-board work.) These pens contain a
high-quality waterproof ink and can be
opened by removing the top cap (pliers may
be necessary in some cases), Most of these
pens can be used for circuil-board fabri-
cation without the solvent-addition treat-
ment just describad,

For builders who do not have easy access
Lo an art supply store, | recommend the
0.4-mm, extra-fine-point version of
Sanford’s® Sharpie® marker. This model
has a removahle top that allows easy access
to the ink cvlinder, Many supermarkets
stock this pen with stationery supplies or
laundry products.
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Two types of medinm-point Sharpie pens
are available. That labeled PERMANENT
MARKER is definitely better for circuit
board work than the no. 3000 “highly
water-resistant” model; the permancnt
marker has the further advanage of easy
“openability.” (The tp end of the perma-
nent pen is pressed into the barrel assem-
bly portion and held snug with several small
rings. If the two parts are simultaneously
bent slightly and pulled, the two pieces
separate, allowing easy removal of the fiber
ink cylinder. Once yvou've disassembled one
of these pens, shave the rings with a file or
knife to make subsequent assembly/dis-
assembly cyvcles easier.) The second-chaoice
(no. 30000 pen s cemented shut; if vou
must wse one of these, [ suggest sawing off
the top end of the pen ;o add solvent to the
ink cylinder. Reassemble the pen with tape
if »ou do this.

My ham radio letter suggests use of a
commercial metal-marking lacquer
(DYKEM®) as etch resist for the portion
of the circuit-board copper intended to
reriain as a ground plane, If you have
trouble locating this product, | recommend
thin lacquer, model paint or fingernail
polish as a substitute. Be sure the resist you
use flows easily so that it can be worked
quickly. Also, the resist should be easily
removable after etching. (1 supgest using
dcetone as resist-removal solvent.)

Be sure to take proper safety precaution:
when working with any of the chemicals
I've discussed here: Don't breathe their
fures and keep them out of contact with
your skin. Further on the subject of
chemicals, | add this: As a retired chemist,
| cheerfully object to the characterization
of home etched-PC-board fabrication as
requiring *‘messy chemicals.” Chemicals
aren't messy, but the peaple who use them
may bel—RKoberr J, UGrabowski, WiTKP,
Rie I, Box 388, Ozark, AR 72949

“Dosg DeMaw, “Homemade Circuit Boards—
Don't Fear Them!™ QS7, Aug 1987, pp 14-16.

SFoen J. Grabowski, "'longhand printed-circuil
layout,” comments, fam radio, Jun 1979, p 6.

Aflan Marcus, A Printad Circuit Board Prirmar,”
C3, Oct 1982, pp 44 and 47.




From February 1988 QST, p 14:

The Neophyte Receiver

Looking for a simple receiver

o lune the 80- or
40-meter ham bands?
Build the Neophyte!

By John Dillon, WASRNC
Penntek Electronics
14 Peace Or
Lewistown, PA 17044

hams to discover that there's much
more exzsiternent in hearing real signals
than listening to “‘canped” code from a
tape or computer program. After all,
gelting on the air and working with real
radio is the object of getting an Amateur
Radio license! Here is a simple 80- or
d0-meter receiver that can bridze the gap
between a code-practice maching and your
first transceiver by eiving you on-the-gir
listening expzrience. Dubbed the Neophyte,
it's been desipned with the nesds of the
neaphyte (beginner) in mind, but will find
favar with long-time hame as well
The Meophyte uses two 1Cs to receive
CW, 55B ard AM signals in the 3.5-4.00r
7.0-7.3 MHz ham bands. It's battery-
powered, and most of its circuitry [its on
a circuit board just 1-7/8 = 2-5/8 inches
itt size, The Neophyte's frequency stability
allows copy of 55B and CW signals for
hours withoot retuning, and it's sensitive
enough to detect signals of less than 0.5
microvolt & its anienna terminals,

I t doesn't take long for prospective

How the Receiver Hears

The Meophyte iz a direcr-conversion
(D-C) receiver. A D-C receiver converts
radio signals directly to audio by mixing the
incoming signal with a local oscillator (LOY)
operating vary close in frequeacy to the
incoming siznal. The mixing process has
this effect: Whenever the LO is tuned 5o
that the frequency difference between it
and an incoming radio signal is in the audio
range—a few hundred to a few thousand
hertz for asoble W, E5B and AM
reception—the fregquency difference
appears al he mixer output as an audio
signal. Example: For an incoming Novice
CW signal operating at 3737.0 kHz, setting
the Neophyte's LO to 3737.6 kHz (a dif-
ference of 0.6 kHz, or 600 Hz) will allow
vou to hear that CW signal as dots and
dashes at a alil-Hz pitch. (You could also
set the Meophyte's LOY to 3736.4 kHz,

600 Hz befow 3737.0 kHz, to receive the
same signal at a 600-Hz pitch.) AM and
SSB signals are received by tuning the
MNeophvie’s LO to zero beat—zero ire-
gquency  difference—with the incoming
carrier (or suppressed carrier, in the case
of S5B signals), The Neophyie converts the
modulation on these sigoals to auwdio.

The Meophyte does its 2-C job with jusl
two aztive devices, both of which are [Cs.
The receiver's_frond end—the RF-handling
circuitry from the antenna to the mixer,
inclusive—consists of a Signetics NEGOIN
mixer/oscillator 1C. Th: NE602's §-pin
mini-2IP (minfature dual inline package)
contains bipolar-transistor LO and doubly
balanced mixer stages, and a voltage-
regulator circuit, The miver circuitry pro-
vides 20 dB of conversion gatn. This means
that the power of an incoming signal is
amplified 100 times as the signal is con-
verled to audio by the NEAO2's mixer
and LO.

The other active device in the Meophyte
is a Mational Semiconductor LM3E6N-|
audio amplifier IC, also contained in an
B-pin mini-DIP. This IC provides 46 JdBR
{power zain, 40,0000 of audio amplification
10 drive headphones or {in a quiet room)
a 2¥-inch speaker, Four “C" cells, con-

Tahle 1

Neophyte Capacitor Values for
80 and 40 Meters

Band C1 CGrca €3 Cciwo Cr1

BOm 330 1000 470 270 120
40 m not used 330 120 6B 150
All capacitznces are in pF (1000 pF =
0,001 uF). $1 is disc ceramic; C7-C11 are
NPQ, polystyrane or silver mica units.
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nected in serics to farm a &Y bauzry,
power the Neophyte. Current drain is abour
10 mA at low audio-output levels,

Fig 1 shows the schematic diagram of the
Neophyie. If you'd like to learn the func-
rion of each component in the schematic,
see the sidebar, “*Signal Flow in the
MNeophyie.” You needn’t wade through
signal flow, however, 1f you just want 1o
do what we're poing (o do next: build the
MNeophyre.

Building The Neophyte

Fig 2 shows a rear view of the Neophyte.
Most of the réceiver’s components are con-
tained on the circuil board, Fig 3 shows the
erching pattern for the board; paris place-
ment is shown in Fig 4A. The Neophyte's
“cabinet'’ consists of a 4%:- x Blédnch
piece of Y-inch-thick pine {basc) ard a
4- % Bv-inch piece of ‘4-inch-thick
particle board, plywood or similar material
{frone panel). The base can be stapied o
painted as desired; alternatively, a metal or
plastic cabinet can be used o house the
Meophyte, if desirad.

Components

Although no exotic clectronic parts are
required, many of the Neophvie's parts are
not available al the corner Redio
Shack® store. T1 and T2 are 10.7-MHz IF
transformers with a 7:1 turns ratio; they
have green-colored cores, Other trans-
formers (with different turns ratios) were
tricd, but receiver performance sufferad.
Capacitors C7-C1| should be NPO, polv-
sivrene or silver mica units for good fre-
quency stability. At this point, vou shouled
decide what band you'd like your Neophyte
to cover, The values of C7-C11 depend on
the band vou choose {see Table 1). For
details on the differences between the 80-
and 40-meter versions, study the sidebar,
“Building the Neophyte for 40 Mueters." In
the rest of this discusslon, ']l concenrrace
on the construction, testing and adjustment
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Fig 1—Schemaiic of the Meophyle receiver. Caramic capacitors shown below, but not listed in Table 1, may be manelithic ar disc units;

finzd resistors ere Ya-W, carbon film. Component designators shown in the schamalic, but not listad below, identify parts for placement

on the PC board (seo Fi? 4}, For 40-meter oparation, the ascillator circuit is maodified slightly, as shown at B, See test and the sidebar,
o

"Building the Meophyte

in series).
C1—~Caramic, This capacitor is not used,

BOuiv). See fext.
or is changed in value, for 40-meter

C14, C16, C17—0.1-pF polyester film or

r 40 Metes." Parts kits are available from Pennies Elecironics; see Mate 2.

BT1—B V balley (four "C" cells cownected  C12—365-pF, air-dielectric variable (Mouser
524-41.227, Circuit Spocialists A1-227 aor

JE—Closed-circuit phone fack, 1/8-inch.

LE1—8-0) spaaker, diam 2% inches
(Mouser 255P024 ar equiv).

R1—1-kil audip-taper potentiomeatar with

operation—see 'Building the Neoahyie caramic. S5PST switch (Mouser 31VM301 or
far £0 Metars" C1B—10CwF aluminum electralyiie, aquiv),
Cz, G5, €13, C15—0.047-uF polyester film 10-25 W, E1—8PST switch mounted on A1,
or ceramic, (C.01 pF alzo suilable for C2 C19—470-uF aluminum electralytic, T1, T2—10.7-MHz IF transfarmer, 751 turns
and C5). 10-25 Y, ratio, green core (Mouser 421F123 or
3, C8, C20—1D-uF aluminum electolytic,  D1—1-A, 50-PIV silicon diode (1NAD01 equiv). See text.

1M tn 25V
C4—Twao-saction, palyelhylene-dislectric
variable; sections 59.2 and 141.6 aF
(Mouser 24TF222 or aquiv). Sse toxl, aquiv),
C7-11—5See Tabla 1,

suitablia).

J1—Twa-positian terminal strip (Mouser
534-41E8, Radio Shack 274-663 or

U —Signetics MEGOEN mikerfoscillatur 1C
{Arrow Eleclronics 977BCAZ),

U2—Malional Semiconductor LM3BEN-1
audio-amplifiar 1C,

Signal Flow in the Neophyte

RF energy from the antenna is fed through cam contral
R1 to the untuned, lowimpedance primary winding of T1.
This control actually is an AF atenuator. It can be adjust-
ed to prevent very strong signals from overloading U1
when band conditions are especially good, or when strong
local signals are present. T1's primary couples incoming
zignals o the tuned circuit consisting of the T1
secondary, padding capacitor C1, and RF PEAK capecitor
C4. This funed circuit provides presefsction—it
emphasizes signals at its resonant frequency and tsnds to
reject others. The preselected RF is injectad into pin 1 of
the mixerfoscillator 1C, U1,

The oscillaior section of U1 serves as the receiver LO.
Capacitors C7-C12 and the tuned winding of T2 make up
the LO tuned circuit. (T2 Is used as a tuned clreuit in this
application and not as a transformer; its untuned winding
is not usad ) Because the frequency stability of the
oscillator determings the stability of the receiver,
temperature-stable capacitors (NPO, polystyrene ar silver
mica types) are used to minimize drift. Enargy is applied
to U1 at pin 8. Capacitors C5 and C6 bypass U1's supply
pin for ac: Their purpose is to bring the supply pin to
ground potential for AF and AF signals while blocking de.
RZ2 helps these capacitors do their bypassing job by
resisting the flow of RF and AF signals on the pawar-
supply line. CZ ana C3 are bypass capacitors, also.

also work to reduce unwanled audio coupling between U1
and U2 along the dc supply line, they serve as decoupiing
components in the deo line, Decoupling aids stability in high-
gain circuits,}

connected in series (6 V). 51 is the receiver POWER switch.
Diode D1 allows current to pass in only one direction betwesn
the battery holder and the recelver circuitry, sreventing
damage to the recelver ccmponents should te batteries be
placed in the holder backwards.

Within the mixer section of U1, the LO and preselected AF
signals are mixed to provde balanced audio output. The
audio appears al pins 4 and 5 of U1, This signal is fed
through a simple low-pass filter (C13, C15 and A3) to the in-
puts {pins 2 and 3) of U2, the audio powar amplifiar. The low-
pass fiter tends to pass lower audio frequencies while
rejecting higher ones, hence its name. C14 and C16 are
blocking capacitors: They block the flaw of d2 whils allowing
ac—in this case, audio—io pass.

R4 end ARG set the bias on the input transistors of U2, C20
sets U2's gain to 46 dB. C17 and RS suppress unwanted HF
oscillalion in U2. C18 is the output blocking capacitor: Like
C14 and C186, it blocks de while allowing audio signals to
pass—in this case, to headphones or speaker, C19 bypasses
U2's dc-supply pin for audio. (Because C5, C8, C19 and R2

Energy for the Neophyte is provided by four "C" cells

QRP Classics 21




About the NEG02 Mixer/Osclllator IC

The Signetics NEB02 (SAB02 for
opearaticn over a wider temperature
range) is an |C of interest to builders
and designers of low-power communi-
cations gear, particularly where low
power consumption (as durng battary
operation) is impartant. Fig A shows
its equivalent circuit. The '502
contains doubly balanced mixer,
oscillator and voltage regulator
glamenis. Its oscillator circuitry can
operate up to 200 MHz in LC and
crystal-controlled (fundamental and
overtonz) configurations. The '602's
mixer typically can handle signals up
10 500 MHZ, Typlcal do curent drain o
is 2.4 mA; minimum supply voltage is
4.5, maximum 8.0. v

The NEBD2's mixer is known as a2
Gitbert cell multipliar. (If you've avear
built & circuit using a Molorala
4 MC1496 or ane of its agquivalents, SV FA—
you've used a mixer based on the |
Gilbert call.) The Gilbert cell congists / |
of balanced switching circuitry driven ! B =
by a ditterential amplifier; in the ¢
MEBOZ, the amplifier inputs serve as < é aan
the mixer AF inputs. _]_ ot

The NEBDZ's mixer inputs (RF) and i i E
outputs {IF) ean be single- or double-
ended |balanced) according to design  Fig A—The equivalent creuit of the NEGO2 coubly balanced mixerfoscillator |C.
requirements. The resistarce of these
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ports Is 1.5 ki, the mixer inpul The Meophyte uses he MNEGUZ's tor proper operaiion of the
capacitance is approximately 3 pF up  on-hoard oscillator circuitry to achieve mixer.—Ed.

to 50 MHz. The mixer noise figure is goed frequency stability at 3.5 and s ial i nformation in
typically 5.0 dB at 45 MHz; typical 7 MHz. If the '602's oscillator is Mo smldiemminies o g
conversion gain is 18 dB at this unsaitable for a particular application, Product Specification, and in Robert ..
frequercy. The typical two-tone, third-  however, an external LO can be Zavrel, *Tomorrow's Feceivers: What
order intercept point of the '602 applied to pin 6 of the chip via a de Will the Meaxt Twenty Years Bring?,"
(measurad at 45 MHz with B0-kHz blocking capacitor. At lgast 200 mV Ham Aadio, Nov 1987, pp B-2, 11-13
spacing), iz —15 dBm. {P-F) of axternal-LO drve is required and 15 ¢

of the 80-meter Meophyie.

The TUNING capacitor, C12, is a 365-pF,
air-dielectric unit. One section of & two-
section capacitor can be used ar €12, but
you may have some difficulty mounting
such a capacitor o the front panel with the
technigue we'll cover shortly in **Corstroc-

tion.”" Local hanfests offer an excellent
opportunity o find a tuning capacitor, as
well as a reduetion drive Lo turn it. These

reduction drives are generally found in two
diameters, 1% and 2 inches. You can use
either size.!

Ri PEAK capacitor C4 is a two-section,
plastic-diclectric variable. Similar capacitors
are commonly used in small, portable
radios, The unit specified for C4 in the parts
list (see the Fig 1 caption} provides a
masimum capaci:ance of about 200 pF with
horh secrions cormected in parallel. Off the
shelf, its shaft is only about Y4 inch long—
too short to be weeful for our purposes, The
shalt can be extended by bolting a ' -inch-
diameter round standoff, ¥ inch leng, ©
Fig 2—The Neophyte's cabinel, batlery and frant-panal controls dwart s circuil board the existing C4 skaft. Use a metric (2.5-mm-
Eié;h:_ rr‘|:nr|13|g|nr_:num:l]. Frq;n lefi to rig:11.1:hefrrm:l-pans: tllzumpunem? Iz;re r.!.iE.dLS11. Ft.11 . G2 égg diameter) screw 1o match the threads in C4%s

. Tha tuning capacitor maunts to the front panel by means of flat-head, 1-inch, no, : ,
screws, and n%. E-%E nuts. The screws serve both asyiaslaners and mounting standotfs for shaft; the force necessary to turn 3 nan-
the tuning capacilor (see Fig 5. The antenna terminals have been colered with falttip
markers to indicate their functian: black for the ground connection, green for the antenna,  'Footnotes appear al end of article.
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Fig 3—Circuit-board stching pattern for the Neophyta. The pattern
iz shown full-size from the foil side of the board. Black areas

raprasent unetched copper foil.

metric screw into C4 can destroy the capa-
citor. (By the way, don't be tempted to use
one of these imetpensive plastic capacitors
for C12, the TUNING capacitor. You would
be disappointed with the tuning drift that
ocoirs &85 the capacitor’s dielectric shests
zzrtle each time vou tune the receiver.)

In general, it's best not to attermpt parta
substitutions, By using the specified parts,
vou stand the best chance of being rewarded
with a recerver that works correctly the first
time 1178 turned on. Etched and drilled PC
boards, and complete parts kits, are
available from Penntek Electronics.? The
Appendix shows the addresses of parts dis-
rributors if vou'd rather order direct from
them, Mote, however, that some of these

Fig 4—Parts-placemnent guide for the Neophyte (A) and detall of
connections to C4 (B). Pans are placed on the nonfoil side of tha

board; the shaded area represents an X-ray visw of the coppar

pattern. Tha placemen of C11 depends on whether 80- ar
40-mater covarage |s desired; see text and “Building 1he

Meaphyte for 40 Meters."”

firms may have minimum order require-
ments or snall-order service charges,

Construciian

Building the cabinet and mounting
controls ard mechanical components is the
greater part of contructing the Neophyte, 5o
do this job first! Mounting the TuNING
capacitor end reduction drive to the panel
is the most time-consumning part of construc-
tion. The panel hole for the recuction-drive
bushing must be large enough ta allow rota-
tion of the hushing and its set screw, but
small enough to leave enough material to
pass and hold the flat head screws used o
mount the TUNING capacitor (see g 5),
The best way to mark these holes is to make

a drilling template by pushing a piece of
paper down over the capacitor shaft. The
shaft punches through the paper, marking
the position of the hol: for the reduction-
drive bushing. Next, held the paper against
the capacitor frame and use a pencil point
ter punch holes in the paper corresponding
tar the mounting-screw heles in the capaci-
tor frame. Instant drilling template! The
bushing hole shown in Fig 5, 778 inch in
diameter, leaves just enaugh panel material
to hold the countersunk holes for the three
no. 6-32 capacitor mounting screws, The
best technigue is to enlarge the bushing hole
fasi, widening it only enough to pass the

The Neophyte in ARRL Lab
Tests

[

2 Building the Neophyte for 40 Meters f“'ﬂﬁb 'ﬂﬂinﬁ ﬁf ana Sﬂ:;ﬂ'ﬂ of

5 the eter Neo netted these

) The Meophytz receiver can be built for 7,0-7,.3 MHz coverage as follows: Dmit G1. rasults: minimum E:'iiscﬁgmib[a slmssl
CF through C11 take the 40-meter values shown in Table 1, C11 is mounted in (MDS), —118 dBm (dacibels relative
parallal with G12 instead of across T2 (see Fig 1B); this is easily done by mounting to a milliwatt) at 3520 kHz and

' C11 across the PC-board connections to C12. Before mounting T2 to the circuit board, =113 dBm at 3747 kHz; two-tone,

? remove the small, tubular capacitor in the base of the transformer. Do this carsfully third-order dynamic rang'e with

: with a small razor knife. 100-kHz tone spacing, 73.5 dB; salac-

B Forty-meter alignmant is similar to that for the 80-meter Meophyie. Adjust T2 for an tivity, 1 kHz at —3 dE and 7.5 kHz at

3 oscillator tuning range of 7.0-7.3 MHz, with some overiravel &t both ends of the range. -EﬂldB. Blocking dynamic range

h With the TuniNG control set to the center of the band, set the RF PEax knob to ong was not measurad. Mo microphonics

s o'clock. Adjusl T1 far maximum signal strength. This eompletes alignment of the
_ 40-metar Neophyta.

Because of decreased LO-mixer isolation in the NEGO2 at 7 MHz, adjustment
of the AF PEAK control “pulls' the LO slightly in the 40-meter Neophyte. (Pulling is
perceptible as a shift of received-signal pitch as AF PEak is varied.) This isn't
much of a problem, because the AF FEAk control needs little adjustment from one
end of the 40-meter band to the cther. In fact, you can eliminate the RFPEAK
; control in the 40-meter Meophyte if you do most of your listening in one part of
- the band. To co this, omit C4, install a 150-pF capacitor at C1 and adjust T1 for
maximum slgnal strangth at your favorite spot in the band.

were noted.

The frequency coverage of the
sample raceiver was 3473-4027 kHz.
Tha poorer of the two MDS figures
above (- 113 dBm) confirms that the
Meophyte is capable of detecting
signals down to 0.5 microvolts across
50 ohms, as specified by WA3IRNC,
At 3520 kHz, sensitivily improved to
just under 0.3 microvolt.—Ed.
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Fig 5—Detail of the mounting holes for the
TurinG capacitor, C12. The hales are
countersunk to keep the screw heads flush
with the panal surface, allowing the
reduction drive to be mounted flat to the
pansl, See lext.

reduction-crive bushing and its set screw—
after the capacitor mounting screw holes
have breen dyilled.

Mounting the Neophyie's TUNING
capacitor to the front panel as just
described provides pood mechanical
stabilitv. If vou use a capacitor other than
the one shown in the parts list for C12,
carefully study your mounting oplions,
Make sure that the mounting screws don't
penetrate 100 far into the casacitor and
damage th: plates. Whatever you use for
C12, mourt it to the panel rather than the
base, il pessible.

The specified speaker requites a 2-inch
hole (or a ficld of Y-inch holes 2 inches in
diameter). A small picce of wire screen or
grille cloth between panel and speaker can
be used 1o protect the speaker cone. (This
is especially important if you mount the
speaker behind a single large hole.) The
speaker is attached to the panzl with clips
designed for this purpose (Mouser Elec-
tronics 485C004); hot-melt glie or epoxy
cement can be used instead. A 3.5-mm or
1/8-inch headphone jack is wed to allnw
connection of inexpensive transistor radio
carphones; if vou prefer, vou can use a

Microphonics, Hum, LO
Radiation: Low to Absent
in the Neophyte

Although the Neophyte is simple,
it does not exhibit the drawbacks
sometimes associaled with D-C
raceivars, Microphonics—unwanted
noisas that ocour with vibration
when electronic parts unexpactedly
act like microphones—simply do not
exist wilh this receiver, and | have
not heard any hum, aven when
using an external power supply. LO
radiation—sometimes a problem in
simple receivers using LOs at any
frequenzy—isn't a problem with the
Meophyie: The measured LO leval at
the receiver antenna terminals is
only B0 microvolts.

Vi-inch jack here.

The antenna connectors (J1A and J1B in
Fig 1) are part of a two-position terminal
strip; this is mounted to the receiver base
by means of standoffs and screws. Radio
Shack push-button speaker terminals would
be a good substitute here, The battery holder
is a 4C'"-cell holder from Mouser or
Radin Shack.

Solder the components to the circuit
board, being careful to observe capacitor
polarity and IC orientation. (1 recommend
that vou use 1C sockets instead of soldering
the 1Cs directly to the board.) After vou've
saldered the components (o the board, cut
off excess wire. Check carefully for solder
biridges hetween circnit-hoard traces. proper
electrolvtic capacitor polarity, and correct
orientation of D1, Ul and U2, If all looks
well, wire the board into the rest of the
receiver, As shown in Fig 2, use twisted-pair
wirirg for connections to C4, J1, J2 and RI.
The capacitor specified for Cd4 has three
terminals. Fig 4B shows how o wire these
for connection to the dreuit board.

When you've completed all connections,
mount the board to the cabinet base by
means of screws and spacers, Next, we'll
align and test the Neophyte.

Checkout and Alignment

Before applying power to the receiver,
rechack your wiring once again, Install fow
4 cells in the Neophyie's battery holder.
{Mote: You can use a regulated de supply
in place of the batteries if you wish, but do
not apply more than 8 V to the receiver,
or vou'll damage the ICs.) Install a milliam-
meter or digital multimeter (DMM) in
series with the batteries, and turn on the
raceiver. If the meter indicates less than
15 mA, all's well so far.

Adjust the TUNING capacitor almost 1o
mimmum capacitance (plates just short of
fully unmeshed). Connect a signal
generator to the antenna terminals and
inject a 300-pV, 4-MHz signal into the
Meophyte,? Turn the Meophvie's GAIN
control to maximum (fully clockwise if
you've wired it correctly) and adjust oscil-
lator eoil T2 until you hear the test signal.

Position the BF PEAK knob on C4's shaft
50 that maximum capazitance (knob fully
counterclockwise) is at mine o'clock and
min mum capacitance is al three o'clock. Set
the RF PEAK capacitor nearly to mandrmom
capacitance (almost fully clockwise; near
two o'clock) and adjust T1 for maximum
signal strength. Verify that the receiver tuncs
3.5-4.0 MHz with a slight overtravel at both
ends of the range. Alse check that the RF
peEak control tunes through resonance at
both cnds of the band.

Cizconncet the signal generator from the
Meophyte and connect 2 good antenna,
such as a dipole, 10 the receiver. As you
tune the Meophyte acress the band, adjust
the RF PEAK contro! for best signal
strength. (Don't expeat outstanding per-
formance with a clip-lead antennal!) If you
don't have a dipole, wse a long random-
wire anfenna, (Use of a random-wire
antenna also requires a ground connec-
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tion.) Set the Gam control no higher than
necessary for sulid reception; this reduces
the likelihood of detector overload. This
practice also lengthens battery life because
U2 draws more encrgy [rom the battery as
the receiver outpit increases. Battery life,
longest when heacphones are used in place
of the speaker, can exceed 300 hours when
fresh alkaline cels are used!

Summary

| welcome your comments and questions
on the Meophyte—please include an SASE
if you expect a replv. Several Neophytes
have heen built usng different construction
techniques. All perform flawlessly, The
Meophvte usually can hear any signal audi-
hle on a typical ham transceiver. [1s selec-
tivity is adequate for band scans and casual
listening, and it's an excellent project for
schools, ham-rado classes, beginners and
old-timers. In short, the Neophyta is fun!

APPENDIX

Parts for the Neaphyie are available from a com-
bination of these sources, and from Penntek
Elgctronics (see Mote 2):

Arrow Electronics
25 Hub Dr
Melville, MY 11747
(el B00-932-T769

Circuit Specialists
PO Box 3047
Scottsdals, AT 33157
tel G02-B66-0764

Mouser Electronics
11433 Woodside Ave
Santee, CA 92071
tel 619-449-2222

Notes

1Mnuser Electronics carrias 1%%- and 2-inch
reduction drives as part nas. 45KMN100 and
556-550, respectively. Radiokit caries a
2-inch drive az part no. S5-50. See ths
Appendix for the addresses of these firms,

Circuit boards and parts kils for the
Meophyle receiver are availabla from
Panntek Elactronics, 14 Peace Or,
Lewistown, PA 17044, tel T17-24£-2507,
Prices are as laliows: (1) An etched and
drilled PC boaid, £4.50; (2) all PChoard-
mounied components, and an etched and
drilled PC beatd, $17.50; (3) a conplate
Meaphyle kit, including drilled wooden panal,
wooden base, all hardwara and partz, $45;
{4) builders who wish 10 supply their own
parts for tha Mesphyte, but who have roubie
finding & small-quantity source far the
Signetics MEGI2N 1C, can purchase the
MEBDZM from Fanntek Eleciranics for $3.25
postpaid, Add $3.50 for shipping and
handling to all erders for options 1, 2and 3.
Pannsylvania residents, add sales tax 1o all
ordars. When crdaring oplions 2 and 3, be
sure to specify 80- or 40-meter operation.
The ARAL and O5T In no way warrant this
offer.

3f you don't have access 10 a signal canera-
tar, yoeu may be abie to gencrote o foot
signal by feading a 4-MHz transmitter signal
into a dummy load. Connect & short length of
wire fo the Meophyla’s antenna temminal (J1A)
and bring the wire near the dummy load.
Vary the spacirg between the wire end the
load—ar raduce the transmitter output—
until the transmitter signal is just strong
enough to use —Ed.

Fur upditled supplier addresaes, sss ANNGL Parts
Supplier List in Chapter &

Mowser Electronics
2401 Hwy 287 N
mansfield, TX 76063
1a] B17-483-4422
Radiokit

PO Box 973
Pelham, NH 01043
el 603-635-2235
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From 1990 ARRL Handbook Ch 30, p 1:

A Band-Imaging CW Receiver
for 10 and 18 MHz

Hand imaging has long been used in
Amateur Radio as a means of making a
uble local oscllator (LO)Y do double duty.
Inztead of building equipment using only
one LO-1o0-RF relationship for frequency
conversion—with, for instance, only the
fifference between the LO and higher-
frequency incoming signals giving oulput
a1t the IlF—rfwa of several LO-to-RF rela-
tonships can be exploited for two-band
coverage. A band-imaging receiver ap-
peared 10 every edition of this Handbook
from 1953 through 1966, from A Two-
Hand Four-Tubz Superheterodyne™ in 1953
to “*The HB-65 Five-Band Heceiver™ in
1366, Each of these receivers converted the
s0- and 40-meter amateur bands to a
I T-MHz7 IF by means of a 5.2-5 7-MHz
L. Om 80 meters, the conversion relalion-
:hip in such a receiver is LO - RF = IF;
on 40, the relatonship is RF = LC = IF.
Both bands “tune in the same direction™
with this system: The received freqlencies
of 3.5 and 6.9 MHz correspond to the
lower limit of the LO wining range.

Band imaging can also be used 10 cover
the 80- and 20-meter amateur bands: A
30-3.5-MHz L7 5 used to convest each
pand toa -MHz IF, In such a system, the
LO-to-RF relationship on 80 meters is RF
+ LD = IF; 0n 20, RF - LO = IF, The
drawback to this band-imaging system is
that the lower band *“‘tunes backwards™;
The lower limit of the LO tuning range
corresponds 1o £.0 MHz on 80 meters and
14.0 MHz on 20, Monetheless, the 80720
band-imaging system has also been popular
with radio amateurs because of the inherent
sideband  inversion between the image
bands: The BFD-10-1F relationship that
affords LEB ceceplion on 20 meters
demodulates USE on 20.

IF GAIN

B
B
-

. i

Fig. 1 — The band-imaging receiver covers the CW segments of the 10- aid 18:-MHz amateur
bands with good stability, sensilivity and single-signa selectivity. Larger centrols are () susing,
IF @AM @NC AF GaN. The two smaller controls, separated by the sHokes j2ck, are sano and
S:DETONE LEVEL. The tusinG scale is drawn on contact naper applied 1o an aluminum disc

With this overview of band-imaging
techniques in place. we present a band-
imaging CW receiver for 10 and 18 MHz
[see Fig. 1), Using a 14-MHz LO, it
converts the entire 10-MHz awnateur band,
and the CW poriion of the 18-MHz
amateur band, toa 4-MHz IF, Both bands
tune in the same direction. At 4 MHz, a
four-crystal ladder filter provides single-
signal selectivity. The design emphasizes
good basic receiver performance with an
eve fowarnd compactness: hence, features
such as a digital lrequency display, AGC
and active audio fillering have been omit-
ted, Alignment and checkout of the band-
imaging receiver requires only (1) a 51-ohm
resistor; (2) a receiver capable of CW recep-
tion at 14.0-14.2 MHz and 4 MHz +1 kHz
with an S-meter and frequency  display
resolution of 1 kHz or greater; and (3) a
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crystal-controlled markzr generator capable
of providing 10-kHz markers, The perfor-
maice measurements given later in this
article were obtained from a receiver
aligned by ear with such test equipment,
Yon need not have access to a radio lab o
enjoy  similar resalis, David Newkirk,
AKTM, designed and built this project in
the ARRL lab.

Circuit Description: RF Amplifiers
Aseparate 40673 RF amplifier is used for
each band. (See Fig. 2). The circuit is
clecerically identical to that used for the RF
amplifiers in *'A High-Performance Com-
mutications Keceiver,” presented later in
this chapter, Several other circuits in the
hand-imaging receiver arc based on the
KSITRESWTEO! high-po lunmance design.
Tosimplify alignment of the band-imaging
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Fig. 2 — Schematic of tha AF amplifiers far the band-imaging receiver. A separate amplitier is used for each band. The low- and band-pass fillers

may be digned with the aid of a crystal-controlled marker generat

marked wilh patarity are alectrolytic, All resistors are VW, 10% units unless atherwise nated

C1, C2, C4, C7 — Silver mica, polystyrene or
ceramic capacilor; see Table 1 for values.
Cd, 05, 06 — Ceramic or mica comprassion
trimmar. Mouser Elactronics ceramic
trimrmer 24AA087 (12-100 pF) used for
100 pF; Mouser 2444064 {545 pF) used for

45 pF.
J1 — Coaxial BF connactar.

L1-L4 — Wound on Amidon T-50-6 powdsrad:
iron foroid core or equiv. All inductors use
ne. 22 enameled wire with one exceplion:
Far L2 at 10 MHz, uge no. 24 enameslad
wira. See Table 1 far number of turns.

01 — 40573 dual-gate MOSFET.

57 — 3PDT toggle (Radio Shack 275-861 or
anguiv).

Tahle 1

Component Values for the Band-Imaging Receiver RF Amplifiers

MHz C1 L7 c2 Lz (95

10 300 13 BB0 29 100
18 180 1n a0 22 45

c4, G7

L3, L4 G5 C6
17 100
10 100

Valuas lisled for capacitors are capacitance in pF. Values listed for inductors & number of Wins ol

wirg required

receiver, the variable coupling capacitor
(C15 in Ch. 30, Fig. 12) between the (wo
sections of the output filter is replaced by
three 12-pk capacitors in serics. Gain of this
circuit s 12 to 15 dB, depending on align-
ment and the characteristics of 1. Band
changing is accomplished by switching RF
input, RF output and dc comnections
hetweer the 10- and 1B-MHz amplifier
boards via S1. a 3PDT togezle. Input and
auipnt (170 impedances of each RF ampli-
fier boord are 50 ohms.

Mixer, IF Filter and IF Amplifiers

See Fig. 3. The band-imaging receiver
uses a Mini-Circuits SBL-1 doubly
balanced diode-ring mixer (U1} followed by
a strong bipolar-transistor IF amplifier
(021" This is the eireuil used in the
KSIRK/WTZ0I receiver, with several
modifications, Im the band-imaging
receiver, the bifilar 4:1 collector trans-
former in the original design has been
replaced with a toroidal monofilar choke,

"Mini-Circults, PO Box 186, Breaklyn, NY 11235,
tel, 212-934-4500.

RFC1. The supply end of the 1-kil Q2 baze
hias resistor is now connected directly w
the 12-¥ dc line at the cold end of RFCL,
This removes the RF feedback present in
the original circuit. Sarprisingly, this feed-
backless configuration results in better
sensitivity and two-one ird-order 1M
dynamic range than the unmodified circuit
affords at ¢ 4-MHz IF. The original circui,
irtended for use at an IF of 9 MHz, did
nat provide a comparable performance
gven when the inductance of its 4:1 cal-
lector transformer was scaled for 4 MHz,

The post-mixer amplifier feeds a four-
crystal ladder filter via a 6-dB pad, The 1/D
impedances of the erystal filter are 200
ohms. Because this isa good match for the
collector impedance of Q2, the step-down
transformer in the original post-mixer
amplifier circuit is not required. The
S0-ohm 6-dB attenuator of the original
¢ireuit has been scalzd to 200 ohms, This
pad should met be “eplaced with one of
lower attenuation: It assures a nonreactive
wideband termination for Q2 and the
crystal filter. Less attenuation here results
in reduced IMD dyramic range, @ cou-
firmed by lab rests.
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ar; see lexl, Capaciors are diEc ceramic uniess clbarwise nuled, Capaciors

T1 — Transformer wound with no. 28
gnameled wire on Amidon FT-37-43 fernte
torald core or equiv, Primary (168 pH), 20
turns; secondary (6.7 uH), 4 turns.

21 — Ferrite baad on Gate 2 lead of 01,
Amildon FB-42-101 or eguiv.

The crystal filter was designed using
Hayward's technigque (see ‘“Simple Cohn
Crystal Filters,” GS8T, July 1987, pp
24-29y, Measured selectivity of the proto-
type filter was 405 Hz a1 — 6 dB and 1850
Hzat —60 dB, resulting ina —60dB/ -6
dB shape factor of 4.57. Insertion loss was
2 dB, and passband ripple was less than
0.4 dB. As is characteristic of simpl: ladder
crystal filters, the upper passband slope is
stegper. Because of this, the BFO must be
et on the npper side of the Tilter for best
single-signal reception. With the BFO set
to provide a 550 Hgz beat note for signals
at IF center, rejection of the audio image
in the protolype receiver was 73 dB.
Ultimate attenuation was 90 dB.

Mo filter adjustment 18 necessary, but it
is important that you use the specified
cryvstals if you intend to duplicate the post-
mixer-amplifier/pad/filter arrangement
shown in Fig. 3, Substitutions at ¥ 1-Y4 will
require filter capacitors of other than
30 pF, resuling in 1/0 impedinces of
other than 200 ochms, Hayward states that
the series-resonant frequencies of the four
filter crystals must fall within a spread of
no more than 10% of the desired 3-8 filter
mandwidth. We chose to cvaluate the
performance of the filter in the more
popular terms of —&0 and — & dB band-
widths; it follows that 10% sprezad is 100
generous wherz a given — 6 dB filier band-
width is the target. Experiments with
various new and surplus 4-MH: micro-
processor-clock crysials in the ARRL lab
showed Uil the new International Crystal
Mfg. (ICM} crystals provided the best
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performance overall, Shape factors (- 60
dB/ =6 dB) for the clock-crystal filters
were rarely less than 3, and somelimes more
than 6. [0 impedances were between 300
and 400 ohms. Several times, four crystals
within a suitably narrow frequency spread
could be found only by prading 10 or more
clock crystals. Custom-ground crysials
offer the added advantage of resonating
—within lolerance, of course—on the
frequency you specify. Their unit price is
higher, bul they come closest 13 puarantee-
ing that your filter will perform as
predicied.

Post-filer IF amplification is provided
by U2, an MCI1330F viden amplifiar 1
The 2ild-ohm resistor between pins 4 and
6 of UL, in conjunction witk the 0.1 xF
bypass capacitor at pin 6, terminates the
crystal filter output. Manual zain control
is achieved by applying a variable positive
voltage to pin 5§ of U2 through a 27-kQ

reésislor and IT GAlN contral BRI, RBeceiver
muting is accomplished by means of Q3:
Crroanding the MUTE terminal {cenler con-
ductor at J2) applies maximum gain-
reduction voltage to U2, The supply vol-
tage{nominally 12) appears across 12 with
the receiver unmuted; current through the
grovnded MUTE line is 5 ma. 1F ourput
(£ = 50 ohms) is available at the secondary
of T2,

Luocal Oseillator

The schematic of the band-imaging
receiver LO is shown in Fig. 4. An MPF102
JFET, 04, operaies as a Colpits oscillator,
The oscillator signal is emplified by QF, a
40673 dual-gate MOSFET. Bandspread is
achieved by tapping the tuning capacitor,
C9, down on LO tank inductor LS. Tuning
rangz of the circuit is approximately 14.060
1o 14153 MHz. Air-dielectric trimmer €10
shifts this range for dicl calibration.
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CB — 350-pF compression trimmer (Arco 428
ar equiv).

J? — Phono jack.

02 — 2N3BEE or 2N5109. Use a small heat
sink on this transistor.

' 03 — 2N3906.

1 H1 = 10:ki} lingar potentiometer,

AFCYT — 95 uH; 15 lumns no. 24 anameled

wirz on Amidan FT-37-43 farrila toroid core,

T2 — Transfarmer wound on Amidon T-68-1

powered-iran torold care, or equiv, Primary
(128 gH): 3B turns no. 26 enamoled wire,
centerlappad; secondary (0.9 pH): 3 turns
na. 26 enameled wira over centar of
primary.
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Fig. 3 — Schematic of the mixer, crysial flter and IF amplilier stages of the band-imaging receivar. Gapacilers are disc ceramic unfess olharwise
nated. Capacitors marked with palarity are alectrolytic, All resistars are t%-W, 10% wnils unless otherwize noled.

1 — Mini-Circuits SBL-1 doubly balanced
digca-ring mixar,

U2 — MC1350F vidoo amplifier 1T,

¥1-¥4 — 4.000000-MHz customi-atched
crydal, 26°C calibration temperature, grads
CS-1 {0.0018 tnlaranee), F-700 holder,
saries resonant. Intarmational Crystal Mig
Co type 433340, See tax!,
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Fig. 4 — Schematic of the band-imaging receiver LO and buffer circuil. Capacitors ara disc ceramic unless othorwize noted. Capacitors marked
with polarity are electralytic. All resistors are 'a-W, 10% unils unless olhewiss noted, At A, an LM317L adjustanle requlator is used a1 U3, The
ingal at B cshowe connactions for an TALOT regulator 6t U3, For best stability, use only NPG (CO3) capacitors in the circuitry associated with the

gate and source leads of Q4. Space L5 by at lzasl & dimmeter from other components and the LO shield box. See laxt and Fig. 8

8 — 50-pF air variable [Jackeon Oros
4BET-50 ar equiv).

10 — V7-pF air trimmer {Johnson 189-206-5
ar agquiv)

LS — 1.4 aH: 11 turns no. 22 tnned wire, 24
furns per inch (Barker & Willamson 3038
Miniductor). Tap al 2 or 3 twins fram
ground and. Ses text and Figs. B and 38,

Despite the relatively high LO operating
frequency, stability is pood. Measured drift
ol the poinl-lo-point-wired protolype oscil-
lator was — 530 Hz in the 45-minute period
after turn-on, 460 Hz of whizh occurred in
the first ten minutes. Cher the next three
hours, this oscillator drifted approximately
— 20 Hz. Stability was even better with the
circuit rebuilt on an etched circuit board:
Dirift for the ten minutes after turn-on was
only — 256 Hz, The kev to iz siability is
the wse of NPO(COGHceraniic nnits for alf

Sixved capacifors associared with fhe pare

and sonrce af O Although silver-mica or
polysiyrene capacitors may be hand-picked
for low drift, only NIMO capacitoes offer
minimum drift "off the shelf.™ Oscillator
stability s Turther improved by the use of
a three-terminal regulator to stabilize Q4%
drain supply, and by enclosing LO and
buffer in a shigld box 1o slow the effect of
chapges in ambient air temoerature.

BFO), Detector and Audio Stages

The KSIRK/ W72 crysal-controlled
BFO is wsed in this receiver with one
modification: The secondary of T4 in
Fig. 5 carries only BF and no de, Y3 is an
inexpensive 4-MHz microprocessor clock
crystal, Everv such crvsial we tried worked
well in this circuit; & custom-ground crystal
is unnecessary here.

The detector and AF stages of the hand-
imaging receiver are shown in Fig, 6. The
product detector (U4) is a Mini-Circuits
SBL-1 doubly balanced diode-ring mixer.
RFC3 and the 0.001-xF capacitor provide
RF liltering ahead of the AF preamp, LIS,
an NES5334 low-noise audio op amp. The

04 — MPF102 JFET.

Q5 — D673 dual-gale MOSFET,

AFCZ — 32 uH; Miller TOF305A1. or 24 uins
no. 26 enamaled wire an Amidon FT-50-61
ferrite taroid care.

Ti — Transformar wound on Amidan
FT-37-43 territe toroid core or equiv,

parts list for Fig. 6 specities a “'wind-it-
yourself'" toreidal choke for RFC3; pi-
woungd chokes tried here were prone to
pickup of 60-Hz harmonics.

Us, an LM3IBOMN-E, serves as the AF
power amplilier, e oatput is connected to
a ront-panel stereo headphone jack, 14,

Primary (S0 uHii 11 turns no. 26 enameled
wira, Secondary (3.8 xH): 3 urns no, 26
gnamelad wire.

113 — Vollage regulatar, LM3TTLH, LM317LE
or (with circuil changes shown at insatl By
TALOY.

Z2 — Fernte bead on Gate 2 lead of C2,
Amirdon FR-A34M1 ar aquiv

and a rear-pans] phono connector, 15, J4
is wired to accept stereo headphones;
monaural phones may be used i inserted
o Farther than the fiest detent, The [-k

resizstor from the output lead to eround
serves o charge LU6&'s 470-uF ourpur

coupling capdacitor at power-up if 3 head-
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=50 L
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L
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ARALIS L pF
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Fic. 8 — Schematic of the band-imaging receiver BFD. Capacilors are disc ceramic unleas
otferwise noted. Capaciors marked with polarity are electrolytic, Al resistors are Ya-W, 109

units unlass atherwize noled

C11, €12 — 100-pF ceramic or mica
comprassion rimmer. Mousar Elecironics
JAAADST (12-100 pl) suitsble,

Q5 — 2Maa0s,

T4 — Transformer waund on Amidon T-68-2
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powderad-iron foroid core or aguiv, Primary
(12.8 uH) 52 {urns no. 28 enameled wire,
tappad at 12 furns. Secondary (3,98 .Hp: 9
turns ne. 28 enameled wire over lap end of
primary.
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nated. Capaciters marked with polarity are alecteolytic. All resistors are Ya-W, 10% units uniess ctherwise noted,

13, 15 — Phano jack.
t — Stereo headphone jack.
FZ, B3 — 10k avdio-taper potentiomelar

rhone or speaker load has not already been
nztalled at 14 or 13, Without this resistor,
the capacitor wauld charee on connection
of the audio transducer, resulting ina loud
thump.

As mentioned earlier, no active audio
(ttering is included in the band-imaging
iver. The higher audio components in
ected [F amolifier hiss are reduced by
fe 0.05-uF capacitor connected between
the hot end of the AF Garmy control, R3,
and ground.

Sidetone can be injected into the audio
chain at J3. Sidetone level is adjusted from
the fromt panel by R2. Scuting R2 to
minimum shunis the AF GalN contral with
2 23 k) resistor; this reduces overall audio
cain by less than | dB, A 400-mV signal
a1 13 provides more than enough sidelone
zudio at normal AF Gald sertings.

This recriver requires, but does not
include, a regulated de power supply capa-
ble of providing a maximum of 220mA a1
12 V. See Chapter 27, Power Supply

Privjecis, or scitable circuwis.,

Construction

The receiver was prototyped using point-
to-point and *‘dead bug™ modular con-
strunction (see Fig, 7). Later, circuir noards
were designed and debugged.! You may use
cither method for burlding your recoiver,
wirh good results, | he following cotsirug-
ticn hints are based on the circuit-board
version of the receiver, but much of the in-
formation here will be of use (o builders
using either sty e of construction.

Parts for this receiver are available from

Cireuwit-board templatse are availakle tem the
ARARL Technical Depanment sacratany for 23.04
and @ no. 10 5358,

RFC3 — I-mH RAF choke: 34 wins no, 30
anamaled wire on Amidon FT-37-72 farrite
loroid core ar equiv.,

U4 — Mini-Circuits SBL-1 daubly balanced

diode=fng mixer,
LS — NESE34 |aw-ricase audio op amp
UE — LMIBON-5 audio pawer amp.

Fig. ¥ — The band-imaging receiver prototype, The LO s in the lalt foreground; just bakind i,
the 10- and 18-MHz RF amplifiers. At cenar, the mixerfittar/iF amplifier module, with the
detectortAF amplifier module at far right. The smalies: madule, upper nght, is tha BEO.
Perarmance was good even though etched circuit bozrds were nol used.

a number of sources. Virtually evervihing
can be obtained from Radioklit, Mouser,
Fuadio Shack, Digikey and Circuis
Specialists, See the parts suppliers list at the
end of Chapter 35 for addresses and
relephone numbers of these suppliers.
See Fio, ®, The receiver i housed in a
Hammond 13%0F diccast aluminum box
(approximately 714 = 744 = 211 inches).
Threaded standoffs are used o mount all
circuil boards except the detector/audio
board; spade lugs are wsed o mount this
module verticallv. Miniature 30-ohm coax-
ial cable (RG-174) is used for all RF
connections between modules cxcept the
LO-mixer  line. Here, miniature
Teflon™ -dielectric cable is usad hecause of
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Teflon's high melting point (sce Fig, 9A).
RG-174 45 also wsed 1o connect 13, sIDE-
TOMNE IMPUT, to the detector/audio board.
Connections [rom this board to Lhe ar
GalN and SIDETONE LEVEL controls are
made with stranded hookup wire in three
colors. This makes for more compact
wiring than momature coax allows and
causes no problems with hum or crosstalk.
The 1F Galx control and audio output
connections are also made in this way, Do
wiring is stranded hookup wire; binding
posts are used to bring de into the receiver.

We recommend that vou buld, test and
install the band-imaging receiver modules
in this order: (1) LO; (2) detector/audio
and BFC; (3 mixer/filier/IF amplifier; (4)




Fig. B — The band-imaging recamver just fits into 8 Hammond 1580F discas! aluminum box. In
this top view, the LO [in its shigld box, chown here with cover remavad) dominates the layout,
The RF amplilier boards are af lop, ong sbove the other. The BFO is to the laft of the LG, with
the detector/audio amplitier board [edge-on) to the right, At far right, tha mixerfilleriF amplifier
board. The two capacitors and resistor beneath tha mixer/AF board have since baan
incorpassted inte the board design. For a similar vizw of the band-imaging receivar in full calor,
spe the cover of July 1987 05T,

RF amplifiers. The LO comes first because
its installation entails the majority of the
metalwork necessary to build the receiver.
The seguence allows you o use completed
modules as part of your test equipment for
the modules later in the sequence.

The LO shield box is made of double-
sided copper-clad circuit board. The 10:1
epicyclic reduction drive is a Jackson Bros
5857. Because the sides of the Hammond
diecast aluminum box are not perpendicu-
lar to ‘he bottom, special construction tech-
niques arc needed tn ensure that the
TUNING capacitor shaft is perpendicular 1o
the front panel of the box, The following
construction sequence resulted in a smooth-
tuning, no-backlash LO installation in the
ARRL lab version of the band-imaging
receiver:

13y Mount the 10:1 reduztion drive on the
frout pancl,

2} Build the LO shicid box (four sides
and bottom), soldering only the side and

rear pleces into place on the bottom. The
iront and rear pieces of the shield box mast
butt the shield box sides as shown in Fig.
3. Tape the frant sice into place. Drill four

nounting holes in ‘he shield box bottom
plate,

3) Chisel the molced-in printing from the
center of the diecast-box bottom to smoath
the box floor. Sanding may also be neces-
gsary to achicve this.

4) Locate the C% [TUNING capacitor}
mounting hole in the LO shield box front
by pushing the box up against the
reduction-drive coupler. Size this tole
slightly larger than the capacitor mounling
bushing. This allows later adjustment of
C9's position. Temporarily mount the
capacitor in the front side of the shield box
and keep this assembly taped to the rest of
the box.

51 Place the LO box in the diecast box
so that C9 is inserted into the reducton-
drive coupler. By feel, be sure that the
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Fiy. 8 — The detail drawing at A chows ir.
stallation of the _O outpul lead. Miniatura
Teflon cosx is recammandsd here because i1s
diglactric will nal malt during soldering. The
shield must be flarad and solderad to the
jnner wall of the LO shield box, At B, details
ol the L0 inducior, L5, are shown, Taps are
made by pushing in adjacent lrns of the cail
stock. The untrimmed plastic bars pressmva
the O ol L5 by holding the Miniductar away
from the zhigld sox bottom. Belore counting
the 11 turns necessary for the coll, unwind
gnough turns frem the uncut Miniducior stock
fa allow L5 1o stand above the shialdbox
totlom by its diameter. The plastic bars ara
fragils; they may be impreanatad with Duco af
similar cement 'or greater strength. The
completed L5 is cemented 10 the shigld-box
batiom after the LO wning ranga has baen
el

capacitor is about 1/16-inch short of full
insertion into the coupler sleeve. This
allows leeway for later adjustment. Mark
the diecast box to pass the LO mounting
screws through the holes in the shield-box
Lottem plate. Drill these holas now

6a) Remove the taped-on front of the
shield box, Build and install the LO/buffer
cireuit board, including the LO output
cable and 12-¥ de line, in the partially
completed stield box. The outout cable
consists of @ B-inch piece of miniature
Teflon coaxial cable (sce Fig. 9A) Fig. 9B
shows how e prepare LO inductor L3 from
a length of B & W Miniductor.

fb) Temporarily install C9, C10, L5 and
the 27-pF NP0 LO-tuncd-circuit capacitor
to the LO/buffer board by short leads.
Terminate the LO output cable with
51.ohm resistor. Verify operation of the
LO/buffer board by applying de power and
tuning in the L signal on i 14-B11 Iz tes
receiver. Adjust €9 and C10 as necessan
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to bring the signal into your receiver’s tun-
ing range. You may need to add or remove
fixed capacitors in the LO tuned creuit,
Don't spend time now on setting the LO
tuning range; that comes later.

fe) Onee LO performance has been
verificd, disconnect €2, C10, L5 and the
fived tuned-circuit capacitor from the
1.0 buffer board. Install the board into the
L0 shield box.

7} Install ©10 Tat to the shield bos floor
oy soldering down its rotor tab. Be sure 1o
sllow clearance for C9. Bend the ClOstator
tab up to clear the box bottom. Connect
LU 1o the LOsbufler clrouit board with
rnned no. 18 solid wire, Solder L5 into the
Sirenity it will be cemented to the box floor
tater, but do not do this vet.

%) Bolt the LD into the diecast box.
Loosely mount C9 in the front side of the
L box. Shide the front LO box sice into
olace, and at the same time, shde the C9
shaft into the reduction-drive coupler to
about 1416 inch short of full insertion. Do
nor tape the LO box front into place as
nefore,

%) Adjust the reduction drive to bring its
coupler worm serews to approximaely 10
and 2 o'clock. Set C9 to mazimum
capacitance without disturhing the reduc-
tion drive. Now, with C9 [oose in its
mounting hole, ighten the worm screws in
the reduction-drive coupler.

10 Tighten €9 to the front of the LO
shield box.

1 1) Using the reduction drive, tura C9
hack and forth through its range several
times to settle the LO box front into
pasition, Depending on how tightly the
frant is held in place by the LO boa sides,
vou may need to push the sides apart slight-
Iy to free the front piece. By eve, the front
af the LO box should appear parallel 1o the
front of the diecast box. If all looks well,

127 Solder the front side of the LO hox
mio position.

Final tuning-range and anti-backlash
adjustments will be made during alignment
and testing of the receiver.

The circuit board placement shown in
Fig, 8 works well. Although the pasition
of the LO shicld box left little choice as 1o
the placement of the rest of rthe circuit
boards, maximum spacing between the
BFO and mixer! filter/1F amplifier boards
was decided on beforehand 1o kKeep the
BFO signal ow, of the IF amplifer cir-
cuiiry.

Alignment

Tesr equipmert necessary for aligning the
band-imaging receiver is a 51-ohm resistor,
a receiver capahle of CW reception at
14.0-14.2 MHz and 4 MHz =1 kHz with
an S-meter and frequency display resolu-
tion of | kHz or greater, and a crystal-
controlled marker penerator capable of

providing 0-kHz markers. Equip the coax-
ial input of the test receiver with a short
test cable lerminated with alligator clips.

Derector/audio amplifier ard BFO. The
audio amplifiers require no adjustment.
Align the BFO asz follows: Without con-
necting the BFO to the detecior, connect
a 51-ohm -esistor across the secondary of
Td. et CI (FrEQ AR and C12 (OUTPUT
TUME) to nidrange. Apply 12V dc 1o the
BFOD. Set the test receiver for CW receplion
at 4000 kHz and attach the shield clip of
its 1est cab e to che BEO ground foil, Leave
the center-conductor clip imeonnected.
Meal, tuneio the BFO on the 1est receiver.
Adjust C12 for maximum received signal
as indicated by the test receiver S-meter.
Adjust CI1 to put the BFD a1 approxi-
mately 4000.5 kHz. This completes align-
ment of the BFO for now. Remove the
51-phm resistor from the T4 secondary and
connect the BFD 1o the detector with
RG-174 cable.

Mixer, filter and IF amplifier. The |F
amplifier requires only onc adjustment;
With 12 ¥ applied to the miser/filier/1F
amplifier board and later stages, adjust C8,
IF TUNE, for maximuim noise in the speaker
or headphones.

Local oseilfaror tuning range, Connect
the LO ouiput cable 1o the mixer, and
apply 12 ¥V 1o the LO. Tune C9 to the low
end of its range, and set the test receiver
to 14.060 MHz, Connect the test cable
shield clip to the LO box, but leave the
cemter-conductor clip unconnected. Adjust
C10 until you hear the LO in the 1es
receiver. Be cure that the unconnected 15t
cable lead is far enough from the LO tuned
circuit to Fave no effect on the LO frequen-
oy, Set the test receiver 1o 14,155 MHz,
Tune the LO upward in frequency until vou
hear it in the test receiver. With luck, the
TUNING capacitor will be nearly at mini-
mum capacitance. Depending on the exact
vitlues of the capacitors in the 04 gate
circuitry, rowever, your LO may not have
enough 1uning range, requiring that you
search downward for it with the test
receiver even with the TUNMING capacitor at
minimum capacitance. 1T this is so, move
the tap on L5 rom 2 to 3 turns above
ground and readjust the 14.060-MHz band
gdge with L1001 his wall increase the tuning
range. (You may need to adc capacitance
in parallel with the 27-pF LO tuned-circuit
capacitor -0 allow €9 to hit thz band edge. )
€ 10s tuning range is much larger than that
of the TUSING capacitor, so adjust it care-
fully. With experimentation, you should be
able to achieve a TUMING range of between
o0 and 130 kHz. Remember thalt you’ll
need to make your final band-edge adjust-
ment @frer installation of the LO box cover;
be sure tc provide a hole in the cover for
this purpose, but leave the cover off for
now. Afler vou have set the LO tuning
range, cement the basce of cach L3 pillar to

QORP Classics 31

the shield-box bottom with Duco® (or
similar) cement.

RF amplifiers. Install the 10-MHz RF
amplifier in the receiver, and solder a
51-ohm resistor from th: center conductor
of Il to ground. Connect the crystal
calibrator, set for 10-kHy markers, to 11,
Set the BAND switch to 10 MHz. Tune in a
marker near the center of the tuning range
and adjust C3 for maximum signal. Tune
in the lowest marker in the range; adjust
5 for maximum signal. Tune in the highest
marker in the range; adjust C6 for maxi-
mum signal. Because the C5 and Cé adjus!-
ments interlock somewhat, ropeat them
several times for good measure, Now, install
the 18-MHz RF amplifier board and repeat
this procedure at 18 MHz with C3 (ar band
centzr}, CF (2t the lowest marker) and C6
{at the highest marker). This completes
alignment of the RF amplifier boards,

Anti-bocklash adiusiment. With luck,
the TUMING control will turn freely and
require the same input torque across the
tuning range. Backlash should be imper-
ceplible throughout therange, If backlash
is present, try loosening the reduction-drive
coupler screws and tightening them again.
Backlash in the ARRL lab version of this
receiver was done away with by loosening
and retightening the turing capacitor in its
mounting hole, and by slipping the
TUNING capacitor several degrees to one
side in the drive coupling sleeve before
retightening the coupler worm screws.

Digl calibrarion. Calibrate the tuning dial
ajfter the tuning range has been set and any
hacklash has heen ironed out. In the model
shown in Fig. 1, calibration of the 10- and
18-MHz TUNING scales differs by the width
of & dial marking, The left edge of each
mark 15 used during [8-MHz tuning
(18 MHz L}; the right edge is used during
10-MHz reception (10 MHz R). Calibration
of the full TUNING capacitor rotation
{360%; 180 ° for cach band) would maoke this
unnecessary, but one band would tune
“hackward” relative to the other.

Performance

Measured performance of the band-
imaging receiver at 10 MHz: Minimum
discernible signal {(MDS), —140.5 dBm;
{wo-tone Ird-order IMD dynamic range
{20-kHz spacing), 89.5 dB; blocking
dymami¢ range, 134 dB; image rejection,
74 dB. At 18 MHz: MDS, — 140.0 dBm;
two-tone rd-order IMD dynamic range,
{20.kHz spacing), 90.0 dB; blocking
dynamic range, 131 dB; image rejection,
82 dB. With a signal tuned in on the
10-MHz band, dropping the receiver three
inches to the operating table produced #na
discernible shift in the pitch of the received
sigral. Maximum audic output was 0.66 W
into an 8.2-0 test load. Current drain at 12
V dc was 95.1 mA with no input signal,
220 mA at maximum audio output.
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His Eminence—the Recelver

Part1:

No piece of amateur equipment holds greater sway

over our communications paslime than the station receiver.
Herefrom, let there be dynamic range!

By Doug DeMaw, W1FB
ARRAL Contributing Editor
PO Box 250
1 uther, M| 48658

l lre you slave to a receiver which

unleashes its fury like a many-headed
monster in the presence of strong sig-
nals? If your receiver shows a will which
{s most incurrecl fur an expensive com-
mercial hameshack trapping, then you
and I are kindred souls! Bzing a long-
term urban dweller amid ¢ barrage of
strong local signals, 1 have had a long-
existing need for a receiver with an
“uncrunchable™ front end. Numerous
commercizl receivers have been tested at
my staticn, and most prowided appall-
ingly dismal performances when WIAW
was operating — just two blocks away -
and during contests when seldom-heard,
nearby stations seemed to pop oul of
the void to inundate reception. This case
for nail biting led to a special-
applicaticn design which cured my re-
ceiver cress modulation, desensitization,
and IMD maladies. Some cf the design
notes offzred here should be of interest
to amatears who build station receivers
for use in areas of high sipnal density.

Most of the principles described are
wellknown ones, but they have been
ignored by some designers of imporred
and UgS.-made receivers. Emphasis
seems to be on impressive appearance,
high receiver “‘sensitivity’” (whatever is
meant by that term), and myriad other
features. Along the way somebody for-
got the real name of the game . . .
dynamic ramge. At least one amateur
(W7ZOI) has emphasized the need for
careful aitention to these matters.! Rea-
sonable immunity to frontend collapse
is not expensive or difficult to achieve.
The results are measured easily in terms
of operating convenience and clean re-
ception.

Front-Erd Features

Although the circuit trzated here is
for a oneband receiver (1.8 to 2.0
MHz), the design procedures are appli-

1Fooinotas appear at end of aricls.

The receiver is built in a homemade alumi-
nurr cehinet, & two-tome gray and flats
black paint jab has been applied. Black
Dymo tape labels are used for identifying
the sontrols in the black area, and gray lebels
are sifixed 1o the gray portion ot the front
panel, A& cut-down Jacksan Brathers VErnigr
dial mechanism {twao-speed| is used for fre-
quancy roadout.

cable to any amateur band in the hi
spectrum. In my case, | employ “down
converters” to cover B0 through IC
meters. They are founded on the same
concepts to be discussed here,

Fig. | shows the f amplifier, mixer,
and post-mixer amplifier. What may
seem like excessive elaboration in desigr
is 1 matter of personal whim, but the
features are useful, nevertheless. For
example, the two frontend allenuators
aren't essential to good performance,
bu: are wseful in making accurate mea
suremants (A, 12 or I8 dB} of signal
levels during on-the-ar experiments with
other stations (antennas, amplifiers and
such). Also, FL2, a fixed-tuned 1.5- to
2-MHz band pass filter, need not be
incdluded if the operator is willing to
re-acak the three-pole tracking filte
(FL1) when tuning about in the band
The fixed-tuned filter is my prefercnce
when the down converters are in use.

The benefits obtzined from a highly
selective tunable filter like FLI are seen
when strong signals ere elsewhere in (or
near) the 160-meter band. The rejection
characteristics can be seen in Fig. 2
Inzertion loss was set at 3 dB in order to
narrow the filter response. Part of the
circuit was inspired by Sabin's informa-
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tive (ST article, where he employed 2
three-pele Cohn filter with a 4-dB inser-
tion loss.? In this example the high-0
slug-tuned induztors are isolated in alu-
minum shields, and the three-section
variable capacitor which tunes them is
enclosed in a shield made trom peboard
sections. Bottcm coupling i accom-
plished with small toroidal coils.

Rf amplifier Q1 was added to com-
pensate for the filter loss. Tt & mis-
matched intentionally by means of L10
and LIl to restrict the gain to 6 dB
maximum. Some additional mis-
matchiftg is seen at L12, and the mixer
is overcoupled 1o the FET tuned output
tank to broaden the response (1.8 to 2
MHz). The design tradeoffs do not
impair performance. The common-gate
of stage has good dynamic range and
IMD characteristics.

The doubly balanced diode-ring
mixer (U1) was chosen for its excellent
reputation in handling high signal levels,
having superb port-to-port signal isola-
tion, and because of its good [MD
performance. The module used in this
desipn is 8 commercial one which con-
tains two broadband transformers and
four hot-carrier diodes with matched
characteristics, The amateur can build
his own mixer assembly in the interest
of reduced expense. At the frequencies
involved in thisexample it should not be
difficult to obtzin performance equal to
that of a commercial mixer,

In discussing this circuit with Hay-
ward (W7ZOIL), he supgested that I
include a diplexer at the mixer outpui
(L13 and the related 002-uF capaci-
tors). The addition was worthwhile, as it
provided an improvement in the noise
floor and IM2 characteristics of the
receiver, The diplexer works in combina-
tion with matching network L14, a
low-pass Letype circuit. The diplexer is a
high-pass network which permits the
Sh-ohm termirating resistor to be szen
by the mixer without degrading the
455.kHz i-f. The low-pass porticn of the
dipleast  helps reject all frequencies
above 455 kHz so that the post-mixer
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C1 — Three-section variable, 100 pF pe:
section.  Maodel used here obtained as
surplus.

11— 50-239.

12 — Phono jack.

1, L4 — 38 to BB pH, Oy, of 1753t 1.8
MHz, slugtuned (1. W, Miller 43A685CEI
i Miller 5-74 shield canl.

L2, L3 — 95w 187 pH, G, of 175 1.8

PAHz, slug tuned (1. W Mitler 4327154CE1
i 574 shigle canl.

L5, L6 — 1.45-uH torpid inductor, Oy of
290 a1 1.8 MH.:,

15 turns Mo. 26 enam. wire on Amidon
T-50-2 toroimd,

amplifier receives only the desired infor-
mation, The hiph-pass section of the
diplexer starts rolling off at 1.2 MHz_ A

reactance. of 66 ohms was chesen to
permit use of standard-value capacitors

L7, LY = 13-pH slug-tuncd inductor {J.W.

Millar BOGZ}.

L8 — 3B0-uH slugtumed inductar 1J. W
Maillar Q05T .

L10 — 16 turns Mo, 30 enam, wire aver L11
winging.

L11 = 48 turng Mo. 30 enam, wire an
Amidon T-90-2 taroid, BS5 pH.

12 — 43-pH slug-tuned inductar, ), of 50
at 1.8 MHz. [, W, Miller S054).

L13 — B.7-uH toroidal induector, 12 turns
Me, 26 enam. wire on A&midon FT-37-61

farrata core.

Li4 — 170- to 280-uH, slug-tunad inductor

For updated supplier address, sea ARAL Pars
Supplier List in Chapler 2.

teristic mpedance of 2000 chms. The
terminations are built into the filters,

Gain distribution to the mixer is held
to near unity in the interest of good
IMD performance. The preamplifier gain
is approximately 23 dB. The choice was
made to compensate for the relatively
high insertion loss of the mechanical
filters — 10 dB, Without the high gain of
02 and Q3 there would te a deteriora-
tion in noise figure.

Local Qscillator
A low noise floor and good stability
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a in the low-0 network,

5 q A pair of source-coupled JFETs is
e used in the post-mixer i-f preamplifier.
apy The 10,000-cl:m gate resistor of Q2 sets
e the transformation ratio of the L net-
e work at 200:0 (5092 to 10 k£, An L
T network is uged to couple the preamp-
,';'r lifier to a dioce-switched pair of Colling
il mechanical filters which have a charac-
o, - -~

are /246 composition. Al slug-tuned inductors are contained
in individual shigld cans wich are grounded.,

{1, W Miller S05E).

L15 — 1.3- to 3.0-mH, slug-tuned inductor
1J. W, Miller 9059},

ai, 02, 03 — Matorols JFET.

AFCT1 — 2.7-mH miniature choke J. W,
Miller 70F273A1).

AFC2 = 10-mH miniature choke (J. W,
miller TOF 102411,

51 — Threapale, twa-position phenalic
wafer switch.

52, 53 — Two-pale, double-throw minmature

taggle,
LM — pini-Circuits Labks. SMA-1-1 doubly

balanced diode mixer {2913 Quentin Ad,,
Brookiyn, NY 11223},

are essential traits of the local oscillator
in a quality receiver. The requiremenis
are met by the circcit of Fig. 3. Within
th: capabilities of the ARRL lab mes-
suring procedures, it was determined
that VFO noise was at least 90 dB below
fundamental output. Furthermore, sta-
bility at 25°C ambient temperature was
suzh that no drift could be measured
from a cold start to a period three hours
later. Mechanical stability is excellent:
Several sharp blows to the VFO shield
bex caused no discernable shift in a cw
beat note while the 400-Hz i-f filter was




=dB
L)

L]

[T
=
|

N ,-'_,' % b
=y HAYEE

-5 1 i =

Y
A
N
.
I

_Ral | |
s B i8S 1.9
MH:

Nl
188 20 2.0%

Fig. 2 — Respanse curva of the wunabie
front-end filter, centerad on 1.9 MHz.

actuated, VFO amplifier Q14 is designed
to provide the recommended +7-dBm
mixer injection. Furthermore, the out-
put pi fank of Q14 is of 50 ohms
characteristic impedance, Though not of
special significance in this application,
the measured harmonic output across 30
ohms is —36 dB at the secord order, and
—47 dB at the third order.

Filter Module

In the interest of minirizing leakage
between the filter input and outpul
ports, | zlected to use diode switching.
The advantage of this method is that
only de switching is required, thereby
avoiding the occasion for unwanted rf
coupling across the contacts and wafers
of a mechanical switch. Type IN914
diodes are used to select FL3 (400-Hz
bandwidth) or FL4 (2.5-kHz band-
width). Reverse bias is applied to the
nonconducting diodes. Ths lessens the
possibility  of leakage through the
switching diodes. Because the Collins
filters have a characteristic mpedance of
2000 ohms, the output coupling capaci-
tors from each are 120 pF rather than
low-reactance 01-uF units, as used at
the lilter inputs. Without the smaller
value of capacitance the filters would
see the ow base impedance of 04, the
post-filter i-f amplifier. The result would
be one of double lermination in this
case, leading to a loss in signal level.
Additionally, the 120-pF capacitors help
to divorze the input capacitance of the
amplifie: stage. The added capacitance
would kave to he subiracted from the
350- and 510-pF resonating capacitors
at the output ends of the f{ilters,

The apparent overall receiver gain is
greatest during cw reception, owing to
the selectivity of cw filter, FL3. To keep
the S-meter readings constant for a given
signal level in the ssh and cw modes, R7
has been included in the filter/amplifier
module. In the cw mode, R7 is adjusted
ta bias Q4 for an S-meter reading equal

to that obtained in the ssb mode,
Vaoltage for the biasing is obtained from
the diode switching line during cw re-
ception.

Although a 2ZN2222A is not a low-
noise device, the performance character-
istics are suitable for this circuit. A
glight  improvement in noise fignre
would prabably result from the use of
an MPE102, 40673, or low-noise bipolar
transistor in that part of the circuit.

Performance Notes

The remainder of the receiver cirenit
wil. be discussed in Part 2 of this article,
However, the reader may want to know
just how well His Eminence performs,
and how the characteristics compare Lo
these of some modemn commercial e
ceivers. It scems fiting that the high
points be coverad in Part 1,

The tuning range of the receiver it
200 kHz. This means: that for use with
converters the builder will have to satis-
fy himself with either the cw or the ssk
band segment. The alternatives are e
increase the local oscillator tuning range
to 500 kHe, or use a multiplicity of
converters to cover the cw and ssk
portions of each hand, Becauss 160
meters is my primary band for TXing
and casual Q850s during the winter
season, the bandspread feature of 200
kHe was adopied,

Some severe lab tests were under
taken with the completed receiver,
gimed at learning how “crunchproof”
the front end reallr was. A quarter-
wavelength end-fed wire (inverted L)
wa; matched 1o the receiver 50-ohm
input port. The far znd of the antenna

Fig. 3 — Circuit disgram of the lacal oscilfator,

Considerable spage remains bontath the chas-
sis for the addition of ace2ssory circuil: ar @
st of down converters. At the upper fefr are
the adjustmant screws Tor the tunable filter,
plus the bhattom-coupling toraids, At the left
canter is the fixed-tuned front-end filtar. To
the right is the rf-amplifier module, A 100
kHz ME ) Enterprises calibrator is sgen at the
far lawer left Immediately to its rightis the
roixaramplifier asembly, The large board at
the lower centar oontaing the i-t filters and
post-tilter amplifier, Most of the amplitier
componants have baen tacked bendath the po
baoard pecause of design changas which oc-
curred ciiring destlopmeant.

was situated 3 feet away from  the
WIAW end-fed Zepp antenna. A pk-pk
voltage of 15 was measured across the
50-0hm receiver input jack by means of
a Tektronix model 453 scope while
W1AW was operating. Mow, that's a lot
of f energy! With that high level of f
voltage present, a 10-uV signal was fed
into the receiver and spulled 2 kHe
away from the WIAW operating fre-
quency. No evidence of cross moduls-

Capacitors are disk ceramic unless specifisd

differantly. Resistors ae 1{2-W composition. Entire assembly is enclosed in a shield box

rade from po-board sections.

7 — Ugubledearing variable capaciior, 50
pF.

C3 — Miniature 30-pF air variable.

CR1 — High-speed switching diode, silicon
type TNG14A4,

L1 — 17« to 41-pH slug-tuned inductor,
g, of 175 (1. W, Miler 43A335CE! in

Ml 5-74 shield canl.,

L1% — 10- ta 187-uH slug-tuned pe-toard
inductor [J, W, Miller 23A155RPC].
RFC13, RECT4 — Miniature T-mH «f choke
1. W, Miller TOF10341},
VA2 — 3.4-Y, 1-N Zener diode,
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=z 4 - Sghamatic diagram of the filter and i-f post-filter ampiifier, Capacitors are disk ceramic,

~=7-CAB, incl. — High-speed silicon switch-
na diode, TNS144,
= _3 — Collins mechanical filter FA55FD-04

=_2 — Collins machanical filter F455FD-25.

RFC3-RFCIQ, ingl, — (0-mH miniature rf
choke {2, W, Miller 7OF10221).

B7? = Pe-board control, 10,000 ohms, lingar
taner,

Aesismrs are 1 /2-W compoiition,
54 = Double-pale, doublethrow toggle or
wafer,
T1 — Miniature 455-kHz i-f transformer
{1, W, Milter 2067, 3C,000 to 8500 ohrmsl,

EXCERPT AS HDICATED, CECIMAL VALUES OF
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of won could be observed, and desensitiza-  the worst performers are not necessarily  Foolnotes
d uon of the recziver could not be dis-  the least expensive receivess available. 'Haywaed, 28, Juouheiition Geade. LW
iz cernad by ear, The spread from 1.6 to 2 You Mguw it vul, eh? Pal 2 of this Eychiets ST Tor MRl and Apel
5 “Hz was tuned, and no IM preducts  article will appear in a subsequent issue  *Satin, “Solid-State Receivers,”” (ST for
; were heard. of Q8T July, 1970,
Dynamic range tests were performed
in sccordance with the Hayward paper
in Q8T for July, 1975. Noise flocr was
135 dBm, IME was 95 dB, and 1 dB of
hincking  occumed  at some unldeter-  Table
mined point greater than 123 dB shove  geceiver Mo BLOCKING NOISE
the noise floor. The latter measurement TWO-TONE ABOVE NOISE FLOOR
i inconclusive because blocking did not g;:;’ggfrga FLOOR (ef8) {—afm)
become manifest within the output Ty /
capability of the model-80 generalors 46T parch 1974 5.5 123 141
B uzed in the ARRL lab. The resultant W1CER Reur, fram
| receiver noise figure at 1.8 MHz is I3 'IS‘ST Ju1neE 19;&; > 95.0 123+ 135
dN, which is more than adequalte for the mT&HLF‘.’F M1
- ; d alLMa a3, 1 1
high atmospheric noise level on 160 ts';’m. Rcw. before - 8 45
| melers. madification 7a.0 110 136
5 asured chamcter- YSABox ] 88,0 116.5 146
[ _ I?I".ah[e | shows measured cha < Sl i ok 146
- itics for numerous current-model com- ey gol 5 850 s o
| mercial amatewr receivers. Brand names  sa gox 4 84.0 12 13
can nil be listied, but the same test ugn. Box 5 6.0 114 137
equipment and procedures were used for USA Box 5
. all checks. It saould be kept in mind {m;s;”‘;’” g’gg :123 1417?.3
that the higher the noise-floor figure in - ysa Box 6 735 a7 1273
—~dBm. the better the performance. Import 3 79.0 116 136
Similarly. the bigher readings for IMD Hg: gﬂ:; ;g-g 100 134
and blocking indicate l?est Fer'{_uL:rlnaTcgl;, |I1'||‘!lur|_ﬂ-1. 700 13-; } i?
MLID:’, I‘Eﬁlllﬁ'l.nn}l' e ssen i, A = Bt LL All receivers tested were eguipped with 400-, 500-, or G00-Hz i-f filters. Tests were
seems incredible that the three besl  nude on 20 meters. Sig. spacing = 20 kHz,
receivers for IMD a.'nd blocking T8 \WICER row. with WTZOH 20-neter cunve 1o atiaeined
homemade or modified commereial BA 123+ 133
| stock models! [t s worth adding that
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Part 2: Front end — stay worthy of your vocation with
“uncrunchable’ distinction! And now the final circuit details.

A receiver i-f system should be capa-
ble of providing a specific gain, have an
acceptable noise figure, and respond
satisfactorily to the applied apc. This
almost bromidic judgment is not as trite
as it may seem, for some designers use a
haphazard approsch to this part of a
receiving  system. Two of the more

serions shortcomings in some designs are
poor age (clicky, pumping, or inade-
quate range ) and insufficient i-f gain,
Because of my fringe lassitude and
an unwillingness to guestion past suc-
cesses, | elected to use a pair of RCA
CA3028A 1Cs in the i-f strip. Somewhat
greater -7 paln and ape range are possi-

Topchassis varw of the receiver. The A-C activa filter and audio preamplifier are built on the
pc board at the upper left. Ta the right is the BFO module in a shield box. Tre 20c circdin is
seen at the tawer left, and 10 its right is the i-f strip in a shicld enclosere, The lgrge shield box
At the upper center containg the WFQ. To 15 right 13 the tunable front-end Tiler, The three-
section variable capacitor is inside 1he rectangular shield box, The dudio smplifier module is
sean &t the lower right, The small bodrd {mounted verticallyl at the left centar containg the
product detector. Homamade end brackets add mechanical stability between the panel and
chassis and serve as & support for the receivar top cover,
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ble with MC1390G ICs: They are the
choice of many builders. However, the
CA3028As, confeured as differential
amplifiers, will provide approximately
70 dB of gain per pair when operated al
4355 kHe. This givas un age characieristic
from maximum gain to full cutoff
which is enthiely acceptable for rmost
amateur work.

Fig. 5 shows the i-[ amplifiers, prod-
uet detector, and Varicap-tuned BFO,
Transformer coupling is used between
U2 and U3, and alsp between U3 and
the product detector, The 6300-ohm
resistors used across the primaries o7 T2
and T3 were choten to force an imaed.
ance fransformation which the trans.
formers can't by themselves provide
Available Miller transformers with a
30.000-ohm  pimary  to 300-0hm
secondary characteristic are wsed, U2
and U3 have 10- apnd 22.chm series
resistors in the signal lines, These were
added to discourage vhi parasitic oscilla-
tions.

Age is appliec to pin 7 of each IC.
Maximum gain occurs at +9 WV, and
minimum gain wesults when the apgc
voltage drops to iis low value, +2 V. The
age is rf-derived, with i-f sampling for
the age amplifier being done ar pln 6 of
U3 through a 100-pF blocking capaci-
tor.

The 1000-ohm decoupling resittors
in the 12-V feed to U2 and U3 drog the
operating voltage to +9. This aids stabil-
ity and reduces i system noise. The
amplifier strip operates with uncendi-
tional stability,

Product Detector

A quad of IND14A diodes s used in
the product detector. Hot-carrer diodes
may he preferred by some, and hey
may lead to slightly better performance
than the silicon units 1 chose. A trifilar
broadband  toroddal  transformer, T4,
couples the i-f amplifier to the detector

e
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Fig, 5 —
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1/2.W composition, Dashed lines show shield 2nclasures. The BFO and i-f circuits are installod in separate shield boxes, The R-C active filter
and af preamplifier are on o common cirguit board, which is not shieldad.

CAG-CRY, inel. — High-speed silicon,
TMBT48 ar equiv.

GR10 — Motarola MV-104 Varicap
tuning diode.

Li6 — Mominal G30-ugH slug-tuned
inductor [J. W Miller 2057]

L17 — MNuminael G3uH Alugrtunied
inductor (J. W Miller 20541,

at a 30.0hm impedance level. BFO

injectiog is supplied at 0.7 % rms.
BFO Circuit

In the interzst of lowering the cost
ol this project, a Varcap (CR10 of Fig.
5} is used to control the BFO fre-
quency. Had a conventional svstem
been utilized, three expensive crystals
would lave been peeded to landle
upper sideband, lower sidebund and cw.
The voltage-varable capacitor wning
method shown n Fig, 5 is satisfaclory if
the operator & willing (o change the
operating frequency of the BFO when
changing receive modes. Adjustment is
done by means of front-pancl control
RI. Maximum drift with this circuit was
measured as 3 Hz from a onld statt toa

A1 — 100,000-chm linear-tapsr
compas tion control (panal mount).

AFC1T = 25-mi miniature choke {J. W,
Miller 70F25341],

AFC12 — "O0-mH miniature choke L0 W
Miller JOF102471,

time three hours later, A Motorola
MA-104 tuning diode is usad at CRIO.

To yary the BFO fiequency from
453 to 457 kHz, the dinde 15 subjected
to various amounts of back aas, applied
by means of R1. Regulated voltage
(VR1) is applied to the oscillator and
tuning diode.

(06 functions as a Cliss A BFO
amplifier/buffer. It ¢ontdne: a  pl-
network output circuit and has a 50-
vhm  output charscteristic. The main
purpose of the amplifier stage 15 to
increase the BFO injection power with:
out loading down the oscillator.

AGC Circuit
Fig. 6 shows the age amalifier, recti-
fier, de source [ollower, and op-amp
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T2, T3 — 4558.kHz2 i-T teansiarmer.
ext. {J. W, Miller 2067},

Td — Trifilar broadband transformer. 15
rifilar wurne of Mo, 26 anam. wire an
Armidon T-E0-61 1oraid core.

u2, u3 — RCA IC.

R 1%, 1 W Zener diade.

Sea

For spdated supplier addross, seo AFRRL Pars
Supplier List in Chapter 2,

difference amplifier, An FET is used at
Q10 because it exhibits a high input
impedance and will not, therefore, load
down the primary of T3 in Fig. 5. Q1 is
direct coupled to a prp transistor, Q11.
Assaming that Rs and RI are reated as
a sngle resistance, Rs, the Q10/Q11
gain is determined as: Gain (dB) = 20
lopg Re + Rs, Control R2 has been
inchded as part of Rs 1o permit adjust-
ment of the age loop gain. Each oper-
ator may have a preference in this
regard. [ have the age set so it is fully
actuated at o signal-input level of 10 gV,
Apc action commences at 0.2 gV (1 dB
of gain compression).

Apc  disabling s effected by re-
muoving the operating voltage from Q10
and Q11 by means of 55, Manuwal i-f




gain control is made possible by adjust.
ing B3 of Fig. 6. Apc delay is approxi-
mately 1 second. Longer or shorter
delay periods can be established by
altering the walues of the Q14 pate
rasistor and capacitor. Ape amplifier
wain is varjable from 6 to 40 dB by
adjusting R2. The arrangement at (14
and U4 was adapted from a design by
WTZ0I. Agc action is smooth, and there
is no evidence of clicks on the attack
during strong-signal periods. At no time
has age “pumping” been observed.

Audio System

A quajur Gailing ol wany receivers i
poor-guality eudio. For the mest part
this malady' s manifest as cross-over
distortion in the al-output amplifier.
Moreover. some receivers have marginal
audio-power capability for normal room
volume when a loudspeaker i3 used,
Some transfomerless single-chip audio
ICs {0.25- to 2-W class) exhibit o pro-
hibitive distortion characteristic, and
this is especially prominent at low signal
levels. The unpleasant effect is one of
Muzziness” when listening to low-level
signals. Unfortunately, external access
to the biasing circuit of such 105 is not
typical, owing to the unitized construc-
tion of the chips,

Sinee “sanitary” audio is an impor-

tant teature ot a guality communica-
tions receiver, [ used a circoit containing
discrete deviees. The complimentary-
symmetry output transistors and the
op-amp driver are configured in a man-
ner similar to that used by Jung in his
Op  Amp Cookhook  published by
Howard Sams. Maximum output capa-
bility is 3.5 W into an 8-ohm load, An
LM-300A driver was ¢hosen because of
its low-nodse profile, There has been no
aural evidence of distoriion at any signal
level while using the circuit of Fig. 7.
The game played in this siuation is one
of having considerably more  audio
power available e is ever needed —a
rationale used in hi-fi work,

R-C Active CW Filter

A worthwhile  improvement  in
signal-to-noise  ratio can be realized
during weak-signal reception hy employ-
ing an R-C active bandpass filter. A
two-pole version (FLS) is thown in Fig.
7. A peak frequency of 8ID Hz results
from the R and C values given,

The benefits of FL3 are similar to
those dzscribed by Hayward in his
“Competition-Grade CVW  Receiver”
article, which was refercnced carlier. He
used a second i-f filter (at the i-f strip
output} to reduce wide-band noise in
the systenm. The R-C active filter serves

Fig. B — Schemaic diagram o1 The agc system. Lapecitars ase disk CEramic except when
polarity is indicated, which signifies electralytic, Fixed-value resistors are 1/2-W compoesition.
This modula is nat enclosed in a shielc compartment,

CHA12, CR13 - High-spreed silicon. TNO144A
or couiv.

10, 311, 214 — Motorola transistar

RZ, R4, RS — Linear-tapir composition pe-
board mount control,

R3 — 10,000-0hm near-taper control, pand

mounted.

AFC15 — 2.5-mH miniature cioke {J, W,
Miller JOF253A1].

58 — Single-pole, single-throw toggle,

U4 — Dual-in-ling B pin 741 op amp.

M1 = D- 0 1-mA meter.
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in a similar manner, but performs the
signal *laundering™ st sudio rather than
at rf. The technigue has one limitation
— monotony in listening 1o a fixed-
frequency beat note, which is dictated
by the center irequency of the filter.
The R-C filter should be designed to
have a peak frequeney which marches
the cw beat-note frequency preferred by
the operator. That is, if the BFQ is
adjusted to provide an 800-Hz cw note,
the center frequency of FL3 should also
be 800 Hz.

Experience with FL3 in this receiver
has proved in many instances that weak
DX signals on 100 jneters could be
elevated above the noise to a Q35 copy
level, while without the filter solid copy
wes impossible, Tt should be stressed
thit high-@ capacitors be used from C4
to C7, inclusive, to assure a sharp peak
response. Polystyrene capacitors satisfy
the requirement. To ensure a well-
defined (minimum ripple) center fre-
quency, the capacitors should be match-
ed closely in value (5 percent or less),
Resistors of S-perceat tolerance should
be emploved in the circuit, where in-
dicated in Fig. 7,

Summary Comments

A suitable frequency scheme for
some hf-band down converters, plus a
circuit for digital freguency display, are
given in the receiving chapter ol the
1976 Handbook. In that example the
tunable i-f receiver covers 500 kHz, 1.3
to2.3 MHz.

The photograph in this article illus

tretes a modular construction technigue.
Al rf-circuit assemblies are isolatel
from one another, and from outside
enerpy influences, by means of shield
compartments. Signal points are joined
{module to module) with RG-174/0
suiminiature coaxial cable, the shield
braids being grounded to the chassis at
each end. Feedthrough-type .0D1-pF
capacitors are used at the 12-V entry
puints of the modules. The foregoing
measures help to prevent birdies and
unwanted stray of pickup.

The intent of this paper has been to
illustrate some ordinary design princ.-
ples which can be adopted by those
wishing to construet a receiver with
wide dynamic range Some of the idess
offered may  inspire modifications to
commercial receivers. Because this pre-
sentation was not meant as 2 construc-
ticn  exercise, circuit-board templates
are not offered. Most of the pc boards
in this prototype have been altered
severely during the development pre-
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slectralytic or tzntalum. Fixed-value resistors are 1/2-W compasitian. This circuit is nat cont@ined in @ shizld box. Heat sinks are wsed with

08 and Q9.

CATYT — High-speed silican, TRNS144 or
agquiv,

c4-C?, ncl. — See text.

cess, and numerous componenis have
heen tacked on here and there. For this
reason, artwork has not been developed.

J3 — Phone jack, N

BE — 10,000-0hm audio-taper campaositian
cantrol, panal maunted.

&f — Double-throw, double-pale toggle,

During several months of daily use,
there his never been a cam of desensiti-
zation cr IMD noted, despite my near-
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Ud — Mational Sermicarductor LM-3014 10
U5 — Signetics MN5558 dual op-amp C.

ness to WIAW and neighboring contes:-
ers and DXers. His Eminence is, indead,
urcrunchahle!
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CER-verters

A family of high-oerformance hf-band converters for the W1FB
(ex-W1CER) 160-meter “"His Eminence’’ receiver.

By Wes Hayward,™ W720I

{f big signgls are taking "pot shois”

af your collapsing receiver front =nd,
some design changes are probably
needed. Here are spime guidelines for
amateur and professional desigrners who
dre interested tn improving receiver
dynamic range — @ sore point with
FEEPECT fo the performance of miny
madern-day commercial receivers.

-|:i5 issue of 8T contains an article
describing some recent recejver efforts
at WICER." That receiver was built to
serve two purposes. First, it provided
high quality performance on 160
meters. Secordly, and of more signifi-
cance, it was part of a continuing
campaign by WICER and this writer to
develop receivers whiclh meet thz classic
performance zoals of sensitivity, selec-
tivity and stability, while still jwaintain-
ing a suitable dynamic range®*' As
DeMaw poinied out in his two-part
article, the esmateur can do 1 much
better job than the manufacturer in this
regard.

As exciting as the 160-meter band
can be, predominant interest is in the h
spectrumm. As a result, a group of
crystal-controled converters was needed
for the WICER receiver with an i-f
output in the 1.8- to 2-MHz region.
Such a family is described here. The
primary criterion for their desipn was to
maintain a large dynamic ranpe in a
dralconversion system, while stil realiz.
ing a noise figure that was low enough
to be accepable on the varous hf
bands.

The information provided to the
writer by WICER was that the mini-
mum discernable signal (MDS8), also

'Footnotes appear at end of articls.

1700 SW. [anielle Awve,, Beaverton, OR
7005

called the equivalent noise floor of the
receiver, was —135 dBm with a 400-Hz
bandwidth, Further, the two-tone dy-
namic range of the receiver was 95 dB.

Information of this type can be

refated  to other more fundamental
specifications with a fairly simple set of
equations. The noise figure of a receiver
is related to the MDS by Eq. 1:

MDS(dBm) = —174 dBm + NF(in dB) +
10 log; 48, (Eqg. 1}
where By, is the noise bandwidth of the
receiver, The noise bandwidth 15 well-
approximated by the 3-dB bandwidth
when steepskirted filters are used,
which was the case for the WICER
receiver

Similarly, the two-tone dynamic
range of the receiver is related to the
i_lnpu[ intercept, £y and the MDS by Eq.

DR({indB) = (2/3)0F; — MES)  (Eq. 2)

where both # and MDS are given in
dBm. This equation is easily derived
from the definition of the intercept
concept and the ohservation that third.
order IMD products are proportional to
the cube of the strength of the input
signals.
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A final equation of significance 15
that which relates the noise factor of
two cascaded stages. This relationship,
which would apply to a crystal-con-
trolled converter ahead of a receiver, as
well as a preamplilier preceding a re-
ceiver, is given in Eq. 3:

(Eg. 3)

In this equation, &, and F5 are noise
factors which are alzebraic ratios. Noiss
fizure is just the decibel equivalent of
this factor. 7y is the gain of the first
stape, apain as an algebraic ratio, £, is
the noise factor of the combination of a
givenn receiver with a preamplifier or
converter with noise factor &, and
gein, 0 .

From Eqs. | and 2, it may be shown
that the WICER reeeiver had 2 noise
fipure of 13 dB and an input intercenst
of 7.5 dBm. Eq. 3 may be used to infzr
the overall noise figure when various
converter noise fipures and gains are
considered. The input intercept of a
combination will merely be the input
intercept of the basic receiver less the
gain of the converter. This assumes that
the converter is strong enough that
minimal [MD occurs within the con-
verter when compaied with the follow-
ing receiver. This implies explicitly that
the output intercept of the convertar
should be much larger than the input
intercept of the following receiver.

Converter Designs

After a bit of number . “crunching”
with the foregoing egquations, it wais
cencluded  that the converters shoud
heve a net gain of about 10 dB and
output intercept of approximately +17
dBm or higher. For work on the bands
up through 14 MHx a noige figure of 13
to 16 dB was deemed acceptable. On the
hicher bands some compromise 0
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=iz, 1 — Block diagram of the CER-vertars.

dvnamic range would be tolerakle in
~rder to achieve lower noise figures, In
studying the awailahle cireuit combina-
fons it was decided to base the front
and of the converters on a diode-ring
mixer. The mixer would be precedad by
i band-pass preselector filter and fol-
lowed with a diplexer and a dual-gate
MOSFET amplifier at 1.9 MHz, A block
dizgram of the system is shown in Fig,

The orginal intention was to con-
struct separate converters for each band,
20 through 10 meters. However, after
reviewing the design requirements, this
was found to bz redundant. Diodz-ring
mixers are inherently broadband and do
not require tuned circuits. Further, the
post-mixer amplifier would be identical
for all of the bands. Only the frovt-end
preselector networks and local oscilla-
tors need be changed berween Eands,
The final configuration chosen was to
use a master board which contained the
dinde-ring mixer and a post-mixer empli-
fier. A family of boards was ther con-
structed, cach conlaining a suitable local

pscillator and the preselector network
for the band of interest.

Mixer and Post-Amplifier Board

The circuit for the mixer and the
dual-gate MOSFET amplifier is shown in
Fig. 2. There are a few depértures from
the standard in this design, First, a
diplexer is used between the mixer and
the “post-amp.” This network serves a
number of purposes, First, the ipductor
(L1) and capacitor (C1) driving the FET
form an L network which provides an
impedance transformation to the gate of
the amplifier. A 2200-chm resistor af
the pate assures a termination, causing
the mixer to see 50 ohms in lhe
19-MHz frequency range. The ather
part of thz diplexer (C2. C3and L2)isa
high-pass filter designed for a cutoff
frequency of 5 MHz. This filter provides
a constant -0 teunination fo the diede
ring at wrtually afl frequencies. This
is important if the IMID properties of the
diode-ring mixer are to he preserved.
Such & mixer will create sum-and-
difference frequencies from the LO and

Fig. 2 — Schematic dwgram of the master mixer and amplifier circuit. Fined-value capacitors
ara disk ceramic urless noted atherwise, Resistors are 1/2-W zomposition, See Tables 1 and 2
for compaonant valies not marked. U1 isa Mini-Circuits Lab ML-1 doubty boalanced diode
mixer.
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if inputs. The difference frequency is
used to drive the WICER receiver. How-
ever, @ termination must also be pro-
vided for the sum frequency.

In order to simplify the band switch-
ing, +12 volts de is supplied through the
local oscillator port of the mixer. This is
realizad with an rf choke and svitable
capacilars,

The output of the amphliner was
desipned for broadband performance, In
aorder o obtain larpe bandwidth, the
output transformer (T1) was wound on
4 high-permeability  ferrte toroid. A
powdered-iron core should not be used
for this transformer. Indeed, it was
found that a ferrite core with a perme-
ability of 125 was nct suitable in this
position. Much better bandwidth and
impedance matching was obtained with
the core specified which has a perme-
ability of 2000, The 2200-chm resistor
in the drain circuit ensures that the
output impedance presented by the
amplifier is close to 30 ohms. This is
important in order to keep the input
filtes of the WICER receiver termi-
nated properly.

A ferrite bead is wsed on gate 2 of
the amplifier. This may not be necessary
in some casas. However, it was included
to lessen the possibility of uhf oscilla-
tions occurring within the amplifier.? A
Fairchild FT-0601 or RCA 40673 dual-
gate MOSFET can be wed al Q1

Front-End Sections

Shown in Fig, 3 is the circuit wsed as
the front end for each of the lower-
input bands (3.5-37. 7.0.-72 and
14.0-14.2 MHz). Component values are
given in Tables 1 and 2,

The local oscillator for each of the
converters uses a bipolar transistor and
is designed to provide an output from
HI0 o 13 dBm. This level of LO
injection was found to be near optimum
for the diode-ring mixer that was used,

The preselector  filters are  fairly
glaborate. However, the results are well
worlh the extra expense and effort,
Precistorted  filter-synthesis  methods
were used to write o compuler program
for design of the band-pass filters. The
coils were wound prior to filter design,
Their unloaded & values were measured
with a laboratory @ meter, and the
results were then inseried into the pro-
gram in order to arrive at the capacitor
valuas. All band-pass filters were de-
signed for a three-pole Butterworth re-
SpOnse,

One problem with multisection fil-
ters using capacitors as coupling ele-
ments between the resonators is that the
stopband attenuation may degrade in
the vhi spectrum. This is due to slight
amounts of lead inductance in the
tuning capacitors, and the fact that the
capicitive-intersection coupling method
degenerates toward 1 high-pass filter




response away from the passband. In
order o suppress these responses,
should they occur, a S-pole low-pass
filter is included at the antenna termi-
nal.

Two methods were used for evalua-
tion of the filter designs. Firs:, after
initial calculation of the component
values, a computer program was 0sed to
determine the frequency response of the
filters over a wide range. In this analysis,
resistors were placed in the circuit to
simulate the distortion effects cansed by
the losses in the cores.”

After the filters were built and
aligned in the home shop, they ware
checked with lsboratory instrumenta-
tion. In this case a Tektronix TLI13
spectrum analyzer and TH-302 tracking
generator were used. The measured
results  around  the passband corre-
sponded very well with the computer
simulation {(wkich is always encouraging
o see). The swop-band sitenuatijon was
measured, with one exception, to be
over |00 dB for all three filtess eval-
uated. The exception was [ur the BO-
meter filter. At about 70 MHz the
attenuation degraded to roughly 93 dB,
but returmed to the better values at
frequencies up through 200 MHz.

One of th: reasons a Butterworth
response was chosen was that this filter
shape is aligned easily with simple test
equipment. Alignment is performed by
driving the filter with a 30-0hm signal
generator and lerminating the output in
a sensitive 50-ohm detector. The genera-
tor i3 set at th: center {requency of the
filter and the wvariable capacitors are
adjusted  for o maximum  response,
Experimentally, it was not found neces-
sary to readjust the filters when the
swept instrumentation was avaifable.

The conver:er fur the 15-mefer band
was built using the circuit in Fig 4. On
this band it was felt that a better noise
figure might be useful. This was pro.
vided by inseding an ff amplifier be.
tween the low-pass filter and the band-
pass circuit. The low-pass circuit was
maodified, The input section is a syvm-
metrical pi network with a 2 of 1, This
is followed by a pi netwaork witha O of
[0 and an impedance transformation
from 30 to 2000 ohms, A 33C0-0hm
resistor i3 wsed in the drain circuit to
ensure proper termination of the band.
pass filter. In the unit built, the drain
was attached directly to the hot end of
the resonator (L10), However, it would
be desivable tr reduce the gain suine-
what. This would be realized easily by
tapping the dmin down on the tuned
circuit. The tesminating resistor should
remain across L10,

One problem that the builder may
encounter is in obtaining capacitors for
the coupling elements between resona-
tor sections of the filter. These values
are critical and should not be changed

Tahbla 1

gAND L3 L4 LB L LS LG L7 T2, 13

(tdHz] (TURANS-CORE] (TURNS-CORE} Lig L1t L2 (TUARNS-CORE]

(TLRNS-CORE)

351w 37 19, Mo, 22 nong 35, No. 24 23, Mo, 24
TE0-2 TGE-2 Ta30-2, 2-t. link

TO0ta7.2 15, Mo, 22 nane 20, Mo, 22 25, No, 24
Ta0-2 TGR-G T50-2, 2-1. link

14 o 142 12, Nu. 22 e 12, Mo, 22 21, Na. 24
TL0-6 TE8-6 T30-6, 3-t. link

21 w212 10, No. 22 21, No. 22 10, Mo, 22 19, Mo, 24
Ta0-6 T50-6 Ta0-6 T30-6, 2-1. link

Coil and transfarmer data, Torgid cores are Amidon Assoc. powdered-iran type. Y1, ¥2, ¥3
and ¥4 for 3.5 through 21 MHz, respectivaly, are 5.5, 5.2, 12.2 and 19.2 MHz. {International

Crystal Co, rype GP, 30-pF load capacitance. |

casually. However, the capacitors may
be repliced by a more complicated
equivalent network, The basis of this
equivalent circuit is to replace a desired
capacitor with & series combination of
two capacitors with a wvelue which is
more than twice the original value. A
third capacitor is then placed from the
junction of the seres capacitors to
ground. This configuration is shown in
Fig. 5 tlong with the equations for
picking the proper values, As an
example, consider the 1&MHz filter,
where 3.3-pF coupling capacitors are
used, This single capacitor could be
replaced with three 10-pF capacitors.
Those building the converter for 80
meters nay wish to cover also the
7i-meter phone band, While the filter
shown could probably be rzaligned for a
range about 100 kHz higher, the shape
of the filter would no deubt deteriorate
il it were moved further, A better
approach would be to chaige the value

of the inductors. Praper results should
be obtained by reducing the coils frorm
35 to 32 turns, kecping all capacitor
values the same. A 3.3-MHz crystel
would be required for tuning the range
from 4.0 to 3.8 MHz

Additional Design MNotes

The reader should note that the
tuning will be “backwards™ for the
B0.meter band. This was done for two
reesons. First, difficulty was encoun-
tered in making the oscillator shown
operate  properly  with  the 1.7-MH:
crystal that was tried. OF greater signil-
icance was the fact that the mixer
balance was not espacially good at this
frequency. As a result, a strong 1.7-MHz
signal would have appeared at the input
to the post-mixer ariplifier. This could
have resulted in IMD products, Further-
muore, for the 75-meler band the crystal
weuld have been at 2.0 MHz il low-sidz
injzction were used This would hava

Fig, 3 — Diggram of the filter and crystal oscillator used on 20, 40 and B0 meters. Numbered
fixed-value capacitors are silver micas. Resistors are 1/2-W composition. See Tables 1 and 2 far
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Table 2

BAND C4 08 C5C20 CF CF

(Hz! C13 (pFl (pFl pfl  {pF)

36w37 70 1580 130 -

70?2 450 880 43 =

14 w142 220 450 33 80

21tw2N2 150 200, = 51
345

ce, C12 c10 Cri C13 Crd €i6 C17.C31 Cig 3?2 21
C15 (pFl  (oF! {pE) (mF) oFl fpF) (pFl ipF) fpF!
o0 1000 12 = 10 - g1 100 400 -
80 to 200 4.7 - 47 - B2 100 400 -
20w80 33 an 3.3 g0 22 47 20 o 90 i
2080 1.2 51 12 51 12 47 20to 20 20 1a 80

Fixed-value and rimmer capacitors. Fixed-value capacitors are silver-mica or similar high-Q, stable types. Trimmers $ré miza compression
type. See text for obtaining precise non-standard fixed-capacitancs values,

placed a strong signal within the tuning
range of the main receiver. If it i3
desirable that all hi bandz tune in the
same direction, the builder should pick
high-side crystals for all of the bands,
The approzch used for the 15-meter
converter in order to obtain low-noise
performance could also be applied to
the 10~ and 6-meter bands, The image
rejection might be a little poor with
such a low i-0 &1 e O-meler case,
Another revision that many builders
may consider would be the construction
of a high-performance 80-meter receiver
with converters for the higher bands.
The converters described would be
suitable for this situation. The crystal
frequencies would change accordingly.
The diplexer setween the diode mixer
and the “post amp’ should be redesign-
ed, This could be done easily by halving
the inductanc: and capacitance values
used in the diplexer circuit. The broad-
band output circuit in the drair of 0
should work equally well at 3.5 MHz.
The 13- and 20-meier band-pass filters
were designed with enough bandwidth

to cover the total band. This was done
in order to keep the insertion losses at a
reazonable level. A slightly wider filter
would be required for the total 40-meter
band.

The converters are built on rather
large circuit boards. This was done in
order to ensure a reasorable level of
stophand rejection in the filters, and (o
gase corstruction. Those interested in a
muore cempact foonal should  consisde
the inclusion of shields between the
sections of the input band-pass filter and
between the filter circuitry and the
corrgsponding  oscillators, [t is fun to
build miniature equipment when there is
a good need for small size. However, for
high-perfommance  home-siation  equip-
ment, where considerable experimenta-
tion may be required, a larger format is
often desirable.

Because the pe boards shown in the
photogruph are quite large, the builder
will probably elect 10 lay the circuits
out for 3 more compact format. For this
reason there are no pe-bonrd templotes
and layouts available.

Crreat care should be taken when the
front-end sections are band switched.
Shielding hetween switch wafers shonld
have over 100 dB of fselation. Diode
swilching is not recommended unles
the builder has equipment to evaluats
the effects on IMD.

Evaluation and Performance

‘This project was in some ways quite
frestrating, for the WICER recelver was
3000 miles away. This i the first piece
of receiving gear that the writer has buill
which could not intially be evaluated
“by ear.” However, 1 suitable substitute
was available for lakoratory evaluatior,
This was a Tektronix TL5S Spectrum
Aralvzer. This instrument was extreme-
ly convenient to use for this purpose,
sicce it is synthesized with a 250-He
accuracy, and has resolution down to 10
Hz. The dyvnamic range is excellent.

The only converter evaluated for
IMD was the 14-MHz unit. Two-tone
IMD measurements were performed and
it was found that the output interocpt
of the converter was +22 dBm. This is

Fig. 4 — Diagramr of the 15-meter frong end circuit. Mumbered fixed-value capacitors are sitver micas. Resistors are 1/2-W composition. See

Tables 1 and 2 for other parys values.
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more than sufficient for the application,
since it greatly exceeds the input inter-
cept of the WICER receiver, +7.5 dBm.

The gain and MD3S were mzasured
for all four converters. To remove the
effect of the high noise figure of the
TL5 (19 dB), a low-noise MOSFET
preamp was built at 1.9 MHz. This unit
had a noise figure under 2 dB, allowing
meaningful measurement of converler
MDS. The signal generator used was an
HP-86408. On the three lower bands,
the resultant noise figure of the con-
verters was 12 dB, plus the loss of the
input filters. Similarly, the gain of the
converter was 12.5 dB, minus the loss of
the input filters. It was found that the
pain and noise figures could both be
improved by remaoving the 2200-ohum
resistor at the gate of Q1. There was 2
slight reduction in the output intercept,

However, the low-pass part of the di-
plexer became much sharper in fre-
quency response, This would make a
front panel trimmer control necessary.

The 15-meter converter performed
differentlv. The net gain of this unit was
32.5 dB and the noise figure was about
3 dB. This 15 actually too much sensitiv-
ity to be usable at this frequency. It is
highly racommended that the builder
move the drain tap on the band-pass
filter as outlined.

On the basis of the measured results
and the puhlished datra fo- the WICER
receiver, the system results may be
caleulated. Shown in Takle 3 are the
predicted system noise figure, MDS for 2
400-Hz bandwidth, input intercept and
two-tone dynamic range for the convert-
ers operating into the DeMaw receiver.
Also shown are the meascrements thal

but not enough to cause problems.  were obdained Tor ioage wojeciion and i-f
Table 3

8AND NFElG. MDS Py oR IMASE REL I-F FEEOTHROUGH
(METERS) (d&) {d8m}  (dBm) 8! df&} a8l

a0 148 -133.2 25 871 -0 —110

A0 16.3 —131.7 —i.0 B7.1 —110 —84

20 16.2 —-131.7 -0 BT —~85 -112

15 a —-145 -2540 B0.0 —100 rat medsurad
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feedthrouph for the four converters.

It is interesting to note that the
dynamic rmange of the system has de-
creased from %5 dB on 160 meters to 87
dB on the hf bands. This decrease is to
be expected in ary multiconversion
systemm. Note also that the dvnamic
range is constant on the three lower
bands, Tl results becsuse the only
variation between bands is in the inser-
ticn loss of the preselector {iliers. This
difference is the sme as would be
obtained by adding attenuation to the
front end of the receiver, An attenuater
will change both the MDS and the input
intercept by the same amount, leaving
the two-tone dynamic rangs as a con-
stant of the systery, While front-end
attenuators are usaful accessories for the
receiver, they will pot improve the
dynamic range as is sometimes implied.

A more careful application of attep-
uation can, however, result in an im-
proved dynamic range. Consider the
effect of switching in the 6-dB input
attenuator of the WICER receiver, after

the conpverters. The input mtercepl of
the la0-meter tunable i-f will now ir-
crease to 135 dBm oand the noise
fipure will become 19 dB. If the net
result is evaluated wsng the earlier equ:-
tions, the 20.meter MOS will degrade by
only 0.7 dB, but the system input
intercept will move up to +35 dBm,
leaving & net dynamic range of 906 dB,

This i 2 dramatic demonsiration of tha

eftect of gain distribetion upon dynami:

range, especially in multiconversion re-

Cceivels,
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Build Your
Own MCM ICs

MCMs (mini circuit modules)
are fun 0 lay out and build.
With a few IC headers and
some patience, you can

develop miniature

subassemblies thet may be

used many times.

By Doug DeMaw, W1FB
ARRAL Contributing Editar
PO Box 250
Luthar, MI 49556

ave vou considered building vour
H own I1Cs? The idea is not as

ridiculous as it may seem! We
must accept the fact that none of us are
equipped to construet classic monolithic
ICs, whercin the circuit elements are
developed on a common piece of silicon
(substrate). But, it ia not mandatory that
circuits to be integrated are formed in that
manner. With a reasonable amount of
imagination and time, it is possible o place
vour favorite small circuir on a liny blank
DIP header. For lack of a better acronym.
let's call these assemblies MCMs (for “mini
circiit modiales'™).

You may wonder what the purpose of
such an exercise might be. First, we are
foreed to develop a compact circuit layout,
owing o the restricted number of
[C-header pins available, plus the small
rectangular area of the header. T find that
the circuits | have placed on 1C headers
would typically occupy three times the
space on an ordinary PC board. In other
words, when there is room to spare, | seem
1o use it! Mindaturization is beneficial when
we wish to build compact gear for portable
use, especially for QRP applications.

Another advantage realized from MCMs
15 that they car be used many times in
numerous projecsts. The same circuits, if
built on PC boards, would reguire
complete stripping of the components in
arder (o fransplant them on a new PC
board. The MCMs can simply be remaoved
from 1C sockets and plugged into a socket
on some orther PC board, This technique
should appeal  especially 1o the
ecxperimenter or the fropal amareur,

Some Common Circoits as MCMs

Fig 1 shows a compound, direct-coupled
audio amplifier that has been buill on a

16-pin DIP header." This amplifier has the
ability of providing 40 dB of gain,
depending on the electrical characieristics
of the transistors used, Such an amplifier
is suitable for driving a pair of headphones,
serving as o mic amplifier or for use ahead
of an audio power 1C, such as an LM386,
Fig 1B shows how the parts are asscinbled
on the header. The heavy outline around
the circuit of Fig 1A indcatcs which
components are on the header. O3, for
example, is external to the MCM.

Doubly Balanced Mixer MOM

Diode-ring DBMs are available as
commercial umits m DIP 1T packages.
Mini-Circuits has some nice urits that come
in sealed metal packages for dircct insertion
into 1T sockets. These modulzs are expen-
sive when aurchased in single-lot quantities.
I one buys [0 or more units, the price
becomes more equitable, but few of wus
want a drawer flled with DBEMSs that mav
never be used! So, the MCM approach
becomes worth considering for most of our
amatcur needs,

Fig 2A shows the circuit of a DBM. The
diodes should be matched 5 closely as
possible 1o ensure proper circuit balance,
Diode maiching may be done by means of
a VOM. Sort through vour 1M914 or
similar small-sianal silicon switching diodes
and select “our that have the same forward-
resistance reading (1vpically berween 7 and
12 ohms). Hot-carrier diodss are even
better for usc in a DBM, and rost of them
'IC haaders (somefimes called DIP adaptor plugs)

are availabla fram many surplus glectronics
parts dedlers, including Mouser Electronics

11433 Weadside Ave, Santes, CA 92071, and

ALL Elacironics Corp, 2058 5 Varmoni Ave,
Box 20403, Los Angeles, CA 2308,

For updatec supplier addresses, see ARAL Parts
Suppliers List is Chapter 2,
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from a piven hrand ard type number are
faitly well matched.

£2 of Fig 2A may be used as a mixer,
balanced modulator o product detector,
Mo internal changes are needed, but the
exterior circuitry will differ somewhat,
depending upon the application, T1 and T2
dic miniature brogdband rransformers. |
used 1wo small ferrite balun cores for T1
and T2, but tiny 850 y; toroid cores allow
construction of & more compact MOM,

li is essential 10 connect the T1 and T2
windings as shown, The black dots indicate
the polarity of the windings. Local-
ascillator injection for this tvpe of mixer
15 approximately + 7 dBm for best IMD
performance. Conversion gain (actually a
loss) is on the order of — 8 dB for a DBM.
Al Trequencies greater than 40 merers, if
the DAM is vsed as a receiver mixer or
direct-conversion (D-C) receiver product
detector, it is wise to use an RF amplifier
berween the antenna and the DBA, 1T not.
the receiver noise fipure will be too high for
wedk-signal reception. In fact. an RF
amplifier would be an asset even at 7 MHz,

An ideal DBM would be enelosed in a
melal case to minimize strav signal pickup.
However, there should be no problems with
unwanied pickup of RF energy when using
the MOM of Fig 2, provided ardinary PO-
boa-d lavout is emploved, Tn other words,
don't place the DBM ¢lcze to an unshiclded
oscillator or antenna lead,

Crystal-Oscillator MOM

A simple crystal oscillator is presented
in Fig 3A. You may prefer to exclude the
crysaal, Y1, from the MCM. This will make
the module more universal in application,
| included the crystal for the purpose of
demonstrating the practicality of having Y1
mounted on the [C hesder, An HC-18/0
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balance. Het-carrier diodes are recommended far this circuit, but malched 1M914s are suitatle, T1 and T2 in my MCM consist of four
trifilar turns of no. 30 enameled wire through an Amdon balun core no. BN-43-2402, An FT-23-43 ferrite toroid core may be substitutad
(smailer) by winding 7 trifilar twms of no, 30 enameled wire on each core.

crystal holcer is necessary (smell) in order
to find room for it on the hezder. If the
crvstal will be wsed outboarc from the
MCM, you may connect it to pins 1 and
16 (Fig 3B).

The oscillator of Fig 3A is easy to work
with. External capacitor C2 is used 1o
control the feedback. It lunchions i con-
nection with the transistor internal
capacitance (C) to form a feedback
network., C2 &éuuld have a capacitive
reactance cf roughly 200 ohms for most
small-signal transistors. This equates (o
[ (¥} pF for operation at 8 MHz, I you wish
to convert this circuil to a YX0, vou need
only to separate pins 1 and 2 (remove
jumper) of the header and place a small

inductance (25 oM Tor 8 MHz) in series with
4 75. or 100-pF variable ;apacitor from pin
| to ground. Connect the capacitor rotor
lo ground. This arrangement will provide
approximately 6-10 kHz of frequency
change.

Cland L1 are outboard from the MCM.
I'his tuned circuil 1% rescnant at the crystal
frequency. L2 is a small link for coupling
the circuit to low-impedance loads. For
maost applications, €3 may be a small
trimmer.

Oscillator Buffer/ Amplifier MCM

It is seldom necessary (o use buflering
after a crystal oscillator, since changes in

load (reactance changes) seldom cause
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oscillator pulling, VXOs, on the other
hzand, may be prone to pulling effects from
load changes, and a buffer is useful in that
¢ase. VFOs are affected significantly by
load changes. Therefore, it is wise to
include a buffer or buffer/amplifier after
a YFOQ.

Cutput coupling from the oscillator
shoild be as light as possible to minimize
pulling., Light coupling (C4 of Fig 54)
causes reduced power output from the
VEFO, As a result of this condition, it is
advisahle to amplify the VFOQ output
energy to compensate for the power loss,
Fig 4A shows a siitable buffer/amplifier
cireuit that will iz on a 16-pin 1C header.
Q1 is purely a buf7er, and has a gain ¢f 0.9




L —

Z3

INPR22A

B MYz

515
REG |
x
G0 6H T”"Efgﬁ g
e
L

FAAANS | »F |, AQTHERSG
DFARALCS | pF
FESISTANCES ARE IN DHME]

B = 1D, M= 5000 0033,

BOTTON
WIEW

Fig 3—Example {4} of a crystal oscillator that can be built on an |C header. The heavy black line indicates the MCM boundary. All ather
pans are external to the MCM. L1 is a 5.5-¢H inductor {33 turns of no. 28 enameled wire an an Amidon T50-2 core), L2 consists of &

turns of no. 28 wire, The MCM layoadt is given at B,

e}
VIEW
(=N
G
5 =
o

TOP WIEW

EXCEPT A5 INDICAT:Z0, DECIMAL
WALUES OF CoPACITANCE AHE

H MICHOFEARALS [ 4F | DTHEHRS
M PICOFASADE { aF |;
STANCES AHE 11 O4ME;

, M= 1000 0o

A2y +02 W
100 17
ol
FLY
)
/—'_;} fop® 8 MHZ
A% 3,38
J;E SF ™ i - s
ouTELT MEFAY et BT
IC% OF FLE B} i o |80
o—o—; )
= = L1
5 —
Al 100k 2
2,15 1,4.,5
T B
RFC 2 ! f¢
1o 20TT0M

rvpically. This is par for a source folower.
[t helps to isolate the YVFO from Q2 and
the circuits that follow Q2. Amplifier Q2
builds up the VFO energy to a level that
iz suitable for most circuits with which a
VEFO is used.

External to Z4 of Fig 4A 18 a pi network
that serves as a matching circuit between
the collector of 02 and a S0-ohm lnad. This
petwork also serves as a harmonic filter.
RS may be added to increase the loaded

bandwidth of the pi network. This may be
helpful when the VFO coversa fairly wide
frequency range.

RFC2Z of Fig 4A Is choscn to yield a
broad frequency-response peak at the VFO
operating frequency. You may assume
approximately 10 pF of stray parallel circuit
capacitance for RFC2. Thus, for 40-meter
operation we will require a S0 H inductor
for RFCI. Should Q2 become unstable,
place a 1-kilohm resistor in paralle] with
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Fig A—Circuit for a WFD bufferfamplificr,
FL1 is a low-pass filter with a cutoff
frequency of B MHz. C5is 180 pF, CE is
330 pF, and L1 is & 2.8¢H inductor. Seo
text for data on AFC2,

RFC1. The addition of RS will also aid
stahility in stubborn cases.

Colpitts VFO MCM

The YFO of Fig A uses clectronic
tuning. VVC (voltage variable capacitor)
diodes are specified for D1 and D2, This
eliminates the need to locate expensive and
gearce miniature varishble capacitors for
tuning WFOs, [t is proper to state that long-
term VFO drift may be increased through




the use of tuning diodes, as opposed 10 air
varable capacitors. This is because two
additional semiconductor junctions have
been introduced 1o the oscillator circuit:
Junction capacitance changes with
temperature, Normally, the small degrada-
tion in frequeicy stability is acceptahle for
amateur work. Tuning is done by means
of a panel-mounted potentiomeier (R3).
Smooth tuning will result if a 10-turn
Helipot® and dial are used, or if a standard
potentiomeler is used with a verneer drive.
The values for R2 and R4 are chosen for
the frequency coverage desired, and this
will depend uion the type of VVC diodes
used for DI and D2; ¥V C diodes come (n
many capacitance ranges, | have suggested
for this circwt a pair of diodes that will
provide a fairly linear capacitance swing of
1 to 30 pF.

Cutboard components €5, CF and 1]
arg chosen for the YFO operaiing fre-
guency., NP0 capacitors are recommended
for best overal frequency stability, C1, C2
and C3, internal to the MOM, are also NPO
ceramic capacitors: the smaller S04V types
are preferred in the interest of fitting them
on the 1C header.

Q1 of Fig 5A may be any high-trans-
conductance JFET, such as a 2N4416, A
dual-gate MOSFET may be substituted by
tving gates | and 2 together and treating
the device like a JFET.

Place a shigld compartment around the
VFO MOCM site on the main PC board of
a receiver or transmitter. This will help
prevent stray 2F epergy from entering the
VFO circuil and causing frequency in-
stability. The small shield compartment
may be fashioned from PC-board sections
or from flashing copper.,

MCM Practical Considerations

Miniature equipment is not easy to build,
and MCMs certainly fit this deseription.
You will need patience during the assembly
procedure, bul youi sKill amd speed of von-
struction will increase with practice.

Plug the 1C header into an [C socket
befare commencing the MCM assembly,
This will prevent the pins of the header
from becoming bent or broken. | vse an 1C
sockel that has its pins mashed flat against
the bottom of the socket, This allows the
socket to lie tlat on the bench during
assembly. A ““third hand" type of =:oldering
Mxture 15 vselul for keeping the header and
[C socket in a fxed position while you
work on it. A small bench or drill-press vise
may be used 15 a holding fixturz if vou
don't have a third-hand device.

A magnifying glass is almost mandatory
when building MCMs, It will allow you o
check frequently for unwanted solder
bridges, poor joints and shorting eads on
the header. Ta this end, a pencil saldering
iron with a finz tip and low warttage rating
(25-30W ) will help 1o minimize melting the
IC-header plastic and the formation of
unwanted solder bridees hetween the
header terminals,

The first step in construction isto place
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WFO for use &8s an MCM. D1 and D2 are
tuning diodes (Motarcla MYZ08 or
equivalent). L1 has 26 turns of no. 24
anam wra an an Amidon T5-6 (yellow)
foroid core. Mo, & core matesial offars the
best stability. B2 and R4 are chosean far
1he tuning range desired. B2 is a linear-
taper carbon composition control (Allen-
Bradley high-reliability type recommended).
Ca, for best stability, should be an MPQ
CEfamic trimmer.

all of the jumper wires on the header (as
indicated by the pictorial drawings). Trv to
use light-gange wire, preferably with insu-
lation. The small wire from multiconductior
telephone cable is excellent for this
purpose. Bare wire may be used, provided
there ard no crossover jumpers on the
header.

The gzneral assembly procedure calls fior
installing the components of the MCM in
lavers, Some stacking will be necessary,
depending upon the comalexity of the
circuit. After the jumper wites are in place,
mount the resistors. If you can find some
1/8-W resistors, wse them. This will
minimize crowdine on the header. | used
Ya-Woresistors for the examples shown
photographically in this arlicle, as | have
no 1/B-W units in stock,

Mext in the assembly comes the
capacitors, followed by the transistors and,
finally, the largest componants, | add the
RF chokes, toroidal coils ard crvstals last.

You may protect the tested, completed
MCMs by developing a mold and encap-
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sulating the comporents and header top
sicde i casting resin, This will eliminate the
possibility of replasing defective com-
panents later on, bul it will keep dirt and
moisture from entering the circuirs. 1 uie
guick-setting epoxy cement for this purpose
when 1 want 1o seal and anchor the
components on some of my [C headers,
It is to vour advantage 1o look for
mwiniature components in the surplus cata-
logs and at flea markets. Large, old-sivie
parts do not lend themselves well to MOM
construction. Fortunately, the present elez-
tronics technology provides a substantial
fallout of surplus mini components, ard
these are ideal for boilding MOMs,

A Marriage of MCMs

Four of the MCMsin this article may be
used in concert to provide a simple D-C
receiver, Fig 6 contains a block diagram of
such an arrangement. The example suggests
a circuit for 40-meter use. In this case, Z2
serves a8 A doubly balanced produst
detector. The outputis at audio frequency
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rather than at an IF, as would be the
situation if Z2 were used as a miver. Z1
operates a5 an audio preamplifier 1o drive
an LM386 audio chip {(or equivalent IC).
Headphones may be connected to the
output of Z1, but only strong signals will
produce ample volume without Ul being
added. D-C receivers require 80-100 dB of
audio gain to permit weak-signal copy.

Z35 of Fig & is the VFO MCM, but when
used in a D-C receiver it operatzs as a
VBFO {variable beat frequency oscllator).
C5 and C6 are vsed to set the operating
range of the oscillator. K3 is the main
tuning control for the receiver.,

Z4 of Fig 6 amplifies the VBFO energy
to an acceptable level for injection at pin
9 of Z2. FL1 provides an impedance match
and offers some filtering of the Z4 output
energy. A 10-20 dB RF preamplifier would
be a welcome addition between the antenna

and the input of Z2, This would greatly
improve the receiver noise figure, and it
should enhanee weak-sipnal reception. A
preamp may be built on an IC header to
cunfﬂrm to the geperal format of the
receiver.

CW reception will be greatly improved
(better selectivity and reduced wide-band
noise) by the addition o an LC passive or
RC active audio filter at the point marked
with an X at pin 9 of Z1. Suitable circuits
may be found in the ARRE Handbook for
the Radio Amateur andl Selid Staie Design
by the ARRL. Reception of SSB signals
will be satisfactory withouwt 2 filter, but the
addition of a low-pass audio flter at X will
improve the receiver selectivity for 55B
reception.

An exiremely compact réceiver can be
built by using the arrangement shown in
Fig 6. With a few more MCMs of your
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design, it would be a simple matter to
develop a small superhet receiver. You will
nezd to build an 1F-zmplifier MCM and
another one for the BFQO.

Summary Comments

The intent of this anicle is (o inspire you
totry this method of miniaturization, Tam
told frequently that ham radio is supposed
to be fun. Designing and building MCMs
has been fun for me, and they offer some
practical advanlages over conventional
PC-board constructior. You should be ahle
to develop a bank of MCMs for various
apolications. This can hasten assembly time
for many experimental circuits, MCMs are,
of course, excellent units for use in a
permanent circuit as wall. Who knows, vou
may be the first ham in your area to create
that elusive wrist radio of comic-book
fame!
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happening on the 24-MHz band

but you can't listen to the frequency
because your rig doesn’t include WARC-
band coverage. This converier is easy 1o
assemble and get operating, and it's
inexpensive.

Few RF circuits are lzid out casually.
Knowing kow to approach the general de-
sign and asiembly will be helpful in the years
ahead when you build other RF projects.

P erhaps you've wonder:d what is

General Design Objectives

First, ask *“What do 1 want this converter
to do?' Obviously, it needs o cover the
band of interest — a foregone conclusion.
But what of the other, sometimes subtle,
considerations? Let's draft the criteria. The
converter should:

1) exhibit an overall gain of unity, or
slightly better. 1t should not create signal
lozs.

2) provide sufficient froni-ead seleclivily
to reject tnwanted ont-of-band signals.

3) be free of spurious responses and
parasitic oscillations.

4) havea low noise figure (NF), permit-
ting weak-signal reception.

%) havea dynamic range (ability to copec
with strong in-band and out-of-band
signals) that is reasonable 1o ideal.

At this point, vou may be asking, **What
does all of this really mean?" Well, let's
examine the list, item by item.

It is possible to design a converter that ex-
hibits a signal foss, This can degrade the
signal-to-roise ratio (S/M) of the overall
receiving svstem. A poor S/ ratio places
the weak signals in the internal noise of the
receiving systerm. This is similar, in effect,
to having a normal signal beccme buried in
atmospheric or man-made noise (QRN).
Therefore, the converier must have ample
gain and a low-gnough NF to override the

*ARRAL Cortributing Editor, P.O, Box 250,
Luthar, Ml 49656

A Converter for

inherent noise of the receiver with which it
is need, This does not mean that the con-
verter must have an RF amplifier for all the
arpateur bands, but for 20 meters and higher
it is wise to include one. Many converters
for 40, 80 and 160 meters need only a mixer
at the input stape, since atmospheric and
man-made noise on those bands is usually
greater than is the recever noise.

Selectivity means that a tuned circuit or
circoits with good Q (quality factor) should
be used herween the antenna and the first
converter stage. This helps 1o discriminate
against strong out-of-band signals. Some
poor designs contain no tuned circnit ahead
of the mixer, and that's an invitation to
trouble!

To minimize spurions responses, you
should ensure that no siage in a converter,
other than the local oscillator (LO), is
oscillating. The culprit in some home-
constructed converters and receivers is the
RF amplifier. Sometimes there i3 no out-
ward indication of self-oscillation, and yet
the unstable stage is generating a signal of
its cwn. These random oscillations appear
in the receiver output as unsteady or rough-
sounding carriers, or “‘birdies."" Under cer-
tain conditions, we may even find a mixer
that is self-gpscillating. Similarly, an
oscillator may generdaie ouipul on more
than the desired frequency — especially if
toomuch feedback is used. Other spurious
responses can result from excessive har-
monic output from the converter LO.

The transistor selected must be capable
of providing an acceptable noise figure for
our chosen operating frequency. This can
be determined by looking at the manufac-
turer's data sheets for small-signal tran-
sistors that are earmarked for RF amplifier
service. Let's be thankful that the NF re-
quirements for 160 through 10 meters are
not as stringent as they are at VHF and
UHF! You can manage guite nicely with
a maximum NF of, say, 5 dB in the HF
spectrum. There are many transistors that
meet this criterion. The [+ (upper-
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the 24-MHz
WARC Band

Here's your chance to listen to
a new band and enjoy an
interesting construction project.

By Doug DeMaw,” W1FB

Frequency limit versus gain) of a transstor
must be correct, also. 11 not, the stage will
notl provide ample gain. I like to use a
device that has an fp of at least 10 iimes
the operating frequency. For example, if
1 wanted to build a converter for 14 MHz,
the RF amplifier transistor fp would be
140 MHz or greater. Also, the noise figure
is determined by the input-matching circuit
and the specific biasing of the amplifier.
So, you must take many things into ac-
count when designing an RF amplifier.

The dynamic range figure indicates the
ability of the RF amplifier and mixer to
handle large signals without generating
IMD (intermodulation distortion), or zoing
into gain compression (lowered gain} The
system immunity to this is determined by
the type of device used in the RF amplifier
and mixer stages. Operating condtions
based on dc voltages also play an inpor-
tant role in dvnamic range. The approach
you must take is anything but casual in this
general area. There is a wealth of in-
farmation on all five items on the list in the
League's book, Selid State Design for the
Radio Amateur.

What about Mixers?

There are so many pros and cons about
mixer clwice and operation that you could
soon be wading in a sea of confusion if we
discussed this subject in depth. The bottom
line is to use a strong mixer; one that won't
collapse when strong signals enter it. Diode-
ring mixers (four diodes in a guad artange-
ment) are among the better choices, but they
require more LO output power than is
needed for a rrandstor or an 1T mixer, Also,
diodes operate as passive devices (no
operating voltage is required), which results
in & signal loss in the mixer. This is known
as comversion fogs, With a diode-ring mixer,
the loss can be as great as § dB. The RF
amplifier ahead cf this mixer needs to have
a gain of at least 10 dB to ensure a low noise
figure. ICs such as the MCI3960 and
CA3028A offer pood performance as
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Fig. 1 — The assanbled convarter. Shialded Amidon Associates L43 and LAY fransiormer

pazemblies are used lor the tuned circuils.

mixers. They do not reguire high LO power.
Another mixer requirement is that ample
LUy injection power or voltage be apphed.

I suggest further study in the various ARRL
texthooks,

Inan effor o trade hizh performance for
simplicity, | have choser a design thart uses
only three transistors. Q15 a grounded-gate
(common gate) JFET RF amplifier. I the
gatelead is kept very short when grounding
it, the stage should be unconditionally
stable. A pood RF amplifier should not
oscilate when the load is disconnected from
J1, The stage gain is on the order of 10-12
dB. The same transistor, if wsed in a
grounded-source hookup (input signal to the
gate), can vield up 1o 20 dB of gain, but will
be more difficult to tame.

A 40-meter trap {11 and CI) help pre-
vent 40-meter signals from riding through
the converter: The 40-meter band is used
as the tunable IF for this converter. T1 of-
fers reasonable front-end selectivity, The
source of ()1 is tapped near the ground end
of the main transformer winding 1o pro-
vide an approximate 1:1 match between the
Soam antenna and 200-! source im-
pedance of (1. The source impedance of
Q1 iz determined by

. : L N ) .
Too little LO power to a mixer results in Practical Converter You Can Build 7 o 108 Eq. 1)
reduced gain and degraded dynamic range. Fig. 1 shows an asseinbled version of the T B (Eq.
All of vou won't grasp these fundamen-  cirenit in Fig. 2. As shown, itis set up for
tals instantly. But you should have operation inthe 24-MHz band. PC boards
knowledge of the pertinent terms and a  and complzte parts kits for this converter
rough notion of what the terms relale to,  are available,' iWoles appear at end of aricla.
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Fig. 2 = Schematic diagram of the 24-MHz recelving converter. Flxed-value capacitors are disc-ceramic, unless oltheraise noted, Besistors ane

“i- or YW carbon-composition,

C1ET, Incl. — Shiver-mica, palystyrana ar NPD
caramic capacitons.

B — Optional 80-pF trimmer {sea texi).

41, J2 — Phono jack, single-hole mound.

L1 == SuH nom.) coil, Use 26 turns of no, 30
gnam. wire on an Amidon Asscc. L4356
trangformer bobb n,

L2 = 0.75 uH {noml coil. Usa 10 turns of
no, 28 enam. wire on an L4365 transformer
babbin.

L3 — 11 gH inom jenil. Use 12 terns of

na. 26 enam, wire on an L4345 transformer

bobbin,

01 — Matorala MPF102 JFET or equiv. YHF
1ype.

02 — RCA 20673 dual-gate MOSFIT ar T1
IN211.

Q3 — 2N2222 or 2N22224A NPN trenslstor or
aquiv.

T1 — 0.75xH (nom.} secondary winding. Usa
ning turns of no. 26 enarn, wire an 2n
Amidon Assoc, L57-8 transformer bobhin,
Tap &t two tumns sbove the ground end,
Primary is 8 nna-turn w}nrjlng ouer the
secandany.

T2 — 5¢H (nom.) primary, Use 22 wwms of
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no. 26 enam. wire an an Amidon Assoc,
L5746 transformer bobbin Secondary has
three turns of no. 26 enam, wire, Sea Inset
drawing for pln logations for L1, L2, L3, T1
and T2,

¥1 — Fundamental crystal in HC-AIL halder,
20-pF load capacitanze, |ternational Crystal
Mfg, Co. type GP ar equir.

Amidon Associates, 12033 Otsago St., North
Hollywoaod, CA 91607, tel 213-780-4425.
Intarrational Crystal Mig. Co, Inc, 10 Morth
Lee, Oklahoma City, OK 73102, tel,

405-236-3741.

T




where gy & e Lansconduclasce in
siemens (formerly called mhcs) of the
transistor used.

Our mixeris a doal-gate MOSFET. This
transistor iz simple to use and offers
average perlormance as a mixer in terms
of dynamic range, A tuned transformer,
T2, is used 11 the mixer output 1o provide
an impedance maich between the dram ol
()2 and the 50-ohm receiver input. The
5.6-k1 load resistor across T2 sets the im-
pedance value of the drain cireuil, and pro-
vides a relatively broad reosponse across
108 kHz of the 40-meter IF. The resistor
lowers the taned-circuit Q.

03, a bipolar transistor, is the oscillator.
Y1 is a fundamental crvstal. The load
capacitance lor the crystal is approximately
20 pF. C8& isan optional trimmer capacitor
that vou may add o shift the crvstal fre-
quency in order to make the receiver dial
match the rezeived frequency. IFthe crystal
is slightly off frequency, T8 may be neaded.
If the parallel arranpement for C8 is not
satisfactory, move C8 so it is between the
lower end of Y1 and ground, in series with
Y1, The parallel arrangement will lower the
Y1 [requency, while the series hookup will
raise the Y1 frequency.

The RBF injection voliage on the mixer
{gate 2) should not exceed 6-V P-P(2.12-V
RMS). A wope or an RI probe and
voltmeter cen be used to check the 2 in-
jection voltage. If it is too low, increase the
value of C7 Similarly, decrease the value
of C7if the injection voltage it too high.
A value of 410 6-Y P-P is best for a dual-
gate MOSFET mixer. Injection voltages
greater than 6 can destroy the mixer
Iransisior.

Construction Notes

A parts-pacement lavout, seen from the
component side of the board, is given in
Fig. 3. A scale etching tempiatz is shown
in Fig. 4.

If vou decide to make your cwn circuil

To 1%

E]@

= |

Fig. 3 — Parts-placament guide for the converter, as seen from the component side of the
noard. The shaded area represents an X-ray view of the copper pattern.

hoard, tryv to follow closely the partern pro-
vided in this article. Double-sided bhoard
materal is recommendec for the circuit,
hut you may use single-sided material.
Make certain that all solder joints are good
ones, Component leads should be kept as
short as possible,

Tunesup and Operation

The converter is capable of approximate-
lv 200 1B of pain when each tuned circuit
is pecked for a single frequency on 40
meters. However, it is betior 1o stagger-tune
T1, L2 and T2 for 7.010, 7.050 and
7.075MHz, respectively. Peak cach circuil
art the specified frequency, This will lower
the effective converter gain somewhat while
providing a more level gain response across
the 100-kHz tuning range.* L3 is tuned for
maxicium output at 17880 MHz. To en-
siere rapid starting of Q3, it may be
necestary o tune L3 slightly off resonance
to the high side of 17.850 MHz.

The 24-MHz amateur band extends from

24.890 to 24.990 MHz. Therefore, you
will be listening to 24.890 MHz when
your receiver is tuned to 7.0 MHz, and
24,090 MHz will be ar 7.1 MHz on your
receiver dial.,

It is a good idea 1o enclose any converter
in a shiclded box, This prevents siray
pickup of unwanted signals by the cirouit
board and variou: components, This is
especially important in order to keep
40-meter signals out of the main station
receiver during 24-MHz reception. Also,
try to find a 40-meter signal that is leaking
through the converter somewhere near
7050 kHz, Then adjust the trap, L1/C1, for
minimum strength of the unwanted
A0-merer signal,

Good luck, and sec you sometime soon
on 24,890 MHz!

Notes

Circuil Board Spectalists, PO, Hox 96%, Pughlo, D
RI002, 1el. 303.842-3083.

*Excessive converter gan can degrade the dynamic
range of the receiver ased as the tunnble 1F,

For updated supplier addrasses, sea ARRL Parts

Supplier List in Chapar 2.

Fig, 4 — Circuit-hoard
otching pattern for the
248 Hz2 convarar, Tha
pattern is shown full-sim
fram the foil side of the
board. Black areas repri
aent unetched coppar
1o, Double-sided PG
peard 15 recommeandead
[zee lext)
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ANOTHER ONE-MOSFET
CONVERTER

Almost fifteen years ago, Q5T published
a 10- and 15-meter converter that used a
20673 dual-gate MOSFET as mizer and
crvatal oscillator—a converrer stage (see Fig
a)." Despite the article’s report that the
circuit oscillated reliably with ten different
crystals, 1 recall having heard that some
fuilders had trouble getting the circuit 1o
work.

A variation on the single-MOSFET
converter appears in the December 1987
1ssue of the Japanese magarzine C2J Ham
Radio, The Japanese configuration differs
from McCoy's J5T circuit in that a parallel
runed circuit (resonant at the crystal
irequency) between the MOSFET drain
znd the output tuned circuit {resonant a
the [F) is used o keep the drain impedance
high at the crystal frequency. With
sufficient separation beitwean the cryseal
and intermedizte frequencies, thii drain
rragr should not unduly  attenvate the
converter’s |F output, Fig 7 shows the
cirewit, along with component values for
the working model 1 built in the ARRL
Labh.

The values shown in Fig 7 have not been
optimized; the funed-circuil reactance
values, in particalar, were pulled out of thin
air with the intent of constructing a
working model quickly. The first crystal |
found in my “junk box'" was a 4-MHz
microprocessor-clock unit; I chose (he
converter input and output frequencies (14
and 10 MHz, respectively) hecanse they
“work® with a 4-MHz LO.,

Yes, it works, Dynamic range? 1 have no
idea. Sensitivity? You've got me, although
disconnecting my indoor antenna from the
converter made most of the received
background {not line) noise disappear (the
“low tech' sensitivity test!). Image
refection? Nor so hot; but this simple
prototvpe has only one tuned circuit
petween the antenna and gate | of the
MOSFET, after all.

How does tke OO0 Ham Radio circuit
compare with McCoy's? Well, my Fig 7
prototype doesn't oscillate if the 4-MHz
drain trap (L1 and the 82-pF capacitor) is
shorted; shorting the drain trap of the CQ
Ham Radio circit approximates MeCoy's
heokup. (T suspect that the impedance of
T2's resonant secondary is too low at
4 MHz to allow Q1 to “take of " without
the drain trap. At some combinations of
intermediate and LO frequencies, this may
not be a problem. Crystal choracteristics
undoubtedly pay a part.) The McCoy
circuil uses positive bias on gate 2 of the
MOSFET, and ceeps gate | and the source
at the same dc potential. The Japanese
circuit returns both gates o ground; in
conjunction with the voltage drop across
the 270-01 source resistor, this biases both
eates negatively relative to the source, Even
with positive bias applied to pate 2 of the

CONYERTER

17 % OR 24.5

-

100k

BF INPUT
|31 ok 28 MHz|

IF
QUTPUT
135 MHZ]

+12 ¥

Fig 6—This one-transistor converier stage (RF amplifier not shown) appeared in March
1974 QS5T. 1 acls a5 & Pierce oscillator and mixer. The 10-0 drain resistor may have
been included to suppress VHF parasitic oscillations in O1.

—(]

01 40673

EXNCEPT AT [MUIDATEL, UFDIAR
¥ £l CATAMEE ARE
FJ, OTHLCTE

CONVERTER
1 GMHz

& MH7

Fig 7—A one-MOSFET converter based on a CO Ham Radio design. The principal
differencz betwaen this circut and that shown in Fig 6 is the drain trzp (L1 and the B2-pF
capacitor). Solenoidal slug-tuned inductors and transformers were used only because they
were hardy, their 1oroidal equivalents should work as well or battar. See laxl,

J1, JE—coaxial AF connectors.

L1=14.8 to 31-uH slug-luned coil (Miller
4407) sel 1o approximataly 19.3 uH.
Reaclarce: approximately 435 01 at
4 MHz.

T1—2.7- 1o 4.2-pH slug-tuned coll {Millar
4307) =el fo approximately 2.9 pH;
primary: three turns of no. 36 cnamecled
wire aver cold end of secondary.

MOSFET, however, my prototype does not
oscillate with its drain trap shorted,
Message: The drain trap is important! (€0
Ham Radio carried one version of this
converter in which the pate-2-to-ground
resistor was 10 kQ instead of 100 k£ in that
circuit, ¥1 was a 41-MHz crystal, and a
5-pF feedback capacitor was connected
from gate 2 of (1 to ground,)

It pays to make LI, or its resonating
capacitor, variable. In my prototype, the
crystal oscillated on several frequencies at
once and generated broadband hash unless
the drain trap was tuncd just so. Bug it was
possible to find an L1 sctting at which Q1
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Aeactance of secondary: approximately
344 11 &l 14 MHz.

T2—4.7- to 6.8-uH sluc-tuned coll (Miller
A4407) sel to approximately 5.9 aH;
sacondary: four tums of anameled wire
ovar cold end of primary, Reactance of
secondary; approximeately 370 0 at
12 MHz.

oscillated cleanly. In my opinion, this
merely means more fun for the
experimenter! (I also point out that we're
perhaps being a bit unkind to the MOSFET
in this circuit: Amplitude limiting—
cazential in any oscilator that does not
destroy its active device[s]—obviously
ocours sertewfiere in the circuit, but not by
design! [Unlike the cathode-grid diode ir
a vacuum-tube oscillior, a MOSFET™:
gate-source insulator can't conduct withoul
instantly destroying the device. Perhap:
drein saturation is the amplitude limiter in
this case. ] McCoy reported that the highest
RF voltage measured on gate 1 in his circuit




wag 4—well within the ratings of the 40673,
I did not measure the gate | voltage in the
O Ham Radio circuit.)

Might this single-MOSFET converter
work with overtone crystals? [ dunno; you
experiment, and tell us about it! How about
configuring Q1 as an LC, instead of a
crystal, oscillator? Great idea! Let me
know your resulis.

The circuit does what 1 wanted: It
works—it ‘‘makes noise"'—and it's
interesting to fiddle with, Mavbe you can
find a good use for it, You might even have
some fun along the way!

—Diavid Newkirk, AK7M, ARRL Staff

L. McCoy, “Impraving Yair Hecaiver
Parformance on 15 and 10 Meters,”" Q5T, Mar
1974, pp 26-27.
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A Four-Stage 75-Meter

SSB Superhet

Getling “‘the most for the least”

s a typical ham radio objective

for those who build circuits. This
simple SSB superhet receiver is
the product of such an effort.

By Doug DelMaw, W1FB
ARRL Contribut ng Editor
PO Box 230
Luther, M| 48555

11 ust everything you design
M be for CW operation?™ |
have been asked this question

many times. Perhaps my preference for
CW work influenced my thinking when |
:at down to design 2 new piece of gear. The
circuit in this article is my “apology’ for
overlooking the veice operators who like
10 build homemade receivers. | wani to
stress that this four-stage receiver does not
nelong in the high-performance class,
However, it is sendtive and stable, and it
srovides good audio guality.

Design Rationale

One objective when starting this project
was to learn how few components could be
gsed to develop a receiver with acceptable
performance, A greal deal of cutting and
oruning  wok place over @ ooe-monih
perind of breadboard-circuit testing, |
wanted to have some rejection of the
unwanted sideband, but | alzso wanted to
minimize the cost of a crystal filter. A low
sverall noise figure was also a criterion.

Another goal was to have a surplus of
zudio pain for even the weakest of 558
:ianals. Finally, the power consumption for
rthe receiver shoulc be modest enough o
mormit battery operation during emergency
ot field use. All o these objectives have
been met,

Circuit Highlights

The tuning range of the circuit in Fig |
iz from 3.7 1o 4.0 MHz, The FLI and
ascillator constants can be changed to pro-
vide coverage of the B0-meter W band,
should you prefer that to the 358 sogment
af the band. Filter information is presented
m The ARRL Electranics Data Boak,' A
slight increase in inductance is needed for

‘Motes appear at end of articla.

L5 in order to cover 3.5 to 3.7 MHz.

Although (31 could be made 0 work as
both a mixer and oscillator, 1 chose o
isolate the oscillator from the mixer.
Harmonic currents also inject the mixer
when both eireuils share @ common
transistor substrate, This causes all manner
of spurious responses, and oscillator
pulling may also be a problem. The injec-
tion waveform from the gate of Q3 is very
clean,

FL1 15 a band-pass filter with circuit
values taken from the W7Z01 tables in the
Dara Book. Although the values specified
in Fig | are for 3.8 to 4.0 MHz, the
attenuation at 3.7 MHz is minor with the
filter peaked al 3.85 MHe The o iy suine
insertion los: through FLI (about 2 dB).
An earlier version of this receiver had a
single, high-0) tuned circait at the mixer
input. Receiver sensitivity was ketter with
that arrangement, but it was a naisance o
retune the input circuit when changing fre-
quency, With the single tuned circuit a
0.35-pV signal was 3 dB above the noise
floor of the receiver. A 3-dB rise occurs at
0.55 p¥ with FL1 in place. | should men-
tion also that the single tuned circuit
allowed signals from the imape side of the
mixer (20 meters) to pass through the

receiver. The band-pass filter cormrected the
fault.

Should yoo want to cover both the 75-
and 20-meter bands you can build a
20-meter version of FL1 and band switch
the two filters, As with the 75-meter-only
version, an IF of 9.0 MHz (Y 1) iz required.
With this arrangement the 20-meter band
will tune backwards from the 75-meter
band, but upper- and lower-sideband recep-
tion will occur, as reguired, without
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changing the BFO frequancy (Y2)., This
two-bend scheme with a 5-MHz VEFO is an
old one!

In effect, the circuit in Fig 1 15 a fixed-
tuned direct-conversion receiver {2 and
L'y with a tunable converter (1 and Q3)
ahead af it. There are no IF amplifiers, and
henee no AGC, Gain from an [F amplifier
is not needed (o ensure good performance.
The overall receiver gain s approximately
75 dB. This is more than adeguate for
headphone reception.,

02 serves as a erystal-controlled bFO
and product detector, €141 chosen to pro-
vide a BFO frequency that is roughly 1.3
kHz higher than the IF-filter crvstal, Y1,
(C12 amd C13 lower the marked lreguency
of ¥2.) A 50-pF trimmer can be used at
WI/C14, You may want to climinate Cl4
and order Y2 for a frequency that is 1.5
kHz higher than that of Y1. | found that
I could shift a surplus 9. 500-MHz HC-6/U
crystal to 950013 MHz with C14 in place
of W1 as shown. Changing C12 and €13
to 47 pF may help raise the ¥2 frequency,
I find that plated crystals in HC-6/U
holders shift upward better than the small
units in HC-18 holders, Crystals in FT-243
holders are not recommended for this
application.

R3 is chosen to provide a relatively broad
band-pass response for Y1, You may want
to experiment with this value i vou use
crystali other than those listed in Fig 1.
Filter ringing was a problem with a 100-k%
value &t B3, 1t appeared as a howl in the
receiver owtput. C135 and C17 are used to
prevent BFO energy from reaching L.
These capacitors also toll off the high-
frequency audio response 1o minimize the
effects of high-pitched audio enaray.
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Fig 1—=Schematic disgram of the simple S8R receiver Fixad-value capadiors are disc ceramic unless otherwise roted. Polarized capaci-
tors ara tantalum or electrolytic. Fixed-value resistors are YW carbon composition

C1, C4, C9—Small plastic or ceramic
trimmar, 50 or 60 pF. Small mica
trimmars can be used also.

C2, C3, C10—Silver mica, polystyrena ar
MPO disc.

C22—Miniature 30-pF air variable with
shaft. Double-bearing type prelered.
Should rotate smoothly.

C25—Cararmric trimmer capacitor MPQ type
praterred,

D1=08.1-Y, 400-mW or 1-W Zaner,

D2—Silicon high-speed switching diods,
type 1N314.

The meatured rejection of the unwanted
(upper) sideband ar 700 Hz (single toneg)
was 16 dB with a high-Q HC-6/U crystal
at ¥ 1. The closer the BFO frequency is o
the [F, the worse the rejecticn. A two-
crvsral lattice filter can be substituted for
Y0 if better rejection is desired, You may
also want to consider a four-crestal ladder
filter.?

03 operates as a Colpits osc llator, €22
permils coverage from approxmately 3.7
to 4.0 MHz NP0 capacitors help to ensure

acceptable long-term stahility, NPO units
can be used ar C26 and C27 o further
improve the stability, although solystyrenc

Li—Four turns of no. 25 anam wire over
L2 winding.

L2 L3—8.7-pH toroidal incuctor; 44 lurns
of na. 28 enam wire an an Amidon Assoc
T-50-6 laraid. O, = 170

Ld—2 G-uH toroidal inductor; 25 turns ol
no. 26 anarm wire on an Amidon Assoc
T-50-6 laroid.

L5—5 0-uH toroidal inductor; 33 turns of
no. 22 enam wire an an Amidon Assoc
T-BE-6 1oroid. Add two coatings of poly-
styrene O Dope™ to wincing for rigidity.
Folyurethane varnish can be substituted.

capacitors are quite temaerature stable.

Preventing Problems

Owing to the high gain of Ul, it is
necessary 1o keep the leads going to the IC
as short as practicable. C18 should be
located as close to pin 6 as possible, RS and
21 need to be close to pin 5 and C17
should be near pin 3. The gain of U1 can
he increased by decreasing the value of R7,
bt instability lurks nearby when the chip
gdin is boosted!

The value Tor RFC2 s eritical. Too large
an inductance value caugas unwantad self.
oscillation below 4 MHz. Use no more than
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o1, Q2—Any dual-gate YHF MOSFET.
RACA 40673 or 3N211 suilable,

R1—Audio-tapar carbon-composition
cantrol.

RAFC1Y, AFC2—Minialure ferrite-core RF
choke [Mousar; se8 nota 4).

¥1, Y2—3.0-MHz (¥1) and HC-&/L
&.0015-MHz (¥2) crystals (30 pF load
capacitance). Available from JAN
Crystals, 2341 Crystal Dr. PO Box 08C17,
Fort Myers, FL 33306, tel BO0-237-3063.
Catalog available.

A0 pH of inductance at RFC2,

Do not install Q1 and Q2 on the PO
board until all of the other parts have been
soldered in place, Dual-gate MOSFETs
have fragile gate insulation, and satic
charges can perforate the insalaton,
thereby shorting the gates 10 the dmin-
source junction. Ground the tp of vour
solder pencil before soldering the FETs 10
the circuit board, and use minimum sus-
tained heat.

Construction Comments

A PCoboard etching patiern iz provided
in Fig 2. Boards for this project are avail-
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ARRL Lab Test Results

Tasts of the model built by the

author showed these resulls;

Minimurm discernible signal (MDS):
-99.0 dBm {decibals relative to a
milliwatt) at 3800 kHz

Blocking dynamic range at 3800/
3850 kHz: 76.0 dB

Two-tone, third-order dynamic range
at 3800/3850 kHz: 59.0 dB

Interior photo shewing companent layout, This circuil was designed with a minimum nume-

per of components, but optional modifications allow 20-mater coverage.
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able from FAR Circuits.” A parts-
placement guide is given in Fig 3. Single-
sided PC hoard is used for this project.

Main-tuning capacitor C22 should be
driven with a vernier mechanism to make
tuning easy. An imported dial drive is
suitable. The number scale can be used
for frequency logging. Vernier drives
are available by mail.? Surplus gear drives
are available from dealers that sell
WW I surplus.’

If C22 is not mounied securely 10 the
receiver chassis or mainframe, cabinet
flexing will cause mechanical Trequency in-
stability. Locate C22 asclose to the Q3 cir-
cuit as possible.

Pads ane available on the PC board Do
HC-6/U and HC-18/U crystals. The crys-
tals can be soldered dirzetly to the board,
or you may install crystal sockets for Y1
and Y2, PC-board crystal sockets are avail-
able from International Crystal Manufac-
turing Co.%

Mount the receiver PC board by means
of four metal spacers. This ensures that the
ground foil of the board is well grounded
to the mainframe. Proper grounding aids
circuil stability.

Receiver Alipnment

Lse a frequency counter (or general-
coverage receiver) coupled to RFCI via a
50-pF capacitor to set 23 for the desired
YFO range. The frequency range of the
YFO is dependent on the crystal you select
for Y1. In any event, it should have a
300-kHz range for coverage from 3.7 to 4.0
MHz. Adjust 22 for maximum
capacitance and tweak C23 to obtain a
5.0-MIHz reading on the counter.

Altach an antenna or signal generator to
the imput of FL1. Finc a weak signal at
approximately 3.85 MHz. Adjust Cl and
C4 for maximum signal response. Repeat
this step three or four times to overcome
interaction between the resonators in FL1,
Now, peak C9 for maximum signal level,
There are no further adjustments, assum-
ing that Y2 is on the proper frequency, You
can check the Y2 frequency by sampling RF
enerey at the top end of RFC2 with a small-
value capacitor.

Concluding Remarks

This receiver can serve as a foundation
for further experimentng. For example,
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lines are rot necessarily representative of the shapes of the actual pars used,

the IF filter can be improved, as discussed
earlier. An RC active audio filter can also
be added to improve the overall receiver
scleoctivity.

Althoueh this receiver will drive an
§-ohm speaker rather well for loud signals,
it falls short of the mark on weaker signals,
This can be corrected by inserting a one-
stage audio amplifier between Q2 and UL,
A 2M904 ar 22222 can provide the extra
gain needed for speaker aperation. L this

15 done, add a 100-0 resisior and 22-pF
bypass capacitor to the supply lead that

feeds Q2. This will decouple the audio cir-
cuits and prevent motorboating.

An S meter can be added by sampling the
audio signal at the drsin of Q2. Amnplify
the sampled audio witha 741 op amp, then
rectify it with a IN914 diode and filter it.
A microammeter can be driven with the
reclified audio to prodace meter readings.

A class-A broadband RF amplifier can
be added between FL1 and 031 to enhance
the receiver sensitivity, Circuits for these

wptivmal clanges aie gven m Solid State
Design for the Radio Amateur (ARRL).
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I sliould be a simple matier to modify
this receiver for operating on other amateir
bands. Only the ¥FO and FLI need 1o be
changed.

Hotes

1Deleted.

#W. Hayward, “Desgning and Building Smpla
Crystal Filters,” OST, July 19587, p 24,

356 (including shipping 1o US addresses] fram
FAR Circuits, 1BN840 Field Ct, Dundae, IL
B0118, tel 312-4253-2431, avanings.

“pauser Electronics, 2401 Hwy 287 N, Manstiald,
T 76063, tel B17-483-4422, Catalog avalable,

5Fair Radio Sales Co, 1016 E Eureka St, PO Box
1105, Lima, OH 45802, tal 4159.223-2196,
Catalog availahble

Elnternational Crysta Manufacturing Ca, Inc, PO
Box 26330, 701 W Sheridan, Oklahomz City,
OK 73126-0330, el 405-236-3741.

Delated,

For updated supplisr addresses, ses ARRL Pans
Suppliars List in Chaplar 2




From 1890 ARRL Handbonk Ch 30, p 43:

A VXO-Controlled CW Transmitter for 3.5 to 21 MHz

The 6-W CW transmitter shown in Figs.
47 to 50 can be built in a few evenings and
#11l provide hours of on-the-air enjoyment.
It features a variable-crysial oscillator

VXYt penerate a highly  stahle,
zdjustable-frequzncy signal. With the
srcuit shown here, frequency spans of
? kHz or more can be realized, See Table

Only a few coystals are necessary for
coverage of the popular CW frequencies.
This single-band transmitter may be built
for any one band from 80 through 13
Tieiers. Since most crystals for frequencics
smove 25 MHz are overtone (vpes, and this
cansmitter  requires  fundamental-type
crystals, there is no provision for 10-meter

peration.,

Circuit Description

The schematic diagram of the trarsmit-
=1 15 shown in Fig, 48, Q1 and associated

components form a Colpitts variable-fre-
quency crystal oscillator. Cl is used to
adjust the frequency of the oscillator, and
C2 s used to limit the span of the oscillator.
IF nao limit iz provided, the owillator can
operate “'on its own'' and no longer be
under the contrel of the crysal. This is
undesirable. On the 30-, 40- and 80-meter
bands, C2 i= not necessary and is omitted
from the creuit. Supply voltage is fed o
the oscillator only during transmit and spot
periods. This prevents the oscllator from
interfering with recelved stations operating
on the same frequency.

Chutput znergy from the ascillator is
routed to 02, a grounded-bas: amplificr.
This stage provides some gain, but more
important, it ofTers a high deg-ee of isala-
tion between the oscillator and the driver
stage. Oscillator pulling and chirp are
virtually nonexisient.,

Table 1
component Values for the VXO-Controlled, 6-Watt Transmitter
c3, C17, L3, ¥Xo

=znd  Cf (pF) C2 (pF) C4 (pF) CB {pFl C18 (pF) L1 L5 L4 Range

=0 M JB5 B 220 100 B20 47 Turms 25 Turns 32 Turns  3- 5 kHz
T50-2 T50-2 TS50-2

3M 365 100 100 470 36 Turns 17 Turns 21 Tums  5- B kHz
T50-2 T50-2 T50-2

M 150 * 88 50 330 27 Turns 14 Turns 16 Turns  8-10 kHz
T50-2 TH0-2 TE0-2

ZIM 50 10 50 50 240 30 Turns 14 Turns 17 Turns 1012 kHz
T50-6 TE0-8 Ta0-6

=M 50 10 a3 a3 150 23 Turns 11 Turns 14 Turns 12-14 &kHz
T50-5 T50-6 T50-6

“etl used

The driver stape uses a broadband
amplifier that operates class A. This stape
is keyed by grounding the base and emitter
resisiors. C10 s used o shape the keving
waveform. Although the keving is rather
hard, there is no evidence of clicks,

Two MRF476 transitors are used in
paralel for the power amplifier. These
transistors were designed for the Citizens
Band service and work nicely at HF
frequencies. Each transistor is rated for
3 W output. The original transmitter design
used MEF472 outpui transisiors, but
Motorola no lonper manufactures these
devices, They are still available from many
surplus outlets, howeves, L2 15 used as a
dc ground for the beses, making the
transistors operate class C,

The low outpul impedance at the col-
lectors of the output transistors is stepped
up to 50 ohms by broadband transformer
T3. A five-element Chebyshey low-pass
filteris used to assure a cean output signal.
This transmitter exceeds curremt FCC
spectral purity specifications (see Fig. 49,
D2 it used to clamp the collector voltage
waveform to protect the outpul ransistors
if the trapsmitier is operated into an open
circuit or high-SWER antenna system, The
transmitter is designed to operate into a
load that is close to 50 ohms resistive. S1
is used as the transmit/receive switch, One
section transfers the anlenna o an ac-
companying recéiver or to the output of the
transmitter. Another section is used to
activate the ¥ XO during transmit and the
third section is provided for receiver muting

PUTPOEES.

D3iand the associated components form
an RF outpui driver for M1, This circuitry

=2 47 — The complsled &W VXD controlled transmitler is housed in a small aluminum enclosure. RG-174 15 used for all interconnaclions
—zrrying AF. This version uses the alder MRFAT2 guiput transistors, which are mounied Hlat on the boare.
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Fig. 48 — Schematic diagram of the VX3-
controlled transmitter, All resisiors are Vi-wall
carbon lypes unless noted olhamwise. All
capacitors are mylar or disc ceramic unloss
atherwise notad, Polarized capacitors are
alactrolylic or tantalum,

1, G2, 53, C4, CB, C17 and 218 — Ses
Tahle 1.

D1 — Zener dicde, 2.1V, 1 W

Dz — Zener diode, 36V, 1 W,

J1, J2 = Binding post

J3 — Key jack.

L1, L3, L4, L5 — See Table 1. Wind with no.
24 or 26 enameal wirg.

L2 — 8 wrns no. 26 enamealec wirg an
FBT3-301 lorrite buad,

M1 — 01 md maeter, Calecira D912 or
BOLIY,

Q1, Q2 — NPN transistar, 2M222248 or egulv,

3 — WNPM transistor, 2N3IBEE or aquiv.

04, 35 — Transistor, MRF4TE or eqguiv. (sea
taxt).

A14-R17, incl. — Faed resistcr, 1.8 ohms,
1 W,

A18 — Mater shunt. 13': inches no, 26
anamel wirg wound an & high-value 1-watt
resistcr,

51 — Teaale switch, 3FDT.

52 — Push-button switch, SPST normally
open.

53 — Teagle switch, DPDT,

T1, T2 — Broadband (ransformer, 10 turns
no. 24 enamsaled wirg, bifilar wound an an
FTa7-43 core.

'3 — Bmadband transformer, 10 bitilar wimns
no. 24 gnamelad wire on an FT30-43 care,

¥1 — Fundamental crystal for frequency
range desired

\\LI'-'I T

CONTRAOL

EXCEPT A5 INCICATED, DECIMAL WALUES OF
CAFACITANCE ARE IN MICHDFRRADS ( wF | |

OTHERS ARE N PICOFARADS (pF QR BEFE,

RESIITANCES ARE IN OHME!
ke 1000, M) 000 QO00,

Huparsine

is optional as there are no power-outpul
tunine adjustinents, M1 s also wsed (o
MONILOr ransmitter current Sonsumplion.

Construction

The majority of the circui: componenis
are mounted on a double-sided PC board.
Cne side of the board is etched with the
circuit pattern, and the othzr side is left
unetched as a ground planc. A small
amount of copper 15 removed from around
each hole on the ground-plane side of the
board 1o prevent leads from shorting to it,
A test transmatter was built in the ARRL
lab using zingle-sided board and the trans-
mitter seemed ro function normally with no
instability. Mo long termy testing was
performed, however, A parts-lavout guide
and photo of the linished board appear in
Fig. 50.

Affixed to the front panel are the trans-
mit/receve switch, spot switch and the
tuning capacitor. The rear apron supports

the antenna and mure jacks, key jack and
Prinding puosis.

A homemade cabinet measuring 3 = €
% B4 inches was used in the construction
of this transmitter, The builder may eleqt
to ouild a cabinet from sheet aluminwm or
circuit-board material. The layout is not
critical except that the lead from the circuil
board to C1 should he kept as shorr as
possible — an inch or two is fine.

A bent aluminum heat sink was attached
(o the oulput transistors. Commercial
TO-220 heat sinks could also be used. 1f
MEFAT2 transistors are available, they can
be mounted flat on the circuit board and
screws passed througt the center of the
transistors to hold them down, The ground
planc will act as a hear sink sufficient for
short kev-down periods.

The only adjustment needed is thar ol
sching the VXO limit capacitor (C2), and
even this adjustment is not needed for the
&0-, 40~ and 30-meter transmitters. This
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adjusiment can be done with the aid of a
peveiver, With a Tundanental ciystal o e
cirewit, adjust C2 for a maximun fre-
gueney spread that approximates the value
shown in Table [ 1f too much frequency
spread is availakle, increase the amount of
capacitance, Make a final check with the
receiver by listening to the keved signal
from the transmitter. It should be steady
and chirp free.

To provide wider (requency coverage,
several crysials may be osed. A crystal
socket may be mounted on the front panel,
or several sockels can be mounted on a
separate circuit 2oard and a simple rotary
switch used to connect the desired crvstal
into the circuit. This option is shown in
Fig. 48. Anv number of crystals may be
wsed, depending on the number of positions
on the rotary switch. With crvstals spaced
10-kHz apart, the circuit can provide
continuous coverage of 50-00 kHz of the
20-meter band.
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Fig. 48 — Spectral dispiay of the VXO-
coantrollied transmitter, Hera ke transmitler is
operated in the 20-meter band. The second
harmaonic is down 56 dB relalive 1o the
fundamental cutput. Similar presentalions
were oiained on each of tha other bands,
This transmiflar complies wilh the current
FOO specilications ragarding speciral purity.
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T4 CAYSTAL RADS
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CPTIOMAL CRYSTAL SWiTCH
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Fig. 50 — The component-placement aiagram for (e &% ransminer PG 0oard s snown a0 A,
The compenent side of the board 15 shown, with an X-ray view of the circyit foil, A dull-size
gtching pattem appears at tha bact of this beok. A1 B is a photo of the transmitter circuit board
built using MAFATE fransistors. The devicas are mounled uprighl on tha boeard with a heat sink
altached to the metal tabs on the transisiors
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Etching pattern for VXO-controlled CW transmitter, Shown full size from the foil side of the board. Black a'eas
represent unelchad copper.
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From November 1389 QST, p 37:

18-MHz COMPONENT VALUES FOR
THE HANDBOOK YXO CW
TRANSMITTER

I Yes, the 1989 ARRI Hundbook's
e-wart, VX O-controlled CW transmitter
works well a1 18 MHz, Here are componegnt
values necessary for using the rig on this
rand; the component designators listed are
those shown in Fig 48 of the Hendbook
write-up:

C1—VXO0 runing capacitor; 30 pF.

C2—Limits the ¥ XO tuning range to en-
zure that the erystal, and not L1 and C1,
sontrols the oscillator frequency. | omittzd
this capacitor in the version | tested; if you
rry this and yvour crystal loses control, use
10 pF.

C3, C4—VXO fexdback capacitors, 39
F, silver mica or NPO ceramic,

Ca—Interstage covpling capacitor; 39 pF,
slver mica or NPO ceramic.,

717, C18—0Dutpul filter capacitors: 120
-F, silver mica (10 pF in parallel wirk 130
tF).

L1—=VX0O inductor; 28 wirns of no, 26
snameled wire opn a T-37-6 toroidal,

powdercd-iron cove (ucaswed inductance,
2.5 pH). Space the turns on this coil, and
those on L3-L3, to allow a 309 gap between
the beginning and end of the cach winding,
L3, L5—Owutput filter inductor: 16 turns
of no. 24 enameled wire on a T-37-6 core
(measured incuctance, 0.85 pH).
L4—0utput filter inductor; 20 turns of
no. 24 enameled wire on a T-37-6 core
{measured incuctance, 1.28 xH).
¥ 1—Parallel-resonant fundamental crys-
tal, 20- or 32-pF load capacitznce. An
18.07-MHz ecrvstal borrowed from Zack
Lau's QRP Three-Bander (sce pp 25-30 of
Cletober 1989 05T provided a VXO swing
of 10.8 kHz with 39 pF at C3 and C4.
Powered with a 120V dc supply, my ver-
sion of the VX0 transmitter draws 1.26 A de
while producing 6.2 W ouwtpur ar 1809 MHz.
Fig 4 shows the transmitter’s output spectrum
under these conditions.—David Newkirk,
AKTM, ARRL Staff
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Fin 4—3pectral display of the ARRL Hamd-
book 6-W VX0 transmitier operating at
18.08 MHz. Each horizontal division
reprasants 10 MHz; each vartical division
reprasents 10 dB. The spike a1 far lelt {tha
spectrun analyzar's first-local-oscillator
signal) serves as a convenient "0 MHz"
referance. This spectrogram was laken with
the VX0 transmitter preducing 6.2 W of RF
enargy, All harmonics and spurious emis-
sions ae at least 57 dB below peak funda-
mental autpul. Modified for 18 MHz as
described in the 1ext, the 6-W VX0 trans-
mitter complies with current FCC specifica-
tions for spectral purity.




From January 1985 QST, p 22:

Low-power,
minimum-component

gear 's easy to build, but

~Simple QRP Gear

Versus Good
Performance

performance is often below that wnich can be obtained with
careful design. Let's consider some design pitfalls and the
practical project offered here.

By Doug JeMaw,” W1FB

"m sure vou've heard a number of chirpy

or buzzy signals from homemade QRP

transmitters. In fact, vou may have un-
wittingly tvrned loose a “‘super blooper'”
on the airways yourself! 1'd be shading the
truth if T did not confess to being guilty of
& similar misdemeanor once or twice in my
amateur career, It seems that the simpler
the transmirter the more prone it is to chirp
and related ills. Once we understand the
causes of inferior performance, preventive
steps can be taken in the design period to
avoid generating *'lid'" style signals.’

Although we are addressng simple
transmitters in this discussion, the general
approach to design can be applied to most
oscillators and VFOs that are part of a
larger circuit, such as a multistage high-
power transmitter, Since the oscllator is the
heart of = transmitter or teceiver, il
deserves special care in the design and con-
struction stages.

Profile of an Oscillator

There have been many discussions of
what oscillators are and how they function,
Certainly, @57 and the ARRL Handhook
have carried a wealth of data on this sub-
ject over past decades, But for the purpose
of guick review, let's look at kg, 1. The
circuit cxample at A shows a Plerce
ascillator that has an untuned output cir-
cuit. Feedback to make the circuit oscillate
is between the base and collector of Q1.

Motes appear at end of articla.
*ARAL Gontributing Editor, MO, Dox 250,
Luther, M| 48656
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Fig. 1 — Example of a Pierce solid-state
oscillator (A) C1 and G2 cotrol the feedback
in tho cirguita ot & end B. & Colpitia cacillator
iz tound at B of this drawing,
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This positive feedback is provided by CI
and C2. The capacitance ratio is adjosted
to ensure fast starting of the oscillator when
it 1= turned on or kxved. Remember that an
oscillator is actually an amplifier. Part of
the power outpat s routed back to the in-
put circuit 1o cause oscillation. Therclore,
C| and C2 are chosen to ensure just enough
feedback energy to provide reliable oscilla-
tion. Typically, a ratio of 4:1 in the fced-
back capacitors s a good starting value
during initial desizn. In other words, we
should attempt to use one fourth the out-
put power as feedback encrgy.

We necd to remember, also, that this
feedback power is taken from the output
power available for delivery to the load. It
is for this reason :hat an oscillator is not
as efficient (do input power versus EF out-
put power) as a siraight RF amplifier, In
the interest of best zfficiency, we should use
ne more feedback power than is required
for reliable circui: oscillation. There are
other reasons why too much feedback is
undesirable. It can cause a chirpy output
signal and oscillation at frequencies cther
than the desired one, and may harm the
crystal from the effects of excessive cur-ent.
The high current can cause the crvstal to
heat up or even fracture, This dangar is
more pronounced as the operating fre-
quency is increased (raised) because the
higher the crystal frequency the thinne: the
quartz element in a crystal. An overheated
crystal will drift in ‘requency, just asa VIQ
will with changes in component tempera-
Lare. F‘I{'I'ITII: amareiars :-|TH:m|_'|r (13 E’L‘ﬂ[‘l’.ﬁrl.':
substantial power by using a power




pacillator in a cne-stage transmitier.
The results are often dismal, owing to
zxcessive cryvstal current and drift.

Further examination of Fig. 1A shows
that the emitter of 31 is at RF ground by
virtue of the 0.1-pFF emitter byvpass
capacitor. Fundamental-frequency
oacillators (output frequency the same as
the crystal frequency) have only two rer-
minals that are “hot™ at RF. Attempts to
fave all three terminals “‘alive” with RF
znergy will result inunstable performarce,
or no oscillation at all, The exception is
when the oscillator serves also as a frequen-
ov multiplier, as in Fig. 2.

EFC1 of Fig. 1A iz selected to be s21i-
rezonant well below the desired oscillator
rrzquency, In our drewit, we find a value
=f | mH. We can assume approximaiely
10 pF of stray circui! capacitance at the out-
cut of Q1. Therefore, the self-resonant re-
quency of RFC1 is ¢n the order of 1.6 MHz
— well below 3.5 MHz, the oscillator fre-
quency. Owing to the nature of this circoit,
the output circuit of our oscillator is broad-
fand. It would be suitable alzo for use
above B0 meters if the values of the feed-
tack capacitors were changed.

The amount of feedback energy needed
.= dependent mainly upon how active the
rarticular crystal ie, plng the heta nf the
rransistor we happen to connect to our zir-
cuil, The beta (gain) of a transistor varies
considerably between one transistor and
another from the same manufacturer’s pro-
duction run. This is why the data sheets list
the beta with a *“typical’’ value. In reality,
't can be above or below that value by a
Jair margin. Decause of unknown crystal
characteristics and the so-called *‘beta
spread,”” we need 10 adjust the feedback
“ar each cireuit we tuild — if optimum per-
‘ormance is desired.

Caolpitts Oscillator

Thus far we have considered only the

Pierce oscillator, There are countless other
vpes of crystal-oscillator circuits, and each
s named after the person who developed
i, The Pierce and Colpitts circuits seem to
=2 the most comman in amateur circuits,
and that is why [ have selected them for this
discussion. The basic form of Colpitts
sscillator is shown in Fig. 1B. In this
sxample, we find that the collector is
“cold™ in terms of KF energy by means of
the 0.1-uF bypass capacitor. The base and
zmitter terminals of (31 are hot with regard
.0 RF energy. C1 and C2 comprise the feed-
nack divider. They can be adjusied in value
10 provide the requied amount of feedback
power,

RF output is taken from the oscillztor
smitter circuit. The output voltage is quite
low compared to that of the Pierce circuit
of Fig, |A because of the low impedance
of the Colpitts oscilator output tap point,
toth oscillators require the smallest prac-
rical value of output coupling capacilor
(C3) to minimize loading of the oscillator,
which can cause chirp (when keyed) o1 no
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|

1_0 20 EUTFLT
il
1
1% ERCERT A5 MDICATED, DOLIMAL VALUES OF
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Fig. 2 A eryztal ceclliator may ba wsed as a frequency multiplier, 2= shown here Tha
collector circult & tuned o the desled harmenic of the crystal.

oscillation at all. A typical value for C3 ar
80 meters is 50-100 pF. Smaller values are
recommended for 7 MHz and higher. The
larger the value of C1 in Fig. 1B, the greater
the teedback amount. In SOme circuits, we
may eliminzte C1 completely, This is
because there may be sufficient capacitance
within the transistor to serve as C1. This
will depend cn the transistor type we select
for Q1.

We can conclude from the previous
discnssion that there are many variables
that dictate how we select component
values for a given crystal oscillator circuit.
Experimentation has long been the motto
of amateurs, so this requirement should be
a matter of course for most of us who
manipulate 4 soldering iron in the small
hours of the morning! The variables that
apply to crystal oscillators do, of course,
relate to VFO (variahle-frequency
oscillator) eireuits as well. Because of these
variations in transistors and crystals, it 15
not unusual to find that a crouil we
duplicate from an amateur journal does not
perform as specified — or perhaps not at
all! The author may have chosen the proper
component values for his or her crystal and
transistor, bat they may be incorrect for
YOUr COmpoients.

Oscillators That Change the Frequency

Earlier, we touched upon an oscillator
that serves also as a frequency multiplier.
We wonld nnt want to use such a circuit
in a one-tramsistor QRP transmiter, but we
could use it to drive a straight-through
amplifier in p low-power transmitter. The
reason we should avoid oscillator/
multipliers directly into an antenna is
because they are guite inefficient, and they
would canse subharmonic eneagy to be
radiated. The cxecption in the case of
subharmonic radiation would bz when we
use well-designed filters in the transmitter
output. The filters would have to reject the
osciffator frequency as well as armonics
of the desired output frequency. This
would call for 2 quality band-pass filter
rather than the customary low-pass filter.
In other words, we would need to reject
frequencie: above and below the
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desirec output frequency.

An example of an oscillator/multiplier
is shown in Fig. 2. The basic circuit is a
Colpitts oscillator of the kind we saw in
Fig. IB. The difference is found in the col-
lector circuit. €1 and L1 comprise & tuned
collector tank that is adjusted for resonance
at twice (2f) the crystal frequency. The col-
lector of Q! is no longer cold at RF, but
has 14.2-MHz RF current present. Quiput
from this circuit will be lower than that
from the oscillator of Fig. 1B. This is
because the efficiency of any multiplier is
lower than that for a straight-through
amplifier. Most oscillator/doublers exhibit
an efficiency of approximately 33% after
being optimized. Were we to triple or
quadruple in the collector circuit (which is
entirely acceptable), the efficiency would
be correspandingly lower. The technigue is
useful when we are willing to amplify the
oscillator/multiplier output by means of
siraight-through amplifiers, Generally, the
CW note will be less prone to chirp if we
multiply in the oscillator or in the stage im-
mediately after the oscillator. For the most
part, cur cost will be minimal when we add
an amplifier after a frequency-mulidplier
stage: Transistors and resistors are quite in-
expensive these days!

Aids to Frequency Stability

Voltage regulation is important in an
oscillator if the main power supply is not
regulated. How can we azhiegve oscillator
regulation simply and at low cost? A Zener
diode regulator is the answer. The circuit
of Fig. 3 illustrates the simplicity of Zener
diode dc regulation. D1 is 2 9.1-V, 400-mW
regulazor. It will hold the oscillator base
and collector voltage constant during key-
down conditions. Rl is the dropping
resistor for the diode, Without this resistor,
the dicde would draw excessive current and
burn up. If the resistor has too much
resistance, the diode will not regulate at
9.1 V. Information on selecting the correct
value of resistance is presented in the
ARRL Handbook, We nzed 10 recognize
that the Zener diode must draw a certain
amount of current if it is to provide regula-
tion. This current can range from 10 1o
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Flg. 3 — An example of how a Zener diode (D1) can ba used 1o ensure slable operating vollage
[see taxt).

Table 1
Values of L and C for the One-Stage QRP Transmiller (Fig. 4)
Band CTigFl C,({pF} CZ{aF) C3(pF)  C2ipF) LT (pH}
3.5 MHz 1000 330 100 1200 100 4.2, 20 turns no. 26 wire
on T50-2 toroid core
7.0 MHz S60 180 100 800 47 2.12, 20 turns ng. 26 wire
on T50-2 torold cors
10.1 MHz 470 100 100 430 33 1.48, 19 turng nc. 26 wire
on T50-6 torold cors
14,0 M=z 470 &2 100 200 T 1.0, 13 turmg me, 38 wirs

on TSG toroid core

Mote: G2 is a Mauser no. 2448034 (page 76 10-mm-diamatar frimmer, 15100 pF. G5 and ©, s1ould be
palyatyrane or siiver mica. Alk others are diss ceramic.
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Fig. 4 — Schematic diagram of a prastical QRP trangmitter, Resistors are -\ carbon
composition. Fixed-value capacitors are disc ceramic. Capacitors with polarity marked are elac-
trolylic or taniadum, G2 is a ceramic immer capacitar. SGee Tabkle 1 for coll and capacilor data
for the bands fiom 80 through 20 meters. ¥1 is an International Crystal Mig. Co. lype GF, 20.pF
Ioad capacitance, Other fundamental crystals will ba suitable (see text).
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15 maA in this type of circult, depending on
the value of R1. For portable operation
from a battery power supply, therefore,
this added current must be taken into ac-
count when considenng the discharge rate
of the bartery.

You will notice also that we have added
E2 in the circuit of Fig. 3. This 22-ohm
resistor is located close to the collector of
01 to prevent unwanted parasitic oscilla-
tions that may occur at VHFE. It is not
unusual for a high-frequency transistor to
szlf-oscillate in the VHF range when the dr-
cuit board is laid out with long copper
elements. B2 serves as an inexpensive
preventive device. Parasitic oscillation can
impair the efficiency of the oscillator, en-
courage spurious radiation, and cause the
CW note to be undean, B2 may not be
necessary in circuits that are laid cut
carefully.

Our cireuit in Fig, 315 a Pierce oscillator.
C1 is a feedback capacitor, and C2-C3in
series provide the remaining part of the
fzedback divider. The effective value of C2
and C3 in series iz 107 pF. These two
capacitors function as an impedance-
transformation circuit as well. The im-
pedance at the top :nd of RFCL is quite
kigh compared 1o that of the base of (J2.
The Q1 collector impedance is stepped
cown by virtue of the ratio of C2 and C3.
The ARRL Electromcs Data Book contans
the eguations and examples for using
capacitive dividers 1o transform one in-
pedance to another,

Simple Transmitter Performance

Some builders of homemade QRFP
t=ansmitters are unmindful of the impor-
tance of proper impedance matching ad
output network design. It is not unusual to
find some hams using one- or Lwo-stage
ORP rigs with output tank circuits that
follow vacuum-tube concepts. That is, a
single tuned output dreuit is used, without
regard for the collector and load im-
pedance. Maximum power transfer can’t be
had without suitable matching of the im-
pedances. Under some conditions of
mismatch, the PA (power amplifier) stage
may break into self-oscillation. This can
cause spurious radiation, and it may even
destroy the PA transmitter.

Take, for example, a tube QRP rig that
has 150 plate volts and draws 10 mA when
cperating at 1.5-W dc input power. The
rlate impedance 15 15,00 ohms, Converse-
ly, a 1.5-W solid-state final amplifier that
uges a 12-V collector supply will have a col-
lector impedance on the order of 96 ohms,
ATlempis 1o use 4 ube tvpe of ouipot tuned
drcudt will be met with dismal results when
dealing with a 96-ohm collector impedance!
Furthermore, the transistor collector will
lnad the high-impedance tank circuit and
destroy the Q. This will permit harmonics
ta be radiated from the antenna, therchy

causing TV and interference o other ser-
vices. The transmiting chapter of the

ARRL Handbook contains detailed deata



an impedance-matching nctworka for solid-
stale transmitters,

A Practical One-Stage QRP Transmitier

An uncomplicated circuit for QRP
transmitting from 80 ithrough 20 meters (see
Table 1) is shown in schematic form in
Fg. 4. Dc power input is 250 mW (44 W),
which is ample for worldwide communica-
tians under good band conditions if an ef-
feelive antenna is used (beam antenna, ver-
tical radiator or dipolz high above ground),
This transmitter permits Tull break-in
(05K} without the use of antenna relays.
The receiver antenna-input line is simply
connected to point B of Fig. 4. When the
key is up, the receiver is effectively attached
to the station antenng. Upon closure of the
key, the antenna line to the receiver is
shorted to ground by means of D1 and D2,
This transmit-receive (TR) circuit permils
irstant changeover from transmit (o
receive.

()2 is a dec switch that serves as a keying
rransistor. When the terminals at K of Fig.
£ are shorted by the key or keyer, (2
szturates and supplies +12 ¥ to QI,
thereby turning on the oscillator. C2 is
zdjusted for maximum power output

100 mW), consistent with a chirp-free CW
rnte. (The hest note s1ould occur at the dip
ir Q1 collector current — approximately
i mA of total transmitter current.)

R35, C7and C8 form a shaping network
ro soften the trailing edge of the CW
saveform. The purpose of RY is to provide
= light load at the output of C5 under all
conditions, | observed that the transmitter
rended to be unstable before 7 was added,
carticularly when the SWR was higher than
2+1. The instahility was obzerved while 1
#as adjusting the Transmatch for an all-
=and antenna. Stability was fine when a
ow SWR was present while using a dipole
fedd with 52-0hm coexial cable,

Y X O Operation

The pair of terminals marked with an X
- Fig. 4 identify the location of a jumper
sire that can be removed to permit variable
sryvstal oscillator (WVX0O) operation through
n=ertion of a coil and variable capacito-,
This modification iz shown in Fig. 3.
Tvwo can be g broadeast-band variable
sith half of the rotor plates removed; a

00 or 140-pF miniature variable capacitor
=ay be used.

Lyyg is & small inductor wound on a
-zroid eore, The greater the inductance, the
—ore you will be able to shift the crystal
Trequency. Too large an  inductance,
sowever, will cause Q1 to function as a
VFO rather than as a crystal oscillator. This
#ill cause instability and chirp. Typical fre-
suency swings are 1 kHz at 80 meters,
= kHz ar 40 meters, 9kHz at 30 meters and
12 kHz at 20 meters. Experimental values
o7 Lyy are 12 pH (20 meters), 15 pH (30
sieters), 20 pH (40 meters) and 30 gH
50 meters). Experimant with the number
f coil turns until you obtain frequency

Table 2
Low-Pass Fillar Components
Band 1o, C11 Filter Cutoff
(Meters) oF) L2 (uH) MHz)
20 20 0.5 15
12 turng no. 24 anam.
on Amidon T37E torold
30 o 072 11
1B lums no. 24 anam.
on TA7-6 laroid
40 kL] 1.0 g
15 wurns no, 24 anam,
on Amiden Ta7-2 taroid
&0 820 2.0 4 L2
22 Wrna no. 25 enam. Pr——
on T37-2 lorold o — 1

Walues Tor usa in bullding a sln-ﬁh-:am:llon harmanis Hllar that
o QAP trensmitter. G10 and
11 can be disc-ceramle, slivarmica ar polysiyrens capacitors,

can be addod at tha output of 1

shifts on the order of those listed.

The recommended crystals for Y X0 and
standard use in this transmitter are plated
AT-cul fundamental crysials in HC-6/U
holders. A load capacitance of 20 pF is
suitable for the cryvstals, Surplus crystals in
FT-243 holders may not offer good
activity, and they probably won't do too
well for VXO operation.

Construction Notes

Keep the leads of all components as short
as possible when soldering them to the PC
board. Also, when winding L1, b2 sure to
spread the coil turns around 2/3 of the
toroid core. Bunching them too close
together will increase the inductance, and
spreading them over all of the core will
decrease the inductance.

You may wish to add a single pi-section
harmonic filter to the transmitter output in
the interest of spectral purity. I have used
this circuit with and without the filter, and
have found th: output (without the filter)
to be clean enough to prevent TV( or har-
monic radiation that could be detected on
the air. Table 2 contains a circuit that can
be added, The photograph of the transmit-

R4
Qi f—10
:_J_=| Wi [
Al Az
o
AFC 1
H Lurn =
A3
3
100 gF
Cwvxn
FREQ- ADU.
E]

Flg. 5 — The Jumper across tarminals X of
Flg. 4 may be removed to add these com-
ponents. A coll (L) Bnd a tuning capacitor
[Cyzn) 2re used t shilt the crystal operating
frequancy (Saa lext).
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ter shows the three added components for
the filter. 1 made six holes with a no. 60
drill and soldered the filter in place. If you
choose 10 follow this approach it will be
necessary to sever the circuit-board foil be-
tween CF and the anlenna oatput terminal,
A Moto Tool® or knife blade will be
suitable for cutting the copper. Alternative-
ly, you may mount the parts on a piece of
perforated board and glue the subassembly
to the main circuit board near the antenna
output terminal. Spectral photos of the
transmitter output before and after the

18]

Fig. 6§ — Spectral display of the QRP transmif-
ter, without the filter (A) and wih the filter (B).
Horizontal divisions ara each 10 MHz; vertical
divislons are each 10 dB. Power cutput is
approximataly 0.25 W on 20 maelors. Al A, all
spurious cutpul is al least 34 dB down from
peak fundamental output; at B, at least 52 dB
down.
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addition of the simple filter are shown in
Fig. 6.

The complzted assembly can be mounted
in a cabinet or box of your choice. A
nice homemade box can be fashioned from
pieces of double-sided PC board that
are soldered together where the sections
join. The circuit need not be completely
enclosed., Rather, vou mav prefer to
mwount the board on short standoff posts
on an L-shaped piece of aluminum stock.
The vertical part of the L can then serve
as a panel for the jacks and VXO tuning
capacitor. Adhesive-backed plastic feet can
be affixed to the bottom of the L chassis.
Your 12-V power supply can be packaged
in the same box that contains the
fransmitter.” A parts placemen: guide s
provided in Fig. 7. A scale ctching template

Compenent alde view of th: PC beard showing flacoement ef the somponenta.

is given in the Hints and Kinks colum,

Adjusiment and Use

Attach a 56-ohm resistor at the transmit-
ter output to serve as a dummy load. Apply
operating voltage and plag in vour kev.
Hold the key down and tune your receiver
to the transmitter frequency. Send some
CW and monitor the note. If it is chirpy,
adjust C2 until the CW note sounds proper.
You can observe the 5 meter on your
receiver while tuning CI for maximum
power output, consistent with a good-
sounding OW note.

With an antenna connected (it should
have an impedance of 50 chms), look for
a clear frequency and call CQ). It is wise to
have two or three crystals available 1f you
do not use VXO control. Don’t despair if

you don't receive an answer on the first few
calls, That can hapaen even when runring
QRO (high powerl! Evemtually vou will
receive a response 1o your CQ), and the fun
will commence, When answering someone
on or near your crystal frequencies, try to
respond to loud signals. This will mean that
vour signal will prebably be fairly loud in
the other station’s receiver, assuming the
operator 15 ool running high power,

In Summary

If you haven't had the courage to work
with transistors, this article may be the
stimulant vou've needed. On the other
B, 05 you®ve been building siple QRP
rigs and have had poor results, the design
tips we've disoussed may get vou headed
down the right path.

There are many QRP operators in the
world, 50 why not join them and face the
exciting challenge of low-power operation.
If you want to use this little transmitter in
the field, take alonga 12-V motorcyele bat-
tery, a lantern battery or 10 size-D cells
connected in serigs, OF course, you will
need a battery-operated receiver 1o use with
your transmitter for field work, Mumerous
circwits for QRP receivers are deseribed in
the ARRL book, Solid Srate Design for the
Radio Amarteur.

[Notes

A CURdT Qs @ poor opralor, or ong with o baud-
sounding signol, The term comes from the early doys
of Amateur Radio and is rumored o have teen
inspited by o bad CW signal that sounded like the
lid om a ketile of boiling water

Deleied.

DAK HILLSI‘-IEEEAHCH 4061 N. DDLEI.AS RO.

LUTHER, MI-48E56

Circult-board stching patiern for the QRP transmitter. The patiern is shown full size from the foll side of the board. Black areas represent unetched

capper foil.
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Three Fine Mice—MOuSeFET
CW Transmitters

Got a hankerin’ to build a simple CW transmitter that's a real
performer? Take your pick—one or all—for 80, 40 and 30
meters. They're VFO controlled, too!

he availability of low-cost power
T MOSFETS ithey're not realy
MOuScFETs! creates new possibili-

: for “*homebrew’” transmitter design.
=or several years, | have used various RF
- nolar transistors, all priced in the $12 10
16 range, in homebrewed CW transmit-
-+, They performed well, but when 1
-und inexpensive switching MOSFETS
—ized at 51 to 32, 1 thowght: “*Why not
=v¢ them a try?"” The low-cost deviess
semedd 10 e a painlezs (o the poc':ethonc
.y 1o determine the MOSFET's potential
=4 how to tame it for use at RF. Since I'd
-t a few RF bipclar transistors while
zrning how to use them, | knew certainly
-zt i few MOSFETS would be '‘cooked™
-=fore | found the right circuit. 1 selected
meters as the test band, and eventually

2t transmitters for 30 and 40 meters,

Tzchnical Approach

From articles | reviewed, it was apparent
-zt the majority of MOSFET transmitter
—-cuits use a 24-V, or preater, drain
-otential and most use RF-characterized
~=ice Ivpes. Because RF power MOSFETs
- priced teo high for this learning
Tort, my objective was to obtain at least

By Michael J. Masterson, WHN2A

7 Hudson Rd
Bued Lake, NJ 07828

10 W output from a switching MOSFET
operating from a 12-V supply,

Different circuits
employing heavy gate
swamping, RF feedback,
drain loading and even
the common-drain
configuration were tried.

So, I did a lot of computer modeling,
gxperimentation and article revizw. Dif-
ferent circuits employing heovy gate
swamping, BT feedback, drain loading and
gven the common-drain configuranon were
tried. Some of these circuits looked
promising—for a while, But, jist as a
circuit seemec to provide sufficient gain,
the device would be destroved by gate
breakdown, rot excessive dissipation or
thermal runaway. | discovered (hat some
form of gate protection is required, along
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with ¢apacitive drain loading. Apar! from
the final amplifier, the remainder of the
transmitter uses a proven transistor lineup
from a previous design.

Circuit Description

Fig 115 the schematic diagram of the
transmitter. Frequency dependent parts
information is given in Tables 1 and 2. The
transmilter power chain is straightforward
and is divided between two boards. (All
transmitters use the same PC boards.) The
VFO board conrains 1, an FET VFO,
buffer Q2 and the balanced doubler
composed of Q3 and Q4. D4 provides
power-supply regulation for Q1. The
80-meter transmitter uses a Hartley VFO,
it's a simple circuit and keeps the
inductance of L1 at 4 reasonable value. A
series-tuned Clapp  occillitor with  the
inducter wound on an air-core ceramic
form (for stahility) is used in the 30- and
40-meter transmitlers. Baanced doubler
3-04 gets its drive from the bifilar
winding on T1. The transistor collectors are
tapped down on T2 for optimal output. T2
is tunec to the operating frequency, twice
the VFO frequency.

The VFO runs continuously, When

T
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Fig 1—Schematic diagram of the MOUWSaFFT low-pnwar transmittar The Bl-matar VFO [g s9own in the insel drawing. Refar 1o the parts
list and Tables 1 and 2 for paris values not shown on the diagram. All 0.1-xF capacitors are 25-V X7R or 25U ceramic types. All resistors

are Ya- or ¥-W, 10% tolerance acceptable.

C11—47-pF, 16-V electralytic or tantalum,

Ci12—Delated.

D1-D3, incl—IN4148.

Da4—8.2-V, 400-mW Zanar dicde (1M253 or
equiv).

D5=—13-V, 400-mW Zener diode (1N964 or
equiv).

spotting, the buffer and doubler siages are
keyed. The driver and final amplifier stages
are on only during transmit when + 12 V
is applied at Ji-E through an external TR
switch. CI2 provides some keved wave-
shaping, and R1 is an adjustment for
doubler balance. C10 ensures stability at
this stage, but it may not always be
necessary, Measured VFO-board output is
in the orde- of 60 mW. Improved keyed-
wave shaping using a time-delay circnit was
devised by Zachary Lau, KH&6CP, of the
ARRL Lab. That circuit employs a general-
purpose PNP transistor, Q7, to moderate
the otherwise fast risc time of the keved
wave. This addilion also allows one side of
the key to be grounded.

5, a 2M1053 operating class C, and Q6,
an International Rectifier IRF type

MOSFET also operating class C, comprise

FE—2t no. 28 enamsaled wire on FB-43-101
farrite bead.

J1—Amphenol 126-011 jack {or equiv).

J2—Phono jack,

F1—Amphenal 1268-010 plug (or equiv) far
power cable,

01, 02—MPF102 (sas texl),

03, Q4—2N3904 {38e texl).

the power-amplifier ckain., Q5 delivers
abow | W through an L network 1o Qfs
gate circuir.

A sower MOSFET s gate circuit is guite
different from a bipolar power amplifier's
base circuit. 5 providas two functions:
It protects Q6 f[rom excessive gate
voltages and acts with C15 to provide a
“grid-leak”™ action. During the negative
half-cycle, D5 conducts and charges C15;
during the positive hall-cvele, C15"s charge
is added to the RF drive to supply a
maxinum of 15 V pate potential, Power
MOSFETS have a high inputl resistance,
but do require drive during switching.
This is because of pate-source and gate-
drain (Miller) capacitanzes. Gate-loading
resistor B3, and drain-loading capacitor
C7, augment stability as verificd oo a
computer-aided design program. R4 limits
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Q5=—2M3053 (saa text).

Q5—80M, IRF 523; 40 m and 30 m,
IRF51G.

OF=2M3508 ar 2N250TA.

A1=500-12, 1-turn trimmer potentiometas.

RFC1—100-pxH AF choke on phanalic larm
{Millar 4642 or aguiv).

the power dissipated in DS5.

L4, CB, L5 and C% form an L-pi output
network (a pi-L in reverse). The L seztion
matches the 5-ohm drain impedance of Q6
to a 100-chm image impedance witha Q
of 4.35. A pi retwork with a Q@ of
approximately 2 then takes the 100-chm
image impedance down to 50 chms. This
type of network is less critical to tune than
a T network for a given amount of
harmonic suppression. At a nominal power
output of 16 W, the second harmonic is
45 dB down; other harmonics are at least
60 dB down. (This performance was
verified in the ARRL Lab.) The power level
you obtain may be somewhat greater on
80 meters and less on 30 meters.

Component Motes
Most components used in this project are
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/_";( JI—3 KEY

MNOTES. Jl=A AND Ji=BH TQ KEY
JI-0 TOHIEV [ALWATS)
Ji=E TO H12% (TRANTWMIT ONLT
# HEAT=-5IMN® Q& {SEE TEXT!
#= NOT USED IN 30-M VERSION

EXCERT AS INDICATED. OECIMAL
WALUTS OF CAPACITANCE AHE
I MICROFARADS | .F |, DTHERS
ARE 1N FICOFARGDE | £F |,
RESIETANCES ARE N DHME,

b= MHHL, b 1000 000

«dely available from radio componert
=ores, hamfests or mail-order distributors.
4 & A Engineering is a one-stop source fer
=nards and parts for this project.! The
Zevices recommended for use at Q1 and Q2
zz¢ pot difficult to find, and a 2ZN4416 er
IM3823 may also be used. Q3 and (M
:~puld be matched for current gain, or &t
=35t orginate from the same production
=, A match of 50% or better {at I, =
[0 mA) will suffice. A ZN2222A can be

stabilitv. C4 through C10, inclusive, can be
polystyrene, siver-mica or NPD ceramics.
Do not use X7R ar Z5U ceramic capacitors
here—degraded performance car result.
Paolystyrene capacitors work well in this
circuit, and are compact compared to mica

or MPO ceramic types. Use caution when
soldering polystyrene capacitors because
excessive heat will melt the plastic.
Construction

The transmitter may be toused in any

_eed at ©3 and Q4, and candidates for @5 1able 1
mclude the 2M2102 or D42C4; good resuli=. Frequency Dependent Capacitor and Resistor Yalues
wzre pbtained with the D42C4 at 80 meters. Capacitar a0 M 40 M a0 M
purchased the MOSFET (Q8) from  pumber
Trank, K2ZAW, at a hamfest table? : ; i
LT ? C1 25.pF air var 35-pF air var 35-pF air var
Motorola, RCA, GE, Gl and other G2 450pF (9 x 50 pF N} 1000 pF P 940 pF (2 x 470 pF P)
manufacturers make [R equivalents. Cc3 50 pF M 470 pF P 600 pF (6 = 100 pF NIP)
The toroidal inductors are available from Cé 200 pF (2 » 100 pF M/P) 100 pF N/P 100 pF Nf®
ymidon or Radiokit.*4 All coils are Cs5 200 pF (2 = 100 pF N/P) 100 pF N/P 50 pF Nf-
waund with no. 28 enameled wire. Afrer C& 1000 pF P 470 pF P 330 pF P
“he VFO is built and tested (sec tune-up and C7  3300pF P 1000 pF P 1% pE {4 = 100 pF NIF)
speration), hold the L1 windings in place Ca 2700 pF P 1410 pF P
2 : {3 x 470 pF P) (10 x 100 oF N/P)
sth a thin laver of glue. L4 and L5 are
: = : Co  1100pF P 700 pF 400 pF
saund with two paralleled wires 1o (7 x 100 pF N/P) (4 % 100 pF N/P)
=ffectively increase the wire size and reduce c10 50 pF N/P 50 pF NIP
-opper losses. (These are not  bifilar 13 Mat uzad 250 pF (5 » BN pF N} 250 pF (5 = 50 pF N)
# ndings! You may optionally use a larger Ci4 Mot used G0-pF trimmer B0-pF trimmar

wre size instead.d Except where noteg,
zzpacitors are X7R or 25U ceramic types.
Tacse are used for bypassing and
decoupling functions, but not in toned

M = MPO ceranic; P = polystyrenz; N/P = NPO ceramic or polystyrene, Silver-mica
capacitors can be substiluled for the polystyrene types,

cirenits, C2 and C3 are specified as NFO ﬁﬂ‘iﬁ: Lt i o

ceramic units for excellent temperature Az 47 BB BB
A3 22 &3 2
R4 10 10 10

‘volas appear at end of articls.
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sturdy, shielded eocloswe. An 8 = 5 =
3-inch (LWD) cabiner provides more than
enough room; evena 7 = 5 = 3-inch box,
such as the LMB 782, is of ample size. The
two circuil boards measure about 2 = 3
inches each, the VFO board baing slightly
larger than the PA board. A sinzlesided PC
board {(or perfboard and fl=a clips, if
desired) is used for the ¥, This board can
be installed in a box to shield it from the
PA board, but no ill effects were found
without the shield. If you elect 1o shield the
VFO, C1 should be installed in the VFO
box, and the larger transmirtter cabinet used,
Shaort, stiff leads from C1 to the VFO board
are important for mechanical stabilitv. Figs
2 through 3, inclusive, show the exterior and
interior views of two of the three prototype
tramsmitters. The 80-m transmitter {Figs 2
and 4) was the first unit built, Figs 3 and
5 are views of the 40-m unit.

The power amplifier PC board is double-
sided, with one side lelt unctcted. Copper
foil or braid i veed o provide low.
inductance wraparounds 1o ground. Solder
the foil 1o both sides of the board.
Alternately, plated-through holes can be
used in plece of wraparounds. Solder all
other components to this board prior to
installing Q6. Cut the leads of Q6 1o a
length of 0.3 inch, and mount the transistor
at the board cdge. Insulating hardware for
)6 consists of a kapton or mic insulator,
nylon washer and spaghetti sleeving for the
metal bolt. Heat-sink greass is thinly
applied to both sides of the insulator. (Too
much grease impairs heat transfer.) The PA
board and Q6 are bolted to the front panel,
which acts as a heat sink. The leads of Q&
st ol be stiessed, sooshim the PA board
with metal washers if necessary. A small,
clip-on heat sink will help (35 dissipare heat.

Tune-Up and Check-Omut
With the exceptions of C1 and C14 (if

Table 2
Frequency Dependent Inductance Values
Induztor a0 M 40 M a0 M
MNumbar
L1 14.5 uH 14.1 pH 401 no. 36 7 pH
60t on T50-5, enameled wire on 3/3- 35t an 38-in-dia
lap at 141 in-dia ceramic form ceramic form
L2 13t on FT-37-61 &t on FT-37-61 9t an FT-37-81
L3 191 on T50-2 12t en TS0-6 Ot an T50-6
(1.8 pH) (0.5 :H) {0.33 gH)
L4 151 on T50-6 10t cn T50-6 Bt on T50-6
(0.9 uH) {0.43 uH) (0.3 uH)
L5t 221 on T50-2 15t cn T50-2 13t on T50-6
(2.8 pH) 1.2 uH) {0.9 uH)
L& 111 on FT-37-61 10 ¢n FT-37-61 9t on FT-37-61
LY 11t on FT-37-81 M cn FT-37-61 Bt on FT-37-61
T pri: 18t on FT-50-61 pri: 16t on FT-50-61 pri: 12t on FT-50-61
sec: 9 bifilar turns sec: B bitilar turns sac: 10 bitilar turns
T2 pri: 401, tap at 2012 pri: Z6t, tap at 1142 pri: 221, 1ap a1 10t

sac: 7t on T50-2

sec: 5t on T50-2

seo; 4t an T50-2

All inductors wound with no, 28 snameled wire unless otherwise noted.
L4 and LS are wound with iwo parallal longths of no. 28 enamelad wire this is done lo increaze the
effective wire size. Thess ara not bifilar windings,

iTap measurad from Q7 side af primary,

Powcered-iron loreids (TSC-68 and TS0-2) and ferite toroids (FT-37-61 and FT-50-61) are available
from A & A Enginsering, Amidon Associates or Badiokil {ses notes 1, 3, 4). Ferroxcube M8-in
404 and 1/2-in 4C4 ferrie foroids may be substiiutad,

used), there are no other variable capacitors
in the wransmitters, Al tune-up is done
by adding or removing terns on the toroidal
inductors, and by compressing or ex-
pancing the windings. This may take some
time and patience, but it resulis in compact
construction without the need for large
trinmer capacitors. Stast with one or two
exirz turns on LI, the primary of T2, L3,

e
B0 WMETERm CW TAAMNBMITTER

1Y
‘O-

Fig 2—#an BO-m transmifter was tha first unit buill. The enclosure
was salvaged from a piece of defunct test aquipment,

40 METER
TRANSMITTER

‘@

L4 and L5, and remove turns as required
during tune-up.

First, adjust the VFO tuning range by
listening 10 its output with a calbrated
receiver or coupling a frequency counzer to
the VFO output. {If your frequency counter
is not sensitive enough, vou'll have ta use
a receiver initially.) Set R1 at midrangs and
apply +12 ¥ to 11-D, with 2 key across

@

P . TENE

f
4 V

Fig 3—This 40-m unit is constructed in a readily available

power-input jack.
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duminum box. The Spin connector serves as a key and



Fig 4—A close look at this inside view of the B0-m transmitter reveals the VFO is ouilt an

r=rl board. Note the shielded WFO enclosure (cover removed), Ta the laft is the drivarfout-

oui board. OF may be seen in the foreground attached to the heavy frant panel.

Fi 5—An inside view of the 40-m unit. PC boards from A & A Engineering ware used in

this maodel.

Jl-A and J1-B, Adjust L1 for the desirad
tand coverage, as you vary C1. Next, st
1 1o mid-band and adjust the primary of
T2 (B0 meters) or Cl4 (30 and 40 meters)
for maximum output as indicated on a
wensitive power meter connected to VFO
output. If C14 does not allow you to tune

through a marimum output point within
its range, adjust the primary of T2 uneil it
does, Using a wave or dip meter, sense
around T2, and set BRI for minimum
fundamental feedthrough (that is, 1.8 MHz
on 80 meters, 3.5 MHz on 40 meters and
5 MHz at 30 meters). You should notice a
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setting of R1 where the fundamental nulls
out. Then, disconnect the power meter and
connect the VFO output to the PA input
using a short length of coaxial cable.
Mext, connect an RF power meter to J2
and apply 4+ 12V 1o J1-D and J1-E. Keying
the transmitter briefly, adjust L3, L4 and
L3 for maximum output. Go back and

—_—— e

. . . vou should have 12
to 20 W of RF output

===

adjust the primary of T2 (80 m) or Cl4 (30
and 40 meters) to peak the cutput reading.
Again, adjust L3, L4 and L3 if necessary
to maximize output power. At this point,
you should have 12 1o 20 W of RF output.
(With or without parts substitutions, your
results may vary from mine because of
construction or other differences. Prior RF-
circuit building experience should help you
correct any problems.) Finally, adjust R1
for minimum fundamental feedthrough as
heard on a receiver. Again, a null should
be found, Set the receiver to the trans-
mitter’s output frequency and reduce the
receiver RF gain. Key the transmitter. The
transmitted note should sovnd clean, with
no chirp or clicks. Check the heat
dissipation of Q4; if it is too hot to touch,
it mav not be heat-sinked properly. No
stability problems were noted in my units;
however, a check-up or a spectrum
apalyzer would help determine if any
excescive spurious signals exist. [ performed
the tune-up as described here without the
use of a spectrum analyzer, but if you have
access to one, use il

On the Air

Operation is simple. Use a Transmatch
and a resonant antenna. [ recommend that
you use a 12-¥ regulated power supply
capable of delivering 2.5 A, In my re-
ceiver, provision 15 made for off-the-air
monitoring, During receive, key the VFO
to spot your operating frequency. External
TR switching should remove the voltage
from J.-E during receive. While trans-

No hint of thermal run-
away has been noted, and
the transmitter sustained
no damage with high
SWR loads.

mitting, monitor your off-the-air signal
instead of using a sidetone, Mo hint of
thermal runaway has been noted, and the
transmitter sustained no damage with high
SWR loads. With the valves of C1 given,




frequency coverage ls about 100 KHz on
B0 m, 60 <Hz on 40 m, and all of 30 m.

Summary

The on-the-air performance of these little
rigs 15 quite satisfactory. Using a folded
dipole on 30 meters, TES, IV3, G, F, FG
and Morth America have been worked.
Results on 80 m (using a random-length
wire antenna) are good from Southeast o
Midwest states and Canada, T have been too
busy (and having fun) building these rigs to
Zet on 40 m, so it is up to you to find out
how one of these MOuScFET transmitters
will perform on that band! Though they're
small. they pack quite a bite!
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'Ad A Cnginearing, 2521 Y LaFalma Ave, Unit
K Anahaim, CA 92801, tal 714-852-2114.

K2AW's "Silicon Alley” 175 Friends La,
Wasthury, NY 11590,

IAmidon Associates, 12033 OMsego 5L, Morth
Hollyweod, CA 916807, ‘el 213-7TE0-4429,

Hadiokit, PO Box 411, Greenvilla, NH 03048,
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From May 1978 QST, p 16:

Transmitter Design —
Emphasis on Anatomy

Part 1: Which is best — duplication of a published circuit or
an understanding of how the circuit works? This builders
course provides some ‘“‘hows’ and “‘whys’’ for a 10- {o
15-watt, 40- and 20-meter cw transmitter.

By Doug DeMaw, W1FB
ARRL Contributing Editar
PO Box 250
Luther, MI 49356

A heap of burned-out transstors,
some unsavory language and a hastily
scrawled sign which read, “*Help Stamp
Out Transistors,” greeted me as [ walked
into a friend's workshop recently. Fred
stood there witk a deeply furrowed brow
and pointed o a wreiched-looking, pe-
board assembly which had been worked
and rewarked until it looked like no hope
remained for it. Fred is one of those
fellows who loves to build amateur gear,
but never took the time to change his
thinking from vacuum tubes to semicon-
ductors, He could duplicare the circuits in
amateur magaznes, but couldn't make
them “*play'" when something went amiss.
After some casual conversation and a hot
cup of coffee, Fred calmed down and we
began troubleshooting his problem child.
The major faults were instability in the
FaA stage and low output from the driver.
An hour later we had his transmitter per-
colating nicely, and Fred poked his
thumbs proudly into his chest and pro-
cltaimed, “'Ain"t it a beaw?™"

It occurred to me as I sensed my
friend’s anguish that a better understand-
ing of how a sclid-state circuit furctions
would have saved him countless hours and
a consideralble aoount of giace in the eyes
of The Almighty, The foul language and
extra money spent for transistor replace-
ments could easily have been avoided. My
adventures with Fred helped to inspire this
course in transriitter anatomy. Knowing
why a particular circuit was chosen by the

designer, and how it is supposed to func-
tion in the composite assembly, should
help you avoid the **Freddie syndrome.”’

Understanding Our Clrcuit

The circuit for our workshop project
was bascd oo nwinerous rejucsts for a
transmitter that would serve as a mate for
“The Mini-Miser's Dream  Receiver"
which appeared in Q8T for September,
1976. A power output in the 10- to [5-watt
bracket seemed suitable for most of the
QRP applications one might encounter,
and amplz power would be available for

driving an amplifier later on should the
builder be motivated toward QRO

Fig. | shows the block diagram of the
transmitter. Let's run through it and see
what each section does. Starting at the left
we 7ind a 7-MHz VFO. It operates straight
through on 40 meters, The arrows show
that S1A/SIB routes the of energy directly
to tae broadband amplifier module during
T-MHz operation. For use on 20 meters,
the VFO output is switched to a push-
push doubler by means of S1. Output at
14 MHz is applied to the broadband
amplifiecr when the switch is set for

: ﬁ@‘ﬂ
. -_ 4 ..Ir.". : .E-‘.. J

Two versiois al the 7- and 14-MHz cw transmitier are shown here, Al the lafl is the W1FB oroto-
{ype. On the right i5 a madel bui t by WASUZO, Both units are small and lightweigh
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Fig. 1 — Block dlagram of the twoband, solid-state transmitter. The arrow hoads indicate the direction of
iminiature) s1ould be used batweon the various modules when completing signal paths. 51 iz a five-aale,

sulation. 52 5 a dpdt miniature toggle switch. 53 and 54 are spst minlature togglo switches.

M-meter operation. You will notice that
an offset line goes to the VFO. When S2A
i5 in the OPERATE position and the key
(I1) is opea, relay contacts at KI1B place
+12 ¥V on the VFO-offset line, This
voltage turns gn a switching diode in the
VFO. The diode switches some additional
capacitance into the YFO tuned circuit
and moves the opcrating Deguency vul-
side the amateur band. This prevents an
unwanted beat note in the receiver tuning
range during the receive priod. When the
transmitter is keved the offse: voltage is
disconnected by means of KI1B, and the
YFO provides output on the desired
operating ‘requency. It is necessary (o
disable the offset circuit for spotting (zero
beating), s0 52A is placed in the SPOT
position for that function. Operating
voltage must be applied to the push-push
doubler duting 20-meter spoting, and S2B
is used for that purpose, Activating the
doubler assures a loud beat note when
zern heating another 20-meter signal

As the signal moves to the right in Fig. 1
it reaches the broadband amplifier. This
circuit was chosen because it requires no
tuned circuits, Elimination of tuned,
narrow-band circuits at the output of each
of the three amplifiers in e module
makes it possible to avoid complicated
band-switching virvwila, The brovadband
amplificr delivers approximately 1 watt of

output and reguires only 10 mW of of
energy from the VFO or doubler to
develop its rated output power. Actually,
the broadband amplificr is useful from 1.8
to 30 MHz, even thouwgh this transmitter
covers only two bands, The amplifier is
biased for Class A (linear) operation so
that it can be driven essily by the VFO.
The linarity is not a necessary feature for
cw use, however, but wouald be ideal if this
were an ssb exciter,

Te the right of the breadband amplifier
is a PA stage. It is driven to a power out-
put of 10 to 15 watts by the 1-watt signal
from the previous module, A Motorola
MRF449A transistor is used in the PA. It
is capable of 30 watts of outpur, and has a
rated gain (typical) of 13 dB ai 30 MHz.
Clur purpose in restricting the output to 15
wall: is to minimize the overall current
drain of the transmitter to 3 amperes or
less. This will assure longer battery life
during portable operation, and will
simplify the reguirements of an ac-
operated de supply (regulated). The actoal
amoynt of rf output power will depend
upon the characteristics of the last stage in
the broadband amplifierand the PA tran-
sistor. This results from the slight nonuni-
formity in transistor manufacture: Some
have more gain than others. It is for this
redson that an ourput fgure of 10 o |5
Watts is given,
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signal or de vallage flow. Coaxial cable
Iwo-position, wa'ar switch with phenalkc f.

At the far upper right of the block
diagram are two filiers — one for each
band., They are selected by mears of
S1D/SIE. Since the PA is also a broad-
band amplifier there will be a substantial
amount of harmonic current in the out-
put. To keep the unwanted cnergy sup-
pressed by 40 dB or greater it is necessary
to use FL1 and FL2, The filters are low-
pass types (T networks). They are pre-
tuned, so no external peaking contros are
needed,

Output  from the filters is routed
through an SWR-sensor circuit ({lower
right of drawingl. A pancl meter, M1,
serves as a visual indicator for trimming
an antenna or adjusting a Transmatch for
a low SWR. The latter is essential if prop-
er operation of the PA stape is to be real-
ized. Relay contacts at K1C transfer the
antenna from the iransmitter to the
receiver during standby periods,

At the lower left of Fig. 1 we have a
break-in delay module. It has a varable
time constant which controls the drop-put
time of the changeover relay, K1A. The
amount of delay time can be determined
by adjustment of a potentiometer on the
circuit board. Closure of the key charges
the timing capacitor, which in turn ac-
tuates a bipolar-transistor de switch, The
switch closes K1A and applies operating
voltage to the broadband amplifier. S3
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7 = 100 pF, miniature, alr variablo.

2 — 50 pF, polystyrene.

23 — 10 pF, silvaer mica.

>4 — 27 pF, polysiyrene.

21, D2 — High-speed silicon diods, TN314 or
squiy.

23 — 8-V, 400-mW ar greater Zenar dipde;

locks the break-in delav circuit into the
Lev-down mode for tune-up purposes, An
LED indicator illuminates during transmit
ceriods, and a second LED indicates when
the circuit is in the standby (receive)
mode. At that time the transfer relay
roures 12 volts to the receiver via 13, This
sontrol voltage can be used for muting
and unmuting the receiver,

Understanding the VFO

The ¥YFO of Fig. 2 has a familiar face,
as it has been used in @ number of my cir-
suits.' It has beern such a faithful end
predictable performer that it was chosen
again. The circuit at Q1 is a Colpitts
cecillatar, bul some of vou may prefer o
call it a series-tunad Clapp if you date
mack to the tube ere when that tvpe of cir-
cuit emerged as one of the more stable
varicties of VFO,

Three capacitors (C2, C3 and C4) are
used in series with L1 to ground, This
method permits a larger amount of 1nduc-
tance to be used a1 LI than would be
possible in a more commmon, paralel-
tuned, VFO tank. The higher inductance
15 less subject to changes in value from
heating than would be the case if high C
and low L were used, Three capacitors are
used below the coil rather than one so that
the circulating rf current will be divided
smong them., This lowers the heating in
anv one capacitor end improves stability.

IMaotes appear al and of aricle.

THE293 or equlv.

L1 — Siugauned inductor with GuH nominal
inductance (Miller 424888CBI in WIFB unit,
Miller 234473APC in WARLZO modal)

LZ — Slugtuned, po-board mount Inductar, 3.2-
WA nominal Inductancs (Miller 2384T8AFG or

25 turns no. 32 enam. wire close wound on

5 and Cé arc feedback capacitors that
take part of the oscillator output (source
terminal) and route it back to the input
{gate). This feedback is what canses the
FET to oscillate. RFC2 is used 1o keep the
feedback cnergy at the source of Q1 while
providing a de return to ground for the
FET. Statec simply, it's an isolating
choke for the rf,

Another purpose is served by C5 and
C6: They add a considerable amount of
shunt capavilance [tum the FET basc 1o
ground. This helps to disguise the small
changes in FET junction capaciiance dur-
ing operatior — a significant contribution
to oscillator stability, D2 gets into this act,
atso. It conducts on the positive swing of
the oscillator rf voliage, and that limits
the change in FET junction capacitance.
(Maximum capacitance change ocours
near the peak of the positive half of the
sine wave,) In addition to helping stabifize
the oscillato:, D2 reduces the harmonic
outplat of Q1. This is because nonlinear
changes in  junction capacitance en-
courage the gencration of harmonic cur-
rents. [t is nacessary to nse a high-spred,
rf type of dicde for this purpose, such as a
IMN914 switching kind.

C7, DI and RFCY are used in the VFO-
offset circuil. When the + 12 waolts are ap-
plied to D1, as discussed carlier, C7 is
placed in parallel with the mein tuning
capacitor, Cl. This moves the YFO
operating  Mreguency lower so that e
signal won't be heard in the receiver dur-
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Miller 27A014-8 form).

1, Q2 — VhE JFET, MPF102, ZN54B6, 2N4416
or HEPBO2.

03 — 22224 or HEP-53001,

AFGC1-4 — Miniatura rf choke (Miflan J301 or
AU

ing standby. R, is used to prevent damage
1o the dinde; it limits the current through
the dicde junction when the offset voltage
is applied throngh it and RFC1,

The 0.01-yF capacitor and 1080-0hm
resistor at the drain of Q1 are used to
place the drain at ac ground (bypass) and
to isolate 1 from the other transistors in
the VFO module, This is called a decou-
pling network, and it helps prevent un-
wanted sclf-pscillation in the remaining
VEO-chain stages. Q2 has a sioalas
decoupling network in the drain circuit.

A buffer stage (Q2) is shown in Fig. 2.
[t functions as an isolation circuit between
the osciflator and 3. It isused as a source
followsr — the output being taken from
the source element of th: FET. Because
the gare of an FET has a very high im-
pedance (megohms), the transistor does
not load the output of Ql. The gate
coupling capacitor is small in value (39
pFi. and that also reduces the loading ef-
fects on Q1. The lighter the loading, the
less chance there will be for oscillator
“pulling' (chirps) when the transmitter is
keyed Hecanse (32 is A sonrce follower it
will not provide a voltage pain. Actually, a
slight loss will occur at Q2. Typically, a
voltage gain of 0.9 will be realized when
using this type of buffer stage. This means
that we lose |0 percent of the rf voltage
that is applied to the gate of Q2.

RFC3 is used as a broadly resonant
(low-CY tuned circuic that peaks at T MHz
with the approximate 5 pF of stray circuit




capacitance. Zener diode D3 is used to ob
1ain a 9.1-volt regulated supply for Q1 and
2. This prevents changes in oscillator
frequency when the 12-volt power supply
output chagges, Regulated voliage is sup-
plied to Q2 so that it maintains relatively
constant operating characteristics: Yolt-
age shifts a1 Q2 could cause slight changes
in internal <apacitance and resistance, and
those variations could cause seme pulling
of the oscilator,

YFO Output Stage

It will be necessary to have zmple drive
ta the broadband amplifier strin of Fig. 1.
VFEOD huffes OF coufd not provide suffi-
cient excitation to operate the remainder
of the transmitter. Therefore, we have
added Q3 to build vup the VFO output
power, This amplifier stage operates in
Class A and wuses a high-frequency,
bipolar trensistor — a IN222ZA. A
10-ohm resistor is placed near the collec-
tor termingl to discourage vEf parasitic
oscillations. At 7 MHz the resstor offers
minor resisiance to the signal, but at vhi i
looks like a high impedance; tkis prevents
parasitics,

A pi network 15 used as the cutput tank
for Q3. It & a low-pass tvpe of network,
which means it will attenuate harmonic

epergy. A 3300 ohm resistor is used in
parallel with L2 to broaden the response,
This will assure relatively constant VEO
output to provide an even drive across all
of the 40- and 20-meter cw bands.

The output capacitanze for the pi net-
work is  obtained by utilizing the
capacitance of the feedthrough terminal
{(C3) and the 470-pF shunt capacitor. The
collector tank is designed to transform the
S00-chm output impedance at 3 to 50
ohms at the pi-network output. Even
though the input impecance of the first
stage of the broadband amplifier is on the
order of 300 ohms, this mismaich is
degirable. The lower the VFD output im-
pedance, the less chance there will be for
pulling effects caused by the later stages in
a transmitter. The basc-bias voltage for
03 it taken from the 9. 1-volt regulated
line to further reduce thz chance for pull-

ing at Q1.
Assembling the VFO

Deuble-sided pe board material 15 used
as a shicld box for the VFO. Fig. 3 shows
the po-board pattern and includes a parts-
placement guide. Ready-made pc boards
or parts kits for the entire transmitter are
available from a supplier.*

The components should be assembled

el M- RE R TE IR L

& look into the VFO compartment of the WASUZO madel. Coll L1 is mounted on a side wall of tha
VFO box. Feedthrough capacitars are used as terminals for leads entaring and leaving the VFO

compantment
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Flg. 3 — Scale layou; of the VFO circult beard
showing parts placement from the compongnt
side of the board.

on the etched circoit board before the side
walls are soldered together around the
VFO board. A pencil type of soldering
fron with a fine tip {5 recommended for
this and all other modules of the transmit-
ter. Excessive hest will damage some of
the components, and can cause the pe-
board pads to come loose from the base
material. Therefore, a 25- or 30-watt iron
is the largest size that should be empleyed.

Alignment

YFO testing can be accomplished by
shunting the output to ground with a
560-phm, 1/2-waun resistor and applying
+ 12 volts where indicated on Fig, 2. At-
tach a two-foot piece of hookup wire to
the output and pace the loose end near
the antenna terminal of a receiver. Mext,
set C1 so that the plates are fully meshed.
With the receiver adjusted to receive 7.0
MHz, move the slog in L1 until the ¥FO
signal is heard. Al this point you can ad-
just L2 for maximum output at 7.1 MHz.
The 5 meter on the receiver will be he plul
when tweaking L2,

Lhe oltsel circunt can be tested by con-
necting + 12 volts to the offset line. The
YFO signal can be expected to shift lower
in frequency, as stated earlier. There
should be no evidence of chirp when key-
ing the 12-volt supply to the YFO,

Fomnoles

‘Dedaw, "QRP Shakedown, Caymanian Sigle!"*
(5T, March, 1575,

‘Megatives, pe boards or complets parts kits fo- this
project can be obwained from  Bob Shrner,
WANIZD. Box 969, Puchle, CO 81002,

For updated supplier addresses, see ARAL Parns
Suppliars List in Ciapter 2,
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Transmitter Design—

Emphasis on Anatomy

Part 2: A VFO by itself doesn’t offer much wnen it comes to
transmitting, so let's proceed with the physical structure of
our two-band transmitter. Here is some useful information on
ihe frequency doubler and cw break-in delay circuits.

Purchance vou're wondering why our
VFO described earlier couldn't be made to
operate on 14 MHz as well as on 7 MHaz.
Well, there's no reason why the L and C
components couldn't be modified to pro-
vide two-band coverage. In such an exam-
ole a band switch would be included in the
VFO module for the purpose of selesting
the 7- or 14-MHz coils and capacitors.
The disadvantages of that scheme are at
least twofold. Mechanical instability is
likely to result from the switch contacts
and related leads. Also, the effects of
ascillator pulling are more pronounced as
the operating frequency is increased. Con-
cerning the latter, it would be a difficult
razk to prevent chirp during 20-meter cw
work il the VFO were operaged = 14
“Hz.

A more suitable technigue at the higher
operating frequencies i5 to employ the
oscillator at one or more octaves below
the desired cxcitation frequency, and
atilize multiplication to obtain the re-
guired output frequency of the VFO
chain. Through this process the meciani-
cal instability is diminished greatly, and
the frequency-multiplier stage or stages
tend to isolate the oscillator from the load
more elfectively than would be the case
with a  straight-through buffer or
amplifier.

Fig. 4 conrains the eirenie we will nse for
mitltiplication. Rather than follow the
VFO chain with a single-ended frequency
doubler (one transistor), we have clacted
(o use what has long been known as a
push-push doubler. Although the baswes of
the transistors are connected in pusk-pull

by means of broadband transformer T1,
the collectors are tied in parallel, In this
manner the stage differs from a push-pufl
amplifier, g5 the later would have the col-
lectors as well as the bases in push-pull, A
push-push amplificr favors evenm har-
monics, whereas a push-pull amplifier
does its best job with odd harmonics. Fur-
thermore, a push-push doubler is prac-
tically as efficient as a straight-through
amplifier, A single-ended doubler would
exhibit a typical maximum efficiency of
only 30 percent as opposed to 2 push-push

doubler with a ball-park efficiency of 70
percent. There is no reason why a pair of
JFETs couldn't be used at Q4 and Q35 of
Fig. 4. If they were, however, the doubler
putput for this transmitter would be
somewhat lower (inadeguate) than with
the IM2222As we have employed.

Circuit Description

The VFO in Fig. 2 (Part 1, May Q8T
has & single-ended output terminal, so if
we are to supply drive to the doubler of
Fig. 4 it will be necessary to use a balun-

Interior views af the WAFB (lelt) and WABUZO (right) versions of the transmiller, The push-push
deubleribreak-in defay module is a: the far right in this photagraph. The VFD and SWR-sensor
madules are al the center of the WARBUZO unit, and the broadband amplifier may be seen al the
Iult of his VPO, The PA stage |s mounied on the rear wall (lower right) of each rig. The homemada
heat sinks amre visible on the back aprons of the enclasues.




tvpe  transformer (11).  Lhe energy
reaching the bases of Q4 and QF must be
of opposite phase 1o assure pusk-pull
drive to the doubler. To accomplish this
we have included T1, a trifilar-wound
broadband  rarsformer  (three  wires
wound on the core al the same time), The
hlack dots on th2 schematic diagram, at
the top of T1, identify the phase relation-
ship of the windings. [t can be seen that
one transistor base is fed 180 degrees out
of phasc with the other, thereby satisfying
our need for push-poll drive. Forward
bias is supplied to the doubler stage
through the junction (C and F) of the two
right-hand windings. A 0.01-pF bypass
capacitor brings that point in the circuit to
rf ground.

For proper operation of a frequency

mielbiplhier i s necessary 1o establish Class
C operating conditions, The forward bias
on Q4 and QF implies Class AB opera-
tion, but the cutput from the main VFO
chain overrides the forwarc bias and
drives the douhler into the Cless C mode.
Bias is applied only (o make the doubler
casicr to drive.

In the interest of optimum coubler per-
formance it is necessary 1o establish
dynamic balance. Most discrete  tran-
sistors of a given type number exhibit dif-
ferent clectrical characteristics, In our ap-
plication we are concerned mainly with
any difference in transistor gain which
migle exist. [deally, 4 and Q5 should
perform inan identical manner. A balanc-
ing contro, Rl in Fig. 4, has been in-
cluded to enable us to match the operating

Fig. 4 — Schomatic diagram of the push-push doubler. Fized-va ue capacilors are disk ceramic
Resigstors are 1/2-W composition, except for A1 (s2e below).

CH — 110-pF mice compression trimmar (E-
menco 406 suitab ),

L3 — Toroidal inductor; 17 turms no. 26 enam.
wire on a T50-2 powdered-iran toraid coe,

A% — Po-board-mount carbon control,

T1 — 17 trifi ar turns of no, 26 epam, wire
on an FT-E061 ferrite 1oroid care. Twist
wiras approximately eight twists per inch
belore winding on core.
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traits of the two devices. A 47-ohm
resistor is used on cach side of the control
to prevent the emitters from going dircetly
to ground if the control arm is set at either
end of its range, R1 is adjusted so that the
outpul waveform (14 MHz) is as pure as
possible. If BRI is set incorrectly there will
hee a substantial amount of the T-MH2
driving energy present 4t the collectors of
4 and 5. The worse the imbalance, the
greater the level of the 7-MHz energy.

A tuned circuit (C8 and L3) 1= used at
the doubler output to  increcase the
available rf output voltage. A pure
waveform would be attainable if only the
I00-ohm shunting reslstor was used, but
the doubler output would be guite low
because of the de voltage drop across the
resis:or. 1.3 permits the full supply voltage
{less the drop across the 33-ohm de
coupling resistor) to reach the collectors
of Q4 and Q5. Also, the 1000-0hm
resis;or broadens tae tuned-circuit
response to provide a nearly conscant out-
put level across the VFO tuning range,
Fig, 5 provides the pe-board pattern and
parts placement guide for the doubler and
breas-in delay circuits.

The Final Touches

Checkout for the doubler is an easy
assignment. The YFO module is con-
nected (o points A and B of T1. A 56-0hm
resistor 15 attached temporarily between
the doubler output (to the right of the
27-p7 output coupling capacitor) and
ground, The 56-ohm resistor simulates the
load  presented by the  broadband
amphfier {to be described later).

A short length of hookup wire is at-
tached 1o the junction of the 36-ohm
resistor and the 27-pF capacitor. The op-
posite end of the wire s placed near the
antenna lerminal of a receiver which s
tuned to 7 MHz, MNext, operating voltage
is applied to the VPO ciain and doubler,
R1 and C8 can now be adjusted by sctting
them for mirimue sigaal response at 7
MHz, as noted on the receiver S meter. If
an oscilloscope is available, connect the
spope probe to the top of the 36-ohm load
resistor and adjust BRI and C8 for the
purest waveform obtainable ar 14 MHz.
There may be some inicraction bolween
the adjustments of R and €8, so the
foregoing steps should be repeated two or
three times to cpsure sremium doubler
operation,

A low value of couping capacitor (27
pFy & used (o prevent the approximate
S0.obm input impedanze of the broad-
band amplificr strip from loading UK and
L3 excessively. During 4)-meter operation
the push-push doubler is bypassed so that
the VFO output goes directly to the
broadband-amplifier module.

Break-In Delay Circuit

A ow break-in delay circuit 15 not an
essential part of a transrxitter, but it does
provide an operating convenience which
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Schematic diagram ot the break-in defay circuil, Disk-crramic capaciions an usod ox.

~=pt for G%; il s electrolytic. Fixed-value resistors are 112-W compasition, D4-0F inclusive, are
1HE14 silicon dicdes. K1 is a dpdt 12volt do relay, & Potter & Brumfield 245 oo relay {aurplus)
was used in the WI1FB version al the fransmitter. The spring was siretched to l@ssen the [emsion,
enabling the relay 1o close satisfactorily at voiteges as low as 11 The relay number 15 KHP17012.
& 12vol versron |s avallable, Q6 is a 2N3806 or HEP715. OV is a 2N1711 ar HEPF35. R2 15 a po-

aoard-mount carbon caninal

makes it worth including. Manuoal switch-
img cotld beused in place of the delay cir-
cuit to control the changeover relay, K.
Similarly, keying could be done by break-
ing the 12-volt supply to the keyed stages
of the transmitter. The main advantage in
utilizing a break-in delay systemis that the
opardrer has one less switch co mmanipuldate
hetween the rransmit and receive modes.
[ some instances this permits Faster mode
changing than would be possible i
mechanical switching was used,

Fig. & shows the break-in delay cincuit.
A straight key, bug or clectronic keyer is
connected tc the input of Q6. When the
circuit s completed, Q6 is effectively

biased into conduction. At that aime 12
volts appear at the Q6 collector to place a
charge in €9, R2 s sed for the desired
discharge time aof C9, The greater the
resistance, the longer the period before C9
blecds ro ground. T s used in the collec-
tor lead of O 1o serve as 3 one-way path
for the de woltage — a4 gate of sors, This
component was added after two tran-
sistors were destroyed @1 06 by a voltage
peak which originated (after Q6) as the
koy was closed, D4 permits the +12 volis
to flow into the chargicg network, but
preverts positive-voltage transients from
flowing back toward 6,

When C9 is charged suficiently to pro-
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vide the Torward hiss necessary [o turn on
07, current Mows through the field wind-
ing of K1, causing the relay contacts to
close. As the voltage across C9 decays
{key open), a point will be reached at
which Q7 has insu’ficent forward bias to
provide the collecor current needed to
keep K1 energized. At that time the relay
will open, D7 iz placed across the relay
ficld coil to clip veltage spikes caused by
the inductive “kick" when the relay field
collapses. The spike, if great enough in
amplitude, can travel along the [2-volt
bus and damage transistors clsewhere in
the rransmitter. Damage could occur o
Q7 as well.

I he diodes in the emitter return of Q7
are used to establish approximately 1.4
volts of fixed-value bias for QF, Depend-
ing on the transistor wsed as the relay
driver, the resting current of Q7 may be
high cnough 1o keep K1 closed even
though C9 has heer nearly discharged, D3
and D6 prevent such an cvent from hap-
pening. The LED indicator used in
parallel with the key was added by
WANLUZD in his model of the transmitter,
but it 15 not essental to the operation of
the circuit. [t illuminates when the key is
closed, thus functioning as a transmit in-
dicator (a frilly.

The break-in delay  module can be
tested by merely applying operating
voltage and shorting from the key rer-
minal to ground. 17 all is as it should be,
Kl will close, R2 can be set for the delay
time desired. If wiring errors have heen
avoided, and if no defective components
were  used, the “*Freddic syndrome®”
should have remained dormant so far
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Transmitter Design —
Emphasis on Anatomy

Part 3: Broadband power amplifiers eliminate the need for
complicated band-switching circuits. Some amateurs believe
that they are mysterious and hard to build. 'Tain’t so!

lt's unlikely that Freddie would have
been able to design the troadband
amplifier we are describing here, but he
certainly should have enpoyed success in
duplicating it and making it perform caor-
rectly. However, had something malfunc-
tioped in his  assembled module  his
chances of ocating the anomaly would
have been enhanced greatly by an under-
standing of how a broadband amplificr
functions. Let's consider the wubject of
how onc of these critters doo its par-
ticular *‘thing."'

A broadband amplifier s intended o
do precisely the job @ts name implies —
amplity signal energy over a broad slice of
the frequency spectrum. In mecting this
requirement the amplificr should provide
reasonably wniform outpul power across
the band of frequencies it is designed o
accommodate. Thus, if the cireuit was
designed to cover from, sav, 3.5 to (4
MHz, and deliver § watrs of output, there
should be 5 wats of outpur available (no
more and no less) at any discrete frequen-
cy within that range. In practic: it is dif-
ficult to obtzin that kind of precizion, but
a variation in power no greater than =10
percent can be realized in a carefully
designed amatour circuit,

Solid-state amplifiers tend to supply in-
creasing amounts of output power as the
operating frequency 15 decreased. That is,
a piven transistor will exhibit more gain at
1.8 MHz than it will ar 7 or 14 MH:z.
Therefore, in order to obtain a relatively
flat frequency response from a solid-state,
broadband amplifier it is necessary to use
certain compensating elements to *taper”
the overall gain downward toward the

lower end of the amplifier operating
range, The inclusion o feedback net-
works is the most common approach o
this design criterinn. The mathematical
solutions to fecdback design problems are
bevond the scope of this article, bur in-
depth data on the subject are given in the
ARRL book, Salid Stare Design for the
Radio Amateur,

The required feedback for a broadband
amplifier 15 usually introduced by means
of R #¢nd C components between the col-
lector and base of the transistor (negative
feedbeck), and through the inclusion of
degenerative feedback in the emitter cir-
cuit. Concerning the lawer, the emitter
bias mesistor is bypassed for rf at the
higher end of the amgplifier frequency
range (low-value capacilor), but 1s by-
passed less effectively as the operating fre-
quency is lowered, At the lowest end of
the amplifier range the emitter may func-
tion as if no bypass capacitor was there at
all. In ordinary languapg: we are saying
that the less effective the bypassing the

Closeup view af the broadbard lingar amplifiar,

SPECIALISTS PO
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lower will be the stage gain, This kind of
frequency-response shaping can be fur-
ther enhanced by selecting specific vaues
of conpling capacitance between amplifier
stages. That is, a low value of capacitance
will be less effective a5 a coupling device at
the low-frequency end of the range than it
will at the high-frequency end of the
range.

The feedback resistors and capacitors
used between the collector and base of a
broadband amplifis are chosen with the
same design philosophy in mind. In this
case the lower the cperating frequency the
greater the feedback voltage through a
piven value of base-to-collector resis.or:
The greater the feadback, the lower the
stage gain, In cases where the feedback
resistor is so low m value that cxcessive
foward bias would reach the transistor
base, a blocking capacitor is added in
series with the resisior and forward bizs is
obtained by means of a separate resis:ive
divider.

Broadband transformers are also used

Hox ®&9% FUEELD COLO m1po2
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C10 — Sen toal.

A, D% — 1-A, 50-PAY silicon (1N4003 suit-
abla).

Q8 — 2W22228 ar equivalent,

9 — 2M38E66 or HEP 53008,

310 — 2N227) or HEP 53001,

11 — ZM4037 or HEP 53012,

in the type of amplifier under discussion.
They are designed to operate as untuned
of transformers with a turns ratio chosen
1o match the output of the ampifier stage
to its load {(collector of one stage to the
nase of a succeeding stage, for example).
A deliberate mismatch is sametimes in-
troduced by the designer to achieve
amplifier stability. Another app-oach is to
shunt ome or both of the trinsformer
windings with a resistor. This tends to
lower the transformer @, which in turn
discourages self-oscillation. The trade-off
i in reducec stage gain,

Examination of Our Circuit

The broadband amplifier used in our
transmitter i5 shown in Fig. 7. It was in-
spired by a similar circuit in the Atlas
210X transceiver. With approximately 10
mW of driving power at the input to Q8,
the amplifier ouwtput at QIO will be
roughly 1.4 watts at 7 and 14 MHz, The
input impedance of the composite ampli-
fier is close o 50 ohms.

Feedback is provided at Q& and Q9 by
means of the 2700-chm resistors con-
nected between the collector and base of
cach stage. Degenerative feedback for QB
is obtained by leaving part of the emitter-
bias  resistance  unbypassed (47-ohm
resistor). MNe bypassing is used across the
[0.0hm emitter resistor of Q% The
parallel |.8-ohm resistors in the emitter
return of QL0 serve two purposes; They
are unbypassed 1o provide decenerative
feedback, axd they help to protect the
transistor from drawing cxccssive current
(thermal runaway).

RAFCSRFCT, incl. — 18 turns of no. 28 anam.
wire on FT-37-43 farrite toroid core.

T2 — Primary has 30 turns of no. 28 enam.
wira on a FT-50-43 farrite taroid core,
Seccndary has 4 turns of no. 28 enam. wire
wound ovar cold end of primary winding.

T3 — Primary has 16 turns of no. 258 enamel

wire looped through a BLN-23-302 ferrite
core. Secandary has four turns of no, 28
anam. wire looped through the samae cora
Primary leads come oul of and of cora
opposite the secondary leads.

o
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Fig. 8 — Parts placemant gude far the amplifier pc board. The shaded a'ea rapresents an ¥-ray
view of the etched foil patter; this view is from the componant side of the board.

board is used lor this module. The foil on the component side is used as a solid groundplane,
having only clearance halas for the mounting of the componanis. The cemmercially made board
shown in the photo alse has component identification infermation atched on this side of the
board, all maunting hales on pe board marked with a "#8" should be drilled through with a 18
dnch drill Bit. The board can lhen be mounted to the chassis with 6-32 maching scraws, spacars

and nuis.

T2 is a broadband toroidal-wound
transformer. It is loaded on the primary
by a 220-ohm resistor. A 10-ohm resistor
is in parallel with the secondary winding.
These resistors were added 10 reduce the
drive to QI0, and to cure a low-level
oscillation which occurred during the
checkout period. T3 i= also a broadband
coupling transformer. [t is wound on a
ferrite core of the balun type. In the
breadboard model of this amplifier an
RCA 40082 rransistor was used at 10,
Owing to its gain and f1 characteristics, it
was somcwhat more “lively”™ than the
IN2270 of Fig. 7, To obiain equal perfor-
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mance it was necessary to bridee the
primary of T3 with a 150-ohm resistor.
This ensured stahility.

All three amplifiers are biased for linear
operation (Class AB). This has no special
value in a cw or fm transmitter, as Class C
amplifiers are adequate for those modes.
The primary advantage in using a linear
amplifier in our transmitter is to lower the
driving-power  requirements  (the tran-
sistors require less excitation voltage) and
to lessen the occasion for harmonic
generation in the stages (Class C am-
plificrs are richer 'n harmonic currerts).

The forward bias applied to QIO is




developed across D8, which regulates the
hias by virtue of its barrier vohage (0.7
volt for a silicon diode), A 470-o0km drop-
ping resistor i used between DB and the
12-volt supply line to prevent the diode
from consuming excessive currcnt.

Decoupling networks are used in the
12-volt line bitween stages, This aids in
preventing feedback (paositive) from one
stage to another. An excessive amount of
feedback will cause self-cscillation of one
or more of the stages, At Q8 a 47-o0hm
resistor and 0.01-uF capacitor comprise
the decoupling circuit. RFC3, RFCé and
the two 0.1-uF bypass capacitors are used
for this purpose at Q9. RFCY and the
related bypass capacitors are employed at
Q10 1o decouple the stage from the 12-volt
line. High, medium and low values of
capacitance are used at Q9 and QI0 to
assure adequate decoupling at If, hf and
vhf, (The stages could self-oscillate at any
of those frequzncies.) Who needs or wants
ten ke haunted by the “'Freddie syn-
drome?""

A pnp bipolar switch (Q11} is shown in
Fig, 7. It operates in the same manner as
6 of Fig. 6. When the key is closed, Q11
conducts and permits + 12 volts to reach
29 and the bias network for Q10. A ane-
second oseillation occurred in the bread-
board version of the ransmicer, caused
By the decoupling capacitors ar Q9 and
10, This formed a timing circuit which

was tripeered by a self-oscillation at Q11.
The decoupling capacitors at Q9 and Q10
acted as a tuned-collector/tunced-emitter
circuit for 911, The oscillation caused the
break-in-defay circuit to cyele at a one-
second rate. This resulted in a repetitive
cycling of the relay, K1, Insertion of D9 ar
11 cured the problem by providing a
onc-wiy gote in the feedback path. A
crown type of heat sink is needed at Q10
to prevent damage to the transistor.

Amplifier Testing

Following completion of the assembly
procedures given in Fig 8, amplifier
testing can be done. Testis can be per-
formed first by connecting the VFO
directly to the input of QF of Fig. 7 (40
meters). A S5-ohm, 2-watl load resistor
should be attached across the secondary
of T3. Apply operating vollage and short
the keyme line o ground. A VTVM and
an rf probe can be used to compare the
circuit voltages with those of Fig, 7.
Approximately 2.6 volts rms will appear
across the 5-ohm load resisior if the circuit
is work:ng correctly. If the overall ampli-
fier gain is too low, increase the value of
C10 experimentally. Although 100 pF was
right for the circuits built by W1FR and
WAQUZO, variations in [ransistor gain
may require that less feedback be used at
(8, These tests can now be repeated ar 20
meters, using the push-push doubler be-
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Fig. 8 — Diegram of the hall-wave harmanic
filter discussed In the text, For T-MHz use, L,
i51.1 uH {15 tuens no. 25 enam, wire on a T30-2
foroid cara). Gy is 470 pF and Gy, is 910 pF. Far
20-meter operation Ly is 055 uH (10 lurns no,
26 enam. wire on a TH02 toroid core). G, is 240
pF and Gy, is 470 pF_

tween the VFO and aroadband amplifier,

This much of the transmitter can be put
on the air if the builder likes rrue QRP
work, but it should nor be connected (o an
antenna unless a hamaonic flter is placed
ir the output line from T3, Furthermors,
the turns ratio for T3 will need 1o he
changed to provide a match to a 30-ohm
filter and antenna. The secondary winding
of T3 will require |5 turns rather than
four turns if this is done. kg, Y gives the
details for half-wave filters which can be
used at 7 and 14 MHz, respectively,




From August 1978 QST, p 16:

Transmitter Design —
Emphasis on Anatomy

Part 4: The final touches are applied to our transmitter by
adding a 15-watt amplifier and an SWR indicator. If all goes
well, we will become immune to the '‘Freddie syndrome’'!

tis unlikely that the 1.5 watts of output
from our broadband amplifier (Fig. 7)
would Jead to the acquisition of five-band
DXCC. Bw a few more decibels might
make such an endeavor a reasonable
assignment: The amplifier described in
this section will help, as the ow signal
should  be mereased some 10 4B in
strength!

The fina -amplifier stage is shown in
Fig. 0. A 220-0hm feedback resistor is
used betwern the base and collector of
12 An 1800-pF blocking capacitor has
been included 1o prevent the collector de
voltage from being shorted to zround via
T3 of Fig. 7.

This amplifier has an input impedance
of approximately 5 obms ar 7 and 14
MHz. The [0-ohm base resistor (s used as
a proventive measuee against instability,
but only if needed. To remove some vhi
harmonics which appeared at the collector
of 12, it was necessary to include the
330-pF bypass capacitor. At 7 and 14
MM the casacitor has negligible effect on
circuil performance.

As wag the case with the steges in our
broadband amplifier, decoupling of the
12-volt bus is necessary at (12, This is ac-
complished by means of RFCY and the
relared byrass capacitors, Onmce again,
bypassing is done for I, hf and vhi,

Since the amplifier is 1o operare in the
Class C mode, no forward bias is used at
the base of Q12. For all praztical pur-
poses, Q12 draws no current during key-
up conditions, When drive is applied (key
closed) the transisior is driven into the
cutoff region to cstablish Class © opera-
Lin.

The collector load impedance of 12 is
determined n the usual manner, where o
= Yol 2P, Thus, for a 12-volt collecior
supply and & power output of 15 watts, we

obtait a colleclor load of 4.8 ohms, T4 is
a broadband transformer which is made
from six toroid cores (see inset drawing of
Fig. 1. It must transform the collector
impedance to 530 ohms o0 that a suitable
match and power  transfer to  the
T-network fillers can be obtained, A 3:1
turns ratio will suffice despite the slight
mismaltch (9:1 impedance ratio).

[rn order to prevent excessive harmonic
energy from reaching the antenna it s
necessary to include a firer al the oulput
of Q12 FL1 and FL2 are used for this

purposc. Each is a T type of low-pass net-
work, Energy above the operating fre-
quency 15 attenuated by the filters, but
energy below the fler cutoff frequency
passes without impairment. A spectral
analysis of this transmitter indicated that
all spurious output cnergy was at least 40
dB below peak power at the fundamental
frequency, Additional attenuation could
be realized by cascading two such Fileers at
the PA ourtput. The characteristic im-
pedance of the filters in Fig, 10 s 50
ohms.

Fig 10 — Circuit for the 10-to 15-watt Class C power amplifier, Capacitors are disk or chip
ceramic unless ctherwise neted, Capacitors with pelarity marked are electralytic or tantalum.

L4 — 3 turnz no. 18 enam, wirg on a T6E-6
taroid core.

L3 — 10 turns no. 18 enam. wire on a TEE-6
taroid cara.

L6 — 12 turns no. 18 enam. wire on a TAS-2
taroid core.

L{ — 14 turns na, TH enagm. wire on a TGe-2
targid corg,

212 — Molorela MAF4494 stud-mount transis-
Lar,

RFCE, AFCS — B turns no, 18 enam. wire cn
an FT-50-43 ferrite toroid cora.

T4 — Two rows af three each FT-50-43 torcid
cores, Join with egoxy cement as shawn in
tha insol drawing. Prirmary has one fum
ol no. 18 wire (U shaped). Secandary uses
3 turns of no. 18 enam. or insulaled hookup
wirg. Primary leads axit from core at enc
Qpposile 10 Secondary leads.
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Fig. 11 — Parts clacement guide for the FA pe board. Parts ara mounted on the pattarn side of the
board; the shaded area in this view reprasents the copper pattern on the component side, and the
aiher side of the board is unatched copper groundplane. Decimal-value numbers alone reprasant
capacitance in microfarads Whala-numbear valises with no units represent resistance in ohms.

There are no special precautions to follow
when assembling the amplifier, other than
keeping the component leads as short as
possible. Double-sided pe board should be
uscd to minimize the chance for ground
loops  (fcedback): They could  cawse
amplificr instahility,

The strip leads of Q12 should not be
stressed when they are soldered in place.
Allow a sfight amount of slack for expan-
sion when the transistor is heated during
opcration. Alse, use care when tightening
the transistor rrounting nut. [t should be
drawn up just a “‘smidge’ beyond the
finger-tight point, A coating of silicone
grease (heat-siak compound) should be
placed on the transistor stud and metal
face near the base of the stud. This will
improve the transfer of heat between the
heat sink and 12, The heat sink is a
homemade unit which has been bent into
a U shape. It is made from a picce of
| £16-inch (1.6-mm} thick aluminum plate,
2-1/2 » 3inches (hd »x 76 mm) in size.
Each lip is 1/2 inch (12.7 mm) high. The
heat sink is affixed to the rear wall of the
transmitter cakinet, and silicone grease is
applied to the joining surfaces. The stud
of (212 and two no, =40 screws hold the
heat sink firmly in place. This mounting
method also helds the PA modale o place
on the inner surface of the rear wal of the
cabinet, The pe-board lavout is shown in
Fig. 11.

SWHR Indicator
As a convenience padget we have in-

cluded the SWR bridge shown in Fig. 12,
It not orly cnables the operator to adjust
the antennas for & low SWER when using a
Transmatch, bul serves a5 a relarive-
power-outpul indicaror when switched to
the rorward mode, A Blow-Dy-blow cir-
cuit deseription will not be given here, as
this design was treated earlier in QST(*'A
QRP Man's RF Power Meter,” June,
1973).

Assembly Notes —
Compuosite Transmilter

Doublz-sided pe-board material is used
for the cabinet of the WAQUZO version
of the transmitter. Aluminum shecting
wias bent into & U shape to form the
WIFBE prototype. The latter (HWD) is
3-1/4 » 5-3/4 ® 6 inches (B3 x 146 x
152 mmy). The cover is a U-shaped picce of
perforated  aluminum. Two metal L
brackets are affixed on the lower surface
of the main chassis to permit the box
cover to be secured by means of no. 6
sheet-metal serews, The WABUZO model
of the transmitter 15 slightly larger than
the W1FB version., He allowed room for
mounting the modules horizontally, The
vertical-mounting formar makes it possi-
ble 1o realize preater miniaturization.,

Our VFO is contained in a separate
compartment. The enclosure is made
from pe-board stock with the walls joined
by mezns of solder. A U-shaped
aluminum top cover is placed on the VFO
assembly to prevent unwanted rf enerpy,
moisture and dirt from entering. The
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Fig. 12 — Gircuit for the SWR sensor [sea
text), Fized-value capacitors ara disk caramic.
Fizadwvalue fesistors are 1/2-W compasition,
C11, ©12 — 5-pF air varisble, po-board mount.
D4a, D11 — AHAT0 or AMI4A diods,

M1 — Small microampen meater, & 50-, 100-
or 200-uA type will be satisfaciory.

A3 — 10-ki2, linear-taper, carbon confral, pansl
maung,

RFCI0 — Miniature 1-mH rf choke.

TS5 — 50 s no. 26 anam, wire on T50-2
toraid core, Primary has 2 lums of no. 26
anam. wire over center of secondary
winding

Aear view af the W1FB version af the transmit-
ter The heat sink is af the far right. The phanc
jacks and key jack are giouped at the lafl,

QUTPUT

Fig. 13 — Parts placemant gulde for tha
SWR sensar. K = the cathade end of a
diode. Fractional markings such as *'1/8"
signily mounting holes to be drillad with
that size bil.




cover is press-fitted over the box walls. In
the author's unit the SWR-sensor module
i5 bolted to the VFO top cover,

By this time you should have a pretty
good **handle’ on how the collection of
subassemblies are connected topcther.
The block diagram of Fig. 1 provides the
essential information. All of the signal
leads should be made of shiclded cable if
they are moee than two inches (31 mm) in
length. RG-174/U subminiature coaxial
cable is excellent for the purposc.

The main-tuning dial is 1 wvernier
mechanism (Calectro or Philmore). A
large knob can be used as a substitute for
the one which comes with the dial, as the
original is a bit small for those who have
larpe fingers, A Kurz-Kasch aluminum
knob was used on the prototype model
after its depth was reduced on a lathe
(courtcsy of WISL).,

The front and rear panels of the WIFRB
unit were sprayed a dak green color,
Green Dymo tape labels were used to
identify the controls: A rcasonably pro-
fessional appearance results from using
labels which are the same color as the
pancl. Finally, four adhesive-backed
plastic feet were affixed to the bottom of
the cabinet.

Closing Remarks

The toroid cores used in this project are
available from Amidon Associates, G. R.
Whitchouse and Palomar Engineers
(check QST ads). It is sugeested that the
builder ask these supplicrs for  their
cataloas, as some of the other components
for the transmitter may be found in their
product fines. [t would also be prudent o
scan the flea markets for parts,

The power supply for this (ransmitter

should deliver 12 e 13 volts de {regulated)
al 3 amperes. Needless o say, 4 12-volt
car battery is suitahle. A dry-battery pack
is not reccommended: The life span would
be extremely short.

Motorola has included internal procec-
tion for their MRF449A transistor (Q12),
so damage should not occur during short
periods of operation when a mismaich
greater than, say, 2:1 exists. This circuit
has been tested into a dead short and a
full-open load condition (key down) for
periods of 30 secords, and no damage to
the PA stage resulied.

This two-band transmitter should pro-
vide many vears of reliable operation. 1t is
hoped that some uscful information was
passed along to those who aren’t heavily
immersed in solid-state design theory IF
nothing more, let's hope we have negated
the “*Freddie syndrome'" effectively.

Circuit-board olching pattarns for the 7- and 14-MHz cw tansmittar (DaMaw, "Trangmitter Deeign—Emphagis on Anatomy,"” in four pare). Blacs
represents copper, All pattarns are shown at actual size from the foil side of tha circuil board. See the drawings referancad below for parts-laycut
nformation. At A, the VFO circuit beard (Fig 3, Part 1). A1 B, the doubteribreak-in delay board (Fig 5, Fart 2). At C, the broadband amplifier board

Fig 8, Part 3}, At D, the SWR sensor (Fig 13, Part 4),
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Circuit-board etching patierns for the ¥- and 14-MHz cw transmitter (continued), Shown hera is
the powsr-amplifier circuit board, which appears in Fig 11, Fan 4 of the serigs. This circuit
beard is double sided, the componant-side foil being used only as a groundpane. That pattern
iz not shown, as it containg only clearanca holas for Lhe component leads.

10 WATT
POWER AMP
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From February 1986 QST, p 23:

Four Watts, QSK,
for 24.9 MHz

Here's your chance to try the 24.9-MHz WARC band at minimum
cost. This transmitter is a fine mate for the 24.9-MHz converter
described in April 1985 QS7.

2y Doug DeMaw, W1FB

ARRAL Contributing Editor
70 Box 250, Luthar, MI 496586

hat might we expect from the new
W 24.9-MHz band? Well, it has

similar propagation characteristics
o the [0-meter band. It also exhioits some
of the traits ¢f the 15-meter band. Unfor-
runately, it is affecred by sun-spot activity
in & like marner to the other two bands
shove and below 24 MHz. Therefore, we
are in a perind of propagation ebh, owing
o diminished sunspots,

Low power and reasonable antennas will
Ao the job on 24.9 MHz as effectively as
on 28 MHz. That is, it is not difficult 1o
znjov worldwide communications with less
than 10 watts. With this thought in mind,
~lus an affinity toward being miserly when
cuilding a new rig, [ designed the ransmit-
iar deseribed here. You may build a
Juplicate model from scratch, or vou have
“he option of purchasing a complete kit
from a vendor.!

Circuit Details

The transmitter of Fig 1 features full-
“redk-in operation (QSK). Operation re-
Juires only a key or kever, antenna, a 12-
o 14-V, B00-mA {or greater) regulated
sower supply (or car battery) and vou, the
sperator, There i a tenminal o which the
~eceiver antenna line connects {terminal C
of Fig 1)

Although crystal control is specified, a
VFO can be substituted for Y1, Q1 is

Hotes appear at end of articls.

operated as a third-overtone oscillator. T1
and T2 are shielded transformers with
tuned primary windings. They are arranged
1o provide an impedance transformation
between the collectors ard bases of the
related transistors, This helps 1o ensure
maximum RF-power tranifer. The tuned
transformers reject most of the unwanted
harmonic energy before it reaches the
driver and PA siages, You may substitute
toroidal transformers and trimmer
capacitors at T1 and T2 i© vou so desire.
33 serves as a broadband, class-A linear
amplifier. It is the driver for the MRF475
power amplifier, 04, which operates class
C for maximum efficiency. A T-section
low-pass Tilter (FL1) is used as the output
network to attenuate harmonic cnerey. The
constants for FL1 were taken from The
ARRL Handbook (see filler tables in the
transemitting chapter). The power output
from this transmitter is 4 watts into a
j0-ochm load with an operating voltage of
12, and key-down current of 800 mA.

TR Switching

Q5 and 06 of Fig | provide de switching
that enables the circuit to be classified as
OSK. 257 is u PMNP keying switch that
operates 1 and (2 for CW use, When the
key is closed, QF triggers NPN transistor
06 intc the ON state, thereby shorting the
receiver-antenna line {C) to ground during
the transmit period. This prevents damage
to the front énd of the receiver or converter
used with the transmitter. A similar
technigue was used by Wes Hayward
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WIZ01D) to provice Q5K operation: He
ssed two reverse-connected 1N914 diodes
a5 the shorting element during transmit.
The measured RMS RF voltage on the
seceive-antenna line (key down) is approxi-
mately 0.4 with a j0-ohm (ermination. 11
diodes are used instead of 6, the RMS
voltage will be on the order of 0.7, key
down,

C14 and L4 have a reactance of roughly
400 ohms. They serve as a series-tuned ¢ir-
cit o minimize loss of signal to the
receiver during the receive period. FLI
serves as a filler ahead of the receiver, sitce
ihe station antenna is attached to the
output of FL1. Some insertion loss is
present, but attenuation of the received
signals is not significant.

51 can be added to allow zero beatiag.
it removes operating voltage from 03,
which helps lessen receiver owverloading
when you want to spot your transmilter
signal. D2 is used as a de gate to prevent
the + 12V from reaching Q35, Q6 and the
accessory terminal (1), The diede allows
current to flow from QF to Q1 and Q2 {key
down), but blocks the flow of current when
%1 is set for the spoT function.

52 can be added for tune-up or Trans-
match adjustments. If your key or keyer
has 4 HOLD function, you may eliminate
52.

Key-down dc voliages have been noted
at various points in the circuit of Fig 1.
These have been added to zid in
troubleshooting. The measurements were
made with a Simpson 260 VOM. A 1-mH
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Fig 1=Schematiz diagram ol the 24.9-WHz transmitter. Capacltors are disc ceramic unless otherwise noted. Polarized capacliors are tantalum or
glectralytic typas, Resisiors are Y- or Vo-W carbon composilon units, Humbers inside circlas Indicale <ey-down de vollages, Numbered

components not appearing below are identitied numerically for PC-board layout purpases only.

D1 =&V, 400-mVs Zener dlode.
D2—50 PRV, 1 A
L1, L3—0.288-pH inductor. Usa B turns ol
no 24 enam wire on an Amidon Asscc TH0-G
torold care,
L&—0.5-uH inducior, Use 13 turns of
na 24 enam wire on & T50-6 torold care,
L4—L4 gnd C14 nave reactances of 4002 ohms.
L4 15 a 2.27-uH Inductor. Use 24 {urns
wl 26 o wie wn TI0-E luroid core.
AFCYT—Use 6 tums of no 22 enam wire an an
Amidon Assoc FT-37-23 ferrite toroic

RF choke was used between the nositive
lead of the YOM and the tes: point
measured. This prevents unwanmed RF
energy from reaching the instrumsant and

(o = 900).
T1, T2—Frimary inductance is 138 uH. Usa
& turns of no 26 anam wire on bobbin af
Amidon Assoc L57-6 shielded transfarmer
unit. Secondary has 4 turns of same wire.
Ti—Broaiband transformer. Prmary containg
10 twrns of no 24 enam wire on an FT-50-43
ferrite loroid. Use 2 turns of samae wire for
secondary, Spread secondany over all of
Ry,
Ta=Broaiband transformer, Pimary has
7 turns of no 24 anam wire cn stacked

causing false readings. Thess voltages may
vary sligatlv in accordance with the beta of

the transistors used in vour circuit, The
EMS ouput voltage measured from (A) to
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Y¥1—Owartane erystal, 30-pF load capacitanca

wa) FT-50-43 farrite foroid cores, Use
10 turns of same wire for secondary.,

HC-6/U halder. Internctional Crystal Mig Co
lype GP, and plastic PC-borrd mount halder.
Choose fraquency for favared portlen of

Ihe band. Do net attempt 12-m operation
with a 12.450-MHz furdamental crystal.
Substantial fundamental energy will appear
In the transmitter output if Q1 s uzed

Bs an oscillater'doublar.

ground across 50 ohms was 14, This in-
dicates about 4 W of output power:
Operating voltage was 12, My RMS
measurements were made with a Hewleti-
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Packard VTVM and RF probe that is rated
to 900 MHz, However, an erdinary VTVM
and homemade RF probe see The ARRL
Handbook) will work equally well,

Regulated voltage is ensured for Q1 by
the addition of Zener diodz D1; it sets the
voltage fevel at + 8. The lower oscillator-
aperating voliage helps to easure frequency
stability of Y1 by lmiting the crystal
current.

Parasitic suppression is aided by using
R4, R9. C10 and €13, These components
act as low reactances at VHF, but have little
effect on eircuit operation at 24.9 MHz.

Checkhout and Operation

Our first assignment after completing the
assembly is 1o give the PC board (non-
component side) a thorough visual inspec-
tion to make certain we have no unsoldered
joints or unwanted circuit bridges between
unrelated PC-board foils. A magnifying
glass iz ideal for this step in the checkout.
Make certain that all ransistors are
mounted correctly on the circuit board.
Fig 2 indicates the placement of the tran-
sistor case tabs when the transistors are
viewed from their tops,

Connect your power supply to the rig.
Attach a 50-ohm load to (A). Place S1 in
the SPOT position and switch 52 to OFF,
Tune vour receiver to the transmitter fre-
quency. If a signal is heard, adjust T1 and
T2 for maximum S-meter defection. The
transformer tuning will be broad, so don't
be alarmed if the change in meter reading
is small

Place 51 in the oPR position and close
52 {TUunEy. Measure the power output by
means of an RF power meter, VTVM and
RF probe, or oscilloscope with a 30-MHz
or greater bandwidth.

If all systems are “go,"" kev the transmit-

ter and listen to the note in your receiver:
The keying should be chirpless. If chirp is
heard, adjust T1 for minimum chirp.
Should this not resolve the problem, experi-
ment with the value of feedback eapacitor
C1 until a clean CW note is heard. T tried
three available crystals at Y1, and in all in-
stances a good CW note resulied,

I purposely made the CW shaping a bit
“hard." 1T have found this useful when
operating at QRP levels. The shaping may
be “zoftened’ by changing the value of
C23 (Fig 1). Start with a value of | uF. This
will round off the trailing edge of the wave

form. Increasing the capacitance of C24
will also affect the shaping,

Suymmary Hemarks

The Motorola MRF475 may be difficualt
ta Jocate. Other trensistors of the same
general specifications may be used at Q4.
A 25C2092 works well as a direct substitute
and is available by mail.?

A scale template for the double-sided PC
board is provided in Fig 3; parts placement
is indicated in Fig 2.

There is no reason why this general cir-
cuit can't be modifizd for other amateur
bands in the HF spectrum. All that needs
to be changed are Cl, the collector tunzd
circuits of QT and Q2, the constants of FLI
{see The ARRL Handbook), Cl4 and L4,
Of course, Y1 must be chosen for the
desired operating frequency.

WFO design data are contained in The
ARRL Handboof and the ARRL book,
Solid State Design for the Radio Amateur
{out of print). I sugzest that the VFO he
operated at half frequency (12.45 MHz) to
reduce the potential of chirp when the
transmitter is keyed. A doubler staze
{preferably a push-push doubler) should he
used to raise the VFO output frequency (o

KEY {0y

= 17V i

TO RCVR ANT |G

v = JUMPER

NS

jerr- ooard on the appropriate solder pads.
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Fig Z—Fans-placement guide for the 4-MHAZ ransmitier PU board, as viewed ron the component side of the board. R23 Is mounted helow the




PO BOX 969

PC board.

GIRGUIT BOARD SPECIALISTE
PUEBLO, COLO.

Fig 3—Scale templata ol the transmitter PC board as viewad from the etched side. Board is double sided, with
the foil on the componant sarving as a ground plane. Connect etched ground lolls 1o ground plane conductor at
saveral points by moona of componcnd pigtalls that pass through the beard. Spider pigtails on both sides of the

the 24-MHz band. VFO output skould be
approximately 2- 1o 3-V RMS across a
500-o0hm load.

Even during mediocre propagation con-
ditions [ have found 24 MHz to be an in-
teresting band. During 1984, | made
numerous tests on the band with others

while using an experimental license
(KM2ZXOVY granted by the FCC. Many
more (505 were made under my amateur
call after the 12-m band berame available
(o us on June 21, 1985, Certainly, under
skip conditions you should have a lot of fun
with this little 4-watter! 1 hope Lo meet you
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on the new band.

Moles

1Chuck Hood, Gircuil Board Specialists, PO Box
969, Puebla, CO 81002, tel 303-542-5083. FC
boards or complete kils availabla.

Palatad.

For updated supplier addresses, saa ARRL Pans
Supplier List in Chapter 2.
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Some QRP-Transmitter Design

Tips

Full QSK is beneficial

during QRP CW work. It is

easy to achieve without
relays at low power levels.

By Doug DeMaw, WI1FB

ARRL Contnbuting Editar
PO Box 250
Luther, MI 43656

ou mey discover that full break-in
y (QSK) is an advantage for vour
QRP operating. It provides an
opportunity to listen to vour operating fre-
quency during key-up periods. This lets vou
know 1f QRM iz present, or if the other
slation is lrapsmitting because the opera-
tor thought you stood by, (Therz may be
rimes when vour signals fade 1o such low
levels that the person with whom you are
communicating thinks you're standing bv.)
(JSK can save wasted words in this situa-
tion, Full break-in is also beneficial during
JRP Field Day operation. It saves time and
zan lead to a higher score.

This article is directed at those of vou
who like to build simple rigs. There is no
practical project included, but the circuit
:n Fig 1 is a practical one. I built and tested
the transmiter for the purpose of
aptimizing the performance, and to ensure
that each stage operates as stated in this
srasemtatinn

Circuit Features

| will discuss the highlights of the Fig 1
drcuit S0 yvou can understand how they
work. This should help vou desgn QRP
sransmitiers on your own. Undemstanding
the circuit functions is also use’ul when
rroubleshooting is necessary.

Refer to Fig 1. A VXO (variable erystal
sscillator) is used at QI to penerate the
sgnal. Unlike most VXOs, this one takes
he form of the familiar Pierce oscillator.
| find this circuit more suitable for my
meeds than is the more common Colpitts
VEO, The advanrages are that no tuned
sutput  cirewit i required to develop
zdequate exciation for the subsequent RF
stage. Also, C2 (frequency conirol) will
=wing the crystal frequency above and
Sefow the marked value. Most Colpitts
VHOs do not allow the crystzl to be
“rubbered” above the marked frequency.
Sy rests were made with an AT-cat plated
crvstal in o an HOC-6 holder (Internatlonal
Crystal Mfg Co no, 433113) with a marked

frequency of 7050 kHz. The load
capacitance of Y1 is 30 pF, C2 of Fig |
permits the crystal frequency to be moved
from 7045 to 7052 kHz. Greater inductance
at RFCI will allow a wider ‘requency shift,
but at the cost of frequency stability. The
7-kHz swing wyields crvaal controlled
stability, even during wide excursions of
ambien! temperature. Thi is important
when operating QRP during Field Day or
On camping trips: vast temperatore changes
may oceur from day 1o night. The negative
feature of the Fig | VXO i5 that C2 must
be insulated from ground. ‘n other words,
both the rotor and stator must be above
ground. The tuning capacitor can be
mounted on a plastic bracket to achieve
isolation.

RS and R13 of Fig | are used to lower
the ¢ of RFCI and RFC2. Too great a )
causes crud to appear at the leading edge
of the keyed waveform (spurs). The resis-
tors cure this problem, C1 is a feedback
capacitor. The value is chosen to provide
chirpless keving and high autput from Q1.
You mey need to experiment with the C1
value. The crystal activity and the gain of
your particular Q1 transistor will dictate the
optimum value for C1.

RF Power Amplifier

I liketo experiment with transistors that
are not intended to be used for RF appli-
cations. The Motorola MPS-UQO2 is an
crauyle, & devive thatl was Jdesigned Tog
andio and switching use. It is frequently
used as one half of a complementary
symmetry aucdio amplifier (paired with an
MPS5-U32). The fy {upper frequency limit)
is 150 MHz, and it can handle up to
00 mA of continuous collector current.
The speciflications strongly suggest RF
power vse! The maximum V.., {collector
to emitter voltape, base open) is + 40. This
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sllows plenty of leeway for the collector
voltage to swing beyond 12 volts in RF or
audio service. Typically, the RF collector
woliage (sine wave) will rise to twice the
power supply value, or 24 volts fora 12V
ce supply during CW operation.

The cost for MPS-U02s is quite low—
another advantage. | bought 10 of them as
surplus for 39 cents each, They are listed
as new devices (88 cents each) in the Circuit
Specialists catalog.! Mumerous other high
fr audio/switching transistors are suitahble
for RF power amplifier use as well. Pick
a device that has an ft of five or more
times the operating frequency. This will
ensure ample gain at the desired frequency,

I used simple capacitive coupling
between Q1 and Q2. C4 is selected 1o pro-
vide 1.5 watts of output from Q2. In my
arcuit T needed 33 pF of capacitance.
Larger values will increase the transmitier
power, buat at the risk of exceeding the safe
ratings of Q2. The lizht coupling provided
by C4 minimizes oscillator loading. Too
great a value at C4 can kill the oscillation
of Q1. I chose the 1.5-W output power to
cause the Q2 collector impedance to be 4810,
This is determined from Z = V_3/2Pq,
where V. is the ccllector 1o emitter de
voltage, and Pp is the power output. This
cnabled me to use a 50-01 filter (FLI)
without a broadband matching transformer
between 2 and FL1. A heat sink is re-
guired on the tab of Q2 to minimize the

rransistor junction tamperature. A l-inzh

1Circuit Specialists, PO Box 3047, Scottsdae,
AZ BS5257. Phone 1-B00-52B-1417 whan
ardering. Catalog available.

Far updated supplier addresses, see ARRAL Parts
Suppliers List in Chapter 2.
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Fig 1—Schematic diagram of the tesl tranemitter. Fixed-valus capacitors are dise ceramic unless ctharwise noted. Polarized capacitors
ara tantalum or electrolylic. Resistars are YW carbon composition,

C2—100-pF miriature air variable ar 10-
100 pF compression trimmer with shaft,
£10, ©11, C12—Palystyrane or silvar mica.

D1—Rectifier diada, 50 PRV, 1 A,
D2, D3—Small-signal switching dioda,
1N914 or eguiv.

square piece of no. 16 gauge aluminum or
copper was suitable for my test circuit. A
10-minute key-down period at 1.5 W out-
put caused the transistor and heat sink to
be moderately warm to the touch.

Harmonic Filter

The FCC purity of emissions require-
ment is more liberal at power outpu:s under
5W. A five-section low-pass filter ([FL1 of
Fig 1} is ample to comply with regulations.
A seven-clement filter would offer greater
attenuation of the 2nd and 3rd harmonics,
should that be your desire, My filer con-
stants were obiained from the normalized
filter tables in the transmitting chapter of
The ARRL Handbook. | chose an £,
(cutoff frequency) of 8 MHz. The ripple
factor is 0.01 for FL1. The ripple indicates
the relative flatness (lack of amplitude dips
and peaks) of tae peak portion of the filter
TESPONSe CUrve,

If FL1 were terminated at cach end with
a 50-0 nonreactive (purely resistive) load,
C10 and C12 would have the same value.
However, we must recognize the transistor
output capacitance {20 pF for an MPS-
U02), stray circuit capacitance (roughly
10 pF) and the value of the TR sempling
capacitor, C7. During kev-down periods,
C7 is switched in parallel with C10via D2,
D3 and Q4. The approximate total of these

L1, L2—1.3H inductor. Usze 18 turnz of
na. 26 enam wire on an Amidon Assoc
T-37-2 {oroid.

L3—=10-pH inductor, Use 45 furns of no, 28
enam wira on an Amidon Assoc T-50-2
toraid.

capacitances is 80 pF. This value must be
deducted from 300 pF (nosmal C10 and
C12 wvalue) if the filter &5 to perform
properly. A 220-pF capacitor is, therefore,
appropriate for C10, Additional harmonic
reduction results from operating Q2 in the
class-A linear mode. T provides approi-
mately 0.7 V of forward bias for Q2. The
class-A mode reduces the excitation re-
quirement for Q2, which is also a benefit.
A similar RF amplifier, operated in class
C, would require significantly more RF
drive, and the harmonic output would be
somewhat higher in amplitude.
TR Circuit

You will note in Fig 1 that a TR
(transmit-receive) circuit is included. Q3 15
a PNP dc switch that apgplies operating
voltage 1o Q1 when the key is closed. Key
closure shorts the base of Q3 to ground,
and this causes it to conduct. During con-
duction, + 12 ¥ is connected to Q1 through
the junction of Q3. The keved + 12 V is
routed also to NPMN swich Q4. This
transistar also conducts when the key is
closed. At full saturation the O4 collector-
emitter junction closes and this shorts the
receive antenna line to ground through Q4.
D2 and D3 also accomplish this Tunction,
bl leave a tesidual BF vollage of 0.7 W
RMS on the receive line. The shunt-diode
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RFC1, AFC2, AFC3—Miniature ferrite cora
RF choka,

RFC4—12 turns of no. 26 enam wire on ar
Amidon Assoc FT-37-43 farrite toroid
{B50 p).

S51—DFDT toggle or slide switch.

Y¥1—Fundamental cryslal (see text).

technigue was popularized by Wes
Hayward, W7Z0I, in some of his QRP
rransmitters that featured full QSE. T use
the diodes as backup protection, should Q4
fal 1o operate for some reason.

TE circuit sampling capacitor C7 should
have a reactance no less than 400 {1, Smaller
reactance values will rob transmitter out-
put power when the key is closed. Some
pawer is sacrificed with the value shown for
C7, but it is minimal. The trade-off
associated with this type of TR circuit isa
slight signal loss during receive, owing ta
thz small value for C7. Both Hayward and
Lewallen (W7TEL) reduced thizs problern by
adding L3 in the receive antenna line, L3
has the same reactancs as C7. This permits
CTand L3 to form a series-resonant circuit
at the operating frequency, which in tura
reduces the loss in the receive signal that
is fed to the receiver. A slug-tuned coll
(variable inductor) at L3 would help to
make the seriez circuit exactly resonant,

I measured the RF voltage from the
rezeive antenna line to ground with &
Tektronix 453A scope during key down. It
is 200 m¥ P-P (70.7 mV RMS) acros
50 0. This potential will not harm any
receiver, solid state or tube tyvpe,

Additional TR concrol is possible if yoo
connect an outboard MM switch to the
keyed +12 V (between Q3 and Q4). The
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Flg 2—Exampes of keyad AF wavsforms.
The illustratior. at A shows hard keying
with square waveform comers. This
wavaform causes clicks on the make and
preak of the kay. An acceptable wavefarm
iz shown at B. The comers ara raunded 1o
remove clicks and the decay time s
fengthenad sonewhal over that shown at
A_ 3oft keying is shown at C. Tha decay
tima has been incraased ovar that at A and
g, This wavaform is not suitable far high
speed Keying. See the ftext for addtional
dala,

cuthoard transistor switch can then be used
for receiver muting, or for actuating a small
12-V relay, which may, in turn, serve as a
receiver muting control.

The Keyved Waveform

Many homemade QRP transmetters are
deficient in harmonic suppression and
weved wave shaping. | have been lax in the

latter regard myself. One tends to justify
hard keving as being somewhat more
effective at the QRP level, and in a sense
thiz iz true. However, under no circum-
stances should the keved wave cause clicks.
The dividing line between acceptable hard
keyving and clicky keying is rather thin! It
is better 1o stay on the safe side and attempt
to obtan a keved wave that has a 5 ms rise
and fall time, which is considered entirely
acceptable. This represents a clickless wave
that has a fast enough recovery time to
permit very high speed keying. Too long
a decay time (key up) will limit the useful
keving speed we can apply. Fig 2 shows a
hard, clicky wave at A, The drawineg at B
illustrates a wave with rounded corners that
does not cause clicks. Fig IC shows a soft
wave with a long tail, This waveform is
unsuitable for fast keying.

The waveform from your transmitter can
be examined by sampling the transmitter
RF output energy across a 50-0 load. Rapid
keying of the transmitter will cause the RF
envelope (o be displayed on the scope tube.

Waveform shaping is accomplished in
Fig 1 by means of Clé, C17, R11 and RI2.
Byvpass capacitors in the keved circuit (such
as CF end C15) also affect ihe shaping.

The decay time (trailirg edge of the
waveform) is affected by C16, CI17, RI1
and the bypass capacitors mentioned
above, R12 affects the attack time (leading
edge of the wavelorm). In fact, you may
add additional resistance berween R12 and
the key jack 1o shape the leading edee of
the waveform. Values up to 10 kit are
suitable. The larger the resstance of K11,
the slower the waveform decay time, The
R11 value shown allows the base of Q3 o
return quickly to -+ 12 ¥, thereby cutting
off the Q3 conduction (key up) guickly.
This fact was brought to my attention b
Ed Harz, KAICV, of the ARRL lab staff
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The shaping-network values in Fig | ensure
a keved waveform that is clickless, but hard
enough to give “presence’ to the COW nole,
The frequency-control values for the VX0
in Fig 1 prevent the signal from sounding
chirpy when the VXO is keyed by Q3.

Final Commenis

I added 51 to facilitale frequency
spotting without placing the transmitter an
the air, S1A closes the key line to turn on
(3. 51B removes operating voltage from
012 ar the same 1ime. This redoces the signal
strength of the beat note heard in my
receiver, In other words, it is not so strong
that it overwhelms my receiver. 518 also
prevents the transmitter signal from
reaching the antenna during zero beating
or spotting.

You may feel that a VXO is not nearly
as desirable as a YFO. I confess that 7 kHz
of frequency swing s a small amount, but
the VX O is stable under most conditions,
and this appeals to me during operation
afield. It is not a severe handicap to cacry
two or three crystals when camping. This
provides sufficient lrequency coverage of
the 40-meter band. [n fact, you may wish
to include a low-capacitance crystal selecor
switch if you build a VXO rig of this type.
But remember tkal the more stray
capacitance you introduce in the crystal cir-
cuil, the smaller will be the frequency swing
ol a given erystal.

My purpose in writing this article is o
pass along some deésign hints that you may
not have considered. The points 1 heve
covered are among the most frequently
asked questions T receive concerning QRP
ransmitters. The main point 1 want 1o
make is that vou car build your own gear,
end 1t takes little additional time or morey
e develop a circuit that operates cleanly
end reliably.
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A QRP Transmitter for 30 Meters
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Fig 1=~ schematic diagram ol the QRP transmitter for 30-meter operatiol, Fixed-value capacitors are disc caramic, Inductor cores are availabls
from Amidon Associates or Palomar Enginears. )2 Tha enclozure is from Radio Shack® (RS-270-251), and the circuit board is from Circull Board
Specializs.® An stching pattern for this circuit appears an p 11,

¥ 1—=Fundamental-mode crysial for the
30-meter band.

11 —2M22224 or aguiv.

(1Z2—2M3553 or equiv.

Q3—2M<036 or equiv.

C1—150-pF mica timmer, ARCO no, 424,

C2—470-uF, 25-V elactrolytic or tantalum
capacitar,

G383, C4—330-pF silver-mica or polystyrang
capacitor,

C Fig 1 shows an inexpensive transmitter for
the 30-meter band, The combination of
excellent propagation characteristics and a
relatively low QRM level on this band make
solid communication routing at QRP levels,
The circuit shown was adapted from a
WTZON design shown in 'Experimenting for
the Beginner'' by Doug DeMaw, W1FB, in
the September 1981 isspe of QST, The
transmitter can be put on 30 meters with
relative case.

The only major changes required were (o
resonate the oscillator output circuit, and
filter the amplifier output on the new
frequency, This was done by changing the
number of turns in L1 and selecting an
appropriaic range for C1. A new output filter
(C3, C4, L3) was designed using the compo-

L°—30 turns, AWG no, 24 enameled wire
on a T-50-2 corea.

L2 3 turns, AWGE no, 24 enameled wire
avar L1,

L3—13 turns, AWG no. 22 enameled wire
an a T-50-2 core.

RFC1=—30 turns, AWG no. 2B enamealed
wire an an FT-37-6Z core.

J1—=50-235.

nent values shown in the schematic. In
addition, the antenna output jack was
changed o an 50-239 (1o suit my personzl
preference), and a ground stud was added 1o
the enclosure (see Fig 2). My circuit is built
on a printed circuit board as in the original
article. The transistors shown differ from the
orginal design only because they wer:
availahle in my junk box.

The transmitier performance is excellent,
and the keving is clean. Output power is
exactly | watt when using a 12.8-V de supply
{measured with a V1WA and a >U-L resistori.
Excellent signal repors have been received
from stations in Mew Brunswick, Florida and
from as far west as Kansas.—Frank Pirman,
WD4Dns, 12 E Lakeshore Dr, Rome, GA
Jcial
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J2=Phone jack or phona
jack.

tAmidom Associgtes, 12033 MMsego 5t MNorh
Hoflywood, CA 91607, tal 213-760-4429,

*Palomear Engineers, PO Box 455, Escondido, CA
92025, el 619-747-3343.

ACircuil Board Specialists, PO Box 869, Pueblo, CO

B1002, ted 303-542-5083,

For updated supplier addresses, ses ARAL Parts
Suppllers List n Chaplar 2.

Fig 2—An intarior view of the QRF rans-
mitter as conveted for 30 meters. Tha heat
sink is on Q2.
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3. 1 — Schematiz diagram af a simple 30-m transmitter buill by KB4PY, Resistors are 1a-W,
sarbon-compasitior typas. Capacitors are disc caramic, except C1
-1 — 10- to BO-pF mica trimmer. RFC1 — 103-4H RF choke, such as Miller
=21 — FB43-101 farrite bead. par no. 4632,
_1 = 13 turns no. 22 enameled wire on a ¥1 — Fundamental-type crysial in FT-243
TH8-4 toroid core (yellow), 0.8 gH. heclder Tor gny Negueocy i the 10-MH:z
! _% — 30 turns no. 28 enamalad wire an an amataur band,
FT37-63 lorgid corg, 15 aH.

A Two-Transistor Transmitter for 30 Meters

came up with the one shown at Fig. 1. The cir-
cuit 15 simple and inexpensive. [t uses
fundemental-typc crystals in I'T-243 holdcrs,
which are easy to obtain from a variety of sources,
The ransmitter output is almaost 1.5 W, and the
harmonics are 34 dB8 down from the fundamen-
tal, With a reasonably stocked junk box the total
cost for this transmitter s1ould be under 510,

My antenna system is a 150-ft random wire
and 3 Transmatch,® A {wo-position coax switch
is used to change between ransmit and receive.
I leave my receiver active during transmit, and
it provides a nice sidetone. Keying either the
positive ar negative power-supply leads seemed
like the easiest method to me. The keying
waveform is a bit soft, but 1 don't belicve the
slight chirp is ohjectionable. Others may wish
to experiment with alternate keying methods.

I built my rig on a piece of perl board, and
maoutred the circult Inside of an aluminum box,
as shown in Fig, 2. An etchng pattern and parts-
placement diagram are shown in Fig. 3. Many
of the parts are available from RADIOKIT, Cir-
cuit Board Specialists also has a PC board and
a complete kit of parts avaiable for this project.

I used an oscilloscope and frequency counter
to align the circuit. Alternatvely, use a calibrated
receiver, and tune O for maximum ootpat. 1
hope others have as much un with this little rig
as | have,—Pad Hoffrman, KB4PY, 4502 Indian
Hilis Rd, Decatur, AL 35607,

m o= 1 = 03048, mm = in x 254

— When | decided to become active an the 30-m
-and, I wanted (o build a simple transmitter. [
=ave & Yaesu FT-101E that receives WWY on

1 MHz. Others may have peneral-corerage
aceivers, and need only a transmitter, Apn] 1963

. E 5T described an elaborate 30-m rig.' But even
== trapsmitter secton 15 more than just 2**junk
L =on"' project.

Afrer testing & variety of other circuits, [ finally

1 7. Dakaw, “Pulting the '8P6 Special Hamca-
] tian Blg' on 10 MHz." QST, Aprlk 1983, pn. 1921,

+ VDo

AN,

=3 2 — Photo showing the construction
echnique used by KBAPY an his 30-m ORF

-znsmittar. Mote tke heat sink used on Q2. If
U use point-to-paint wiring, as shown, 1 may

Flg. 3 = A 3C-board etching paettern Iz given at A, Black represents unetched copper, viewed
fram the foll side of tha board. The pattern Ie shown astual size. B chows a ports placament
diggram, Compenanis are placed on the non-foll side o' the board; the shaded ares represents
an ¥-ray vlew of lhe copper pattern.

== marassary o radora the valne nf thae
' 30-pF silver-mica capacitor. The author used
3 valua of B2 pF in his original design.
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From May, 1979 QST, p 27:

A VMOS FET Transmitter for
10-Meter CW

Vertical metal-oxide semiconductor FETs are new on the

amateur scene. Here is a practical construction project that
makes use of the Siliconix VN8BAF.

By Wes Hayward,* W7Z0I

Alnmugh QRP ow operation has been
the major passion at W7Z0!1 for many
vears, [0 meters is a band that has been
bypassed, The reason s not cleer, for it's
hard to find a bener Freguency during
perinds of high sunspot activity, The rig
deseribed here s a lone-overdue remedy
foer this neglect.

It was decided ooy one of the new ver-
tical meral-oxide  semiconducor  feld-
effect transistors' as a power amplifier,
rather than 1o use a conventional ap-
proach w transmitter design, Experiments
with carlier YMOS FETs were envourae-
ing. Howeser, Lhe deviees were cither ox-
ponsiv e or conpletely unavarlable. Today,
plastic medive power deviees are readily
availably For less than 52,

The transistor chosen was the Siliconix
VNERAF, With Skvoll drain-to-pate and
drain-to-zource breakdown voltzees and a
prak current capability o 3 amseres, 1he
deviee appeared ideal, The major limita-
tioms are the power dissipation of |5 watts
and the prosence ol g proteciion Zoengr
dinde an the vate, The laner torred out to
be a major constrainl for ow operation.
(We'll have more comments atow that
larer.

Modern operating praciices dictare the
pecd Tor sonw dearce of Treguensy aility.
A T4MHe VYO was chosen Tor freguen-
cy contrel, A clean balanved doulider pro-
vides the reguired 28:.MHe sizgnal. Low-
level stazes with an abundance of stahi-
living  nepative  feedback  inccase  the
power B dreive the VMOS final. All in-

*Techmeal Advsor, ARRL, F7 5. W Dol
Abed., Bidverien, UK Y HER

1hotes appear &t end of articla.

dications are that the system should be
cmineatly reproducible.

Circuil Details

The heart ol the transmeiier, the ©f
chain, s shown in Fig, [0 Q1 serves gs a
crystal Colpitts oscillator with the erysal
operating  on the  imduactive  side of
resonance, The crvstal normally used in
this circait has a markel requency of

14,025 KHz. With the components shown,
1 25.kHz range is obrained ar 14 MHz.
[Some experimentation may be reguired
with the number of turns on LI to obiain
e desired range. ) As shown, the ciecuit
tunes from 14,025 down 1o about 14,001
kHz, If the inducior L1 is sharied, the gir-
it will tune from the marked cevstal Tre-
duency vpward about [ R

Mot all crvstals will function well in his

Side wiew of the 10ameter YMDS FET transmilter. No attemp! was made o miniaturize the unit
The linal amplitier, Q3,15 visible at the lower left. The crystal s immedialety 1o the lefl of the

variabls capacior. The connectar at the upper right is far the racevar
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Zig 1. — Af chain for the VMOS FET transmitter. All resisters are Ve-walt composition and capacitors are disk ceramic unless atharwise spacified.
Telerancas are +10 percent. The +12 T indicates 12 V' during transmit periods only (see Fig 2). The Supertsx VNS-A is an equivalant part for

na VNBBAF (Siliconix) VMDS transistar. Siliconix parts are almast impossible 1o purchase in small guantiies, bul Hamilten-Avnet autlets seem 1
mave a limited number of tha transistors for single-lot purchases.

-+ — A00-pF air variable, Allied 695-4200 ar
SOV,

12 3 — BS-pF rrimmer, Allled TE2-0404 or
Squiv,

o | -|':',5 — 400.pF trimmer, twa Allied 752-37655
n parallel or aquiv,

o1 — B.2-V, 400-mW Zemer dode, TNTE3A or
aguiy,

2203 — TNBTd or equiy,

orcuit. They should be fundamental-
ode units, the usual case a1 14 MH2, The
sost results are obtained with HC-6/U
—ctal-can units, such as those manulac-
ared by JAN Crystals and by Interna-
onal Crystal (type 031300). The maost
~zlrable operation occurs when the metal
crvstal case is grounded; if it is allawed to
‘float,”” the freguency will change when a
~aml moves ncar the rock, making a
rront-panel moaunted crystal socket im-
-ractical. Tuning is very nonlinear, but
Zis presents no problem in this applica-
on, The SO-kHe tuning range (after
Zouhling) has been more than sulficient.
Ahile a 400-pF variable capacitor is used,
s smaller unit will suffice with only a
el reduction 0 tuning range. The
-gwer available from the oscillator is

L1 — 7.2 gH, 40 lurns no. 24 wie an
Amidon T-80-85 care,

L2 — 0.B7 uH, 17 turns no. 26 wre on
Amidon T-374 care,

L34, L4 — 0.3 uH, 12 turns na. 24 wire on
Amidan T-37-6 care.

L3B, L3C — 2-turn links over L34,

LS, L7 — 0.24 uH, @ turns no, 24 wirg on
Amidon T-37-6 core,

around one milliwatt (0 dBm).

(32 functions as & buffer amplifier 1o in-
crease the 14-MHz power to abouat + 10
dBm, & near-optimum drive level for the
diode deubler. The output of this stame
has a low-pass filter to ensure a waveform
relatively Tree of harmonics that would
degrade the balance of the nultiplier and
hence reduce the suppression of 14-MHz
eacergy in the oulpr.

Frequency multiplication is obtained
with a pair of silicon diodes, D2 and D3,
Omne might question the wse of a passive
frequency  doubler,  bur careful  ex-
periments using laboratory instrementa-
tion have conlirmed the wisdom of this
choice. Details of this work are presented
in chapier 3 of Sofid Sture Designt for the
Radio Amateur.* The mettod is used in
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LB — 0.3 wH, 10 turns no 24 wire on Amidon
7376 cara.

L& — R choks, approx. 1.3 gH, 17 turns no,
24 wire on Amidon |-44-6 caore,

T1— 7 trifdlar turns ng, 28 wire on FT.2743
lerrite cora.

T2, T3 — 7 hitilar Wrns ro. 28 wire on
FT-37-43 farrile core.

Y1 — Sea faxt.

several projects in that book.?

The doubler is followed by a single
tuned cirewit at 28 MHe. A pair of two-
turn links on the toredal inductor couple
cnorey into and out of this resonator, The
power available from the doubler, aflter
filiering in the resonaor, 15 about O dBm.

The 28-MHz encrey is applied 1o a two-
stege, keyed amplifier. Megative feedback
is used in both stages 1o ensure broadband
stebility and to cstablish the gain lovek
desired, The resistor values used were
choscn from a progam written for the
writer™s programmable calculator, Addi-
ticnal information on feedback amplificrs
is presented in chapier B of Solid Srare
Diésipn. The saturated output of Q4 i
pealy 172 watt, more than cncugh to

drive the ¥YMOS final amplificr. Both
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Fig. 2 — Control circuit tar the YMOS FET transmitier

K1 — 24:V do spdt relay, Magnecraf|
WESAPCK-3 ar squiv.

driver stages were keyed, a requiremen
resulting frem signal feedthrough in fod-
back ampliiers when they are “toff,"
leading 1o an objectionable backwave,

A single unced circwit was placed  be-
tween (0% and ©34 This improved the sup-
pressuot of 14-MH2 cnergy which was
detecred in the output of 4 when using a
Hlohm  temination and a 15-MHz-
bandwidth vseilloscope. (Addition of the
tuned  cirerit  removed  all rraces of
20-meter erergy  rom the owcilloscope
presemtation.y 1F the  resomator s
climipatcd, the amplifics chaic (Q3 and
Q4] has a very wide bandwideh and s
suitable Tor veneral-purpose application
throwghout the hE spectrum. A& zmall heal
sink is recommended for 04,

The final amplifier 15 generally straighi-
forward., with only a Few subtletivs. A
low-pass filler is contained at the input, N
sorves the rale of absorbing the inpu
capacitance of the rransistor, in this case
about 30 pF, and henew aids broadband
performance. The input of the amplificr is
terminated inoa 47-ohm resistor. While
this decreases power gain, i does provide
a fow impedance at the gate, a definite aid
to stability.

All presently available VMOS (ran-

Od = 9V 400-mW Zener diade, 1M7STA or
equi

sistors are enhancement-mode  devices,
That s with no positive voltase on (he
gale with respeet te the source, there s no
drain zureent. Only when a threshold zate
voltage is reached does drain corrent
begin 1o MNow. This is tvpically + 1,2 volis
for the VNEEAF. Currenl flow increases
dramativally as the sale potential s in-
creased further,

Many available YVMOS FETs have an
internal Zener diode connccted between
the gate and the source. This diode pro-
teets the TET from damape by statie elec-
rrlcity. Only one Zener diode is used, n
contrast o dual-gale MOSFETs, which
employ  back-ao-back  Zeners. The
VMNEEAF ncludes a prolection diode. [f
there were no internal protection diode, i
would be possible 1o attach the gate
directly o the d7-0hm resistor with no ad-
ditional circuitry. But us it is, the negative-
egoing portion of the ¢l voliage would
gquickly  destrov the protection diode,
taking the transistor withic! Heoce, exter-
nal protection cirewitry s required 1o save
the amplifier from the il cffects of the in-
ternal protection diode. The resistor not-
work and IN214 diode shown with 5
srrve this function, clamping gate
voltape and never allowing it to go below

thie
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gbout 1.2 volts.

With no drive applied, 5 sits on the
verge ol conduction. When drive is ap-
plicel, the scrics 280-pF capacitor will
charge, establishine a small positive de
voltage on the pate, As such, the amplificr
operates Class A, The key-down drain ef-
ficiency is poor, only aboul 3 percent.
For this reason, a husky heatl sink i man-
datory for Q5, (During  testing, ane
VINEBAF was destroyed [rom oxcossive
dissipation becavse of an inadequate Teal
sink.) Owerall clficiency is reasonzble
during tvpleal ow operation, sinee forward
bias disappears once drive s removed.
Measurements have not been performed
o this cireuit when operated inoa lincar
mods. However, the method might hald
promisc for ssb applications,

The cutput of th: amplificr uses a dou-
ble pi network. Following the work of
Roy Lewallen,® such a network was used
in anticipation of ohbtaining  Aener-less
devices that can be operated Class Coor [0,
For the Class A operation employved in
this design, a seriestuned output neiwork
would probably present no problems.

The output power is <+ 36 dBm, or
ahoan 4 watte, Shightly over 8 watls of out-
put was obtained when a second VNEEAE




was paralleled with Q5. Mo circuit changes
wore reguired other than retuning of the
outpul network, Operation was auempled
al a drain supply potential of 12 volts, but
power outpul and gain suffered saverely.

Somw cxperiments that might Te of in-
terest were done on B0 meters, An
amplificr much like that used at 05 was
puilt with a similar bias scheme. This
amplifier used Ffour paralfeled VNEEATFS
Polted 1o a large heat sink, Power outputs
up to 25 watts were vasily obrained but the
effiviency was sull poor, A similar
1AMz amplifier was then built using a
Siliconix VNB84GA. This transislor is a
real brute with no internal protection
Fener diode. U had an output of over 25
walts with an <fficieney of 73 percent. The
amplifier was then moved to 14 MHz by
resonating the [000-pF gate capaciiance.
similar results were obtained there, Un-
fortunately, this transistor is both cxpen-
sive aned difficull 1o obtain, Perhaps that
situabion will emprosve with fime.”

The control circuitey for the transmitter
is shown in Fig. 2. A 7812 three-lerminal
voltage regulator powers the law-level
stawes as well as a crystal-controfled
receiving converter included within the
same box, Transistor Q6 operaies as a
switeh to apply voltage o the oscillator
and buffer wien either the spor or the
reansmit switch s activated. Q7 5 a pnp
switch controlied by the key 1o provide the

voltoge for 03 and Q4. A 1-yF nonpolar
capacitor from basc to collector forees Q7
to act as an integrator during transitions.
This shapes the keying nicdy.

Transstors 8, Q% and QIO forim a
semithecak-in circwit, When the key s
pressed, the antenna relay s activated, I
will remain on [or a fraction of a second
after the Eey s released. The wransmitl
swilch, 52, overrides the semibreak-in cir-
vuit for more casual contacts. 1 desired,
Q8, Q% and Q10 may be omitted, They
were inslalled in this tramsmitler a few
davs  before  the  annual  November
Sweepstakes vontest, The antenna relay
weed was a surplus item fram the junk
box, Thare s nothing critical here,

The simplicity of the conirol cireuiry
presents one poteotial  problem:  The
rransnyitter is on (and gonerating rfyat the
instant the antenna relay changes o the
transmil  position.  Howeeer, the low
power and the inherent siability of the
Class A final amplificr allow  ""hot
switching™ with no probems. Control
systems for correcting this situation arc
deseribed in chapter 7 of Sofid Srare
Desizn jor the Radio Antaleur,

Results

The performance of this ransmitter has
been as pood as expected. Investigation
with a Tektronix TLI13 spectrum analyzer
afrer construction and alignment (using
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less emotic home-station lest eguipment)
wis ecncouraging, The 14-MHz compe-
nent is 57 JB below the 28-MBH2 carrier.
The seeond harmonic iz 64 4B down whike
the fowrth and sixth harmonics are just
barely detectable. The backwave is ova
75 dB down. The output ampliler has
performed Mawlessly with no sign of the
usual instabilitics  fpund  with  bepolar
power amplifiers, The VMOS FET power
transistor 15 cerlainly here o stay!

On-the-air  reports are equally  on-
couraging, keying and gencral **cleanli-
ness” are comparable to any of the better
signals around. While using an inverted-V
dipole anly sight meters high, the writer
warked 41 states and a  considerable
arvount of DX in ihe first two months of
operation. The DX {in all continents) in-
cludes many shightly rare prefises, ranging
from LU and OX to HE® and EAS. Lot s
just hope that the sunspots hold  for
several more vears!

Noles

‘Rash, “MOSFET Powar Aauplificr,”” Haeer Bodiv,
Moswrnber 1978 Al s references ciled i ihal
raper, espeviatly those B Oxngr,

aywinid ol DeMaw, Solied Store Desoen for sie
Redia Avrarenr, AREL, 1977, p, 41,

el pp. 197, 223,

oewiglon, e SolidStare PA Matchme Neowonks,'”
8T, Dok 197E, g ML
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A Beginner’s
Look at Basic
Oscillators

A frequency generator is the
heart of any signal source.
Simple crystal or LC oscillators
have many uses in amateur

circuits. Let's learn how they work and where some common

problem areas exist.

By Doug DeMaw," W1FB

ki

Dnn't try to dazzle me with exotic
circuits! I want to learn the theory of sim-
ple circuits first."" Those statements are
yvoiced frequently by radio amateurs, Are
you one of those frusirated persons?

Perhaps the blind spot that exists with
some writers (and 1'm one mys:lf) results
from the belief that in order for a ham to
have passec the license exam, he or she
fully understood the answers to the theory
questions. This is not a fact, because (un-
fortunately) many amateurs memorize the
suggested answers to the FOC examina-
tions. This makes it difficull to com-
prehend even the most basic of discussions
about electronics.

Something else is awry for those who
don't understand the fundamentals of our
radio pastime: They can't experience the
jovs of building and using homemade gear!
The purpose of this Beginner's Bench series
is to encourage those of you who are less
technically inclined to climb the ladder to
a level that will enable you to enjoy the
technical section of QST more fully, and
to do some dabbling in wyour home
workshops.

Perhaps the most common circuit in RF
{radio frequency) projects is the oscillator.
A single oscillator can serve by itself as a
transmitter for CW. It may also be used as
a frequency generator to be followed by
one or more amplifier stages tc provide a

*ARAL Contributing Editor, P.O, Box 250, Luther,
M| 49655

high-power transmitter, But, oscillators are
used zlso in receivers, frequency standards,
signal penerators (test equipment) and
many other picces of apparatus for amateur
use,

Perhaps you're saying ta yourself, “Why
hasn't he mentioned frequency syn-
thesizers?"" Well, that’s not a topic that can
be handled properly in a beginner's discus-
sion. The synthesizer is a very exotic item
that involves a host of subjects that are
beyond the intent of this series. There's no
doubt that synthesizers zre becoming the
way of life with most manufacturers of
commercial amateur equipment. But, for
the sake of experimenting with useful, sim-
ple circuits, we will focus on crystal and LC
(coil and capacitor) oscillators, They are by
no means obsolete!

What is an oscillator? In electronics, an
oscillator is a device that generates an alter-
nating current {ac). Oscillation is a varia-
tion in the magnitude of zlectrical current
with time. Typically, the output of an
ascilletor alternates between positive and
negative current values centered on zern
CUTTETL.

Everyone has alteraating current
available from an electrical wall outlet.
Why is an oscillator needed to produce ac?
The ac from the wall outlet is alternating
at &0 Hz (cycles per second). In radio we
need oscillators that will produce a wide
varicty of other frequencies from the audio
range (20 to 20,000 Hz) throughout the
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radio-frequency range (as high as 300 GHz,
or 300 billion cyelzs per second).

To make an oscillator, we must have two
things. One is a frequency-determining ele-
ment. This element is an energy-storage
device with a special ability to build up
energy in one direction, discharge it, build
it up in the opposite direction, and
discharge that. A pendulum is an example
of a mechanical oscillator that does just
that. Another example of a mechanical
oscillator is the tuning fork used as a s:an-
dard by musicians. Both of these
mechanical devices store energy and
oscillate at a certain frequency. In an elec-
trical oscillator we generally use a quartz
crystal or a tuned circuit consisting of acoil
and a capacitor as the energy-storage and
frequency-determining device.

The second ingredient of an oscillator is
the ability to supply carefully timed pulses
to keep it oscillaticg, Recall that a tuning
fork oscillates for only a short while after
it is banged agains: something. Similarly,
a pendulum eventually winds down as the
effects of gravity and friction win out.

Meither the mechanical nor electrical
oscillators are perpetual-motion machines,
The mechanical devices can be kept going
by giving them a kick every now and then
in exact timing neeced to replace the power
lost to gravity and Jriction. The same idea
applies to electrical oscillators — there must
be a pulse of electrical power supplied o
the frequency-determining element exact-
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ly synchronized 10 the frequency of eoscilla-
tion. The amount of power supplied must
replace power lost to circuit resistance. This
replacement power is called feedback. To
obtain the extrz power needed for feed-
back, it is necessary 10 sample some of the
oscillating enerzy from the frequency-
determining elérient, amplify it, and feed
it back to the frequency-determining ele-
ment so that it aids the power build-up, So
an electrical oscillator needs an active
device (such as a transistor or a vacuum
tube) to serve a: an amplifier to produce
the correct feedback to keep the circuit
oscillating.

Crystal Oscillators

A crystal oscillator circuir can be built
with a quartz crystal and an amplifier to
provide the needed feedback. When the
amount of feedback is sufficient, the quarz
element in our crystal holder will vibrate
at a specified rate (depending on its
thickness and the stray capacitances present
im our circuit). The crystal is ground 1o the
proper thickness at the time of manufac-
ture, and the resultant frequency is marked
on the crystal case, Therefore, if our crysial
was marked “31.700 MHz," it would
vihrate 3.7 million times a second to pro-
vide the desired oscillator frequency, The
thinner the quartz crystal, the higher the
operating fréquency. This limits the prac-
tical upper frequency of a fundamental
crystal, for if it were too thin the element
would become impossible to fabricate or
would shatter casily during oscillation.
Generally, 20 MHe is the upper limit for
guartz crystals tiat operate on thei: fun-
damental modes.

Although a ervstal may be marked for
a specific operating frequency, this does not
mean it will produce that exact frequency
when we plug il into an oscillator. The
crystal must be ground or etched in accor-
dance with the circuit capacitances that ex-
ist in our oscillater. This is specified by the
manufacturer as the “*load capacitance,'
the existing circui: capacitance that “*loads"
the erystal. Normally, the load capaciance
of a standard oscillator circuit is somewhere
between 10 and 40 pF, with 20 or 30 pF be-
ing the mast typical valne. Same circoits
are very difficult to analyze with regard 10
the effective load capacitance. For this
reason amateurs who need to have the
crystal work at a precise frequency must tell
the crystal suppler the model number of
the equipment in which the crystal will be
used, If the circuit is homemade, orif the
madel number is not known, the supplier
should be provided with a copy of the
cscillator cireuit, with all parts values
marked plainly on the diagram. W2 can
take advantage of the effects of load
capacitance by introducing changzs in
capacitance intentionally. This enables us
to shift the operating frequency of a crystal,
Nore on this subject later.

LC (coil/capadtor) frequency elements
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Fig. 1 — Simple example of a Pierce crystal
ocacillatar,

in an oscillator must also be supplied feed-
back energy 10 cause oscillation. The coil
and capac.tor do not vibrate as is the case
with a crystal element. Insteed, the com-
bination siores and discharges energy at a
specific rate o establish the requency of
oscillation. The LC oscillator is seldom as
frequency-stable as a crystal oscillator.
Changes in temperature and mechanical
vibrations (unwanted) tend to change the
inductance and capacitance elements of the
LC oscillator in a more dramatic manner
than when a crystal is used, This causes an
instant {mechanical) or gradual (electrical)
change in the operating frequency. The
gradual change is referred o as **drift."”

The Pierce Oscillator

One of the simplest types we hams can
use is the Pierce oscillator (named after a
peTSON, as are most oscillator circnits), Very
few parts are required, as shown in Fig, I.
It makes ro difference whether we use a
vacuum tude (triode), bipolar Tansistor or
an FET (field-effect transistor) in the cir-
cuit. The cperating conditions remain the
same except for the de voltages applied to
the circuit: The tube would require filament
voltage and a higher dc voliage,

Y1, the quartz crysial, is located in the
feedback path (between the drain and pate
of Q1) to ensure oscillation, We must be
careful to make certain we have neither too
little nor too much feedback. Insufficient
feedback will prevent oscillation, or slug-
gish starting of the oscillator when
aperating power is applied. Too much feed-
back can cause unwanted *‘frigglies™
(oscillations at other than the crystal fre-
quency} or, as some call the condition,
“squegging."”’

To have control over the amount of feed-
back in Fig. 1 we have added C1 and C2.
C1 is variable (a trimmer capacitor) to per-
mit adjustment of the feedback energy.
Once the correct value of capacitance is
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Flg. 2 = A basic Colpitts ssclliator using a
crystal.

found for ouwr erystal, by virtue of C1, we
may install a fixed-vzlue capacitor, A
100-2F capacitor is suitable for C2 for ham-
band use from 1.8 to 21 MHz. €1 can be
a 60-pF trimmer. An MPFI02 or
2M4416-family FET wil be suitable at 1.
RFC1 is an RF choke that is resonant with
the stray circuit capacitance (roughly 10 pF
in most cases) well below the crystal
frequency.

For example, using tie ARRL Tyvpe A
LACAF slide-rule calculator, we would find
thata 150-uH RF choke with 10 pF of stray
capacitance would be resonant at the high
end af the 75-meter band (4 MHz). If our
oscillator were for use in that part of the
spectrum we would want te avoid this con-
dition. It would be better 1o use a 500-xH
choke, which would provide resonance at
approximately 2.2 MHz, We could remove
all doubt by using a 1-mH (millihenrv) RF
choke, which is 1000 xH.

Output from the oscillator of Fig. | is
taken from the drain of Q1. In order to
help prevent the circuit that follows our
oscillator from impairing oscillations
{loacing the oscillator too heavily), a small
value of capacitance is used at C3. It should
be the smallest value that is practical for
delivering the required sower to the next
stage of the overall circuiz. Usually, this will
be between 10 and 100 pF in the 1.8 to 20
MH: range, Tow much oscillator loading
can prevent oscillation,

Colpitts Oscillator

A popular escillator ii shown in Fig, 2.
This is the Colpins circuit. Although a
bipolar transistor is shown at 1, a tube
or FET could bhe used with equal success,
In Fg. 1 we found the source of QI at
grouad potential, respective to de and RF.
In Fig. 2, the collector of QI is at RF
grouad by virtue of the collector bypass
capacitor, C4, Hence, the feedback path
for the Colpitts circuit we have illustrated
is between the emitter and base. Other
foorms of the Colpirrs oscillator are com-
mon; this is but one vasiation.

Orece again we have used two capacitors




(C1 and C2) Zor controlling the feedback,
C1 and C2 are for that purpose, [ find that
in a practical circuit that uses a good, ac-
tive crystal, the ratio of capacitance for C1
and C2 is on the order of 4:1. The larger
value is used ar C2. By placing a trimmer
at C1 we can adjust the feedback for best
performance of the erystal we use at Y1,
A value of 100 pF seems to be [ine for C2,
with C| being a 60-pF trimmer. The REF-
choke rule for Fig. 1 does not apply here,
entirely. The self-resonamt frequency
should be well below the crystal frequen-
cy. But, with a 100-pF capacitor in shunt
with the choke (RFC] and C2}, the reso-
nant trequency will be rather low compared
to what it would be if only 10 pF of stray
capacitance were present.

Output is taken via C3, which should
again be a small value of capacitance to
prevent the succeeding circuitry from
loading the oscillator excessively. The 10-
toy 100-pF ranze is applicable 1o this cireuit
also. Q1 can be any small-signal bipolar
transistor thar has a fairly high cutoff fre-
quency (fr). 1 like to use a transistor that
has an f+ of £ to 10 times, or greater, the
crystal frequency. Such devices as the
2MN3904 and 2N2222A are fine for frequen-
cies up to 20 MHz — the approximate limit
fur fundamertal-cut crysrals,

There are, indeed, many kinds of crystal
oscillator circuits, but it would take many
articles of this length to show them and
describe their basic performance charac-
teristics. The Pierce and Colpitts form the
basis for most amateur oscillator circuirs,

Overtone Oscillators

How might we obtain crystal-cscillator
performance above the frequencies for
which fundamental erystals are limited?
Well, we adopt what 15 called the **over-
tone oscillator.”” As is true of funcamental
types of oscillaiors, there are countless over-
tome-uscillior drewits. We will deal with but
two of them, mainly to illustrate the prin-
ciple of operation. A simple triode avertone
oscillator is shown in Fig, 3A. Y1 5 manu-
factured as a crystal that operates at an odd
multiple of its fundamental frequency. This
means that we may use @ third- or fifth-
overtone crystzl in our cireuit to obiain out-
put at some frequency above, sav, 20 MHz,
Let's imagine that we wanted & crystal
oscillator for use ar 28 MHz, We should
order a third-overtone crystal for the exact
10-meter [requency of interest. The
manufacturer would again need to know the
load capacitance presented by our dreuit in
order to grind or etch the quartz correctly.
The erystal is ground for roughly cne third
the operating frequency. That is, a 28-MHz
crystal would be ground for approsimately
9.333 MHz. An overtone crystal does not
oscillate at exactly three times the requen-
cy of the guartz element, however, so the

manufacturer must know the exact overtone
frequency we desire. Likewise wilh [ifili-

overlone crystals, and so on.
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Fig. 3 — Two comman typos of prystal over-
tone ogclllatar,

The drcuit at A of Fig. 3 is rather sim-
ple. Sufficient internal coupling exists
within Q1 to provide the feedback we need
for oscillation. This would not necessarily
be true of oscillators operating at the fun-
damental mode of the erystal. C1 and L1
are tuncd to the desired overtone frequen-
cy, thereby providing feedaack at the re-
quired frequency. If all is a5 it should be,
¥1 will oscillate and provide RF output
from Q1 at enfy the overtone frequency.
Too much feedback will permit the crystal
to oscillate at its fundamental frequency,
This will cause the oscillator output 1o con-
tain two frequencies — the fundamental
plus the overtone. Cutput can be taken at
high impedance by means of C2, or a link
can be wound on LI to provide low-
impedance output via L2. The choice will
depend on what we couple our oscillator 1o,

Another kind of overtone oscillator is il-
lusirated at Fig. 3B, At first glance we
might conclude that it is a Pierce oscillator.
But, it is an overtone type of oscillator,
with thecrystal inserted between the drain
and gate of the FET. C1, ysed 1o control
the feedback, will have a slight effect on
the operating frequency as it is adjusted.
7 and L1 again form a resonant circuit
at the overtone frequency.

LC Oscillators

Most LC oscillators are used as VFOs
{variable-frequency oscillators). But, we
may cled to use them on oceasion as single-
frequency devices, just as we would with
a ceystal oscillator. How useful an LC
oscillator may be will depend entirely on
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how frequency-stable we can make t.
Although crvstal oscillators are more ex-
pensive, they do offer the best stability of
the two tvpes.

Acceptable freguency stability is ob-
tained through careful selection of the cir-
chit components, the amount of feedback
used, regulation of the operating voltages
and providing as necarly a constai
lemperalure eénvironment as possible,
Special  lemperature-compensating
capacitors are often ssed 1o minimize fre-
guency changes. The coil and capacitor
must be mechanically and electrically well
boilt to enhance srahilitv. Similarly,
nathing in the immediate vicinity of the LC
oscillator must be allowed (0 move posi-
tion, for this can chaage the operating fre-
quency. Changes in oscillator loadinz,
ciauscd by operating-condition variations in
succeeding circuit stages, will also shift the
frequency. LC types of oscillators are more
prone to this malady than arc crystal
oscillators.

Three types of LC oscillators are shown
in Fig. 4. The first example {A) is probably
the most common of the three in ham
equipment. Since C2 and L1 are in parallel,
tkis is called a paralld-tuned oscillator. €3
and C4 provide the path for our feedback
energy. In LU oscilletors the value of C3
and C4 are approximately the same. A




e BT

LR

o G W TP

Fig. 5 — Detalls of how C, L or both elements
~an bnoadded 13 an ascillator aireoit ba shidt
the crystal frequency.

3.5-MHz VFO, for example, might use
1000 pF fer each of the feedback
capacitors., C3 is once more a small-value
coupling capacitor to minimizz outpu
loading.

The circuit of Fig. 4B relies upon a tap
near the prounded end of L1 to provide
feedback for oseillation. The tap is usual-
I¥ located approximately 4 of the way up
the coil from ground. Output can be taken
via C3 or by means of a link winding (L.2)
at the ground end of LI.

A series tuned Colpits VFO iz illustrated
at Fig. 4C. The name applies because C1
znd L1 are inseries for this circuit, The ad-
vantage of this configuration over that of
Fig. 4A is of particular interest as we raise
the operating frequency. Sometimes we end
up with imprectical (small) values of induc-
rance for L1 in a parallel-tuned circuir,
2specially at high operating frequencies:
The series-tuned arrangement requires a
much larger amount of inductance and a
:maller value of capacitance at Cl for a
ziven tuning range, The series-tuned for-
mal can often lead to improved frequency
swrability for reasons that we cannot address
nare.

=hifting the Crystal Frequency

We discussed earlicr the possibility of
making small changes in the operating fre-
quency of erystal oscillators. This can be
Jone by adopting the methods depicted in
Fig. 3. The smallest frequency ckange will
ce eaperivnced when using only a variable
sapacitor as shown at A in Fig. 5. The
aigher the crystal frequency the greater the
Trequency shilt as C1 is adjusted. The trim-
mer can also oe placed in parallel with C1.
Ome method raises the frequency while the
sther lowers it An inductance can be added
'n zerics with 2 crvstal, as shown in Fig, 5B,
:o shift the frequency of oscillation. Too
much inductance at L1 will convert the

crystal oscillator 1o an LC tvpe of circuit,
and the benefits of crystal control will be
lost. [ prefer to use an inductive reactance
of approximately 850, masimum. Henee,
for a 7.0-MHz erystal the maximum induc-
tance at L1 would be 19.3 pH, derived from
XL B30
L{xH) — S UL
U 27 f 628 = 7

19.3
{Eg. 1)

where X is in ohms and f is in MHz,

The zgreatest amount of frequency pull-
ing or swing will be obtainzd il we employ
the method at C of Fig. 5. Here we have
a coil and capacitor in a scrics arrangcment
at the bottom end of Y1. A 100-pF variable
capacitor can be used along with a coil
whose value is derived from Eg. 1. Fre-
quency shifts as great as 10 kHz can be had
at 10.1 MHz, with 3 kHz being typical ai
7 MHz, and 3 kHz being about the limit
at 3.5 MHz. Anything greater than that
suggests that L1 has oo much inductance
for full crvstal control. A circuit like the
one in Fig, 5C is vsually referred to as a
VRO (variable crystal oscillator). In some
circuits we will find that C1 has been
replaced by a varicap diode, or voltage-
variable capacitance diode, The frequency
change will not be as great as with an air
variabl: capacitor, since the minimum
capacitance of a varactor diode will be
much higher than that of a mechanical
capacitor.

Buoffering and Isolation

Throughout our discussion we have men-
tioned oading 4t the output of oscillators,
plus the frequenecy shilting caused by load
variations. We considered also the effects
on oscillation that too much loading might
cause, These problems can be reduced or
eliminated by adding buffer stages after the
oscillator, as shown in Fig. 6. In effect,
these additional stages help to isolate the
ascillatar from the circuits that succeed the
frequency-generating chain. Some buffer
stages can also provide signal amplifica-
tion, whereas others might reduce the ef-
fective output level of our oscillator. FETs
work well as buffer stages, owing to their
very high input impedansce (usually a
megnhm or greater). The gate resistor in
Fig. 6 determines the inpuwt impedance of
32, since it is lower in ohmic value than
the natural gate impedance of Q2. Since we
show Q2 as a source-follower stage, the
outputof the FET will be dightly less than
the output of Q1 — approximately 10%
lower.

Most VIO circuits have at least two buf-
fer stages, and sometime: three. One or
maoare of the buffers can be designed as
amplifizrs if we wish, This enables us to ex-
tract greater output power than would be
possible if we took the output directly from
the oscillator, Cl and C2 of Fig, 6 are small
in capacitance value. This helps limit
loading effects after the oscillator. If you
have built a VFO-controlled CW transmit-
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Fg. 8 — lllustration of how a buffer stage can
be used after an oscillzlor ta minimize fre-
guency changes caused by load variations,

ter that is chirpy (frequency shifting whan
t1e key is closed), chances are that vou did
not include sufficient buffering to isolate
tie VIO,

A Practical Universal ¥XO

I lean rather strongly toward the vse of
VXOs (Fig. 5C) above 7 MHz, especially
for portable transmitters and receivers that
are apt 1o be used in an environment of fre-
quent temperature changes, They are stable
and reliable. The VXO is nice for use as
4 VFO when operating VHF equipment.
We will not obtain as great a potential fre-
guency swing with our VX0Os as can be had
with an LC type of VFO, but more than
one crystal can be switched into the VX0
far wide frequencr coverage in sone
amateur band.

The circuit in Fig. 7 shows the diagram
of a VEO I developed for my use g &
number of frequencies. C1, €2, C3, FL1
and Y1 can be chenged to appropriate
values for the frequency of interest. This
circuit is set up for use as a 2-meter VFQ,
and when its outpit is multiplied eight
times to 144 MHz, ]| can obtain coverage
from 144 to approximately 144,250 MHz
— about right for the CW and S5B pent
of the band,

Those of you who like to experiment
riay want 10 build this eireuil. It can have
many uses, depending on the frequency to
which it is tailored. For example, we might
Lse a VMO for the local oscillator in a
komemade receiver. It conld he the heart
cf a little signal generator for workshop
use, We might multiply the putput mcre
than eight times for the purpose of using
the VXO as a frequency source at 220 or
432 MHz, or as a signal generator for VHF
and UHF testing. By lowering the VXO fre-
quency to 20, 30 or 40 meters, it can serve
nicely as the frequency-controlling element
for & home-built CW (ransmitter.

Best operation (maximum  frequency
swing) will be had if we use AT-cut crvstals,
Preferably, they will be the type that are
suspended by tiny wires inside the crysial
helder (HC-6/U), and they will be cut for
fundamental-mode vse. I use International
Crystal Mig, Co. general-purpose types of
crystals with a 30-pF load capacitance,
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C1 — Panel-meunted miniature air variable, 50
or 100 pF {not critical).

C2-CB, inch. — See Table 1.

L1, L2 and L3 — See Table 1.

D1 — 1.5V regulator, Usa an LED or two

1M81¢ diodes in series,

oz B, 400 mWW Zoncr dicdo.

A2 — Value may be adjusted {or purast output
wavelomn fram Q1.

T1 — Broadband toroidal 4:1 sransformer [see

Table 1.

¥1 — AT-cut fundamental crysial in HG-0U
haldar, 20- ar 30-pF oad capacitance
suitable (Imternational Crystal Mg, Ca.
1¥pe GP)

Table 1

Typical L and C Values for Varicus Operating Frequencies

c2 .3 4, CE

Crystal (¥1)
Range (MHz}  (pF)  {pF1  (pF)

6000 to 8.000 &8 100 390

9,000 to 15000 39 68 287

B.000 to 15.000 38 &8 212

15.000 fo 20.003 27 55 168

]

(1] Lt

La L3 T

560
{fo- 30-matar use)

424
(far 20-mater uss)

330

B20 17 uH max. 55 15,
{lor 40-meter usa)

of po, 26 wire cn
a T62-2 torold core

12 yH max. 48 ts, of
no. 28 wire an a
T50-2 torold core

12 gH max, Same as
abova.

7 uH max. 42 ts, of
na. 26 wire on & TOO0
torald cora.

1 gH. 18 ts. no.

15 bilifar ts.

26 wire an a of no. 28 on
T374 torold core, an FT-37-43
{40-meter was) lorald care.
0.72 gk, 15 t5. no. 15 blllfar ts,
28 wire on a of no, 28 en
T374 torold core, an FT-37461
(30-meter usa) toraid core.

0.53 uk. 13 15 no.
24 wire on a Tar6
toraid coro.
(20-metar usa)

0.42 uH. 12 8. no.
20 wire on & TaA7T-0
toroid cora.

(far 18-MHz usa)

Same as above
on FT-37-61
loroid core.

Same as above
i FT-37-81
loroid cora.

The capacitors am silver-mica or polystyrens types, All toraid colle should be dopad with twe coats of coll camant or General Cement O-Dapa® wHar thay ara wound.,
Toroid corss ere svalleble by mail fram Amidon Assoclates, 12033 Olsege 56, N. Hollywood, GA D167, Also check OST ads for Palomar Engineers and Hagiakil, Vatues bor
Cd, ©5, OB, L2 and L3, when FL1 of Flg. ¥ i3 1o ba used lor {requonciog oiher 1han thase lisied, ean be obtalned from tue fiter iables In The Radie Ametewr's Handbook
lmﬂamlulnﬂ chap'ar. Nonslandard capaciter values can ba closaly approximated by using sarks or parallal comblnations of standasd values, The naarest stendard values

hawva baen lisled, whare possible,

They are the least expensive and seem to
be very “‘rukbery in VXO circuits. Ir-
respective of the brand of crystal used, no
two identical crvstals will yield the same
amount of frequency swing in a VXO. 1
have never understood exactly why this
happens, but | have observed it countless
times.

IT 4 woil with very high Q (guality fac-
tor) is used at L1 of Fig. 7, it may be

necessary to swamp the coil with a resistor
(R1) to lower the Q. Value from 10 k0 to
27 kf} seem to do the job, The need for R1
will be evident if while we are tuning C1
through its range the VX0 will break into
oscillation at some other frequency (mode
changing) and be erratic in operation.
As an aid to the overall frequency stahili-
Iy of 1, I decided to regulate not only the
collector voltage, but put a separate
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regulator on the fecd for the base bias. DI,
a standard LED (light-emitting diod:).
makes a fine 1.5-V rzgulator when used as
shown. Alternatively, we can use two
1N914 diodes in series at D1,

Q2 functions as a buffer/amplifier. Itis
a broadband, linear Class A stage, Qutpe

from Q2 is filtered by means of FLI1, a half-
wave harmonic filter. It is designed forz

0-ochm input/ou:put characteristic




Typical output power is 40 mW, which
equates to + 16 dBm. This is amplg to
excite most low-level amplifiers or DEM
(doubly balanced mixers) of the diode-
quad type, If the DBM calls for =7 dBm
of injection, aresistive 30-ohm attenuator
can be inserted in the line between FL1 and
the mixer. The ARRL Electronics Data
fook (out of print) contains tables of
values for resistive attenuator pads, Circuit
boards and complete parts kits for this
workshop project are available.'

I have included key dc and RMS (root-
mean-square) voltages on the schematic
diagram. These can be used for trouble-
shooting the circuit if problems arize. An
RF probe and VTVM can be used o check
the RMS voltage values, or vou cin use a
scope if it has ample bandwidth to provide
accurate P-P (peak-to-peak) voltage read-
ings. Multiply vour P-P voltages by 0.3535
to obtain the equivalent RMS voltage. All
dc readings are referenced o circuit
ground.

Although 2N5179 CATV transistors are
specified in Fig. 7, other NPN devices of
similar characteristics will work satisfac-
torily. I have used 2N3572s with good re-
sults, The common 2N2222A should offer
acceptable performance as well. The out-
put power of this circuit can be lowered by
increasing the resistance of R3, This can
eliminate the nesd to add outboard at-
tenuator pads for power reduction.

If possible, use a double-bearing variable
capacitor at C| (a bearing at each end of
the rotor). Addition of a panel-mounted
vernier drive will facilitate dial calibration
and provide a better (slower) tuning rate,
A frequency counter can be used to develop
z dial-calibration chart.

Frequency drift from a cold stan to an
hour later {at TC° F) was 30 Hz. At 2 meters
this would multply to 240 Hz — an accept-
able value. The VXO or any LC VFO
shomld he bnilt in a separate shielded box
for best results, This will help to maintain
2 more constant temperature and will pre-
vent unwanted RF energy from entesing the
circuit and causing frequency changes that
aren't wanted, Table 1 lists zome tvpical
values for other operating frequencies.
Fig. 8 shows the parts placement for the cir-

OUTPUT

TOLC1

Flg. B — Parts-placement guide for the universal VX0, shown from the component side of the

PC board.

CIRCLNT BOARD SPECIALISTS » PD BOX 865 « PUEBLD, CO 81002

Fig. 8 = Gircnlt-board stching pattern for the Universal WXO. Tha pattern iz shown full-size from
the foil side of the board. Black areas represent unetzhed copper foil.

cuit boasd, A scale patiern for the PC
board can be found in the Hints and Kinks
section of this issue of QST

Closing Thoughts

We have barely scratched the veneer in
this discussion of oscillators, But, [ hope
you have acquired a better understanding
of how they work and whai can be done
to improve their performance. | suggest
vou take soldering iron in hand and tack
together some of the one-stage oscillators
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that are presented in this article, Experi-
ment with them to study the cause and ef-
fect of value changes, and so on. There is
no substitute for *‘learning by doing.”
There iz no reason you can't tackle the
VXO project of Fig. 7. It can be useful in
mzny applications ir your ham shack.
Good luck!

"Clrcuit Board Specialists, P.O. Box 558, Puebic,
CO 81002, Catalog of kits available on requesl,

Forupdated supplisr addresses, see ARAL Parts
Supplier List in Chapter 2.
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The Fine Art of
Improvisation

Improvising in the ham workshop

may lead to new ways for solving
electrical and mecnanical problems. The net result is often a savings

in time and money!

By Doug DeMaw,* WIFB

gave up on building ham gear
because parts are hard to fnd and
they cosl ton much.*® Fyer haar that
comment? Perhaps you've saic it to
yourself in silent despair. Actually, parts
are not hard to find, and most of them need
not be purchased at top price, But, there
are sorte itemns that are very expensive and
hard to locate when we attempt to buy
them new. It is conceivable that we might
have to spend 515 for a tuning capacitor
and a vernier ¢rive, when the circuit with
which it will be used contains only $3 worth
of small parts Prices of items such as
tuning capacitors, drive mechanisms, cabi-
nets, Slug-tuncd coils and meters (pur-
chased new al nonsurplus prices) can
discourage even those builders who have a
large Amateur Radio budget. The cost, plus
the present-day agonics of being socked
with back orders and ““out of stock™
notifications from mail-order dealers, does
tend to make us think parts are hard to
obtain.

What alternatives do we have? The in-
penuity of a true experimenter must he
summoned from within if speedy solutions
to these common problems are o be found.
In decades past, it was a regularly practiced
art among hams to solve design and pro-
curement problems by using materials on
hand. Most hams were inveterate ex-
perimenters when 1 became involved in
Amateur Radic. It was considered a chal-
lenge to come up with new electrical and
mechanical ideas, then share them with
other amateurs. In those days, it was often
a stimulating learning experience to get on
the air and talk abour circuits and projects,

(A

*ARRL Contributing Edrtor, ¥.0. Box 240,
Luther, M1 43656

Each of us has the potential to build radio
equipment, to find shortcuts to design
objectives and to enjoy using comething we
built ourselves, Let’s consider some prac-
tical ways to use parts in applications for
which they were not designed. Perhaps
some of these concepts will solve a design
problem for you,

Experimental Tuning Methods

Transmillers and receivers require some
type of signal source, and generally this
local osdllator (LOY) is tungble, The con-
ventional techniques for changing a VFO
frequency are by means of a fixed-value in-
ductor and variable capacitor or a fixed-

vaue capacitor and a variable inductor, or
by employing a VVC (voltage-variable-
capacitor) diode. A guality double-bearing
tuning capacitor that rotates smoothly i
nct only hard to find these days, it can be
bulky and very expensive. Much of ow
mimature homemade equipment would be
maore practical if a tuning capacitor could
be avoided for changing the oscillator
frequency.

How might we contrive a simpler, les
expensive method for tuning a VFO? [
developed an interesting circuit for use in
a wvery compact receiver (Fig., 1) tha
qualifies as a simple, inexpensive tuning
technigue. | had som: reservations abouw
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Fig. 1—Tyalczal circuit for a VFO thal uses & 2M4416 ar MPF102 FET. Tuning Is by means of A1
In serles with G2, G2 sels the frrquency spread provided by A1, This arrancemant Is uselul wher
an airvarizhle capacitor and vemier drive are nof desived, It can lead to & very compact VED
wssembly. The 18p pestiion on the coi {L1) and the maximum capacitance provided by G2

determine the maximum tuning range availabla,
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Fig. 2—& variation of the circuil of Fig. 1, In this sxample, the funing mechanism is a
setentiometer that has been moditied ta become a small variable Inductar {see text).

haw it might work, but after breadbonrding
a test circwie, | was pleasantly surprised
with the resulis, For lack of a better name,
L ¢all it *‘reactance tuning.' Fig. | shows
the details of the test circuit in which I tried
the idea. R1, which is a high-quality Allen
Bradley (A/B) potentiometer, is located
zlose to C2 and L1 in order 1o keep the
lzads from Rl as short and direct as
~ossible.

Why does this system work? Well, as R1
15 adjusted, the presence of the capacitance
of C2 {a trimmer) is more prominent in the
runed circuit. The series combinaticn of C2
and R1 form a capacitive reactance and
registance that canse a frequency shift as
Rl is adjusted, The smaller the salue of
resistance at R1, the lower the operating
frequency, because the capacitance of C2
il be more effective.

What are the bad features? Mo innova-
qon is necessanily perfect, and this applies
‘o the technigue illustrated in Fig, 1. The
b i noilineai ., That is, the frequency
= spread out at the maximum-resisiance
-nd of the BRI range, and it is somewhat
-nmpressed at the minimum-resistance end.
4lzo, il & poor-guality control is used at
21, vou may haar a slight scratching noise
- the control is adjusted, while listening

71 the output of a receiver in which this
VFO iz wsed. 1 should not cause a problem
f we use the VFO in a transmitter.

The amount of frequency shift available
Jezpends on two things: the position of coil
zp X on L1 of Fig. 1, and the sctting of
rha trimmer capacitor, C2. The farther the
L1 tap is above ground, the greater the
waquency change as R1 s adjusted.
~imilarly, the greater the capacitance of C2,
e larget the frequency change. 1 had no
-rouble covering all of the 40-meter band
« hen the coil tap was close to the high cnd

£ L1, In a prectical application, it is best
= limit the frequency change to 25 or
#0 kHz. This provides better bandspread
shien BRI is adjusted. A vernicr=drive
miechanism can be coupled to RI il fre-

q'l..!e'l'll:}" gaxcu fﬂiﬂ-l’lﬁ-
50 kHz are desired.

I dicdd nor abserve anv degradation in
VFO frequency stability when comparing
this tuning method with that of variable-
capacitos tuning while using the same oscil-
lator module, There iz, however, a point
in the tuaing range of R1 where the loaded
3 of the VFO tuned circuit will take a dip.
When this happens, the YO outpur will
drop slightly and the outpul waveform
lincarity will change. In most practical
applications, you will not be able 1o deteat
this effect.

As an alternative to the we of a vernier
drive atiached to R1. we might consider
using a bargain-priced 10-turn, carbon-
composition control with a suitable 10-1urn
counter dial, Wire-wound controls must be
avoided because they are inductive.

greater than, say,

Another Toning Trick

| tried another idea that [ had in mind
for a number of vears, The cirenit for this
one is given in Fig, 2. LI, a modified
carbon control, is fashioned by remaoving
the metal cover from a standard-size poten-
tiometer, then removing icarefully) the
semicircular carbon element from inside the

control. 1 was able ta snap this element
loose by prying it up near the tabs of the
control. The thin phenolic base materizl
hroke easily. T used this element as 2
pattern and cut out a new element from
flashing copper. Brass would work, alsa,
Silver plating would help 10 ensure mini-
mum corrosion, but it is not necessary to
add silver plating if the control will be
usad regularly.

The new clement 15 glued in place, and
the ends of the insert piece are soldered 12
the two outer lugs of the old control, Be
carefnl 1o avold getting epoxy glue on the
upper surface of the metal element, or
erratic operation will result.

Refer again to Fig. 2. L2 is a small
variable inductor we made from the poter-
ticmeter. 1t comprizes a part of the overall
circuit imductance by virtue of its being in
series with L1, As L2 is adjusted, the VFO
frequency will chanze. The higher the
operating frequency of the VFO, ihe
greater the frequency change caused by L2,
Also, the higher the C-to-L ratio of the
YT, the more effect you will observe
when L2 is adjusted, The frequency shilt
obtained with this method is substantially
less than with the circuit of Fig. 1, at least
with the circuit values given, A 10-kHz shit
was observed.

Incremental band-segment selection can
be had with either circuit (Figs. 1 and 2)
by adopting 1he method shown in Fig. 3.
&1 is wsed o add capacitors to the VFO
tuned circuit, and R1or L2 can be used in
the manner described previously. Perhaps
a miniature DIP swiich can be added 1o
operate as 51 when compact equipment s
being built. The values of capacitors C3,
4 and C5 will determine the coarse tuning
range. Trimmers may be substituted for
these fixed-value capacitors, which will
enahle wou to have the tuning ranges
overlap.

Simple, Homemade Tuning Capacitor
Large frequency changes are possible it
we use a low-capacitance variable capacitor
that iz connected to the high end of a VIO
tuned eirenit (junction of C1 and L1 of

SHEORT Eap

VFD

Fig. 3—51, 03, C4

and G5 have baen
added ta the circwit of
Fig. 1 %o provide
coarse frequency in-
craments. A1 lunes

oz
4
Fi - SHEAT LEADS
i~ b DM £, 04 AND £S

the VFO through each
of the thres ranges.

QRP Classics 109




tre & 20 goLT
HOTCR
STATDR
CIPPER
—_— |

il
-

N wst
KNGO \ |...,--"'=LqTE C

E"It}ll'
K
HEx Nur ™ /’(\J | \\
4 N d

\I ETCHED
I~ ouT

=

i’
ETATCA .~
COMMEZTION

TENSION
SPRING

S5TaTaA
FLEEC

! P
PEalGARE BRASE
(3OLOER| 11

] I ! A
{ ! o
| : A crasms

81

Fig. a—Mechanical details for a2 homamads dize tuning capacilor, & [ensicn spring ensures
mechanical stabllity of the rator portion of the vanable capacitor. Side brackets also help to
keep the uni mechanically rigid. The detall at B shows how the stator disc is etched an PC

board material,

TO ZHASSIS

THIN CORFER
04 BRASE (GLUE|
OME-HALF OF 4 58U BHASS ADD r\%m
GROUND TD ACCERT RO ! =
s R sTATOR I h'°=oT
CONNECTION | iy
SLUE TURING

o
& e |

f
I| e Rap ! J
SOLDER 0%
II IN GRODFE
=
GROUMDED Wia POLYSTYRENE
PAMEL BUSHING QR

ACBYLIC TUBEING

| TS PLATE

Fig. o—A Gylindiical farmal poovides alill anothes luning Jevice (hal can be made al home, The
rotar unit is semicircular brass or zopper to which a Y -dnch-diameter tuning rod has been
soldered, The stator section |5 & plece of plastic tubing to which thin copper or brass shesting

has been glued {see texi).

Fig. 1). A simple mechanism is illustrated
in Fig. 4. Itie one that [ developed during
my search for simple VFO tuning methods.
The drawing at A of Fig. 4 shows a side
view of the assemblv [ constructed. A piece
of Ya-in = 20iron bolt is used as the tuning
shaft, The front plate of the tuner is a piece
of copper-clad PC board. The hex nut is
soldered to the inner surface of this end
plate, as shown. A dise of copper Or brass
serves as the capacitor rotor, It is soldered
to the end of the boll that is opposite the
knob. T used a I-inch-diameter dise, and
made certain it was at an exact right angle
to the bolt when [ soldered the two pieces
together. A spring is used between the disc
plate and the front-plate bearng nut to
prevent wokbbling and undue backlash, PC-
board braces are soldered (four each) 10 the
front bracket and stator-plate bracket to
ensure physical stability.

Drawing B of Fig. 4 shows how 1 made
the stator plate, It is a piece of PC board
with an outer border and disc that were pro-
vided by etching with ferric-chloride solu-
tion. Glass-epoxy circuit board s re-

commended in the interest of high dielec-
tric quality and physical strength. A piece
of thin Teflon® sheet is glued to the surface
of the stator disc to prevent short circuiting
of the stator and rotor discs, Polvethylene
sheetng 15 suitable if vou have no Teflon
on hend, The capacitanc: range | obtained
with this unit was 0 o 18 pF with the 1-inch
diameter disc plates. The closer the plates
dare 10 one another, the greater the capaci-
tance and the faster the tuning rate. The
rotor disc 1s grounded by means of the bolt-
to-nut connection and by virtue of the front-
end plate being grounded. Those skilled in
machine work should be able to improve on
this design. The disc-tuning method is by no
means a new concept. VHF cavities and
amplifiers were tuned by this technigue for
many years, But, I don’t recall seeing it ap-
plied to HF circuits in this manner.

Another Capacitor Idea

A cylindrical tuning capacitor can be

fashioned as shown in Fig. 5. The rotor is
slipped inside the stator rubing. When the
metal half-rod of the rotor is immediately
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adjacent to the metal half-round outer con-
ductor of the stator tube, maximum
capacitance will exist. The rotor shaft is
rotated by means of 2 knob or vernier drive
to operate this capacitor. The larger the two
half-round conductors {circumference and
length), the greater the maximum cajac-
tance of the unit, The mechanical aspeets
of this device can be improved markedly
by those of you who are adept at building
mechanical gadgzts. Certainly, a fine
assembly could be turned out by a crafis-
man. The point being made here is that this
is just another method for constructing a
homemade variable capacitor, There are
many other unique ways to consiruct
home-built tuning capacitors, but we shall
not go into a lengthy discussion about
them.

Generating Innovative Tdeas

I have been asked, *'How do vou ¢ome
up with 20 many unusual gadges?™" 1ihink
the best reply T can offer is to say that cx-
amination of a conventional compoenent
should suggest numerous wayvs (o simplify
it at a savings in cost, Some inventorns do
not generate new ideas. Rather, they pick
up some ordinary object, such as a paper
clip, then ask themselves, “*What can | do
Lo improve this thing?™" We might also ask
ourselves, *“*What don't | like about this
paper ¢clip?'" The next siep is to devise a
new paper clip that no longer has the design
fault. Bingo! A new patent can result! This
general philosophy can be applied to
making our own radio components {rom
readilv available materials. You can ry
vour ideas, and you need not be ashamed
if they don't work the first time or even ar
all.

In Conclusion

When yvou are working with the cirzuits
of Figs. | and 2, it is imporiant tha: the
Q of L1 be as high as vou can make :t. If
the Q is quite low, the addition of Rl ar
L2 could cause the VFO Lo cease oscillating
al some point in the tuning range. There-
fore, 1 suggest tha! you use a TOR-6 tcroid
core for frequendes above 4 MHz, The
wire size should be as large as can be wound
easily on the toroid core, This will reduce
the coil resistance and enhance the ). The
same rule applies if you use a slug-tuned
inductor: The core should be for use in the
upper part of the HF spectrum. Figh-
guality capacitors should be used also, The
MP0 units specified are entirely suitable,
and will ensure minimum YFO drift. Silver-
mica capacitors can be used, but will cause
considerably maore drift than will the NPO
ceramic units.

Should you develop some noteworthy
circuit innovations, please consider sharing
them with others through the pages of
(ST, Detailed descriptions can be sub-
mitted as articles. Short explanatory nar-
ratives may be just right for the Hints and
Kinks column.
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Tuning-Diode Applications and a
VVC-Tuned 40-m VFO

Inexpersive voltage-variable capacitance diodes are compact and
easy to use in your Amateur Radio circuits. They can replace
expensive, hard-to-get air-variable tuning capaciors.

By Doug DeMaw, W1FB

ARAL Contributing Editor
PO Box 220, Luthar, MI 49656

ave vou leaked lately for small air-
H variable capacitors? Does the high

cost and scarcity of tuning
capacitors bother you? 1T vou answer
“yves"™ Lo these questions, 1 can sympathize
with you!

Gone are the days when small air-
variables lined the shelves of elecironics
surplus stores. Gone, too, are the attrac-
tive price tags of 51 or less. New capaci-
tors are presently in the 510-515 class, if
vou can find them. The once-popular
Hammarlund and E. F. Johnson cepacitor
lines are produced by another firm, and
single-lot purchases are a thing of tie past,
The surplius market has literally dried up
for small air-variable capacitors with tuning
shafts, There is, however, a bright spot in
this seermingly grim situation,

We can look toward voltage-variable
capacitance (VVC) diodes as a solution 1o
rhe mechanicalcapacitor shortages, an least
for use with low-power oscillaters and low-
[evel tuned RE chicurts. Tunling diodes are
not only inexpensive, they are smal, There
is o greater opportunity for circuit
miniaturization using VVC diodes. The
major performance trade-off relates to use
of diodes in VFO circuits: The freguency
stability may be worse than with air vari-
ables, and the minimum capacitance of
VYV dindes is substantially greater than is
typical of an air-variable capacitor. For
most amateur applications, however, these
shortcomings aré not serious.

YVC Diode Characterization

You have probably heard people refer 1o
tuning dindes as Epicap® or Vaoricap®
diodes. These are trade names that the
manufaciurers have given to these diodes.
Ao wvaractor (variable reactor) diode is
similar in effect 1o a tuning diode, but it
15 earmarked for use as a freguency
multiplier (harmonic generator). Crdinary
runing diodes work guite well as varactors,
s do many small-signal, high-speed
switching diodes, such as the »opular

1M214. The base-collector junctions of
many transistors may also be used as tuning
diodes or varactors,

In simple terms, the junclion capacitance
of & VVC diode changes when a reverse
voltage & applied to the davice (positive
voltape applied to the diode cathode), and
the capacitance varies with the voltage, The
diode 15 placed in parallel with the com-
ponents of & tuned circuit, and tuning is ac-
complished by varving the voltage, and
thus the capacitance, bv means of a
potentiomerer,

Fiz 1 shows the equivalent electrical
circuit of a VVC diode. Mote that there are
rompaonents of capacitance, recistance and
inductance present, C_ is the stray case
capacitance. C; is the junction capacitance
(voltage vanab’!e}. L, is the diode series in-
ductance, and R; is the junclion resistance

Ga

D—-»—w{’—ﬂ—mvv—'

Ry Rg Ls

Fig 1—Electrical eguivalent of a VWO
dipde, showing components of C, L and R
{see taxi].

{alsw voltage variable, but negligible above
100 kHz). Finally, R, is the series
resistance of the diode and its leads. Our
practical concern is mainly for the C; com-
penent, at least with regard to HF operz-
tion. At VHF, and higher, we must be
concerned about parasitic capacitance C,,
and R, both of which affect the Q and the
upper-frequency limit or cutefT frequensy
of the diode, F . Tae diode cutoff fre-
guency is also affected by L.

Types of YV Diodes

There are three stvles of tuning diodes.
See Fig 2. The diode a: A is the basic single-
junetion type, with a eathode and an
anode, Fig 2B shows 2 unit that is designed
to tune threa circuits in an AM broadeast
receiver. Three separate VVC diodes ane
contained in a single case, The tuning diode
of Fig 2C leatures a hack-to-back pair of
junctions, Single VvV diodes can be con-
nected topether as i Fig 2C, if desired

Diode ) Factor

An important consideration for any
resonant circuit is the Q (guality factori.
The higher the Qp {loaded Q}, the better
the eircuit selectivity (sharpness cof
response), High O is important (o an
oscillator because if the O is too low, the
oscillator may not work or il may gencrang
wideband noise. Q is dependen: upon,

80 = 180 pF

+LE TO A0V
Q= 250 AT 20 MHz

E0=400 pF

B WEM -8 [CRTR R ]
(&) by MWEID + 0,5 TO 440V
(B

+1.5 TO 410
Q=450 AT | NHz

20 -50 pF

Q=200 AT 400 MHr

Fig 2—Taree types of VWO dodes. A single diode is shown at A. The triple-diods version
at B is for wning threa circlits at the same time, such as an BF amplifier, mizer and
oscillator. Back-to-back diodes in one package are shawn at G,
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among other things, the ac resistance of the
circuit: the higher the resistance, the lower
the Q.

Tuning diodes are rated for Q. This
factor varies wita the operating voltzge and
the operating frequency. The Q) for a given
VYWVC diode changes considerably as the
reverse voltape is varied. The manufac-
[urers’ specilication sheets include curves
showing Q compared with operating
voltage and frequency. Check them before
selecting a diode for your application.

Performance Trade-offs

Tuning dindes are not perfect! They have
some shorteomings that we must tace into
account as we design circuils wsing them.
They can worsen the frequency drilt of a
VFO when they are used in place of an air-
variable capacitor. This is because all semi-
conductor junctions change capacitance
with changes in junction tempe-ature.
Transistor junctions undergo the same
chianges with respect o emperatoe, The
addition of a YV diede adds 1o the short-
and long-term drift problems.

Another annoyance with YW diodes is
the fairly high minimum capacitance value,
An air-variable capacitor with a range of
50 pF might have a minimum capacitance
of, say, 8 pF, whereas a VVC with a 50-pF
range can have & minimum capacitence of
25 pF, We must design the tuned circuit to

o,

DIDDE CAPACITANCE {(pF]

o 0E o3 08 L

MEVERDE YULIAGE [(+V)

2 3 T

Fig 3—aAbbreviated capacilance/revarse voltage curve for an MVY2109 luning diode. Mote

the flat partion of the curve to the lefl (see
from 0.1 13 1.5}

accommedate the high minimum
capracitance of the diode, In some cases,
this calls for a high C, low L tuned circuit,

The change in diode capacitance is quite
nonlinear s the reverse voltags is decreased
below approximately 2V, This means that
we should design for operation in a
reasonably linear portion of the curve,
Fig 3 shows a typical VVC diode voliage/
capacilance curve. You can see that there
is very litle capacitance change from 0.1

text for precautions about reverse voltages

to 1V, If we use this portion of the curve,
we will find that ow tooioe conbiol Tas
minor effect until wz reach the 1.5-V
region. The range from 2 1o 8 V provides
a more linear capacitance change, and this
is the desired part of the curve. If we allow
the voltage to drop below 1.5, a large part
of the tuning dial range will be wasted on
a |- or 2-kHz frequency chanpe at, for
example, 7 MHz, while the overall fre-
quency change may be 100 kHz in the 2-

WFQ WFO
[Tals] MPFIGE MPFIDZ
- |
Lt é L1 CE_! clf Lt
~ S
oo aa Flas 00
CAL  [mamm
) TUNING
,_L MECHANICAL TUNING ELECTRONIC TUMING
(&l
+4
REG
)
100 MEFIoE
I 1 ! it SHI WEn
|- ] l thana 100 MPF102
L ¢ £ tzif o3| oo = =y
{ fals}
1wo 30 : | ! eI
CaL - L1 é o1 cald WMyana v
= 100k
NG | e ’T}EL o=
LR hl | i i
00w
ELECTROMNIC THMNING 3
l 1ol ELECTRONIC TUNING
Iet EROEST A5 INOICATED, DECIMAL Fi1
+W VALUZS OF CARACITANCE ARE P+
50k REG I8 MICAOFARALS { uF ) DTHERS Bl & REG
MAIN TUNING REEISTANGES ARE B DriS: MBI TUNING
K= 400K, M = 1000 D00,

Fig 4—Simplified examples of electronically tuned ascillalars. The circuit at A is tuned by & conventional alr-variable capacitor. The
circuit &t B uses a single VWO dicde. The exampla at © shows how 10 use a bipolar transisior junction as a tuning diode. The circuit at D
is prafarrad, with respect 10 obtaining a lingar oscillator waveform,
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‘ar PC-hoard layoutl purposes,

ZZ2—30-pF trimmer or ceramic NPO iimmer
(praferred).

D1—Moorola MY2109 VY diode [see
rotes 1 and 3).

D2—51 YV, 400 mW Zener diode,

21, J2—Bingle hele mount phano jack,

o B-Voreverse-vollage range as we adjust
the tuning potenliometer.

Most Motorola tuning diodes are rared
for + 30V, maxmum. [ did not extend the
curve in Fig 3 bevond 8 volts because the
example is used mainly for illustrative pur-
poses. The higher the reverse voltage, the
lower the capacitance; but most amateur
cquipment is dedgned for 12-V operation.
Therefore, we are interested primarily with
the portion of the diode curve from 1.0 to
10 V. Repulatec reverse voltage is neces-
zary when ¥V devices are used for the fre-
guency control of oscillators; this aids
frequency stability.

some Circuil Examples

Fig 4 shows lour VFO tuning
spproaches. Fig 4A illustrates, in
abbreviated form, a runed circuit for a
VFO. C3 is an air-variable capacitor used
for frequency adjustment, C2 15 a trmmer
capacitor used for oscillator calibration.
The same circuil is seen at Fig 48, but D]
and its related circuitry replaces C3 of Fig
44 The values of C1 and L1 mar need
slight alteration to provide the same fre-
quency coverage that is obtained from the
oscillator of Fig 4A, This is because the
minimwm capacitance of D1 is greater than
that of C3 of Figd4A. R is a pancl-mounted
control uwsed to vary the reverse voltage
applied to D1, A rezistor may be added
between the low end of R1 and ground to

L1—Slug-uned inductor, 2.6 yH. Usa 16
turns of no. 26 enam wire a1 the bobbin
of an amidon Assos L-57-6 ‘ransformer
assambly.

L2—=Toroidal inductar, 7.3 pH. Usa 38 turns

prevent the diode voltage from dropping
below 1 or 2 V. We can thereby avoid the
flat part of the curve of Fig 3.

A transistor junction can he used as a
Y¥C diode as shown in Fig 4C, The
capacitance change will differ with the
particular transistor used. Some experimen-
tation may be useful.

Fig 4D shows a circuit using a Motorola
MWVI0E VYT diode, Motice that the MY 104
features two hack-to-back diodes in one
case, This arrangement is preferred for
better oscillator-waveform linearitv. Two
separate VVCs may be connected cogether,
back-to-back, when we desire to use the
method s2en at Fig 4D, Similarly, two
bipolar transistors (Fig 4C) may be con-
nected back-to-back to permil the arrange-
ment of Fig 413,

A Practical VVC-Tuned YFO

| chose the circuit of Fig ¢ as the local
oscillator for a direct-conversion (D-C)
receiver Tam developing. | want the unit
to be small, so 1 opted for a VVC tuning
scheme instead of wsing a large, expensive
air-variable capacitor, I had on hand some
surplus Motorola MY2109 Epicap diodes
that | purchased from BCD Electro,' A
capacitance swing of approximately 20 pF
is possible in the lincar portior of the dicde
curve. This provides sufficien: capacitance

'Mates appear at end of arlicle.
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o no. 2B enam wire on an Amidon
T-30-2 core.
REé—Linear tapar 10-turn carbon composition
potentiometer (see text).
RAFC1—Minizture 500-4H RF choko,

change for the circuit of Fig 5, because [
am interested in covering only 7.0 o
7.1 MHz. A nuning veliage of 1.6 10 7.5
provides the desired uning range.

02 of Tig 5 15 & iemperalure-compensating
device that is connected as a diode, As the
ambient femperature caanges, so does the
resistance of the Q2 diode junction, The
senall resultant resistance change causes the
reverse vollage at D1 to chonge slightly,
thus compensating for chanees in the diode
junction capacitance that are caused by
hea:t.

R and R7 are included 1o provide the
reguired 1.6 to 7.5 W reverse polential for
D1 across Ko, ¥You mav require differem
values if the repulated voltage for vour
oscillator s greater or less than the 4.1 W
indicated in Fig 3.

L1 is an adjustahle inducior that is
wirnd on the bobbin of an Amidon L-37-6
shielded transformer asscmbly.” The no. 6
(vellow) iron-core material offers good
stability in the presence of changing
temperatures. Mo, 2 matcerial {red) has
greater permeability (fewer turns needed),
But it is less stable than is the no. 6 material,
The coil turns are gloed in place on the
babbin with a hagh-guality coil cement,
such as General Cemert Q-Dope.”  After
L1 is tested and adjusted for the desiced Tre-
aquency range, the coil slug should be locked
in place by melting o small pices of boeswax
or canning wax onto the end of the coil




Fig 6—Pholographic view of the 40-m VFO in its cabingl with cover removed.

slug. This prevents vibration from moving
the slug and changing the oscillator fre-
quency.

C2 is used 10 501 the tuning rangeof DI
The capacitance of C2 is in serics with the
capacitance of D1, Therefore, the lower the
capacitanice of €2, the smaller the fre-
guency spread provided by DI as Ré is
adjnsted throngs s range. In other words,
the lower the capacitance a1 €2, the smaller
the effective capacitance change for DI,

MNP0 {zero temperature coefficient)
ceramic capacitars are used at €1, C3 and

7.7 Polystyrere capacitors are indicated
at T4 and €3, but NP0 units can be used
instead. | used polystyrene capacitors
Lecause they are gquite stable with
termperature changes, Also, [ did not have
a pair of 680-pF MNP0 units on hand when
| built this VFO. Silver-mica capacitors can
be used at C1, €3, C4, C5 and C7 if neces-
sary, You may find that silver-mica units
exhibit posilive or negative drift charac-
teristics, however. Best VFO siability will
result if you experiment with these capaci-
tors by trying various units of the same
value ar each critical circuil poinr. That is,
like-value capacitors of the same brand will
often exhibit different drift characieristics
with respect to internal heating, For this
reason, most homemade highly stable
VFOs are practically tailor-made with
respect to the fnal choice of fixed-valuc
capacitors in the oscillator eireuin

D2 of Fig 5 regulates the oscillator
operating voliage, and ensures a resulated
voltage Tor the D1 tuning circuit, The regu-
lated voltage also siabilizes the forward bias
for amplifier 03, and helps prevent load
changes at the oscillator output that would
otherwise be relected by Q3 if the forward

hias were allowed to vary.

Q3 is lghtly coupled (o the emitter ot
(31. This also reduces the loading cffect of
the amplfier. RY is included as a parasitic
suppressor for O3, If unwanted VHF
oscillations are allowed o develop, they
will appear ar the owpw of Q3. VHF
parasitic oscillations can cause spurious
responses in A receiver or transmitter, or
cause TVIL

A broadband pi network is used at the
output of Q3. 11 is designed for a Qy of 3
to ensurea constant output across the VRO
tuning range. The nelwork is designed for
a 1:1 wransformarion ratio. R13 sets the
collector impedance of Q3. The VFO out-
put impedance (approx 500 ohms) is suita-
ble for interfacing with a class-A bipolar
RF amplifier or the 500-0hm input terminal
ol a mixer 1C, such as a CA3I0ZEA,

Peak-to-peak output from the circuit of
Fig 51is 3V across a 470-ohm resistor, This
equates o 106 ¥V RMS and an output
power of 2.4 mW. Greater output power
may be obtained by changing K11 (o 10
ohms. This provides 5V F-FP or 1.76 V
RMS for an output power of 6.6 mW, If
ereater cuipul power is needed, you may
add an RF power amplifier after Q3. A
2MN2222A 15 a good transistor for this pur-
pose, Suitable RF amplifier civcuits are
presented in Solid Srate Design for the
Radio Amaieur.’

VEO Offset Circuit

Because of the heating of the D1 junc-
tion when operating voltage is first applied,
vou will notice & short-term frequency
change of approximately 300 Hz, The VFO
scttles down and commences its long term
drift after about 30 seconds. Because of
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this, the VFO should remoin operating a!
alltimes when it is used with a transmatter,
R15 of Fig 5 iz shown as part of 1
frequency-oflset circuit. During the receive
period you may shift the VFO frequency
away (rom the frequency you are listening
to by grounding RI15. A mechanical or
solid-state switch in your TR circuil may
be used for this purpose. The amount o
frequency offset is determined by the value
of R15, If the VFO 15 ased in a D-C trans-
ceiver, vou may iznore the offse
provision—the VFO will be operating at all
times.,

Drift and Output Waveform

| measured the VFOQ drift at room
temperature (72 °F) with the cover in place
on the VFO ¢abinet, The initial drift took
plzce in a 30-second spurt. Thereafter, the
drift was gradual, and stabilization
{+2 Hz) was noted after [0 minutes. The
lorge-term drift was measured as 80 Hz. Do
no! measure vour YO drift for at least an
hour after all soldering on the PC board
is completed. The VFD module should be
mounted in place and enclosed in a cabi-
nel before measurements commence, Even
slight stress on the VPO board will cause
frequency changes. Solder a 470- or
S6l-ohm resistor across J2 before doing
vour drift checks. Set R6 at midrange
heore starting the tests,

| examined the output waveform of Q)
with a 30-MHz Tektranix 453A scope, A
clean sine wave was ohserved and the out-
put amplitude remainzd constant over the
[00-kHz tuning rangz of the VFO. The
fillering action of the (33 p1 network ands
in laundering the output waveform.

Praciical Considerations

Some type of reduction-gear mechanism
is desirable for the VEO of Figs 5 and 6.
[ vsed a 10-turn poteniiometer and counter
dial that I bought at a flea market for 53
Vertous 10-turn contrals and dials are cur-
rently manufactured, but the cost may be
prahibitive. Check the surplus electronics
dealers” catalogs for these mechanisms,
You may also use an imported reduction
gear drive to control the VVC diode Lening
control (Ré). If vou are adept at making
plastic or metal pulley wheels, try coupling
the Ré wining shalt to the dial-drive shaft
with a rubber O ring and two pulleys, A
small wheel driving a large pulley wheel wil
pravide a slow tuning rate for the VFO,
Same of the small gear drives with readour
dials from WW II surplus transmitters,
receivers or tuning unils can be adapted
casily for use as reduction drives for RE,

A good-guality porzntiometer is recom-
mended for use at RA. Select a unit that
turns smoothly, Industrial-grade controls
of the Allen Bradley tvpe (linear taper)
operate smoothly, and they will last a long
time.

Fig & shows the ascembled VIO with the
cover removed. The unused space in the
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Fig 7—Circuit-board etching pattern for the
VWC-tured 40-m VFO. The pattern is
shawn full-size from the foil side of the
board, Black areas represert unelched
copper foil.

Fig &—Parts-
placement guide
far the WWC-luned
40-m YFO. Parts
are placed on the
nonfzil side of the
board; the shaded
arca r{:prl::acnlﬂ an
X-ray view of the
copper pattern.

cahinet will contain the product detector,
active filter and audio amplifier for my
40-meter D-C receiver project. | used a
Ten-Tec TP-19 cabinet. It measures
(HWD) 2 = 4% = 4 inches. As supphied,
it is a plain-finish aluminum box. [ painted
the front and rear panels with pray
automotive primer. The cover was also
painted with primer, followed by & coat of
marine blue gloss enamel. Adhesive-backed
plastic feet are affixed to the bottom.

Motorola, Ine, manufactures a variety of
VVC tuning dindes,® Check with them
regarding the availability of data sheets for
rhase diodes. My information carie from
the Mororole Semiiconducior Library, Vol
3, series A, 1974 edition.

Fig 7 shows a full-size etching template
for the VIO, Fig & 15 a parts-placement
guide.

In Summary

I hawve addressed the subject of VVC
tuning diodes in simple terms. The nature
of these diodes is considerably more com-
plex than this article indicates, However,
you should now have sufficient knowledge
to permit plenty of experimentation and
practical satisfaction. Application noles
from the companies that manufacture YVC
tuning diodes will give vou greater insight
into the performance characteristics of
these devices. If nothing more, vou can
save maney by wsing tunirg diodes, and
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vour equipment will be much smaller than
when using mechanical tuning capacitors,

Notes

1Deleted.

%Amidon Assoc, Ing, 12033 Olsege St N
Hollywoaod, CA 21607, Catalog available.

*NPO capacitors, silver-mica capacilors and
MVEZT08 VWL diodes @lso other VWO dindes)
ire available from Cireuit Specialists, PO Box
3047, Scolisdale, AZ B5257, el B02-066-0764,
Catalog available.

"W_ Hayward and D. DeMaw, Solid State Design
ior the Radio Amatewr, 2nd printing (Newington:
ARRAL, 1988).

SMotorola Semiconductor Products, Ine, Technical

Information Centar, PO Box 20924, Phoeniz,
A BROAR

Fo- updated supplier add-esses, see ARAL Parls
Suppliars List in Chapter 2.
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A VFO with Bandspread and

Bandset

Eliminate expensive

vernier drives and dials
with an old technique—

bandspread and
bandset tuning!

By Doug DeMaw, W1FB

ARAL Contributing Editar
PO Box 250
Luther, M| 49656

re yvou old enough 1o recall those
A days when we amateurs had re-
ceivers that had two readout dials?
Oine was a bandset dial (coarse tuning) and
the other wos for bandspread (fine tuning).
When | compare that method 10 modern
digital-readout technigues, | wonder how
we managed to get on frequency: the reso-
lution of the dials was primitive by today’s
standards! The bandset dial was calibrar-
ed in megaleriz and the bandspread dial
indicated kilohertz. The tuning ncrements
for the bandspread dial were in 5- or
10-kHz steps, depending on the modal of
the receiver
We mayv apply that old technigue to
modern circuits. Reasonable readout ac-
curacy is possible with the meathod dis-
cussed in this article. The trick is 1o make
both dials read kilohertz, rather than mega-
hertz and kilohertz. The circuit describad
here is meant to be an inspiratian toward
a design of your own. It serves as a model
for a starticg point, with a circuit-board
pattern offered il vou wish to experiment.
My circuit values are for useina 6.572- to
6.872-MHz VFO. This VFO serves as the
local oscillacor [or 2 homemade 80-meter
CW receiver that uses a 3072-kHz IF and
a crystal filler made from low-cost com-
puter crvstals, 1 plan to describe the entire
receiver in & subsequent article.

Circuil Fealures
Pleasc refer to Tig 1, which shows the
circuit for my experimental VFOQ. You will

I\

note that 1 use electronic tuning, D2 and
D3 are VVC (voltage varable capacitance)
diodes. They are also celled varactors or
tuning diodes. As the reverse bias (positive
voltage) is varied at the diode cathode,
thereis a significant change in the junction
capacitance of the diode. This enables us
to change the VFO frequency, as would be
the siruation if we replaced D2 and 33 with
mechanical tuning capacitors. The advan-
tage of using the diodes 5 that we can use
standard carbon-composition controls (R2
and RY of Fig 1) for tuning the VFO, This
provides & compact VEQ moduale, should
that be our objective.

D2 functions as the bandset tuning
diode, while D3 15 used for the bandspread
function. Each diode has a trimmer capa-
citor (C3 and C4) between it and L2, The
trimmers are 520 to contrel the tuning range
of eazh VVC diode.

Allis not *milk and honey'" when we use
tuning diodes in VFO:. Although the
dindes offer some advantages over air-
variable capacitors, they gre not as frequen-
cv siable as mechanical tening devices, The
more semiconductor junctions we add to
an oszillator circuit, the greater the oppor-
tunity for frequency drift—particularly
short-termy drift {first five minutes of warm-
up). This i5 because the transistor and diode
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junclions must come up Lo operating lem-
perature as currert flows through them.
This involves both RF and direct currents.
The stability of the VFO in Fig | is ade-
guate for many amateur needs, Such as
simple receivers and signa! generators.
Short-term drift is on the order of 1.5 kHz
from a cold start to the period when long-
term drift commences, Long-term drift
occurs for 15 or 20 minutes, and it amounts
to 4 range of 200-300 Hz. Thereafter, the
frequency creeps up and down over a rangs
of 5-10 Hz at room temperature. In other
words, the circuit in Fig | represents a good
¥T0O, but not a spectacular one. It is on
par with what T expected when using two
VYV diodes.

Remainder of the YFO Circnit

Q1 of Fig 1 is a ZN4416 JFET. This
device surpasses 1ae performance of the
peneric MPF102 family of transistors. [t
has a better pinchoff characteristic than
does the MPF102 and similar devices, This
means that greater outpul is possible at a
given operating voltape, compared to an
MPF102. Oscillater feedback is by way of
the (31 spurce and L1. This link has '% the
number of turns used on L2, which is pretty
standard for a feecback winding, The iwo
coils are wound on an Amidon L-57-6
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iC3, C5—25-pF NP0 miniature ceramic
trimmer or E. F. Johnson 1-9-5 miriature
alr-variable trimmers.

C15—Sea lex.

01—5ilicon swilching diode, typa 1M914 or
aquiv.

D2, D3—Motorola MVY2108 tuning dioda
or wquiv, 2070 pF Lypical range
Available from All-Electraonics Corp,
Wan Muys, CA 91408,

transformer assembly. The no. € (vellow)
powdered-iron core marerial is best for
VFO service. It is more temperature stable
than the other core materials.

NP0 temperature-stable capacitors (C1,
C2, C5 and CY) are used to aid the stability,
D1, from the (1 gate to ground, stabilizes
the hias on (1 and limits 1he device trans-
conductance cn sine wave peaks. This helps
to keep the junction capacitance fairly
constant—an aid to stability. A further en-
hancement (o stability is provided by Zener
diode D4. It regulates the operating voltage
for D2, D3, Q1 and the base of Q2.

Buffer-amplifier Q2 is used to boost the
RF output of the oscillator chain to 3 V
P-P. The output is designed to look into
a [00-k0 load, which may be gate no. 2 of
a dual-gate MOSFET mixer. R15 may be
added {3.3 k@1 to 10 k1) across L? (dashed
lines in Fig 1) to broaden the response of
L2. This will reduce the RF output
somewhat.

You may use o lower value of eapaci-
tance at C9 il vou require lower output

Da—9.1-V, 400-mW Zener diode.

L1—4 turns of no. 30 enam ar Litz wire
aver grounded end of L2 Use Amidon
Assoz, Inc L-57-8 shielded assembly.

L2—16 turns of no. 30 anam or Lilz wire
an L-57-6 bobbin, Use Q-Dope o secure
windings (see text).

from Q2. The smaller th: C9 value, the
greater the overall VFO stability, In a like
manner, the lower the C5 value, the hetter
the stability. C5 needs to be of a large
enough value to allow Q1 10 oscillare. The
) of tae oscillator tank and the specific
transconductance of Q1 are determining
factors when selecting the C5 value in a
VFO of this gencral type, €5 values as low
as 5 pF are usable, cspecially when L2 has
a high value of O (100 or greater).

Circuil Variations

If you desire greater frequency stability
than | mentioned earlier, replace D2 and
D3 with small air-variable capacitors. You
may usz a 100-pF unit in place of D2, The
bandspread tuning can then be done with
a 15- o7 20-pF variable. Thnis calls for the
deletion of the VVC diode components, R
through B8, plus C6 and C7, and of course,
D2 and D3.

C15 of Fig 1 is shown in dashed [ines.
You may add a capacitor at this circuit
point i you wish to increase the tuning
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L3—24 turns of no. 30 enam or Litz wire
on the form of an Amidon Assoc L-43-2
shielded assembly Turns must be
scramble-wound to fit on form.

A2, R7—10-k linear-tapar carbon-
compasition control (see text).

A15—Saa text.

range of the bandset control. Experiment
with the C15 value ta obtain the range vou
need,

Construction in General

Use a single-sided PC board for this
project. Double-sided board material in-
creases the VFO drift, owing to the forma-
tion of unwanted low-stability capacitance
between the PC foil and the ground-plane
side of the board. Try to use high quality
glass-epoxy board material. Phenolic PC
boards are not suitable for VFQs.

I enclosed my VFO in a homemade box,
@5 shown in the title photo. The box is
made from pieces of PC board that heve
been soldered together, The cover, removed
for the photopraph, is a U-shaped pieceof
gluminum. The cover is affixed to the box
by means of two no. 4-40 screws. | soldeped
two 4-40 = b-inch nuts on the inside of
the box to accommoadate the two sorews,
I used two surplus Teflon push-in feed-
through terminals to route the =12 ¥ (o
the circuit, and to bring the RF output from
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Fig 3—Pans-placemeant
guide for the VFO, not to
scale. Parls are placed on
the nonfoil side of the
board; the shadad area
represents an X-ray view of
the copper pattern. In the
intarast of stability, do not
use double-sided board
material and a ground
plana, Component outlines
are not nesessarily
reprasentative of tha
shapes of the actual parts
usad.

Fig 2—Circuit-board etching pattam for the
VVC VFO. The pattern is shown full-size
from the foil side of the board. Bleck areas
represent unstchad copper foil.

the box. Two no. 6 spade bolts secure the
VFO box to the mainframe aszembly that
will later contain the remainder of my
#0-meter receiver. The hookup-wire cables
for tuning controls R2 and RY arz brought
from the VFD box through Y-inch holes
in the hox wall, The VFO modnle measures
{HWD) 2 = 2 x 2% inches,

A scale etching pattern for the VFO PC
hoard is provided in Fig 2. A paris-
placement guide is shown in Fig 3.'

The dial-calibration plate for my VFO
is homemade, visible on edge in the title-
page photograph. I drew the circles with
a ballpoint pen and compass. | use knobs
with large skirts (2 inches OD), bought at
a flea market. If you can't locate a pair of
large knobs with skirts, you may use
standard-size knobs and metal or plastic
dial skirts with them, The skirts may be at-
tached to the knobs by means of epoxy ce-
ment or small screws

After | made the dial plate I photocopied
it. The copy was used for dial calibration
with a pencil. | measured the VFO output
with a frequency counter. My VFO 15 set
for 50 kHz of tuning range with the band-
set control. The bandspread covers only
10 kHz. Midrange on the bandspread con-
trol is marked zero. To the left of zero 1
calibrated thiz dial with minus kHz marks.
Plus-kHz merks are to the right of zero.
After plotting the calibration scales I made
marks betwezn the two rings of each dial
face, then typed the frequencies alongside
the marks. Rubber cement is used to affix
the dial plate to the front panel

Try to obtain commercial-gradz controls

for B2 and R7T of Fig 1, such as Allen-
Bradley units, They will last longer than
imported controls, and will be less prone
[ resistive instability from shock and
vibration. Check the surplus catalogs for
these controls.

Checkout and Operation

You will need to adjus! the slug in L2,
along with the settings for C3 and C4. First,
determine how much frequency range von
want to cover with the bandset control. Ad-
just €3 and L2 so R2 provides the desired
range. Next, adjust C4 to yield 10 kHz of
tuning range for B7. This will cause some
interaction with the settings of C3 and L2,
Fepeat those adjustments to obtain the
desired tuning range for R2.

Mexl, terminate UL2 with a LOU-KL resis-
tor. Connect a scope or RF probe from the
output side of C12 to ground. Adjust the
slug in L3 for maximum RF output voltage.

L1 and L2 should be coated with GO
polystyrene Q-Dope after they are wound
on the L-57-6 bobbin. Allow at least 48
howrs for the coil to dry before vou check
the stability of your VFO. Q-Dope is avail-
able by mail from Small Parts Center.? Do
not attempt drift tests if you have recently
soldered connections or the VFO PC
board. Allow an hour after all soldering is
completed before vou commence your drift
run. Keep the module away from desk or
bench lamps and enclose the VFO PC
board in its box to prevent air currents
from reaching the critical components.
Terminate the VFO outpat with a 100-k0
resistor and attach a frequency counter to
the ¥YFO output through a 27- or 33-pF
capacitor. Apply the VFO operating
voltag> and log the imtial frequency.
Monitor the frequency change until the
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drift is only 1 or 2 Hz per count. Observe
the frequency change until it stabilizes, This
will be noted when the frequency shiftsup
and down by a few hertz in a random
manner. [Hal calibration (discussed earlier)
should be done after the short-term drift
has oceurred. This should rake place within
five minutes after lurn-on,

Closing Comments

I want to stresz that this is an “idea™
article rather than a project for duplication.
The main thought here is that vou can
zapitalize on the old technique of vsing a
bandset and bandspread setup in order to
avoid the high cost of vernier mechanisms.
Tuning diodes are discussed in the interest
af equipment miniaturization and reduced
208,

This VFO is not recommended for use
with transmitters unless one or more acdi-
rional stages of buffering are used. A dn-
zle buffer-amplifier does not provide the
lpad isolation that is necessary between the
Y¥FO and a transmitter. It 15 adequate,
however, for connection to a mixer that
presents a relatively constant load
:mpedance.

You should have no difficulty in tailor-
ng this circuit to otker frequencies. All that
s necessary is to change the inductance of
[.2 and L3, along with appropriate modifi-
cations Tor the valves of CI, C2, C5, C9
and C11. T'm sure you will have fun experi-
menting with this circuit, and vou can learn
2y doing)

For updated supplier addesses, see ARRL Parts
Suppliers List in Chapter 2.

‘Far Circuits (N9ATW), 18ME40 Field Court,
Dundesa, 1L 60118; 1l 312-426-2431 avanirgs.

‘B2mall Parts Conter, 8418 Moaooo Divo, Lanang,
I 48211; tel 517-882-6447, Catzlog availale,




From September 1978 QST, p 15:

Meet the Remarkable but
Little-Known Vackar VFO!

Searching for a VFO with Rock of Gibraltar stability? End your
band-edge worries with this self-contained unit. For the serious-
minded cw operator, the chirp-free operation and undetectable
frequency drift make this VFO a natural!

By Floyd E. Carter,* K&BSU

Thu: dedicated cw operator must make
savere demands of his station cquipment.
He knows that an clusive DX station
amateur cannot be asked to tolerate a
signal which drifts through the passhand

R

L= of his receiver or one which has keying
-5 chirp. For the cw man, his fist and the
T note of his transmitter form his “voice'
= o distant stations. Modern electronic
—§ vavers have made machine-like keving an
i inexpensive reality. Couple a kever with a
~rm fane-quality ¥FO, and the DX station
sperator just cannot refuse o S0, T
In designirg this heterodyne VFO, the T
zoal was to produce a keyed opscillator
2" vith undetectable chirp or frequency  Tie Vecke usciltatur VPO enslosed In an attractive, comemporary-siyled caningt. Below Is an in-
= drift. Keving of a conventional VFO in-  side view showing rathar high compenant density, The U3 guiput amplifier is an & separsie bosrd
. cariably produces some instability because 8% 10 e transtarmar,
.2 the starting and stopping of an osallator
. apsets the fine balance of de and ac condi-
- rions within tae circuit, and with =ach key-
- down transition  oscillation equilibrium
Eeed must be reached, During this transient
ceriod, the oicllation frequency generally
R changes, resulting in chirp, Keving of a
- sebsequent buffer stage following a free-
- —unning VFO generally allows a small por-
Tl‘.ﬂ ion of the YFO output to mach the
f._; receiver during key-up conditions if the
= station is set up for full-break-incw. VFO
:._;_; -njc-[di_ng only reduces the feedthrough,
= ‘uli this may not I:_H.' adequate forvery sen-
5 stive statlon receivers,
- Heterodyne-frequency gencration elim-
il nates all these problems because the VFO
':"—_ aperates  continuously on & non-har-
= -_ nonically related I-rl_'thﬂ'l'lll}' which g con-  Fig. 1 — Simplitied plock diagram al the haterodyne VFO,
B .erted to the operating frequency in a
s siixer or balanecsd modulatar. Bath rhe KEY
T ceved  crystal oscillator and the VFO . uaf;rf:i'an
- iperate far from the receiver frequency, 20 MHz _| ?,33?1_
Therefore, even though the VFO is not ' > BaLancED "
seved, no harmonic of the oscillator will MODULATOR | ““ﬁ?_‘f‘;? == AR
S reach the receiver. Fig. 1 shows the block o] :
- Jiggram of the heterodvne process, with {mtmn VFD
e frequency values applicable to this VFO. i TPl
“2028 Crist Dr. Los Altos, CA 34022
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Fig. 2 — Schematic diagram of the hetarodyne-oscillalor VEO using the VMackar circuit, All resistors are Ya-wall, five-percant tolerance. U1 13 a
proprletary product manufactured by Silicon General, Inc., 7382 Bolsa Ava., Westminstor, CA 92683, The toroid core for L3, Farroxcube no.
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A normal mixer or unbalanced moda-
lator output contains Tour prominent fre-
guency components — the two input fre-
quencies, their sum, and their difference.
Either the sum or the differense may be
used as an output by selecting the desired
frequency n a band-pass  filter. The
balanced mixer 15 a more sophisticated
refinecment of the basic mixer circuit,
because the two input frequencies are
eliminated in the nuxing process so that
the output contains only the sum and dif-
ference frequencies. Consequently, subse-
quent filtering is made easier.

The VFO circuit used in the heterodyne
VFO was first described by Vackar' in
Motes appear at end of article.

1949, This circuit formed the hasis for fur-
ther research by Clapp, resulting in his
classic article published in 1954, The
Yackar circuit closcly resembles the Clapp
circait except for the method of fecdback,
The Vackar is series tuned like the Clapp,
but the tank circuil as well as the tran-
sistor are shunted by unusvally low reac-
taneces which reduce th: cffecta of the
rransistor reactances, Further refinements
of the Vackar circuit were described in
1968 by Jordan,' who provides design
criteria for use at any frequency.

Consiruction

The photographs sugeest one possible
layvou:. For case of modification and ¢x-
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perimentation, the protolype was huilt in
separate modular form  equipped  with
conneclors. Only 3 few precautions must
be kept in mind when desipning a layout,
First, as with any VFO, mechanical
stabvility is essential. An aluminum estru-
sion was used as a base for the oscilletor.,
The tank components were bolted to this
cxtrusion and the remainder of the circuit
iz contained on a glass-epoxy-board
bolted 1o one lip of the extrusion, Haavy
solid wire is used to interconnect the ank
eircuit components Lo prevent changes in
stray circuit capazitance from shock or
vibration. The integrated circuits have
much higher bandwidths than required,
and are capable of oscillations at vhi.
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C1 — Variable capacitor, approximataly 2 pF
{1 rotor and 1 stator).

23, G114 — 4.5-25 pl© variable capecitor, CRL no.
B25-AZ

C7, G308 — Fixed cepacitor, 0,001 uF, CA_ no.
CE102

CB — Fixed capacitor, 0.1 uF, CAL no. DDA104.

Co, 10, C12, C17, C18, C20-524, incl., G0,
C31, C33, G35, Ci6, CAT — Fixod capacitor,
0.01 uF, CRL no. CK103,

C16 — Mylar Hxed capacitor, 0.022 uF, CDE
no, 1522,

G40 — Fixed capacitor, 1000 uF 25 V de, COE
n, HWM 1000-25, (Fig, 3)

C41 — Fixed capacitor, 300 uF, 15 V dc, SDE
o, HWM 500-15. (Fig. 3}

01 — Silicon woltaje regulatar diods, B2V,
400 mW, Texas 1strument no. TNT564 or
equiv, {Fig. 3}

J1 = 1/4dnzh phona |ack, Switcheralt na. 11,

J2 — Chassis rf jack, Switchorat no, 3505F,

L1 — 18 pll, 31 turns Mo, 22, enaneled coppar
wire, 78 nch long, 1 inch diarater. Caramic
farm, Malional no. XR-50.

L2 — Toroid core, Ferroxcube no. 1041TORO!
4G4, approximataely 50 turns nc. 28 anameled
copper wire,

L3 — Miller no. 42A000CB81-2, 26 turns no. 24
enameled coppar wira.

L& — Miller no. 40A000CE1-2, primary 26 turns
no. 26 enamelad copper wire, 38 inch lang;
secondan 12 turns no. 28 enaneled copper
wira.

21 — Mpn silicon annular transistar, typa
2NB18 or equiv.

Q2. 07 — Npn silicon annular trensistar, type
2M3014 aor eguiv.

03 — Pnp silicon low-power transistor, type
283840 or egqulv,

Sd — Pup ailicun high-uunend :\.wil.t,'-||l||g Lrae-
sistor, type 2M3833 or aquiv,

05, 06 — Npn silicon lowpower trangistor,
MNatlonal Semiconductor type 2ZN3646 or
Gy,

08 = Mpn silicon annular transistor, type
2hE9T. (Fig. 3)

51 — Spadt taggle switch, Alco ng. MST-1050.

52 — Dpal toggle switch, Alco MST-205M,

U1 — Variable gain, widetand amplifier
multiplier, Sillcon General no. SG3402.

U2, U3= Linear 1S, monclithic rf i-f amplifier,
Fairchild na. TO3E.

U4 — Silicon minlature diede assembly,
Maotorola MDA 350-2 ar eguiv. (Fig. 3)

¥1 — Oscillatar crystal, 3000 kHz. Sources
listed in QST advartisements.

Therefore the bypass capacitors should be
mounted close to the 1C with short leads.
The planetary ball reduction gear conples
the tuning capacitor to the wning knob.
This is not an ideal setup Tor it 5 not
possible to calibrate the dial because the
hall drive slips at the end of travel.
However, accurate calibration of a VFO is
not a great advantage, inasmuch as crystal
pand-edge markars are required if ane is
coiitg Lo upaale within siriking distance
of a pink slip.

Test and Adjustment

The only tuned circait which is not ad-
justable is the 3-MHz band-pass filter
consisting of L2 and C19, This shoald be
resonated with a grid-dip meter after first
overwinding the loroid core and removing

furns one &t a time until the circyit
resonates. This circuit removes harmonics
from the ervaral oscillator and helps to
reduce spurious inpuis to the balanced
modulator.

With the VFO operating and keyed, the
output of U1 should be monitored while
adjusting R21, the earrier-bzlance poten-
tiometer, for a null at both 3 MHz and 4
MHz, The null should occur simul-
tancously. Mext, monitor the output of 12
through a length of coaxial cable ter-
minated in the transmiter. The cable is
necessary becavse the cable capacitance is
reflected back into the circudl for L4 and
C38 and forms part of the total Tuning
capacitance, Adjust L3 and L4 for maxi-
mum drive to the {ransmitter. While
rapidly keyving the crystal oscillator, ad-
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just C14 for the best starting charac-
teristics. Finally, C1 is adjusted to cover
the spread of 4.0 10 4.1 MHz. Adjustment
is made with C3 and by bending the plates
of ©1 for the desired delta C for full rota-
tion,

If a spectrum analyzer is available, the
optimum tuning may be guickly reached
for maximum rejection of unwanted fre-
quency components. The prototype cir-
cuit had all unwanted components down
by at least 40 dB. With key up, the VFO
feedthrough at 4 MHz was down 30 dB.
Thiz level is not detectable with the station
receiver and tuned circwits in the driven
tramsmitter will reject these components.

With 52 in the SPOT position, power is
remaved from the output buffer amplifier
and the crystal oscillator 15 kKeyed., This
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Fig. 3 — Pawersupply far the heterogyne VFO, Miniature d ode assembly U4 is Molorela part no.

MDABED-2 ar ecuiv.

Crystal oscillator and balanced mixer board. The oscillator is a highly modified International A0
assambly. The small toraid coil on the oscillator baard 12 L2 The balanced mixer {10-lead 1) i5 on
Ike main board, U2 and Q6 are at 1ar Ief, As is typical with develapmental circuils, the board
shows evidence of modilications

generates a weak signal which can be
monitored in the station receiver for fre-
quency spotting. In the OPERATE posi-
tion, control is transferred to the kewver.
Any commercial kever with an open-
collector, current-sinking  output will
work with this VFO. If there is doubt in
one's mind abow this feawure of a par-

From April 1989 QST, p 38:

ticular keyer, the schematic diagram of
the kever should be examined, or the
manufecturer should be consulted. Of
course, a relay output will also work with
the ¥F

The normal output of the heterodyne
VFO is about 20 mW into a lpad of 75
ohms. The driven transmilier operasies

Tre Vackar aacillator circull s constructed on
a heavwy exirusion. Large bus wire intercon-
mrcts tuned alrcull components. L1 ic wound
o1 a ceramic form and coated with epoxy
rosin, C1 s a heavy-duty twa-bearing capacitar
reduced 10 ona rotor ard ane stator plate.

straight through on 40 meters for outputs
cf 7.0-7.1 MH:z. Using the driven
transmitter as a multiplier, 20-meter out-
put from 14.0-14.2 or 10-meter output
from 28.0-28.4 MHz is available. The
driven transmitter must also be provided
with fixed bias 10 prevent excessve
cissipation in the final amplifier under
keyv-up conditions, For transmitters with
cathode or emitter keving, fixed bias
should be added 10 cut off the final
amplifier during kev-up conditions,

The heterodyne VFO has been in use
with a Viking-Il transmitter with the sta-
tion set up for full break-in cw operation.
It is the only VFO I have ever used where
operation very close to the band edgesin
the Extra Class portion is possible without
constant nervous strain from wondering
just where the transmitted freguency will
end up after a long QS0.

Relerences

Wackar, “LC Oscillators and Their Frequency 5ie-
bility," Testa Techmical Reporis {Crechoslovakia)
Dee., 1948,

Clapp, “'Frequency Siable LC Oscillators,”™ Proc
IRE., Aug., 1954, pp, 1395-1 300,

ordan, ' The Vackar YFO: A Design To Tey,"" Elec-
tromic Engineer, Feb,, 1968,

Adjusting the Power Output of JFET VFOs

[0 The output of a JFET VFO is
determined largely by the device standing
current—the IFET's drain currert with dc
bias applied znd ac feedback removed. In
many YFO designs, this is equivalent to
Ipge—the zera-gate-voltage drain current,

nerally, the relationship between 1
and oscillator output is simple: The higher
the device lpge, the greater the VEO
output,

According w0 the Motorola Small-Signal
Transistor Data book, IDS for the
popular MPF102 can fall anywhere within
the wide range of 2 to 20 mA. This wide
Ij,ee Specification explains why some VFO
builders have good luck with the MPF102
and others build MPFI02 VFOs that

deliver less output than thart clalmed for the
cirenit involved, The “premium”™ 2N4416
has an | g range of 5 to |5 mA, making
the "44:6 generally better than the MPF102
if you want more power output. The best
commecnly available JFET for lots of VFO
outpat is the 2M5486, which has an ImS
range of B to 20 mA., )
It's important to keep another rule of
thumb in mind: Oscillator frequency
stability penerally decreases as power out-
put increases. IF you're willing to sacrifice
VFO output for greater frequency stability,
the IN5484 (Ipgq of 1 w0 § mA) and
2N5485 (Ipeg 0154 to 10 mA) are good

choices, .
By the way, the resistance of the JFET
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channel is a good relative indicator of
device Ipge. With this in mind, you can
geade yvour JFETs for VFO power output
merely by measuring their channel
resistance (source t¢ drain) with a DMM.
{Caution: The measuring instrument yau
use must not apply a destructively large
current to the device under 1es1.) Generally,
the lower the channel resistance of a given

device, the more power output it will
furnish as a VFO.—Zack Lau, KH6CP,
ARRL Laboratory Engineer




From April 1879 QST, p 18:

Putting the Boots to Your
HW-8 QRP Transceiver

Basic Amateur Radio: A signal increase of 9 dB for your
QRP rig can turn marginal QSOs into solid ones! This
amplifier provides 80- through 15-meter signal increases with
only 1 watt of drive. Add these “‘boots" to your HW-8 and
'mprove your QRP DX score.

2y Doug DeMaw, W1FB
ARAL Conlributing Editor
FO Box 250
Luther, M| 42656

An article deserbing a single-ended
~ug-in amplifier far the HW-T series
JRP transceiver left much (o be desired
far some Q8T readers.' ARKL hag. was hit
aith a rash of letters requesting a band-
switching style of amplifier which includ-
o the BO-meter band along with the 40-,
- and [5-meter bands, Coverage on 80
Teiers was inspired by the appearance of
Heath's newer QRP box, the HW-8, The
additional cost of smgle-band amplifiers
sver a band-switching unit was objec-
opable to some, and rightly  s0.
Sloreover, some builders reported proa-
-ms with amplifier instahility when they
wiembled  the *‘Slippers™  unit, The
amplifier described Fere is aimed at HW-R
-wners in particular. However, it can be
sed with any QRP transmitter if the lat-
ver has the outpur atrenoated so that a
maximum of 1 watt reaches the powsr
amplifier input. It is a simple matter (o i1-
aall an appropriate T or pi type of
~cafstive attenuator 8t the amplificr input
«hen more driving power than is
wecessary appears al the output of the
JRP transmitter,

This amplifier operates from a 12- w0
d-volt de supply. Maximum current drain
- lgss than 2 amperes. A spectral analysis
of the amplifier output indicated that it

complhies with the FUO requiremnent that
=1 spurious encrgy be 40 dB or greater
~elow peak carrier value. The spurious
components are =45 dB or better on cach
of the bands covered by this circuit. A
wost of in-band- spurs were observed at

Hotes appear ai end of article.

lewels well below —40 A0, They érc prod-
wets generated within the HW-8 and do
not originate in the amplifier cescribed
here,

Circuit Description

A pair of RCA 40977 stud-mount
power transistors are shown in the circuit
ot Fig. [. These are actually vhi devices
and are used primarily because they were
on hand at the time this circuil was
developed. Later, RCA dropped this part
from its line. Transistors with similar
characteristics for hf-band operalicn may
be used in place of the 40977, noably the
Motorola IMN$642 which is an exact re-
placement. The specifications for the
40977 arc 11 dB gain {approximae) at 118
MHz: Look for a substitute which has
similar gain at 21 or 30 MHz. Maximum
power dissipaton is 25 watts, Power input
is 0.5 watt {approximate) for 6 watls
minimum  output.  Collector  supply
woltage 15 12.5 nominal. Continuous col-
lector current rating (maximum) is ¥ A,
Collector effiziency is 55 percent, The
builder should not be afraid 10 experiment
with other types of power transistors,
especially if they can be obtained inexpen-
sively as surples from a reliable dealer.,

This circuii operates broadband in the
Class C mode. This technigque smplifies
band switching and lowers the cost. To
e¢nsure unconcitional amplifier stability it
i necessary to use shunt feedback from
collector to base (K1, B2, C1, C2, L1 and
L2). Broadbanding and stabilization of
this rvpe always resolts in a power trade-
off. In a similar cireuit which used no
feedback, the amplifier output could be as
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greal as 17 waits, safely, cven though the
409775 are rated at a nominal outpul of &
watts each at 118 MHz, With the feedback
networks shown, the outpul is approxi-
mately 12 watts on &0, 40 and 20 meters.
Somewhat less output is available on 15
meters, owing to the lower output from
the HW-EB on that band.

A pair of 10-phm resistors and two
miniature ferrite beads are connected
from the transistor bascs to ground. These
components are used to discourage low-
frequency oscillations. The 4-dB  at-
tenuator at the amplifier input reduces the
HW-8 drive to a safe level, It is suggested
that a switch be added to remove the pad
during operation on 21 MHz. This will
provide an amplifier output of roughly 8
watts on that band, The power output is
on the order of 4 watts with the pad in the
line,

Two 220-pF silver-mica capacitors are
used in che collector circuit to prevent vhi
self-oscillations and to lowe the han oo
¢nergy in the vhf range. The reactance of
the capacitors 15 high enough in the hf
bands to have minor effect on the
amplifier power.

T1 of Fig. 1 is & broadband transformer
with & 3:1 turns ratio, The transformer
used in this design is homemade and is of
the convemtional variety (not a trans-
mission-line transformer). Detailed infor-
mation of the construction of this trans-
former is presented in the ARRL Elec-
tronicy Data Book and in Sofied Srore
Design for the Radio Amarenr. T1 con-
gists of two rows of four Amidon
FT-50-43 ferrite toroid coes (p = Q50)
through which thin-wall brass tubing is
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Fig. 1 — Schemabic diagram ol the solid-state lour-band amplitier. Resislors are 1/2-wall compasi-

fign lypes. Capacitors are disk ol chip ceramic except the one with polanly marked, which is
electrolylic of tantalum. 5.6 s silver mica. Components wilh sumbers which do not appear in
the parls list are so dentified tor text discussion anly.

41, 42 — Pangl-moun] cofxdal canngcior or
phona jack.

L1, L2 Mimsature ferrite boad (850 mu) over
lead of O01-uF capacitor. Same type ol
boads ured on pigtails ol 10-0hkm bage re
igLors

01, OF — RCA transisiorn (see text).

51 — Twopole, lour-pasition ceramic or
phenolic waler switch (ses texi)

T1 — Broaiband 3:1 transformer [S0@ bexl).

passed and made common at one end
(U-shaped single turm, in effect). Then,
three turns of insulated wirz are passed
through the tubing to form  the
transformer primary. Pc-beard headers
are used at each end of the assembly to
secure the tubing and provide copper tabs
for connection to the main dreuit board.
The advantage in using this type of
transformer is that @ more precise secon-
dary center tap can be established than is
possible with a simple toroidal broadband
transformer. Symmetry of the secondary
helps to assure cgual driving power o
cach transistor. Those wishing to experi-
ment with a toroidal type of transformer
2, T canwind 9 varns of oo, 18 enameled
wire on an FT-50-43 core. A three-turn
center-tapped sccondary winding can be
wound over the nine-turn primary, The
tap must be in the evact center, The leads
to the transistor bases should be laid out

T2 — Bifilar-wound broadband phaseraversimng
transtormer with 8 kihlar fjurns al no. 22
mrarm, were an bwo stackod FT-50.43 cores
(50 muj. Wires have 8 wisds per inch,

T3 — Broadband combinar franslormer wilh 8
fmetilar turns of na. 22 enam. wire, 8 wisls
par inch, on stacked FT-50-43 torod cores

RFC1 — Targidal rf choke, 7 lums no. 22
e1am. wire on FT-50-43 {groid cor

symmetrically and have equal lengths.

T2 is a phase-reversal transformer that
places the collectors of Q1 and Q2 in push
pul. The collector svoltage is supplied
through T2. A combinzr transformer, T3,
provides a 2B-ohm output impedance
from the two l4-ohm collectors. Half-
wave harmonic fileers (FLI1-FL4, in-
clusive) are band switched at the amplifier
output by means of 51, They are designed
for a loaded Q of 1. The input impedance
is 23 obims and the putput impedance is 50
ohris. Since these are low-pass filters, the
cuteff frequency 1s set slightly above each
amateur band to minimize insertion loss.
Amidon powdered-iron toroid cores are
waed for the filier indueiors,

Construction Notes

Double-sided pe board 35 wsed for the
amplifier module, but single-sided board
iz specified for the filter assembly 1o
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Inside the amplitier, with the filler board at
right, amplifier hoard &t 18R The bwo poser
{ransistors aré modnied against the rear pans
which saerves as a heat sink.

reduce stray capacitance. The later could
degrade the filters by virtue of deuning
effects.

Double-sided board material is used for
the amplifier areuit to help eliminas
ground loops and subsequently improve
stability. The ground returns for the input
components which relate to the transistor
bases are connected to floating peds on
the etehed side of the board, Small picces
of wire connect ;hose pads to the ground-
plane surface on the opposite side of the
board. Conversely, the collector com-
ponents have ther ground connections on
the eiched side of the board, This pro-
cedure helps 1o 2nsure stability by oreak-
ing up rf current loops on the pround
elements of the pe board. Fig. 2 shows the
pe-board patcern for the amplifier. Fig. 3
contains the layour for the filler beard.

The photograph shows the collector-
base feedback nztworks being bridzed in
mid-air over the tops of Q1 and Q2 The
board parern provides copper pads for
these componerts. Also, the prootype
version shown photographically has the
transistor strip leads bent down slightly to
mate with the related pc pads. This
mounting technigue is notl recommended.
Two unlsvorable conditions cam tesaly
from this method: Excessive emitter-lead
length introduczs unwanted induciance.
which in 1urn causes degencrative feed-
back. Deeencration lowers the amplifier
gain and may encourage instahility, Fur




PREDRARART KR

i

CWRRFY

W

HHRARARTERT AR

AF 1N

T1SECCT

¥ THREUSWIRE GROLUNDS

T2 £T TOFLL

+13v

Fig. 2 — Pars placemant guide for the amplifier board, Marts are mounted on ke stched aids
of the double-sided pe board; the shaded area in this view represents the copper pattern. The
ather side of the board is wnetched. Decimalvalue numbers alone reprasant cagacilance in
microfarads. Whele-number valuas without units represent resistance in ohms. hote that ferrite
peads ara slipped over one end of each of the two 10-ochm resistors.

thermore, when the leads are bent up or
down to mate with the pe board it is possi-
ble for unduc stress to be exerted on the
transistor body during heat eveling, This
can cause physical damage to the ran-
sistors. The correct mounting procedure
calls for the sirip leads to come out from
the transistor aody ar 90 degrees, They lie
flat on the pe beard pads to which they
are soldered.?

The amplifier board s mounted against

the rear wall of the U-shaped homemade
chassis, The cdsc serves as a heat sink.
Heat transfer is enhanced by the addition
of tran=stor sibcone oreass, It s apphed
to the mating surfaces of the transistors
and cabinet, The stud nuts should be
tightened only slightly bevond a finger-
tight tension level. This will prevent
damage to the transistors, Throogh-wires
are added at several points on the
amplifier board o join the ground foils

o1 both sides of the board. Each through-
wire is soldered to the pe board at both
ends.

The Filter Module

Table | contains L, C and frequency
data for the four filters. For the most
part, standard-valoe silver-mica capaci-
tors are not specified, This requires com-
brning standard values in order 1o arrive at
values which are close 1o those spocified.
Mica compression trimmers can be used at
the center of cach filter {sce photograph)
if desired. The author’s model has the
trimmers for final tweaking 1o obtan
maximum outpul pawer and waveforn
purity.

RG-174/U miniature coaxial cable is
wied For the of leads, 115 important o
ground the shield braids at both ends of
the cables which connect to the amplifizr
output, antenna jack J2) and the two
poles of 51, The remainder of the coaxial
cables need to have the shields grounded
only at the filter-board end, In the model
shown, heat-shrink uhing is wsed at the
uigrounded ends of the connecting
cables, 51 should be 2 two-wafer type with
al least one inch (25.4 mm) of distance
between the wafers, This will ensure prop-
er isolation between the filter inputs ard
outputs. For ideal condittons, a metal
shield could even be installed between the
wafer sections and bolicd to chassis
ground.

Operation

The power supply which Heath pro-
vides far the HW-8 will not be suitable for
this amplifier. A regulated power supply

of 2 ampceres or greater 15 reguired.,
The 40977  tramsistors  are “SWE

Fig. 3 — Parts placement guide for the single-sided lilter board showing details for ane filter. Pars are mounted on the fonl side of the board; the

zhaded area in this view reprasenis copper.
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Table 1

fave)
Band  (MHz)
15 23
20 16
ETH B
B 5

AHMS QHME
[INPUT) I‘ IouTRU
#*

Li LE
50 50
50

OHNM3

IEZ I 3 c4
J F ] 7
]

Ly L2 cr cz C3, C4  Toroid
fuH)  fHY [pFl o (pFl (pF} Care

026 035 230 210 138 TGE-6

03s Qs 330 a0 200 TEE-S

oya 10 663 GCO 400 TEE-2

1.2 146 1000 985 E3G TER-2

TI
KL= 38 Xc2= 33

KLz w50 Kco,ca-50
Keaw 30 Quisd
# SEE CAPTION

Wire
Turrs Sire
L1715 no. 22
L2 TS
L1-I0 TS no, 22
L2106 TS
LI TS na. 22
L2113 TS
LI TS no, 22
L2177 TS

Coil and capacitor infarmation for the half-wave harmonic filters shown in Fig. 1. All capacitors are silver-mica units. Parallel or series combinations
can be used a: needad to pravide the approximate values listed above. An accuracy al =10 percent is recammendad. *A mca caompression trimmes
can be used a. G3 1o provide final adjusiment of the filters.

protected,” to use the RCA vernacular.
This means that anything from a dead
short 1o a full open circuit can be tolerated
at the amplifier output for short periods
of time without causing device damage. A
mraximem mismatch period of 30 seconds
is recommended.

The harmonic filters are designed for a
50-phm termination. Therefore the anten-
na should not present an SWR of greater
than 1.5:1, or filter performance will be
impaired, Also, there will be a loss in out-

put power when the SWR s high. A
Transmatch and SWR indicator are
recommended for use with any solid-state
amplifier, including this one, particularly
when the antenna does not present a
30-ohm load.

This amplifier will reach its saturated
cutpul-power level at slightly under 1 watt
of drive at the bases of QI and Q2.
Observe the increase in forward power o
the antenna, then add ro further drive
once the point is reached where power
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putput from the amplifier fevels off,

MNow that vou've *“put the boots 1o your
HW-8," have fun and go after that DX
you were reluctan: o call with only 2
watts!

Fooinoles

Debaw, ' Slippers for the HW-7,"" @5T, Dec. 1772
P, 45,

‘Acigo and Jebnson, “Sundamentals of Solid-Siees
Power-Amplifier Desizn,'” QFT, Sept. and Now
1973, and QST, April 1973 (in three pares),




Circuit-bosrd etching patterns. Tha frant sides of the boards are shown here at actual size, with
black rapresenting unetchad rapper The uppar pattarn i frnr thin amplifier section (Fig 2 it is
copper ¢lad on both sides, with unetched copper on the back’ side that orms a ground plane.
The lawer pattern is for the filker board {see Fig 3)
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From May 1984 QST, p 44:

30-Meter Conversion For The HW-8

[ The Heath HW-3 QRP rtranscziver can be
moadified casly 1o operate on 30 meters if vou
are willing to sacrifice one of the existing bands.,
I chose wo mive up the 80-meter band, sinee | have
found it 10 be the most demanding one, in terms
of antenna size, for QRP operation. Thirty
meters seems to be an excellent band for QRP
operation, ard it offers the side benefit of WWV
reception, which [ wse to calibrate my YFO dial,

Complete details of the modification are sum-
marized in Tahle |, The only expensive com-
ponent 15 the cevsial, which costs around 210,
The other components can be found in vour junk
box or purchased Irom a variety of Q5T adver-
tisers. Five of the original capacitorns are rewsed
in other locations.

Remove the control knobs and fraont panel;
then, discongect the leading capacilor from the
front of the zhassis, This will make it easier 10
gel at the components o be changed in the
crowded area arpund SW1 (the 30-meter band
switch). Remave the indicated components using
& vacuum desoldering 1ool, solder wek or a plece
of flattened braid from coaxial cable,

After the new components have been installed,
the rig can b2 aligned according to the instruc-
tions in the HW-8 assembly manual. The only
prohlem | ercountered was that 1 had lost the
small tuning teol used 1w adjust L17 in the
heterodyne oscillator. T fownd that the larger ool
or even an Allen weench can be used. Carefully
insert the towl through the top slug and tune the
bottom slug for maximem output cn 30 meters.
Then, back the tool out and readjus; the top slug
{L18) For maximurm output on 4 meters.

The wamsmitier de powsr inpul should be
about 3 W. The VEFO will cover 10,0 1o 10,25
MHz. Dial accuracy seems (o be a problem with
the HW-3, 50 it may be difficult o determine
the band edges without & frequency counter, This
is where WWV can assist vou. Just be sure to
stay within the legal seaments (10.100-10, 109 and
10 115-100 150 MHz). 1f in doubd, don™t transmit,
— Wavne Burdick, NaKR. 7% Caminito g
#2, San Diego, CA 92122

Tahle 1
HW-£ 30-Moter Modifications!
Fart Ma. MNew Value Description

Y1 18.885 MHz Fundamental type,
15-pF logd, HC-EILU
halder. Intarmational
Crystal Mig, Co., P.O.
Box 26330, Oklahoma
City, OK 73126,

Farn no. 434112,

Seccndary — 25 turng
na. 24 gnamealed wife
an TA7-B care (Amidon
Associates, 12033
Oisego 51, N, Holly-
wood, CA 91807).
Primary — 2 turns no.
24 wirg over G2 end ol
sacandary [uso erginal
coil formy,

25 turns no, 24 wire on
& TiT6 core.

Remave 16 turns from
arlcinal L13.

23 lurns no. 22 wirg on
a T30-2 core.

25 turns no, 22 wire on
a T30-2 cora.

Silver mica, 5%
tolerance {use orlginal
G118

Silver mica, 5%
lolerance,

Silver mica, 5%
tolerance (use original
C1)

Silvar mica, 5%
tolerance (use original
Chd).

Silvar mica. 5%
tolerance {use original
o).

Silvar mica. 5%
lalerance {use original
g,

Sliver mica, 5%
lolerance.

Sllvar mlca. 5%
tolerance.

Disconnect from L1,

Ramove,

2 W, 10% (olerance.

L1 1.8 uH

L5 18 M
L13 40 uH
L22 27 uH
L26, L27 3.2 uH

Ci 100 pF

C15, C96 100 pF

Chd 68 pF

CF7 230 pF

C7H 150 pF

(=03 &7 pF

oot 300 pF

GG 3o pF
Ca0ia —
R50 -
R56 1ka

'Refer 1o HW-8 schemalic diagram lor pan localions,
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From April 1988 QST, p 26:

Improving

HW-9 Transceiver

T you own an HW-9 or other
QRP transceiver, you'll find
these ideas will add to your
operating enjoyment. So, heat
Jp that soldering iron!

v Chuck Hutchinson, KBCH and Zack Lau, KHGCP

ARAL Technical Deparmeant

This article is divided into two parts. In the first

mart Chuck, K8CH, describes the poriable QRP
sration that he uses for Field Day ard vacarion
perating. The second part describes circuit modifi-
cotfons by Zack, KRGCP, Although the ideas presented
concentrate on wsing and improving the Heark HW-9,

they can be adapted to many QRP rips.

Chuck’s QRP Package

Lenjoy chasing DX with QRP—most of the
ume. But Field Day and vacation are two
tmes when QRP operation is particularly
zppropriate and rewarding. ['m not avarse
10 running 100 watts {or cven the legal Lmit
when conditions warrant), but my entire
(JRP station with transceiver, power
supply, antenna, kever and other acoes-
sories is about the same size and weight as
my 100-W, full-feature transceiver. That
means it's a lot easier for me to take the
JRP station 1o the Field Day site. As for
vacaton, only the QR rig will fit into the
car along with the rest of the family
luggage.

[ use two 9-Ah gelled-electrolyte, lead-

the

acid hatteries as a portable power supply.’
These are not lighiweights, but they're
good for many hours of operation. Exact
time before recharging is required depends
on duty cycle, Tn othier words, ransmitiing
“eats™ the batteries more rapidly than
receiving.

While onz bartery is powering the
rransceiver, the other can be recharging.
My favorite method of recharging the
batteries is to use a solar panel—mine is
rated at 18 W and 500 mA.? It feels pood
to put those free photons to work—and
solar energy is good for bonus points on

Motes appear at end af article

% .

Field Dav! An ac-operaled charper was
described in June 1987 QST That
charger ensurcs optimum charging of
batteries. For best battery life, don’t run
the batteries flat before recharging. The
ARRL Handbaook explains proper care of
lead-acid batteries (Chapter 6 in recent
cditiors).

Portable Antennas

For portable operation, 1 like to use a
dipole suspended by tough, lightweight
nylon cord. The dipole in my portable
station uses plastic insulators {see Fig ).
The center insulator has an exira hole so
that a nylon line can be used to support the

Fig 1—Dwtgrils nf thA camar insolatar
(left) and end insulztar {right} for the
antennas describad in the fext,
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center. The end insulators are made so that

EXCEPT A% INOICATED, DECIMAL ; :
VALLES OF CAPACITANCE ARE element lengths can be adjusted easily for
iN MICACFARADS { oF ) OTHERS .

ARE 14 P COFARADE | BF 1 " II'PT changing bands. :

R T. RE | Hi e ] KE . 3 R
RESISTANGES ARE [N OHWS, s, 0 oy For 80-meter operation, | use an end-fed

guarter waveleng:h of wire terminated with

g a banana plug. The plug fits neatly imo the
Pty e o 55! RF connector or the H\_ﬁag’s rear panel.
L DT T l Yoo wrlie The far end of the wire is supported by =
ope ¥ 1 H_L gy plastic insulator like those used in the
BV T [ l::mT [nl ; "~—~.:, 5 T dipole. Because this antenna operates
GND O = Veg /;|:, against ground, I carry a couple of clip
z-Jv - KEYEH leads to make a connection o the best
bt O A ] pa. o ground [ can locate. (For instance, 1"ve had
L , A KEY good luck grounding to the heating pipes
npa: - WNE in a motel, The secret is to use what you

LA ,;f,lr.ﬁh?,. L have available.}

el 3 coor ol .
GHD —j—.' E . cuin esmeusl e Accessories
i £ l £ At first, | used my son Scott's (N1DSF)
\.:'::“ poam  FOSPEEDLS I o % o Heath gMatic Memory kever with the
G W-9, {I mounted a phono conneclor to
8 Rz H ) P : d

. = 'VW Thussh el i 500 the HW-5"s rear panel to provide switched
470 s1h H 12 V dc power for the kever.) Later, |
|3[ =0 decided to build into the transceiver a keyer
J l l based on the Cunis 8044 CMOS IC. The
— circuit is based or the 8044 spec sheet, and
HE the schematic is shown in Fig 2. Tom
Fig 2—Schemalic diagram ol a keyer based on the Curtis 8044 1C. Capacitors are disc :;:Sl;i:régirz' F[.]r;ﬁfi: t&;q:hin:ﬁ;mﬁ;

ceramic, except for G4, which is electralytic. C& anc C¥ are MNP0 types, although any

temperatura-stable capaciter of Ihe proper value should wark tine. the completed board upside down using 2

bolt and nut that helds the HW-9°s BFO

shield in place, | moved the wire from the

ke jack to the circuit board, and ran a new
wire from the circoit board ro the key jack, The SPEED coatrol,
R.8, is added to the front panel, and a jack for the paddle is added
o the rear panel.

For portable operation, 1 wanted to package the station for
sasy transport. An aluminum briefcase proved to be just wha:
i) [ was looking for. Packing foam, cul with @ hacksaw blade,
sushions the HW-9, The rest of the station, except the solar panel,
z0es into the case with the HW-9: the two gel batteries, cipols
with feed line, 80-m 2nd-fed antenna, nylon cord, clip leads, kever
aaddle, lightweight headphones and an ARRL Minilog.

Conclusion

1 INCH My portable QRP station is not made for backpacking. It does,
aowever, fill my need for something that goes easily to Field Day
or on vacation. The entire station, except for the solar panel, fits
into a briefcase. What could be more convenient?T—Chuck, K8CH

Zack’s Circuit Improvements

Although thiz portion of the article concenteates on impraving
the Heathkit HW-9 QRP transceiver, these modifications may
e of general interest 1o home-brewers, as they can be adapied
to many QRP rigs. These modifications include adding an SWR
) meter that requires no balancing adjustments, removing audio
thumps and clicks. end improving the signal-to-noise ratio of the
AW-9's naRROW andio filter.

The pew HW-9 3WR meter is @ version of the directional

5 coupler used in the Tandem maich, The main advamniage w the
toupler shown in Fig 4 is that no adjustments are required.

SPEED Anyone who has fiddled with trimmer capacitors trying 1o get
CONTROL a good null will appreciate this feature, Faraday shielding is not

used in this applicaton, as coupler directivity is adequate for the
uncompensited diode detectors,

Fig 3—Circuit-board etching patlern (A) and parts-placemeant P P LArdE = iyt
guids (B) fo- the keyer. The pattarn is shown full-size from the foil The switching circuit, shown in Fig 5, allows the existing HW-3

side of the board. Black areas represent unetched capper foil. meter to be used as an SWER meter on transmit and as an S-:_nc[er
Parts are placed on the nonfail side of the board; the shaded {it's normal Munction) on receive. When the voltage at the input
area represents an X-ray view of the copper pattern. of this circuit (403 collector) is zero, Q1 turns on and Q2
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o403

TWR OQUTFUT
TO RE, FIG 5

COLLECTOR

TD RED
METER WIRE

B

t ®
ANIL0E T3 BROWN

METER

: W RF

SWR CUTFUT o2
FROM FIG 4

= A&

Fig 4—Echamatic diagram of the SWR meter.
01, D2—Shottey diode HP 2B00-2635 (1N34A can be

substituted).

/Luanﬁ

T1, Té—Broadband transformer. Primary has 14 turns af

na. 26 enam wire on an Amidon FT-23-43 toroid core.

Secondary i5 1 wrn of no, 22 NoJKup wire.

wirns off. This allows the meter to func-
tion normally, When the input voltage is
raised to 12 volts, as is the case during
transmit, Q1 i turned off and Q2 is turned
on. Q1 now prevents current from the S-
meter circuit from affecting the SWR
measuring circuit. When Q2 is turned on,
it effectively shorls out the S-meter calibra-
tion voltage, as it is not wanted while using
the meter to measure SWEH.

The audio thump suppressor is used to
reduce the audio thumps that result when
the HW-9 switches from transmit to
receive. The audio line in the original HW-9
sounds like it's being shorted out when the
rig switches between transmit and receive
because a transistor, Q303, is used to do
gxactly that! A 12-dB reduction in audio
thump can be obtained by using a JFET
switch to break the audio line while trans-
mitting. See the schematic in Fig 6. When
the gate of the JFET 3 follows the source,
the JFET aci: as a resistor with a value of
roughly 100 to 300 ohms. When the gate
is grounded, the JFET effectively breaks
the audio line. A de bias of roughly V,../2
iz needed at the source of the JFET for the
circuit to work. This is supplied by the out-
put of U304, C2is used to reduce the high-
frequency response of the switch to help
remove the high-frequency audio clicks. R2
is optional. A properly selected value for
B2 will provide a degree of audic limiting
and further tnump reduction bevond the
measured 12 dB. It is possible 1o climinate
the thump entirely by adding additional
low-pass or band-pass filtering after the
JFET switch. The remaining thump exists
only in the wide flter position, as the
narrow filter removes it,

The final modification increases the
dvnamic range of the HW-9 by a few
decibels. If the capacitor values in an
active filter drcuit are too small, a sub-

Fig 5—Schematic diagram of the meter switch circuil, Q403 s a

Heathklt part deslgnator.

348, 0347 MUST BE REFLACED WITH JUMPERS |
22 pf
B

A

Ct

G3
! T ELE-TET] +

Fig 6—3chematic diagram af the audio
thump suppressor. Q303 is part of the
lranscalver—see text.

stantial increase in noisa results. The new
values shown in Table 1 are chosen for a
250-Hz Bessel response centered at 700 Hz.
A Besszl response is choszn to eliminate
ringing. Measurements in the ARRL lab
indicate that the flter shape tends to
change at very low signal levels if the
capacitor values are too small, In some
cases, the band-pass response actually
becomes a notch response, although the
notch is usually above the desired pass-
band,

Construction

The modifications to the HW-9 involve
stuffing two PC boards and changing parts
on the TR circuit board. The board shown
in Fig 7 contains the directional coupler,
and the board shown in Fiz 8 contains the
audio-thump suppressing circuit and the
meter-switching circuit. This allows the
coupler to be mounted in the back of the
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(A)

(B)

Fig 7—Circuit-board etching pattern (A) and
paris-placament guida {B) for the SWAH
mater. The pattern is shown full-size from
the foil side of the bcard. Black areas
raprasent unetched copper foil. Parls are
placed on the nonfoil side of the board; tha
shaded area rapresonts an X-ray view of
the copper pattarn.

rig next 1o the antenna jack, while keeping
the thump removal circuitry next to the
audio section.

It Is eszential tha: C346 and C347 he
replaced with wire jumpers for the thump
removal circuit o work, as they would
block the needed dc bias voltage. One of
these capacitors can be used as C1 on the
modification board, but take care to get the
palarity right.

Thanks to Heath's excellent design, it is
nat necessary to unsolder all the wires o
get to the solder side of the TR board. First,



Fig B—Circuit-board etching patiern
{A) and paris-placement guide (B) far
the audio thump suppressor and
meter switch circuit, The pattern is
shown full-size from the foil side of
the board. Black areas represant
unelched coppzr foil. Parns are

placed on the nonioil side of the
board; the shaded area represants
an X-ray view of the copper pattern.,

sel the BAND switch to 20 meters and
remove the panp-switch shaft, Then,
unsolder the blue keving wire and remove
the six screws holding the back panel to the
chassis. After removing the five nuts
securing the TR board, the circut hoard
can be flipped up, exposing the foil side,
While vou have the foil side of the TR cir-
cuit board exsosed, install the HaRROW
audio filter components listed in Table 1,
I used metal film capacitors, but polyester
or polystyrene capacitors can alao be used,
although the latter may be physically a little
large. | rccommend wsing 5%o-tolerance
resistors to prevent the center frequency of
the filters from being too far off.

The collector Tead of Q303 hes to be
unsoldered and attached to a hookup wire
that goes to tie thump suppressor, This
“fying mod'" is unsightly, but [ see little
alternative, A 10-kl resistor must be
soldered betwzen the base of Q303 and
ground, or the thump suppressor may not
allow any audio through! The resistor pre-
vents quiescen! currends from keeping the
transistor on when it isn't supposed 1o be.

I made the switch for choosing “orward
or reverse power readings by combining it
with the existing audio SELECTIVITY
switch. First, | bought a standard Switch-
craft DPDT slide switch. The plastic slider
handle is too short, so [ then bent the metal
tabs holding the (new and old) switches
together to take them apart. | then swapped
the plastic slider handles, 1aking care not
to lose the metal slide contaces, This gave
me a4 DPDT sgwitch with a lonz clider
handle. You could mount a separate switch
if you like, but | prefer modifications that
don't require making holes in the front
panel.

I used RG-174 cable on the audio and
SWER meter connections o arevent
unwanted signal pickup. The res of the
connections are made with siandard
hookup wire,

AED METER
AL LR 10 +
INEUT
AR s TERMIGAL
DUTF{-’T COLLECTOR
o R
TO Q303 TO BACWH Swa
METER LEAD BRIDGE
(B
Table 1
Component Changes
Part No. alls) New
Valua Valye
R3B2 880 k Bk
R383 Ak "Bk
H354 1.5 M 9k
R357 G680 k 6.8 k
H3ER 3k Ga0
R359 1.5M 16 K
338, C341 1000 pF 0.027 uF
G344, C345 1000 pF .082 uF

Onee you're sure everything is installed
correctly, turn on the rig. Hopefully, the
audio hiss in the wWibE position will be as
loud as before. If not, Q3 may have been
installec backwards, or you may have for-
gotten to replace C347 witha jumper. The
hiss should be less in the NaRROW posi-
tion, because the modification is supposed
to reduce noise, With the rig hooked up to
a dummy load, you should be able to notice
much less of an avdio thunp when using
WIDE andio selectivity, and no thump
when using SMaRROW._ 1T a aasty thump s
heard, 0303 is not hooked up properly, If
you hear just a lttle bit of thump, you may
consider adding B2 1o reduc: the thump by
a few more decibels. Basically, vou want
as low 2 value of B2 as possible without
turning the audio off all the time, Typical
B2 wvalues range from 1.5 10 2.2 M,
depending heavily on the TET used.

While transmitting into a dummy load,
adjust Bé for the desired meter deflection
in the forward position. If the meter
deflects the wrong way, a dode is hooked
up backwards. A bad Q2 (power
MOSFET) will either affect the S-meter
calibration or make the bridge read back-
ward with no power outpul. A properly
operating bridge will measure Bittle, if any,
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raflected power when using a dummy load,
Since there is no SWR specification for the
MEF-237s, you should be careful not to
transmit into a load with an SWE greater
than 2,

When all is working well, reassemble
vour HW-8 and enjoy. I'm sure vou'll find
your transceiver more plessont to

operate.—Zack, KHGCP

Motes

"Galled-alectralyte 9-Ak batteries are available
from American Electionics, 173 E Broadway,
Greanwood, IN 46142, fel 317-888-7265.
Rofarence Dick Smith part no, 3-3301;
price, $34.95 American Electronics  also
splls a charger that operatas from 120 V ac.
Reference Dick Smith part no, M-2523;
price, £9.95 For shipping and handliag
add £1.50 plus 5% aof order. Amorican
Electronics has a 820 minimum order.

24 solar panel rated for 1 A al 9@V or 500 mA
al 18 V is also aveilable from American
Electronics, Referenze Dick Smith pan ro.
Z-4845; price, 5149, See note 1.

FWarren Dion, N1BBH, "A Maw Chip For
Charging Gelled-Elacirolyte Batteries,"”
O5T, Jun 1987, pp 25-29,

4John Grebenkemper, LA3BLO, "'The Tandem
Match—An Accurate Directional Wattmetea:, "
QST, Jan 1987, pp 13-26.




Fram Qetober 1988 QET, p 43:

HW-9 Tips

_ | read the article, “*Improving the HW-9
Transceiver,” with great interest. 1 built
zn HW-% about two years ago, and the first
rnirg 1 added to it was 4 Curtis keyer chip;
ne second thing was a 100-kHz crystal
zalibration oscillator. The keyer and calibra-
<or oscillator circuits are contained on a
:mzll perf board that's secured to the left
~car corner of the rig by means of small
metal angle hrackets The calibrator has
~roved extremely useful in light of the
HW-9 reduction drive's tendency to slip.

I'd like to add a couple of suggestions
conzerning the addition of the kever circuit.
| like to use a straight key from time to time,
=2 [ removed the orginel key jack, enlarged
72 hole and mounted a four-pin micro-

13F
RELL

16y +

phione connector in its place (see Fig 2). This
provides connections for both a paddle and
straight key witkout adding another jack.
I also added a small push-button switch to
the rear panel and connected it to the key-
ing line for use as a TUNE switch,

I found the HW-9s keying to be a bit on
the heavy side. Although the weighting
could have been altered by using a weighting
contral connected ta the Curris chip, |
decided it was better to correct the problem
at its source: This is the HW-9's keving line,
which has a slow return to + 12 V. Isolved
this by adding a -k resistor from the trans-
mitter keying line to + 12 V. Observation
of the rig's output on a scope shows almost
perfect weighting. [ recommend this simple

MARKER +

14
1T

.

g1

{:]'/-["' :L {1+ 5%

‘,_—L‘,D o

modification to anyone using an external
keyer as well,

I'm already planning my aext project:
Add the SWR meter, thump suppressor and
filter modifications described in the April
article. With these additions, (3s great little
rig will be even more of a joy to operate!
Mow—if 1 could just find a way to reduce
the warmeup drifl of the VFOQ. . . —Larry
V. Fase, WIHUE/T. POB 21445, Idaho
Falls, T3 83405-1445

Deleted
AC. Hutchinzon and 2. Lau, "Improving the HW-2
Transcaivar,” ST, Apr 1388, pp 26-29.
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From June 1975 QST, p 35:

The Mavti

Part |

BY D K. SIEMER,* KOJYD

We fare bad many requests for a simple trnseedver that & witkin the building
capabilities of most beginmers, The MAVTI-40 described bere ix the ideal answer to
these requests, As the author points out, thic ts nat a one of o kind wnit, as several have

|
|
|
I Ireen Bnils bjr big stadents, and they all work.
ke

HE T-MHr TRANSCEIVER described in this

article ts the result of o desire o lave a small,
portable statior for personal use. Also, since many
of the stodents  here al the Maskato Arei
Viocationak Technizal Institute are irterested in
T radin and are wswally short of esfea cash, 1
seemed like a pood idea o make an inexpensive
starion avatlahle io them on an Pmsalment™ haws,
They can build the receiver section first Tor code
practice; then they can build the transmitter liter
when they pel their lickets,

Fhe project makes use of new componenls
rather than surplus ones to meke parts produre
ment easier and to avoid the pitfuls and dis
appiintnents often associsted with the Batter. The
components, though new, sre nol expensive, and
the whole unit can by built Tor $20 0r 20 — key,
calvinet, and earphones included. Several of thess
stations are now in operation and have produeced
many satisficd-sporator reports,

Recause coonomy was a by word, -the transcciver
wit it with O minimum number of components
consistend with good design and =atisfastory oper-
tion, Mone of the units boillt hav: exhibiled
upusual probloms in construction or operation
making the station a good candidate for a first
homemade procl,

The VEO

The VIFD & a variation of one viedin a number
of projects herz. 01, Fig. 1, performsas 2 Colpitts
agcillarar and 27 as a snureefnllnwres buffer. To
keep parts Lo o minimem and still have good
mechanical stability with high output voliage, 2
toroid core was used with LI instead of the usual
dug-tuned cerimic ope, ©5 s g compensating
capacitor to reduce oscillator drilt

When checked in an environmental chamber,
the ouipul frequency shifted less than 2 kHz with
a temperature camation between 5|'.'r'.|’731'i|i.|.[”:l'ﬂr.
Below 3075 ghe frequency shifted quite rapidly
however, typiclly 10 Hz/™F which waould be of
concern il low-temperalure  operation b anticl-
pated. Frequency shift hetween tramsmil amd re-
ceive it less than 200 He apd warm-op drife is less
than 150 8 inthe tweminete pered immediately
after turn-on. After the two-minute period the
oacillator driftis so slight ns to be unnoticeable,

*clo V-Tek Inc,, PO Box 3104, Mansato,
MM 56002

The tonedscireuit  component  valees  wers
chosen so that ihe funing capscitor, C4, will just
cover the 130-kHz ow porticn of the dl-meter
hand with a few kHz o spe, €3 §s o icimmer
capacitcr to adjust the oscillidor frequency 1o
T000 kHx with ©4 fully meshed, The 5 to Z5-pl
value given in e parts list would be more
stisfactory than the 3 to 12pF value shown in
Fig., £ 03 is mounted directly on the solder lugs of
C4.

The MFC4M0A voltage-repulutor chip offers
superior performance when compared to a Zener
dinde, Line reguintion i ypleally 053% per vaolb
Grond meillator supply voltape regulation was an
imrportant conslderation when designing the unit,

The VFO circuit board was laid out s0 that a
Micronts  2-inch vernier dial could be bolted
directly to i, The two hex nus are on Mo, 3400x
E-inch mounting screws than lold the dial 1o the
front panel, Two 5/8-inch long stundolTs hold the
board away from the front panel the propes
distance for connecting the capocitor shaft 1o the
venler di@l, A small 1/4-inch long bushing, L4
tneh O and 3 16<dnch L3 19 psed bBerween the
capacitor shaft and the wernize drive shaft. The
bushing was made by drilling a2 3/13-inch hele
through & Lfd-dneh brass shaft ond cotting it 1o
length. [t was then slotted along one side 1o allow
the bashing 1o compress ageinst the shalt of Od4
when Lhe dizl drive sziscrew was fightened against
it Toinsuee mechanizal stabality, L1 was glued 1o
the pe board by means of silicane mubber adhesive,

The Recetver

The receiver section (Fig. 1) makes use of a

forward  direct
AUMET O

MOSFET, 03, in

conversion  Achenms  a:

a straight
described  in
iechnical articles as well as the ARRL Hardbeok
The unusmsl CURRpURIE L in il resonanl ol nns
‘ormer consisting of L5, Lé, LT, and Clé,

Windings L5 and L& make wp 3 L2501 step
Jown impedance maichzd transformer belween the
Jrain of Q3 and the kse circoil of al amplifer,
Q4. L7 ond its associated capaciter C16, a L2 oF,
lvolt disk ceramic in this case, provides o (mns
Tormaer resonznee oo cxnter frequency of approxe
mately 800 Mz with a andwidth of 200 Hz This
wansformer §8 wound on o eup-cors azeombly
consisting of two cupshaped pizces of ferite
materizl that surround 2 nylon bobbin,

While the cupcore trapsformer i3 not very
common i amatear wock, bt bs widely applied in
ndustry  where high 2, compact, self-shiclding
nductors are tequired, The parts needed for this
gssembly may  be obtained from Elnn Feite
Laboratorics, whose adidress is mven in this aricle
vaee Fip, 10 Be sure to order two of the cup cores
md one boebbin as they are not sold s an
wssemibly.

The bandwidih of the transformer can be varied
by changing the reackmee of L7 and selecting
wnother value of CLA, 1o the fist unit built, 17 was
N tums of Mo, 300 AWSG and CIe was U8 GF.
These values provided o handwidels of’ about 400
Hr centercd on 800 Hz, C16 should be a lowlos
type with ceramiv, mylir, or polystyrene dielectric,

For andividuals  interested in esperimenting
with the cup-core transiormes, the 307-L0-3019P
muterial used here has zn incremental indiciincs
valoe of Ap of T80 mb 1000 turms Difforens
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This shows the insicde of the trandceiver, Shigded
feads are woed for all interconnactions and 1o the
warious 1erminals on the rear of the anclosure.
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Fip. 1 — Cirewit diagram of e MAWVTI a0-metor

portahle, Ressiances are in ohms, all resistors are

12 weall.

£3 — B to 25-pF ceramic.

4 — 2.7 1w 196pF weriehle [E.F. Jochnson
160-110-51 or aguiv.].

CH — a7 pF, N750 ceramic.

CAE, 022 — 10- 10 130-pF mica compression type
|ARCD 463),

C?4, €29, C30, C32. €33 — 75 ta 2B0-pF mica
compeession type (ARCO ABE).

11, J2 — Qpencircuit jack.

J3 — Phono jack.

LT — 18 turne Ma, ¥ maare wansel an Amadneg
TA7.2 toraid core

L? — 56-uH molded i choke,

L3 = 4 turns Mo, 24 enam. wound owr L4,
L4 — 34 tums Mo, 26 gnam. weousd on T50-2
rarald core.

LS — 385 tuim Mue, 22 enam. veound on cup eare,

sed note brlow,
LG — 162 twrrs Ma, 32 anam. wound over LS,
L7 — 50 turrs Mo, 32 enam, wound over LS and

L&,

L — 34 wrens Mo, 26 enam, would on TS02
waroid core,

L9 — 3 marns Mo, 24 enam. wound over LE.

L0 — 7 turne Mo, 24 enpm, wound oser L1T,

L1t — 22 turns Mo, 22 enam. wound on T30-2
Toroid core,

L12 — 4 turnd Mo, 26 enam. wound over L1717,

L13 — 14 wrns Mo, 20 enam, woond on TS0-2
teraid eore.
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LT1d, L17 — 20 wms No. 24 enam, wound on
T37-2 voroid care,

L15,L16 = B5 turni Moo 32 enam. wound nn
TI7-2 taraid eare,

Ul = MFCA0B0A,

{Mote: LG is wound an @ Farroxcube 3019P3R,
ungapped cup corr, See e for winding denails.
Thiz device is available Tram Elna Ferrite Labora-
tories Ine., P.O. Box 195, Woodsteck, NY 12498,
Tha "50-2 gnd T3I7-2 toroid eores arg available
from Amidon Assoc., 12033 Owego S, Maorth
Hollywood, CA 31607

For updated supplier addressas, see ARRL Parls
Suppliers List in Chapter 2.




values ol induclance may be caleelated using the
following equution-

Nk V)

Ly = koown Ay,

Ny o= 100D tuens,

f.z = lmiluere | known OF unknown)

Mo Nuwilecs ol twaos (hoawvwie on webaown).

Where Ly = 7580 mH and My = 1000 turns The
equation is the same as that used with the Amidon
cores used i1 rf circuwitry,

Althougn it does not have (he steep skist
selectivity that o more elaborate passive or active
filter may have, the tuned transformer approach
vields excellent results for a minkowm nusmber of
componcnt: and cash ouiley,

The transformer assembly is held down on the
pe boand with 2 No. 4-40 % lonch serew and
washer through 115 cemter mounting hole, He
careful not (o apply excessive torgae to the screw
when assembling the umit because fhe lermte
muterial s extremely brittle and may crack,

The detected sudio s amplified by 04 and then
applied 1o M0kohm headphone: via 12 When
wonslructing the wnit. den't forpet C20 wvu 12, 0
prevents 1f from being transferred (o the head-
phone cord and being reradioted inio the front end
of the recover, This was a source of spurious
wsvillations which caused considersble grief when
the circuit was being developed. The problem also
showed up un a completed wnit fom which C20
Whs ot fedd,

The receiver has a comfortable hstening level
with three ar four microvolts input. AT output is
“contralled” by |'|~‘l‘-i[1l'§-|1'i:|]'_ the headser for a
connfortable audic level, For stroag signals they
may be laidon the table and wsed @i a loudspeaker.

The receiver hoard is quite versatile ona can be
wsedd @z o prodocidelector/af-preanplificr stuge in
a superhetemdyne circuit by chanping L3, L4, and
C3 to resorate at the intermedizte frequency and
replacing the VEO anput with a BFD of 1he proper
frequency ‘o produce 3 beat ncte. The board
requires 8 Yoo jumper to operate. Lhe jumper
location on the board muy be observed in Fig, 3.

In Part 11 of this arlicle. well describe the
driver amid amplifier stages, plu: tune-up pro-
codures,  Mranwhile, readers interested in con-
steuctng The station can begin dcumulating the
parts shownin Frg. 1 and in the pars list.

Riz
cia

a4

CLP CORE

clI5
C13

Cl4 13

=13

Fig. 2 — Parts placomend for the receiver board

NP S
S2 (ANTF |
] D

CUPESRE TG, HOLE

FalL SIDE

IECEINER BOARD LAYDUT"

Fig. 3 — Fullsize template for the receiver board,
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From July 1975 QST, p 490;

NAYTL-4

Fiw Driver Srage
MOPART b ool the artiche, we described e
receiver and VFO seetions of the 2lemeter
Iransceiver. With the information provided i ths
wction, the Taildey can complene the statioa,

The driver haurd i a ymall trarsmittcr that i an
sdaptation of the Millipallon e WTEC, as de-
cribed wn o page 330 of the Rede olearenrs
Hendboeky 1972 sdition,

For aimrmize VEO loadang, 005, 0 JEET was
vaed aw the driver cansistor. Q3 drives the base of
Un, an amplifier, vie L9 whicle 5 a 3-wen link
sonnd over LE Q6 has a tvpical ootpul ol 700
W when Voo i 136 volts, The metpat drops tus
lle vvter SO0 mW swhen Veo is reduced 1o 13 vuli
nuking it o vsable transmitter when flasklight oe
lenterm Batleries are [he unly avinbable souree of
potver, LH w6 aboul 57 eflivient in 1his cincuil,

The fow-pass filter comsisting of C25. C2R, and
L3 genmeves most of the harmonic energy prescol
it output Tfrom 06, Te s wired between the
intenra feominal and the reat ol the glrcuitey, and
= elfective on heth high- and Tnw-power frans-
v s el as the feceve e,

D7 s a DT that is veaed as g stdetone oscillieliog
Wihenever te driver 15 Keved, U7 s on and i
sutput s compled o the headphone jack via 027,
The welue given for 27 provides o comboriable
levwd of slletone, bt it omay be changad §o sl
mdividwal prelerence, O amil RET deteriine the
wetone frequency which s tvplaslly 1 ke With
22 amd CM opeabked at padband, Y075 SHe, the
putpt amplitade oconstant From one ool of the
cwe Tnd o the uilivn.

[he nomber af oieng Cor the inducton on the
defver bowrd is scmewhat critieal and should T
counted conellly. T ke countimg and ||:'u:-k||.p
cusiet, dilTerant sizy wire was used [or each of fhe
vindings, The wire ¢i2¢ i» not entleal. However, i
lest §F the farmms are ‘-|'|_-|.u:! ;'|'||.|.||I}' _1||'||1'r: the
amiference ol e vore. He st L9 iy
woiagedl over the middle of LR amid nob in the gap
bstweren e ande Thic can ke o cnose ol low
LT,

Dependimge o be posiiion of 53, the f aulpul
fromn the deiver Toand s cheher coupled o the
aptenna via the T-Roswitch, 520 and the low-piss
fifter. oF he the input network opposite the
pwersmnplifier boaed,

e

Fhae Poey Aanplifier
Ihe powerssmrphifer boand wews desipred wsing
the procecire given by W7LOD in the May, 1972,
fzane of (8T, Fudtation from the drives board i
sruplod 20 he bose of 8 vi te iaput B oretwoerk

consising ol 20, 030 and 114, The b mp
ina qevistior, B IY, aans slected o piovide sdoguite
drive and reasonabe effiviency s the amp iter.

B whobees D3R and Lk shuobid e gloed 1o the
pe bl by peeans ol silicome subbaer adhesve. The
otluer bl F W wl kel leivies ware il
are supperted alpguatels By thein beals

far

Part 11

Fin 4. - Full siee template for the WFO board.

R the only transstor e the wnit chot
reguires o hent o sink, LEos shoewa wih Al sk
Ferbved an Eig 7 Lor clariy, Fhe heat sink in the
anthog s wnits gy T hermalloy tepe TIITA with twn
il square pleces of alzminun bolted o It
an he ooscrvad o |‘|.'||1Ii'.-!!'r1|:rh:i. Lhe sk §s

comserviivady pared and the key mast b depressed
Far o good adily Bedone the assemlly faeopmes veiy
wartn, Admst amy of he finmel dlipeuts skl thal
are rimd il onidable should work well,

e poewct atnphitice s heved o By appiving 1l

ehoslatins o the gt rather thand by Boyving Vow
When the Bies] protodype was being baille 10 wis
found Uhatl tyviog e ki osoveral dhages ol
chirping. partecelarly when the corrent dhireag
them exeeeded 200 A Cnly by keying the drover
wis thls problem eliminaicl.

[here is ne danger ol thermal remaway with
this arengenient because the base of O s tied
the ermitter through L1520 Aso, the eakapge current
copdumed by O when BE e aot in wse Bonepliptile.
It i in the order of o few microamperes.

This showes the inside of the tranosiver & viesed
from the e,
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As i matter of interest, the lrensmiller wis
operationzl y checked a2t 10°F increments between
~40° £ and + 1407 F. The output was stahle and o
mplitude chunge could be observed. RE power
wtput s tvpacally 3 watts Tor B watts input,

Constriefion

Tl revviver, driver, and power dmplifier Dozeds
all measare 302 % 218 inches and the VFOD
board is 2-1/B inches square. Layost of the boards —
5 not eriticel and most any convenient packaging
arrangement may Be used. All of wiring is done
with RG-174/U, Extea solder linds for inter-
connection between the VIFCY, deiver, and receiver
beurds are provided on the receiver board.

The unil is housed in 3 homemade aluminom
b messuang 22308 inches Ligh by 4 jaches wide,
znd 6-3/4 inches deep including the 5/B-inch front
n.‘.l'.'-rel|!|:|1!g of the Lighy COvET, Tl chassis is finished in
Golden Harvest Shadow cpoxy bppliance enamel
and the top cover is painted with a dark brown
wrinkle finih., Amidon lellerng s protected with Cé
coal of clear acrylic spray. Stick-on rubber fur-
niture bompers are wsed as feet o complete the
vabinet

The VD output was brought out 1o 3 jack on
the tack panel so that o frequency counter cowld
be wsed for o digital-frequency readour when
operating of home, The whole saton, including
the key, carphones, NiCad hattery pack, and 2
Al-meter dipale can be carried in an ordinary lench
bucket,

L1

ch

Alignment

Abgroment of the VIO i accomplished by

H] [ =1

A1

L1

mienitoring its output frequency with 3 fregueney
counter o calihrated receiver, Tumng the output
freguency o 7.0 MHz by adjusting €3 with 4
while they are Fully meshed is alse done. The
receiver is alipned by funing in i stition near 7.073
MW7 and adiosting T13 for maximum headphone
virlwme, For transnathing alignmen., a dummy lowd
with an rf detector a5 shown In Fgo & shosld be
used.

Fig. 5 — Parts placement for the WO board.

o

| DRIVER BOARD
COMPONENT LATOUT

Q3
Ly

c21

b -
c23 T T R LR -

1id g 0i T

cz4

c25

Li3

C26

Fig, B = Full-<ize template and part: placemant far the driver board,
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FULL SCALE

FOIL SIDE

INEuT
c29
£ 30
IC30 Cda
a6
Cas
L%
L1% L4
R1% kbt
"rig :] L1&
* Q4 B
[FH
L1&
Cal it gl
7 .
L1 31 a4
a4 OUTPUT
c3l
c3z2 e
caz EE
POWER ..*LhtP].IFlF.R
COMPONENT LAYOUT
Fig, ¥ — Fubl-size template and ports placarmant for the poweramplifier board,
Turn the adjusting sceaws of C12, O, C29, After aesbp, a baptery eurrent-drain check
C30, €33, and €17 to maximum clockwise posi-  should vield the following values with Voo at 13.6
nens, With the load connected to the antenma W dc: g
termnals, 53 set to ow power, and Yoo setat 100 . e # T - a b
de, depress the key and wdjust €22 and 024 Tor H:*";'-'“"" misde ‘Il}l"”\ | zza . _L T2
masimum outpul. Then inerease Vee o 12V de Transnit mode {low) et 1A w0 MO 2 £ o ac
# ; T A : Transmat moade { highl TS0 A T B W NTVM
and repeat the adjistment, The tuning shiauld be i a-—
smooth and regular, Nest eet Voo back 1o 10V de, The suthios wislcs 1o thank the swff, ewley, P > i v
83 to high power, ond adjost 29, C30, C32and 00 gudens al the Mankato Awea Vooalional-
C33 Tor maximum ouipat They interact so vuou Technmical [ystutuee who provided assistance on

will find 0 mecessary toogo back over them a fow

obtained. Inerease Vec to 12V de and repeat the
procedure ) the capatitors should nequire vory litthe
retamng and should rause the outpul oo vary
smanthly with no sudden vartions

this projel
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Frovm Octaber 1985 QST, p 14:

Better Ears for
the MAVTI-40
Transceiver

A transceiver need not be a
complicated building project. Try
QRP—and instead of tackling a
superhet receiver, take the direct

approach!

By Paul Kranz, W1CFl

26 Mettacomett Path
Harvard, MA 01451

A.‘rhqugh riis arficle concentrotes primarily on the redesign of the MAVTI 40 receiver section, there’s enovgh informarion here fo
perntis you fo build u compleie $0-meter QRP flow-power) transceiver. PC boards and parts ks are available to make your job

EVEN easier,

irect-zonversion (D-C) receivers are
D easier and less costly to build

than :heir superheterodyne cousins,
and assembling a D-C receiver is an educa-
tional and rewarding project. Although
D-C receivers have some performance
shortcomings, the receiver described here
eliminates some of them. This receiver will
reject AM broadcast interference to the
level of inaudibility, It also provides a
narrow-bandwidth filter for CW reception
and a tunakle notch filter. Modifications

for improving the stability and wave
shapng of the original MAVTI-40
transmitter are provided, as is a TR swiich.,

A Club Transceiver Project

In 1%¥79, the Hewleti-Packard Amateur
Radio Club in Andover, Massachusetts,
began a Novice class with five prospective
radio amateurs. Since none of them had
any equipment, we decided that a simple
transceiver construction project might solve
this problem as well as offer some ex-

perience working with hardware. A search
of back issues of Amateur Radio magazines
turned up one transceiver design that
seemed to offer many advantages over
other designs. This rransceiver, the
MAVTI-40, had originally been designed
and constructed as a radio club project, and
several had been built.' This suggested that
the 5-W-output, 40-meter transceiver

'Motes appear at end of article.

O TTTTT
INFUT "1 OUTEUT . [
o _J-_ A ——i) !
B E
c3 —|
I EEE
-20
Fig. 1—Schamatic = -0
diagram af the i
bridged differan- =
tiatar natch filter Bk
FREQ andJ {soe Mote G). I |

-50 —

Fig. 2==Fraquancy response of the noteh filter of Fig. 1 with the

potentiometer set at each and,

ol

—_—

g B ] [[aly!

DA AT mAE
FREQUENCY [Hz}
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should be capable of being duplicated easily
without the problems associated with many
one-of-a-kind designs. Further, a PC-boerd
negative was available from the auther,
making the construction repeatable and
reliahle.

Forty meters is a good band for begn-
ners becauwse it has an active Movice
sepment during daylizhe and evening hours.
Also, the band offers pood DX and QRP
activity in the Genzral- and higher-class
portions of the band, and that encourages
lcense upgrading, One disadvantage of
i0-meter operation is the evening-hour
AM-broadeast interference,

Five MAVTI-A0 transceivers were built
using a variety of construction technigues.
Although the transceivers performed
reasonably well, they all exhibited occa-
onal instability in the transmitter and
receiver sections, Oine of the units has been
in use at my station for five vears, and has
rerved as a test bed for many experiments
ind  subsequent improvements to the
original design, Eventually, the instability
problems were solvazd and the transceiver

has provided many enjoyable contacts,

Receiver Improvements

The original receiver was difficalt 1o use
at night because it detected AM broadcast
stations that resided more than 100 kHz
above the usual 7040-kHz QRF aperating
frequency, Thiz problem became in-
creasinaly worse as the sunspol activity
declined. Several initial modifications, n-
cluding the use of different mixers and ad-
ditional input filtering, were tried without
success. An examination of Amateur Radio
magazine articles urned up some 40-meter
transceiver designs that addressed the
An-detectior problem.”™ These articles
offered the irspiration necded to attempt
a redesign of the original receiver,

Mixing Schemes

Measurements made at my location
revealad broadband signals of 100-mV
P-F at the feedpnint nf a dipnle antenna.
These signals would need to be removed
before they reached the mixer. AM broad-
cast stations at 7.2 MHz produced 8-mV

P-P on a 50-ohm load connected to the
antennz, while the strongest CW signals
measured 504V F-P. AM-detection com-
parisons were made using an HP-3585A
spectrum  analyzer coupled to the
MAVTI[-40 MOSFET mixzr, a harmonic
detecto- (sec Mote 2) and doubly balanced
mixers. These measurements were made hy
injecting a 50% amplitnde-modulated
signal into the mixer RF input while
measurng the detected AM signal with the
analyzer, The frequency of the AM input
signal was chosen to be 100 kHz above the
mixer local oscillator (LO) to simulate
actual 40-meter operaring conditions.
The detected AN signal Is the actual audio
modulztion (baseband). The result is ex-
pressed as a decibel ratio between this audio
signal end the mixer output when the LO
is tuned to receive the AM signal. The
MAVTI-40 mixer was able to reject this
AM signal by only 33 dB. The harmonic
detectar (with the LD operating at half the
RF input frequency) rejected the unwanted
AM signal by 60 dB. A doubly balanced
diode mixer was the best performer,

Q
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Tig. 3—Schematic diagram of the active notch filter, RI cantrals tho

rotch frequency. This liller has a gain of 0 dB.

FREDQ {kHz)

Flg. 4—Frequency response of the tunable active notch filter of Fig. 3.
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Tig. 5—8Block diagram of the new D-C receiver,
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MICROFARADS (yF,; OTHERS ARE
IN PICOFARADS (67 OR BpFly
RESISGTANCES &RE 1N OHMS §
k21000 M= 1000000

“Mota: Insulate pot cores from
circuit board with nylon washers.
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Fig. 6—5chamatic diagram of tha D-C recelver including the TR switch. Mote: Equivalent parts mey be substituted. Unlass otherwise spaciiled,

enameled wire is wsed for winding Inductors,

D1-D4, incl —HP2B00 hot carer diode ar part
af U3 [see text).

D5-D10, incl.—1NB14 or 1N4148.

011 —1MTE3, 8-, 0.4-W Zener dicde,

K1—124, DPDT {Radlo Shack 275-213),

boasting 2 73-dB rejection ratio.
Compared to the harmonic detector, the
doubly balanced mixer has the additional
advantage of being insensitive to the LO
waveshaps. In fact, this mixer is most
efficient when driven by a square wave, The
mixer diodes are used as swilches and, as
such, do not provide mixing by virtue of

L1—113 turns na. 26 on Amidon pat core
PG 2213.77.

L2=237 turns no. 30 on Amidon pot core
PG 221377,

Q1—2N33914, MPSES1S,

their nonlinear transfer curves as they do in
the harmonic mixer. A disadvantage of the
doubly balanced diode mixer is the amount
of LO power required, typically 7 dBm.

Nowe Figure

Althowgh the atmospheric noise in the
d40-meter band is not so low that a low-
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02, 43, O7-09, Incl.—2N3004,

Q4, 08, O10—2N39086,

Q5—2M5485 FET.

Q11 —2Ma392,

T1, TE—Primary, 4 tums no, 30 on Amidon

noise-figure receiver is required, an atempt
was made to keep the receiver noisz to a
reasonable level. Since the noise figure will
never be lower than the mixer conversion
loss (6 to 8§ dB), the remaining amplifiers
serve only to make the noise figure worse.
Atmospheric noise in a quiet location con-

tained in a 200-Hz bandwidth on 40 meters
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T25-2 care; secondary 28 tums no, 3.
T3, T4—15 turns no, 30 trililar wound on
Amidon FT-5043 core or part of U3
{see texi].

U1=LF353M dusl FET op amp.

has been shown 1o beapproximately 0.4-gV
EMS.* This amount of noise would require
a receiver noise figure of 20 dB (10 dB
5+ N/ where the receiver noise would be
just equal o the atmospheric noise,

Single-Srgnad Keceplion
One of the major shortcomings of D-C

U2 —7EMI12CG, 12V, 500-mA, Sterminal
regul alor.

U3 —=MinlSCireuits SBLA doubly balanced
diode mixer (sea 1@wt),

receivers is their lack of single-signal recep-
tion. When a CW station is aned in, it can
be heard equally well when the VFO is
tuned asove or below the zero-beat fre-
quency. This characteristic has the effect
of doubling the number of stations falling
in the receiver audio passband, compared
to what a superheterodyne receiver would
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Fig. 8 Band pasc ocharastorietice of the D-C
racolver (sea text),

produce. Some solutions to this problem
add complexity 1o the D-C receiver and
result in a component count that differs
litthe from that of & superhererodyne
rezeiver. A tunable notch filler can be usad
to null out an offend ng signal and goes a
long way toward solving the single-signal
reception problem.

There are many notch-filler designs
described in the literature; however, one
design offers notch-frequency adjustment
with only one potenticmeter.* This bridged-
differentiator circuit is shown in Fig. 1, and
a plot of its response is given in Fig. 2. Tke
main problem with this design is the width
of the notch at frequencies above amd
below the notch freguency. The addition
of feedback from ar op amp solves this
probplem and provides a notch depth of
40 dB. The resulting circuit is shown in
Fie. 3, and a plot of its response is in
Fig. 4. In Fig. 3, R3 adjusts the notch fre-
quency, while B3 is used to adjust the nojch
wodth, or . B2 maximizes the notch depth
at & piven frequency. Test results of the
circuit show a tunable range of 400 Hz w
2kHz, and a notch depth of 30 (o 40 JdB
fer the component values shown. This
notch depth 8 adeguate since deeper,
higher-0) notches do not take into account
the finite bandwidth of CW so the operator
will still be able tc hear kev-click-like
scunds from the offending station.

The best solution to the problems ex-
perienced by the MAVTI-A0 receiver
scemed 10 be (o desizn a completely new
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C1—5.25 pF trimmer.

C4—3-20 pF air variable (Johnson 160:110.57)

C5—AT7 pF N750 femp. compensaling
capacitor,

C22—=10-180 pF compression trimmer
(ARCO 463

C24, C29, G0, 032, CA3—75-480 pF
compression lrimmer (ARCO 486),

L1=1.4 uH; 1B turns ne. 24 enam, wire on
Amidon T37-2 core,

receiver incorporating these improvemenis,
A doubly balanced diode mixer salves the
AM-detection problem and provides good
immunity to chird-order intermodulation
distortion. Th2 active audio filteriag offers
a 200-Hz bandwidth for CW reception. A
tunable notch filter helps reduce in-
terference from adjacent signals and the
undesired audio image frequency common
o D-C receivers, A block diagram of the
new receiver s shown in Fig. 5, and its

L2—56 yH molded RF choke.
LB—34 turns no. 26 on Amidor T30-2 core.
L8—3 turns no, 24 an LB,
L1B—7 tirns nmo. 24 on L1,
L11 =22 turn= na. 22 on Amidon T50-2 cara,
L12=4 tirns no. 26 on L11,
L13—=14d turns na 20 nn Amidon TS0.2 cara.
L14, L17—20 turns no. 24 on Amidon

TaT7-2 cora.

performance figures are given in Table 1.

Receiver Circnit Description

The receiver schematic diagram is shown
in Fig, 6. Signals arriving from the anien-
na enter the receiver through the TR relay
contacts K1C and the input band-pass filter
(T1, T2, C1, C2, C24). The filter has a
passband ripple of about 3 4B from 6.8 to
7.5 MHz; its frequency response curve 1s
presented in Fig, 7.
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L!6—E5 turng no. 32 on Amidon T37-2 care,

Qi, G5—=MPF102, 2M4416 or 2H5485 FET.

Q2 —2M3004,

QE—J40081 or MAF BOOJ AF power {ransistor.

Q7 —ZMN4871 unijunction transisior,

QE—40082 or MAF B00: RF power transistor,

Ui —T7HLOBCR, B-V, 100-mA, 3-terminal
regulator,

U2—LM340T12, 12V, -4 regulator.

A Mini-Circuits Labs SBL-1 doubly
balanced diode mixer is used in my
receiver.® Any doubly balanced diode mixzr
may be used including a “homebrowed”
version.” The LO drive is supplied by a
buffer amplifier consisting of Q2-05. The
mixer output is termenated for RF signals
by C3 and R1. Avdio curput from the
mixer is filtered and is impedance matched
1 the input of 1 by the low-pass filter
consisting of L1 and C4. Because of its im-
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Tahble 1
Receiver Performance Specifications
Sensilivity (10 d3 5+ MiIN) [T
{— 115 dBm)
Bandwidth |sudio IF of 750 Hz) 20f Hz
Gain o dB
malse rlgura 2C dB8
Third-arder interzept + 15 dBm
Dynamic fange BE dB
AM dalection —7C dB
Naoich depth 4C dB
Noich trequency 40C Hz o
2 hHz

LI A acts 3z a 20-dB-gair tunable notch
filter, The notch frequency is adjusted from
400 Hz to 2 kHz by Ré6. Notch-filter () is
controdlzd by B9 and R10, :nd seems to be
adeguate for CW. Since the notch depth
changes from 30 to 40 dB as the notch fre-
quency is varied, B3 can be telected for best

notch depth at your preferred Trequency,
The value of RS will vary wih the olerance

and maching of C8-C10,

The hand-pass Tilter, U.B, provides a
gain of 30 dB at 750 Hz with a bandwidth
of 200 Hz, This brings the total receiver
gain to 0 dB. Fig. 8 shows the band-pass
characteristic of the complete receiver from
the mixar cutput through the band-pass
filter. The notch filter has been se1 to a high
frequency in order to remove the notch
from the plo,

The output of the band-pass flter is
buffered by Q9 and Q10, which provide
sufficiert power gain to drive a pair of low-
impedarce headphones, such as those used
with a personal sterew radio, Because of the
large amount of gain (90 dB) at 750 He,
it is nol possible 1o use this amplifier to
drive a speaker and still maintain stable
operaticn at full gain,

Fiz. & also shows a TR switch, Q&-08.
Keved power for the original MAVTI-40
driver PC board is derived from the
collector of Q6. A turn-of delay for the
TR relay, K1, is produced by C15 and R23.
The delay 15 adjustable from 0.5 to
5 seconas by adjustment of R23, One pair
of K1 contaces (K 1C) switches the antenna
between the receiver and transmitter.
Another contact set (K1B) turns off the
receiver mute swirch (0211, B29) during
receive periods. These contaces also provide
a convenient way to shift the VEO fre-
quency down by 750 Hz during transmis-
sion. This is accomplished by prounding a
gimmicy capacitor (Clé) conpecied
between normally open relay contact (K18)
and the ¥YFO tuning capacitor. {The
gimmics capacitor is a small-value
capacitor made by twisting together two
pieces of insulated wire.) The capacitor is
trimmed to the correct value by cutting
away small portions of e wire while
measuring the frequency shift with a fre-
quency counter or another receiver.

Transmitier Imprnvnmems
While I was adjusting the mica compres-
sion tririmers in the original transmitter

section, the BF ouiput across a 50-ohm
dammy lpad jumped suddenly 1o masi-
mum output. This behavior suggested that
the transmitter section was oscillating at or
near the VFO [requency. The transmitter
irstability was solved by making three
mwinor changes to the original circuit.

Fig. 9 shows the schematic diagram of
the VFCO and modified MAVTI-40 trans-
mitter, including the corrections (o the
a-iginal article, R16 s lowered 1o 47 ohms.
Mext, a 270-ohm resistor is added in
parallel with L16. Finally, L15 is removed
from the base of Q8 since the base resistor,
R19 (6.8 ohms), provides adequate stability
for this power amplifier. The transmitter
seclion now tuncs up smoothly 1o a 4-W
osiput level, and ne instability has been
oxserved. Mote that thiz solution o
transmitter instability worked well on my
transmitter, and some variation from one
Lransmitter Lo another may reguire minor
changes.

The keyed vansmitier vulput ol the
original MAVTI-40 has a sguare-wave
govelope since no attempt was made o
shape this wavelorm. 've added a 10-,F
capacitor in parallel with C21 and a 22 F
capacitor in parallel with C23 o provide
ontput wavelorm rise and fall times of ap-
proximately 5 ms. | have received many
compliments concerning the clean sounding
CJRI signal from this transceiver,

Construction

The receiver, VFO and (ransmitter ses-
tinns of the rransceiver are constructed on
three PC boards, which are mounted inside
an LME €03 cabinet. The PC boards ave
double sided with the top side of each
board serving as a ground plane; the boards
Bave plared-through holes.!

| use an cxtermal, unregulated supply
(Fig. 10) to power rhe transceiver, Irs
probably best not o include the power
supply inside the transceiver cabinet since
hum plck op could become a problem.”
Yoltage regulation is provided for on the
receiver board by a three-terminal
regulator. The 6-V supply is derived from
the regulated 12-V line by using a 470-ohm
reststor in series with a 6,2-V Zener diode
(D113

| fashioned a tuning dial by attaching a
clear plastic disc 1o the mounting plaie of
a Jackson Brothers 31 reduction drive,
Calibration marks are made by applying

pedance transformation, this fileer has a
voltage gain of 6 dB, which helps 10 make
up for the mixer conversion loss,

The first receiver amplifier stage, Q1, is
desipned for low noise while providing a
pain of 40 dR in a 200-Hz bandwid:h. This
handwicdth iz contralled by the O ol 12 and
the resistance of R4,

INA0a1

P! l <
vas ON :
e Fi5-Y
25 v o7 |B800WF |+ nREGULATED
nT v A a5y
g P
1NA00 d

Fig. 10=3&chemalic diagram of the unregulated power supply.
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Fig. 11—5Speciral display of tha fransmitlor
output, Verical divisions are each 10 dB;
haorizontal dlvisions are each 5 MHz. Qutput
power |5 4 W al T MHz. All spurizus smissions
arg al leas) 32 dB below peak fundamental
aulpul pawer.

dry transfers to a translucent piece of
plastic film cemented to the plastic dial
plate with rubber cement. Another piece of
clear plastic is used for a dial window, and
a hair-line indicator was produced by
scratching the plastic with @ scribe, The
window is cemented to the inside of the
front panel behind the dial cut-out and in
front of the dial plate. Back lizhting for the
dial is provided hy rwo small, colored
lamps.

L1 and L2 are mounted to the I'C board
using the plastic mounting screws supplied
with the pot cores. The gimmick capacitor,
Cla, is made from twe pieces of no, 22 in-
sulated, solid-copper wire twisted together
over a length of 1 inch, C16 is connected
between the VFO tuning capacitor and
terminal T10.

The transmitier-board inductors are
wired to the board in two different ways.
LE, L9, L10 and LI2 have each winding
cornected to the board at opposite sides of
the toroid. All other iaductors have their
wirdings connected 1o the board on the
same side of the inductor. The mica com-
pression irimmer capacitors are mounted
by soldering a U-shaped picce of no. 22
bare wire to each :alder 1ab on the
capacitor. The bus wireis then inserted into
the two holes in the PC board. The 12-¥
regalator uses the PC board mounting stud
as its heat sink. A heat sink must be used
with Q8.

All boards should be tested (refer to the
next section) before they are mounted in
the transceiver, The PC boards are inter-
connecied with unshiclded wire in all cases
except for the antenna-to-TR-switch and
TR-switch-to-transmitter connections.
RG-174 miniature coaxial cable is used for
the Iatter connections To avoid the
possibility of creating unwanted oscilla-

tions, intcrconnecting wires should rot run
beneath the receiver board., PC.board
terminals are used on my transceiver
boards, but the wires can be soldered
directly to the PC board. Motes concerning
interconnection of the boards zppear
adjacent to each terminal in the transmitter
schemaric diagram, Fig, 9,

Imitial Tests and Calibration

Because the VFO is needed to drive the
receiver and transmitter boards, check it
first. You may aperate the VFO directly
from the unregulated 15-V supply during
these tests, See that Ul is supplying 3-V de
output, and that an RF gignal cutput of ap
proximately 4-V P-P is present at T30, For
the moment, that's all for the YFO; its
calibration will 2e done later.

With 13-V dc applied to the receiver
board, check that U2 provides 12-V-dc
output, and approximately &Y dc is
present at T15. Pins 1 and 7 of Ul thould
be at the same potential as T15. Connect
a pair of headphones between T4 and
ground. Short T13 and T16 together; white
noise should be heard in the phones.
Shorting T18 to ground should close K1,
and adjusting R13 should vary the release
delay from appreximately 0.5 to 5 seconds.

Tune np the transmatter 25 follows Con-
nect a 5-W dummy load between TZ1 and

A top, Inside view of the author's transceiver. The YFC PC board Is at
the frant left, hehind the GAIN and MULL potentiomaters. The receiver

board s &t the rear of the unit. A the front right-hand side of the

board |s the doubly balanced mixer module. Almost dirsctly behind i,
v Lheer pear paned, s the TH relay. The two cylindrical abjects ar the

Tront center of the board are L1 end L2.

QRP Classics 146

The transcelver viewec fraom the bottom. In this protatype, the AF
AUTPLET TFRNSISIOr NAas an elongated heat sink that runs parallel 1o the
ight side of the board




T25. Set all miza compression trimmer
capacitors for maximum capacitance (fullv
closed). Key the transceiver and ses that
12-V dc is present at T22, Adjust C22 for
maximum RF output across R16. Then
adjust C24 for maximum RF voltage across
LIl. Set C29 and C30 for maximum RF
voltage across R19. Last, adjust €32 and
C33 for moximum output across the
dummy load. Sinze C29, C30, C32 and C33
adjustments interact, the process will have
10 be repeated several times. Durirg the
final stages of tune-up, the trimmer-
czpacitor  adjustments should provide
smooth amplitude variations with no
sudden jumps apparent. Monitos the
remperature of 08 closely during rans-
mitter fune-up.

Adjust C3 10 have the VFO cover the
desired frequency range, and set the dial
calibration. C5 provides temperature
compensation. bo noticeable drift srould
occur after an initial warm-up period of
zhout 10 minutes.

The ¥YFO offset during transmit is set by
mimming the lzogth of the gimmick
szpacitor, Cl6, Trim Cl16 to provide a
downward VFO freguency shift of about
750 He when the transmitter is keved,

Operation and Comments

Since the transmit frequency is shifted
below the receive frequency, it is necessary
1o tune the receiver so the VRO frequency
is above that of the received station. When
the transmitter is keyed, the VFO frequency
shifts dowa by 750 Hz and falls on the zero-
beat frequency.

The transceiver has Dewn o use lor
several months, and the improved receiver
performance makes the redesipn effon
worthwhilz. There is absolutely no audible
amplitude medulation from the high-power
40-meter broadcast stations. The band-
width of the receiver is adequate for CW
reception, and no audio distortion or
ringing is evident. In fact, the audio signal
has pood tane quality when personal stereo
headphones are used with the receiver. The
notch filter has proved useful; however, it
is nol & complete substitute for single-signal
reception. When the transceiver is used to
work other QRP stations, it is helpful 1o
hawve @ low-noisc receiver sinee the reccived
signals can be just above the 40-meter-band
noise during the daylight hours. Get out
your soldering iron and try your hand at
building the receiver or the entire
transceiver, I'm sure you'll be glad you did!
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From December 1989 QST, p 18:

A QRP SSB/CW Transceiver
for 14 MHz

Part 1: Exotic circuitry and hard-tofind components aren't
necessary If you want to build excellent performance into a
home-brew SSB/CW transceiver: Careful design is the key.

By Wes Hayward, W /Z01I

7700 5W Daniglle Ave
Beavanen, OR 97005

a complete SSB/CW transceiver in
this “*modern’ era of readily avail-
able commercial equipment. The popu-
lar, multiband MF/HF transceivers offer
excellent performance, often at a
reasonable cost. Still, 1 feel & twinge of
guilt when I use them. They offer noth-
ing wl the leeling of exploration that T've
grown to expect from Amateur Radio.
The rig described here is not a copy of
the usual “‘appliance.”” ['ve used the
project as a vehicle to investgate alter-
native circuits and a block diagram that
departs from the traditional. The circuit
is simple énd modular, with fexibility
that allows for later change:s.

I present this rig in order to encourage
other home-brew enthusias:s to give
QREP 55B a trv. I'll not dwell on the stan-
dard circuits that are already covered in
Solid-State Design or in The ARRL
Handbook. ' Rather, I'll emphasize
only those circuits that depart from the
traditional. This is intended 1o be an idea
article rather than a construction piece.
There are oo circuit boards or patterns
available for this rig. All construction
was done using *‘ugly’ methods.?

I t's hard to justify the construction of

System Architecture

The filter method was chosen for this
transceiver, While that is genzrally con-
sidered to be *‘the only choice,”” phas-
ing methods should not be overlooked
for an experimental transceiver.* The
block diagram is shown in Fig 1.

The traditional filter transceiver shares
one or more crysial filters between the
receive and transmit modes. [ wanted to
avoid the compromises and complexities
of filter switching, so [ decided 10 use
separate filters for each function. The
transmit and receive modules can then be

Motes appesar at end of article.

used for completely independent opera-
tion. This might be especially interesting
for use with, for example, a VHF/UHF
station for OSCAR communications.

Commercial crystal filters from my
junk box were used in this project. They
are all @-MHz circuits that are, for-
tunazely, well marched to each other. A
5-MHz local oscillator drives both the
receiver and transmitter mixers. Budget-
minced builders may eect 1o built their
own filters.®*

The Receiver

The receiver is very much like the
Progressive Receiver that's been in The
ARRL Handbook for several years,”
The front end and VFO are presented in
Fig 2. I initially used a VFO wvariable
capacitor with a vernier drive mechanism.
Problems occurred with the mounting,
however. The VFO was rebuilt withoue
a vernier. Instead, two capacitors were
used. One (L1, BANDSET) tunes the
entire band, while the other (C2) 15 a
bandspread control with a total range of
only 25 kHz. This scheme seems (o be
practical for a simple (ransceiver.

The receiver begins with a doubly
tuned preselector and a diode-ring mixer
(LT, a Mini-Circuits SBL-1). This is fol-
lowed by a bipolar transistor (3, an
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BEESOW

MNEC99532) in a negative=feedhack IF
amplifier. A ferrite transformer (T4)
matches the IF amplifier to the recaver
crystal filter (FL1)as shown in Fig 3, The
filter | used iz similar to the KVG XF-9B.
The less-expensive KV0 XF-9A was tried
in this application and was found wani-
ing for stop-band attenuation.

I'he crystal hilter drives an MO 350P
IF amplifier (UU2) and a diode-ing
product detector (U3, an SBL-11. |
would discourage a builder from depart-
ing from a diode-ring detector. An
MNEA0Z detector was tried, but suffered
from severe in-band intermodulation dis-
Loriion.

The BFO signal is low-pass filtered
before driving the detector. A reduced-
voltage sample cf the BFO energy is
rowded (o the transmit balanced meodu-
lator (1o he described in Part 2 of this
article), Care was taken to extract the
sample from a pomnt away from the
detector, (1'he diode-ning detector clips
the BFO waveform; clipped carrier-
oscillatar drive for the balanced modu-
lator is undesirable.)

The audio amplifier (Q6-08 and U4)
is standard. However, the audio-derived
AGC system departs from the usual
LIZA (one zection of an LM324) ampli-
fies the audio tc a level suitable for
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Fig 2—Schematic of the transceiver front end and VFO. Aesistors are 14 W, carbon film; unless otherwise indicated, capacilors are

maonaolithic or disc ceramic. The YFO circuitry

C1, C2—Fanel-mountable, air-dislectric
variable with Va-inch-diam shalt,

3, C4—100-pF ceramic- or mica-dielectric
trimmer.

J1—Caoaxial Jack. (The prototype trans-
caiver uses a pansl-mount SMB jack
here, but a BMC ar phono jack is
suitable.)

L1—223 turys of no. 22 enam wire on a
T-68-6 towidal, powdered-iror core, with

detection by D5, USD functions as a
unity gain inverter to drive a second
diode (D), providing full-wave detec-
tion. Each dinde operates as a peak
detector, providing one sample of the
audio level per cvele. Full-wave opera-
tion doubles the sampling rate to better
approach the MNwguist criterion. The
practical result is a simple circuir with

is built into & dis-cast aluminum box.

a fzedback tap & turns from the grounded
and of the winding.

L2—11 turns of no. 24 anam wire on a
T-£4-6 toroidal, powdered-iron cora.

L2, L4235 turns of no, 24 enam wirc on a
T-57-6 toroidal, powdered-iron cora.

T1—Broadband trangformar: Primary, 16
turns of no. 26 enam wire an an FT-37-43
toraidal, ferrite cora; secondary, 4 furns
of no, 26 enam wire wound aver the
primary.

better dvnamic performance than other
audio-derived ones 1've tried.

Motes

W Hayward and D. Debaw, Soid-Siate Dasign
for ne Radio Amataur (Newington: ARAL, 1586}

K. Klsinschmidt, ad, The 1990 ARRL Handbook,
{Mewington: ARAL, 1289}

IR, and W. Hayward, "The Ugly Weakender,"
5T, Aug 19881, pp 18-21.

45 Beed, ''A Maw Brasd nf Rersivar,"’ (15T, .Jan
19683, pp 16-23.
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T2—MNarrow-band Iransformer: Tuned wind-
ing, 11 turns of no. 24 enam wire on a
T-44-6 toroidal, powdered-iron care; Input
link, 2 turns of no. 24 enam wire over the
tuned winding's grounded end.

T3—PBroadoand trensformer: 10 bifilar ‘urns
of no. 28 enam wire on an FT-37-43
toroidal, ferrite core. Observe phasing.

5. Hayward, “Desianing and Building Smple
Crystal Filters,” QST, Jul 1287, nn 24-23.

8, Hayward, “*A Unified Approach (o the Design
of Crystal Ladder Filters," OQST, May 1982,
pp 21-27; also se0 Fesdback, OST, Jul 1987,
p 41

"W. Hayward and J. Lawsan, "A Progressive
Communications Recaiver,” QST, Nov 1981,
Also see Feadback, QST, Jan 1982, p 47, Apr
1982, p 54, and Oct 1982, p 41, This recaivar
also appears in the 1882 through 1920 editions
nl Tha ARAI Harnrdhook
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From Januvary 1990 QST, p 28:

A QRP SSB/CW T

14 MHz

Part 2: This month, W7Z0|
rounds out his description
of a 1- or 10-W SSB/CW rig
with details on its trans-
mitter, TR switching and
optional speech processor.

By Was Hayward, W7Z0I

7700 SW Danielle Ave
Beaverlon, OR 97005

SB generation occurs in the circuit
S shown in Fig 4. A microphone ampli-

fier 1Q16-Ua) supplies sudio to an
MC1496 balanced medulator (U7). One-
microfarad capacitors (C6-C8) are used at the
output of tie audio amplifier and a1 several
pasitions in the balanced modulator, (Origi-
nally, 10- or 22-0F units were used, but these
caused the system to respond slowly during
TR transitions.)

The modulator output is applied to 11,
a 2N3904 IF amplifier. This stage terminates
the transmitter crystal filter and provides a
convenient place for CW carrier injection,
Anoather TF amplifier (Q12-013) [ollows the
crystal filter. The TX GAIN control, RS, is set
for an outpur of - 10 dBm from Q13. This
level is applicd to the transmit mixer, or (o
the speech processor deseribed later.

Fig 5 shows more of the transmitter, 558
energy 8t — 10 dBm drives the transmit mixer,
U8, another dinde ring mixer. The 5-MHz
YVFO signalis amplified to = 10dBm for the
mixer by Q17 and Q18. A 3-dB pad termi-
nates the mixer, with the signal continuing to
a three-pole, LT, hand-pass filter. The first
stage in the output-amplifier chain 15 Q21, a
2M5179 feedback amplifier with an output of
+2 dBm. This signal iz looped through a
coaxial-cable jumper on the transceiver rear
panel for use with VHF transverters.

The driver, Q22, a 2M5859, 1 capable of
about + 20dBm output. Transceiver ocutput
is obtained from 23, an IRF3511 HEXFET®
PA operating at the 1 wart output level, This
power level is a little low for wse on the air
with dipoles, but is too high for many trans-
verter applications.

Louder-Signal Options

Two additional circuits, shown in Fig 6,
round out the S5B system. The first, at Fig
64, 15 an IF speech processor. The procgssor

is driven with a — 10 dBm signal. This signal
is clipped with parallel, reverse-comnected,
hot-carrier diodes (D11 end D2). The inter-
mogulation products geaerated by the clip-
ping are rejected by an additional crystal [ilter
{FL3). The signal is then amplified back o
the original = 10 dBen level by 027 and 028,
This circuit generates about 10 dB of clipping.
Reports and measurements made on the
clipped signal indicate geod quality, & poten-
tial problem area with many speech process-
ing systems.

Fig 6B shows a 10-wat-output FET power
amglifier. The FET that | wsed (an M/AA-
COM DVIZROT) is no longer available, bu
iz similar to the Motorola MRF138. Alterna-
tively, one could obtain several watts of out-
put from anaother [2FSI1.% The TR
swithing in the transceiver is set up for an

outhoard PA,

Summary

This was a very enjoyahle project, and one
that T would recommend Tor other experimen-
ters. The 20-meter phone band, however, can
be alittle intimidating for the (JRF enthusiast.

A rig like this can probably be built and
adjusted by those with only medest test equip-
men, A 15-MHz oscilloscope served as my
test-equipment workhorse during construc-
tion of this project. A hame-brew spectrum
analyzer also served as a very useful tool, but
is not required, Fig 7 shows the transceiver's
CW output spectrum. The 270-01 resistor amd
0.56 pF capacitor assocised with the base of
020, Fig 6, provide CW rise and fall times
of 1 and 1.5 ms, respectively. Careful meas-
urement of signal levels during construction
helps 1o keep the system spectrally clean.

"W, Hayward and J. Damm, “Stable HEXFET*
AF Power Amplifiers,” Tachnical Correspon-
denca, Q5T, Nov 19849, pp 38-39.
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ransceiver for

Maost of the transceiver's companents ire
confained in ugly-constructed modules,
with 1he exception of the VFO (lower left)
and panel-maunted centrols and jacks

Acknowledgments

The author grarefully acknowledges the
photographic assistance of Dee Lynch,
KATNPN, and technical discussions with Jeff
Damm, WATMLH.

Fig 4—The transcaiver S5B generator
Resislors are Ya W, carban film; unless
otherwise indicated, capacitors are
monalithic or disc ceramic.

CO—80-pF, ceramic-dialactsic trimmar,

C10, C11—35-pF. ceramic-dielectric
trirmmer.

FL2—8-MHz transmit filer, 2.5 kHz wide at
-6 dB (KVG XF-OA).

T7—Broadband transformer: Primary, 10
bifilar turns of no. 28 enam wire on
FT-37-43 toroida, ferrite core; secondary,
3 turns of no. 28 enam wire aver the
primary. Obsarve phasing.

Y¥2—8998.5-kHz crystal (KVG XF-901
suitable).

Fig 5—Tha transmit mixer, driver, final
amplifier and associatad circuits. Unlass
olherwise indicates, resistors are Vs W, -
carbon film, and capacitors are manolithic
ar disc ceramic.

C12-C14—60-pF mica- or ceramic-diefectric
trimmar.

D13—1-A, BLO-PIV diode.

K1—12-V dc relay,

L7-L8—20 turms o no. 24 enam wire on a
T-44-6 toroidal, powdered-iron core,

L10—15-uH chake,

L11-L13—14 turns of na. 24 anam wire on
a T-50-& toroidal, powdered-irgn core.

T8—Broadband transformar; Primary, 15
turns of no. 28 enam wira an an FT-37-43
ferrite, toroidal care; secondary, 4 tuns
of no, 28 enam wirg over the primary.

T4, T10—Broadband transformer: 10 bifilar
turns of no. 2B enam wire on an FT-37-43
ferrite, toroidal core. Obsarve phasing.
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+12 ¥, transmit |

Froem T IF Amp
[C in Fig 4],
=10 dEm

Speech Processor

T IF amp
+12 ¥, brormsmil

FL3 TGN A
3 MHz o1
2.5-kHz BW I ’
i 510
Fig 5
it &
FILTER FILTER
“ERMINATE TERNINATE ik
R7
200 PROCESSOR
GAIM
o
(Al
100

5a0

External RF Power Amp

CUTPUT
J13

)

Li5 Lig

i3

F s U
g

- 17

Except as indicoted, decimal
volues of copocitonce are
in micrafarads { uF ), othars
ore in picofarads l:aF};
fusizlgfces ore @ ohms;
w=1,000.

l-l?l:l
o

Fig 8—The opticnal speech processar &)
and outboard power amplifier (B) circuis.
Linless alherwise indicated, rosistors are

W W, carban film, and capacitors are
monalithic or disc ceramic,

$15, C16—35-pF, ceramic-diglectric
trimmer,

C17—80- 1o 480-pF, mica-dielectric
trimmar.

011, D12—Hot-carier diode, HP-5082-2672
suitabla,

FL3—8-MHz transmit filtar, 2.5 kHz wide al
-6 dB (KVMG XF-9A).

L14—50 turns of no. 26 anam wire on a
T-68-2 toroidal, powdered-iron core.

L15, L16—19 turns of no. 20 enam wire on
a T-50-6 toroidal, powdered-iron cora.

Ti11—Broadband transformer: Frimary, 3
turns of no. 28 enam wire over secondary;
secondary, 16 turrs of no. 28 enam wire
on an FT-37-43 teroidal, ferrite core.

T12—Broadband transformer: 7 bifilar turns
of no. 22 enam wire on an FT-50-43
toroidal, ferrite core. Observe phasing,

T13—Broadband transformer: 11 bifilar

twums of no. 1B aram wire on an

FT-82-61, toroidal, ferrite core. Obsarve

phasing.

220 ST :
90— 480
2E9
bvesor | FiLTER
TUKING
(8
[u] X
% s
-20 “ +
=30 :'_ |
Response i
@8) .40 s
+ [
50 :
-0 A A T A
-TO +
W U L F AL L Ll
SR -
5 1 1% 20 25 30 35 4 45 =0
Frequency [Mkz)

Fig 7—The transceiver’s output spectrum contains a second-harmonic componant

63 dB below ts 1-W CW output. The major nonharmanic spurious respanse is a 2:1 spur
near 1.5 MHz ([2 = VFO] - IF); this component is —70 dBc. The spike & far Isft is the
spectrum analyzer's "'zerg-spur.’’ An external 20-dB pad in the coaxial line provided sxtra
protection for tha analyzer, a Teklronix 2756P. The spectrum-analyzer measurements
were provided by Stan Griffiths, W/NI, The transceivar complies with current FCG specifi-
cations for spactral purity,
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From October 1989 QST, p 25:

ith this solar evcle's activity
w rearing its peak, the time for
high-band QRP operztion is mow,

This low-pawer CW transceiver is capahble
of exploiting these conditions. [1°5 asy 10
use, sensitive enough o receive weak QRP
stations, and includes audio limiting to pro-
tect your 2ars from loud local stations.
Moving from band to band with this rig is
easy: Just change crystals and re-peak its
receiver input. Key down, the QRP Three-
Bander produces its own sidetore—and R,
too: 1.25 1o 4 warnts, depending on the band,
the dc supply voltage and the particular
transistors used in the transmittzr. And you
can build the QRP Three-Bander pouwr way:
A complete kit of parts is available, or you
can assemble your version using ground-
plane construction,'s

Circuit Description

Fig | shows the transceiver circunt, UL,
an ME&IZY doubly balanced mixer 1C,
operates as a direct-conversion (D-C)
product detector, converting the incoming
signal directly o audio by mixing it with
energy [rom Q2, a bipolar-junction-
transistor (BJT) variable crystal oscillator
(VX0). Although the NESIZ achieves its
conversion gain and low noise figure at the
expense of dynamic range, it rejects AM-
broadeast-band signals well when a
capacitor &5 present across its differential
output (piss 4 and 3).

To help prevent hum pickup, the NE&2's
avdin omtpuat s amplified by a differential
amplifier (U2A, half of an NE5532 low-
noise, audio-op-amp [C), which feeds a
moderate-gain filter stage (U2B), The final
audio-amplifier stage (L3A, half of another
MNES53532) drives low-impedance stereo head-
phones at a comfortable level. 1, a ZN5486
junction-field-effect-transistor (JFET) used

'Maotes appear at and of aricle.

as a switch, breaks the connection between
U2B and U3A in transmit to keep keying
clicks and thumps out of the headphones,

The QRP Three-Bander uses audio
amplitude Imiting instead of automatic gain
control {AGC); Diodes in the flter and
final-audlo-amplifier stages (DI-062, and
D3-0d, respectively), and R13 (hetween the
final audio amplifier and 12), provide ear
and headphone protection by clipping the
transceiver's audio output on strong signals.

Transmitter RF is generated by 3, an
MPSIE (or 2N5179 BIT operating as a
VX0, Q35 output signal drives a buffer
amplifier consisting of two BJITs: Q8 a
2M2222, and 6, a 2ZNS109 (or selected
2M2222A), The buffer circuit is bazed on a
desien by Lewallen;! this version is re-
biased for higher power output to make it
more suitable for transmitters, The trans-
mitter power amplifier, 08, is an MRF237
BIT running class C. A seven-element low-
pass Jlter (L1 through L3, and C37 through
C40) reduces the harmonic content of 1he
transmitted signal. Becawse this filter's
cutoff frequency is high enough o pass the
transzeiver's 24-MHz ouiput with little loss
and yet is low enough 1o reduce harmonics
of th: rig's 18-MHz signal to a legal level,
il requires no adjustment for band changes.
Fig 2 shows the output spectrum of the
Thres-Bander's transmitier.

Full-break-in, relay-less TR switching is
one of the QRP Three-Bander's finer
poings. The TR switch is a wide-bandwidth
version of the switch used by Lewallen in
his Optimized QRP Trensceiver,® IT vou
moddel this switch ar measure its charac-
teristics, yvou'll notice ots of passband
ripple: The flter (C36, C41, C42, L4, L5
and L6) bas steep skivts and three peaks
corresponding to the bards covered by the
transceiver, Although the calcolared
safe maximum-power-handling capability
of this switch s Just 1.4 W at 24.9 MHz,
it ecems to handle the transceiver output

just fine, (A PIN-diode switch with ap-
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The QRP

Three-Bander

This low-power, direct-
conversion CW transceiver
covers 18, 21 and 24 MHz,
and includes sidetone, spotting
and relay-less full break-in—

al on one circuit board!

By Zack Lau, KHECP
ARAL Laboratory Engneer

propriate asing could handle more power,
but PIM diodes are more difficult to find
than ordinary switching diodes.)

The Three-Bander's transmitter section
uses differential keving—a method of fime-
sequencing the keyving of multiple trans-
mutier stages 1o achieve a desined effee,. As
implemented in this circuit, differential
keving helps eliminate chirp by turning on
the transmit oscillator (3) before the
bulfer amplifier (5-0Q6) comes on, This
sequence is reversed at key up: The buffer
amplifier turns off before the oscilator
stops. Turning the oscillator on befor: the
buffer gives the osclllator thme 1o stabilize
before the transmitter puts out RF; keeping
the oscillator on after the buffer turn: off
assures that frequency changes by the
turning-off oscillétor won't be present in
the transmitted signal,

To avoid key clicks—which would make
the Three-Bander's signal wider than
necessary For effedive OW communication
—the waveform cf the transmitted signal
i5 shaped in the buffer amplifier. Even
though the transmitter power amplifier is
nonlinezr and tends to shorten the rise and
fall times of its driving signal, the Three-
Bander's transceiver's EF-output wave-
form is well-shaped, as shown in Fig 3. The
open-circuit voltzge at the KEY jack is
positive, and about 0.5 V less than the
transceiver’s de supply voltage; 1.3 mA
flows in the keving circuit line whern the
KEY jack iy shorted,

Getting the Parts

The 1ough part of buildineg has nothing
to do with soldering or making holes in
metal: [t°s finding the parts! Fortunately,
all the parts used in this project are sold
by a number of suppliers—or you can buy
a complete kit of parts from RADIGKIT,
as detailed at Mote 1.

Parts availability is one thing; parts cost
iz another, Aside from the crystals, varahle
capacitors C1 (R¥ PEAK), CT22 (RX FREQ)




a 13.0-V supply.

ARRL lab's standard 20-kHz spacing.

The QRP Three-Bander: Vital Statistics

The performance of the QRP Three-Bander varies with band, de supply voltage
and the particular active devices used. Two versions of the Three-Bander exhibit
a receive sensitivity (minimum discerible signal, or MD3) between — 124 and
-128 dBm, and Jrd-orderAMD dynamic ranges between 71 and 74 dB. A third
Three-Bander exhibits an MDS betwean — 112 and - 120 dBm, and a 3rd-order-
IMD dynamic range between 67 and 68 dB. Operated at 13.8 V and using an
MPS818 at O3, two QAP Three-Bancers produce 2.6 ard 4.0 W at 18 MHz, 2.6
and 3.4 W at 21 MHz, and 1.7 and 25 W a1 24 MHz. A third Threa-Bander (with
a hand-picked 2M3904 at Q3) produces 3.8 W at 18 MHz, 3.1 W at 21 MHz and
2.4 W at 24 MHz when operating at 13.8 V. Operating the Three-Bander al
13.8 V provides 3 to 70% more transmitter output power than that available with

Although the Three-Bander's receiver isn't unduly sensitive or crunch-prood, it's
adequate for routine amateur communication. | had no difficulty in making 3rd-
order-IMD dynamic-range measurements on the Three-Bander's receiver at the

The frequency swing afforded by the Three-Bander's VXOs varies with tha
band, stray capacilances and the panicular crystals and VXO tuning capadtors
used. The crystals | used allowed swings of 8.9 to 16.2 kHz at 18 MHz, B4 to
17.6 kHz at 21 MHz, and 14.1 o 234 kHz at 24 MHz.—KHECP

and C28 (TX FREQ) are probhably the most
sxpensive components in this project, You
can save maney by purchasing these
capacitors from a surplus outlet or flea
market, although taey are still available
pew, In this application, the voltage rating
and physical size of Cl, €22 and C28 are
relatively unimportant; these capacitors
iieed only cover the necessary capacitarce
range. 1 must cover the range from 1510
45 pF. VXO capacitors C22 and €23
should have a maxinum capacitance of 10
10 50 pF (10 to 15 pF is optimum} and have
3 minimum capacitance of just a few
picofarads—the lower the minimum
capacitance, the better.” If vou can't find
sir-dielectric variakles at an affordable
price, you can replace a given variable
capacitor with a switch and several trimmer
capacitors, as shown in Fig 1B for C1, Ax
PEAK; the transceiver shown in the tie
photo uses this arrangement. You may
prefer the Fig 1B solution to C1 because
Mipping a switch is easier than peaking a
juning control; on the other hand, a front-
panel peaking control can help you mini-
mize interference from strong shortwave
broadeasters, as discussed later in “*Using
1he Radio on the Air."" This switch-ard-
rimmers idea can also be applied to the
ransceiver VXOs; vou can readjust the
wimmers if your preset frequencies are
occupied.

The crystal frequencies you choose
depend somewhat an the particular ¥ X0
funing capacitors you use, & VXO with a
maximum tuning capacitance of many tens
or even hundreds of picofarads (50 much
capacitance that the crystal 15 essenbially
shorted to ground with the tuning
capacitance at maximum) may oscillate as
much as 10 kHz below the frequency
marked on the crystal. If, however, you use
capacitors with maximum capacitances in
{he range 1've specified, vour VX 0s should
oscillate within a lew kilohertz of the
crvstal frequency.

If you want to get your transceiver

working on all three of itz bands with
minimal experimentation, use a 2N5109 at
6 1o ensure adequate drive to rhe final
amplifier at 24 MHz. A metal-cased
(TO-18) 2M2222A may work if youo're
willing to try several transistors at Q6 be-
fore settling on one. {1 was able to use
metal-cased IM2222Az in two oat of the
three QRF Three-Banders 've buile.) If
you're interested in using your Three-
Bander only at 18 and 21 MHz, aay TO-18
2M2222A will probably work at Qb
One of home-brewing's benefits is that
you can use connectors of yvour choice, |
like to use ENC connectors as antenna
jacks on HF gear. Although T don™ neces-
sarily agree with others’ choices, I've seen
UHF, M, and even phono connedors used
for antenna connections at MF and HF.
This transceiver uses phono jacks for power
and keving connections, (Beware of using

Fig 2=—Warat-case spactral display of the
CAF Three-Bander, Each horizantzl divi-
sion represents 10 MHz, each verical divi-
sion represenis 10 dB. The spike at far left
(the spectrum analyzer's firsi-locakoscillator
signal) serves as a canvanient 0 MHz"
reference. When this spectrogram was
taken, the QRPF Three-Bander was produc-
ing 4 W (14.068-V dc supply) at 18.07 MHz.
All harmonics and spurious emissions are
at least 36 dB below peak fundamrantal
output, The ORP Three-Bander complies
with curment FCC specifications for spectral
purity.
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Fig 1—{dppears on fallawing fwn pagas |

Schamatic of the QRP Three-Bandear, All resis-

tars are V4 W, carbon film. The inset, B, shows

haw to replace C1 with a switzh (52) and three

trimmer capacitors {C44-C46); if you use this

variation, peak G44 at 24 MHz before adjust-

ing C45and C46 for maximum received-signal |
strength at 21 and 18 MHz. |

C1—a0 pF, air dielectric, variable (Millen
21050 7- to 45-pF ceramiz trimmars, used
in greund-plane vargion, and switch and
trimmers [52 and C44-C46, Fig 1B] have
been used successfully). See lext.

C2, C24—0.00586 pF, ceramic.

C3, CB, C10, C19-CM, ©23, C27, C23,
C32-035, Ca3—0.022 uF, ceramic.

G4, C11, C18—1-uF, 164 tamalum elac-
fralytc.

C5, CB C15—0.22 4F, melal film.

C7, C9—0.0022 pF, metal film (Bessol AF
filtering). Use 0.0027 oF for tightar,
Chetyshev filtering,

C12, C13—0.010 xF, metal film (Bessal AF
filtgring). Use 0.012 uF for tightar,
Chetysheav filtering.

C14—0.058 pF, metal film.

C16—0.0015 xF, polypropylena,

CIT, CEle==d.T-uF, 16V, lanialum akec-
trodytic.

C22, C28—14 pF, air dielectric, variable.
(Millen 21015 capacitars and Johnson
1B%-series trimmers have been used suc-
cessfully. Saveral manths of on-air-use
caused severe wear in tha px FREQ John-
son 1B9-series capacitor, howevar; use a
tuning, naot trimmar, capazilor al AX FREQ
far longest capacitor life.) See 1ext.

C25—0.015 pF, melal film.

C26, C30—0.082 uF, metal film.

Cag, C42—15 pF, silver mica.

C37— 00 pF, silver mica,

38, C39—240 pF, silver mica,

Ca0—"20 pF, silver mica,

C41—220 pF, silver mica.

Cd4-Cd6—30-pF plastic timmer (optional),
Used In confunciion with 52, these capa-
citors replace C1. See text.

D1-D8—=1M214 or 1M4148 silicon switching
diode.

J1—=Phono jack.

J2—1/B-inch steren phone ack.

J3—BNC jack. Sea laxt.

L1, L3—Taroidal inductor,12 turns of no. 26
enam wire on a T-25-6 powered-iron core
(D46 uH).

L2—Torgidal inductor, 13 turns of no. 26
anam wire on a T-25-§ pewdarad-iron
cora (0.52 uH).

L4, L6—Toroidal inductor, 26 turns of no.
24 eram wire on a T-44-F powderad-iran
cora (3.8 pH).

L5—Taoroidal inductar, 9 tums of na. 24
enam wire on a T-25-6 powdered-iron
core (026 uMH),

O1—2N5486 JFET. A 2MN4416, 2ME485,
2M5434 or MPF102 should also work.

Q02—2N3004 BJT.

Q3—BJT, MPSS18 or 2M5172 recom-
mended. A ZM3904 will work, but may
exhibil fasler keying rise and fall times at
24 MHz than those shown in Fig 3, and
the transceiver's RF power oulpul may be
subaoptimal.

Q4d, O7—2M3206 BJT.

O5—2M2222 BJT. A 2ZN38C4 will also work,

Q6—2N5109 RAF-power BJT. A seleclad
metalcased (TO-18) 2N2222A will work;
some 2MN2222As may not have enough
gain lor optimum power output at 24 MHz.
See lex1,

QB—Motorola MRF237 RF-power BJT.

R1, AB, R17, A1&, R21, ARET, R41—100 0.

R2, A3, R12—22-k? (Bessal AF filtering).
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Use 3.3-ki for tighter, Ghisbyshey
fikering.

R4, R5—T75 kil

A7, R22, A29, R3E—4.7 k0,

RE—75 kI {Bessel AF fltering). Use 55-kQ
for tighter, Chebyshev filtaring,

A9, R20, A23, R30, R3z2—1 kil

R10, R14, A31—10 kil

A11=1 MQ.

A 13— 100k, audio-taper polentiommele.

A15, R16, A35, R36—47 kil

A19—10-kf}, audic-taper potentiometer.

A2s, R37, R42—47 1.

RA25, R33, A34—100 kik

R26—22 k(1.

R28—270 fi.

R39—470 1.

R40—15 kfl.

HFG1—Tormdal RF choke. Use & 1urns of
no. 26 anarm wire on an FT-37-43 ferrite
toroid (10 uH).

Si1—Normally opan, momentary push-
button.

S52—5P0T, center-off tcggle {optional). Use
anly if C1 is replaced with C44, C45 and
C46. See text.

Ti—Mamow-band transformer, 10.5:1 turns
ratio; 21 turns of no. 26 enam wire on &
T-30-6 powderad-iron “oroid (primary, 1.75
uH). Secondary has 2 turns of no, 24 or
26 snam wire over primary winding.

T2—Broadband transformer, 10:1 turns
ratio; 20 turns of no. 26 enam wire on an
FT-37-43 ferrite toroid (primary). Tap is 13
turms from the colleclor. Secandary has 2
turns of no. 24 or 26 enam wire over
primary winding.

T3—Broadband transformer, 5:1 turns ratio;
20 turns of mo. 26 enam wira an an
FT-37-43 ferrite toroid (primary); tep at 13
tums from the collector end. Secondary
has 4 turns of no. 24 or 26 anam wire
ovar primary winding.

T4—Broadband transformer, 3:1 turns ratio;
9 urns of no. 26 enan wire an an
FT-37-43 farrita toroid (primary). Secon-
dary has 4 turns of nc 24 or 26 anam
wra gvar primary winding.

LN —MEGD2 mixer IC.

L2, U3—MNES532 dual law-noise op-amp
IC.

U4—78L05 5V ragulater 1T,

¥1, ¥2—Fundamental crystal, HC-25/U
holder, parallel rasonance, 20- or 32-pF
load capacitance. See tex! for discussion
of frequency choice, Available from Inter-
national Crysial Mig Co, 701 W Sheridan,
PO Box 26330, Oklahama City, OK
TI26-0330, 1el 405-236-3741; JAN Crys-
tals, 2341 Crystal Dr, Ft Myars, FL
33906-6017, tel BDO-237-3063; and othear
SOLFCES.

For updated supplier addresses, see ARRL Pans

Supplier List in Chapter 2.

The titte photo version of the QRP Three-

Bander uses the switch-and-capacitors

scheme shown at Fig 1B instead of C1,

and Johnzon air-dielectric trimmers for Ax

FRED (C22) and Tx FRea (C28), Acrylic

hlocks machined to take set screws and

the trimmars’ 3/16-inch-diameter shatts
samve as tuning knobs. The board is 4 =

5-38 inches in siza.
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Fig 3—Thz QRP Three-Bander's CW-
keying wavelarm at 16.07 MHz. Tha upper
trace is the AF envelope; the bwer frace
depicts the actual key closure, Each
horizontal division represents & ms.

phono jacks with batteries—phono plugs
can shor-circuit all too easilv. | use
Molex® connectors and fuses with my
battery pecks for safety.) The presence of
identical keving and power-supply
connectors isn't a problem with this rig:
Mothing blows up if the key and power-
supply cables are interchanged.

Construction Details

Decide early on whether vou'll build the
transceiver over a ground plare or on a PC
board. If vou decide to build a PC-hoard
version, | highly recommend glass-epoxy
(G-10 or FR-4), copper-clad circuit board
over cheap phenolic board because of glass-
epoxy’'s generally higher quality—and be-
cause glass-epoxy's greater hzat tolerance
allows the desoldering and replacement of
components with minimal damage to the
board. (This is especially important if
you're new to building; you may need to
fix wiring goofs.) I've made the copper
pads for the wires between the board and
off-board components extra large, just in
cagse vou nave to do a lot of resoldering.
(Small pads tend to lift off the board if sub-
jected to oo much soldering yeat.) This is
a trade-cff in the case of the VXO-
capacitor wires, though: The narrower the
pads for C22 and C2E wires, the wider the
VMO tumng range per crystal,

Whether vou build vour transceiver an
a PC board or with ground-plane construc-
tion, | recommend that the transceiver cir-
cuitry be completely shielded when in use,
It’s important that there be grounded me-
tal between the ¥YXO capacitors and vour
fingers. Ctherwise, you may experience the
magic-wand effect that long-time hams call
hand capacitance, (The YXO-capacitor sta-
tors [immovable plates] are at a high im-
pedance above ground, and nearby
objects—mcluding you—can be “seen'’ by
those circuit points unless a prounded shield
is interposed. You shouldn't be able to tune
your recever just by bringing your hand
close to the tuning knob!) Coriplete shield-

ing of the transceiver dreuitry also helps
minmize hum and microphonics in the
MWE€02 detector, especially when the trans-
eiver is used with a poor RF ground.

Wind your inductors and transformers
befare vou start wiring the circuil, Amateur
radio-equipment builders commonly count
coil lurns wrong; this usually results in coils
wound with one turn too many. (Hint:
With toroids, just passing the wire through
the zore counts as one turn,)®’

Because this is an RF project, keep com-
ponent leads short, as shown in the photo-
graphs. Long leads can induce excessive
noige and hum into the cireuwit, (If yvou're
really unlucky, overlong leads may cause
the circuit to oscillate when it should be
amplifying.) Transformers T1 through T3
aren’t critical with regard to mounting—
they can either lie flat or stand wpright.
{Some builders like 10 glue toroids down;
[ skip the glue so the coils can be removed
casily it necessary.) | used screws, lock
wasners and Y-inch-long metal spacers to
mount my transceiver boards in their
boxes.

(8, the transmitter power amplifier,
must be heat-sinked. Because the
MRF237's case is connected 1o the
rramsictar pmitter (instead of the collector,
as i usually the case with metal-cased
BJTs), you can heat-sink QF merely by
soldering its case to the circuit-board
grownd foil {or to the ground plane, il
vou re undertaking ground-plane construc-

tion.) That's whkat 1 did in my Three-
Bander. One small solder joint does the
job; you needn’t solder the entire case
perimeter.

I used three-hole-mount phono jacks
{two hales for mounting screws and one for
the jack barrel) because they don't loosen
with use as easily as single-hole mount types
do. For the same reason, | took the time
to drill the extra koles necessary to seat the
anti-rotation tab; on the GaN and siDE-
TONE LEVEL conrrols because seating the
tabs—instead of breaking them off—
results in controls that almost never work
loose from the panse] ®

Testing

Mone of the Three-Bander's circuits negd
be trimmed or algned beyond the adjust-
ments possible with its panel controls, so
you need only verify thart it works. [ sug-
gest powering the transceiver with a small
supply during testing—a 12- 1o 15-V regu-
lated power supply capable of producing
no more than 0.5 to 1 A is fine, (A supply
capahle of sourcing 7 or 10 A invitss the
possibility of sericus smoke and componeni
destruction if vou make a wiring mistake.
Don’t use batteries, cither: Short-circaited,
they can source enough current to melt
wires!)

The first 1est is to determine whether or
not the Three-Bander can hear its own
transmit oscillator. Set the GAIN control o
the middle of its rotation, Plug in crystals

CW, this is how to do it

Three-Banderl—David Newkirk, AKTAM

On the Air with the QRP Three-Bander

What can you expect of the QRP Three-Bander? In three brief operating
periods, | snagged OK3CQR, EABAB, OK2KFM, KKEH, WBBYBT, AF45 and
WOMMU at 18 MHz, and KF50L and GAFGT al 21 MHz—nine contacts, four
countries, four states and three continents. The antanna? Fifty or so feet of wire
tossed in a tree and worked against a baseboard-heater ‘'ground.” .

The QRP Three-Bander's recelver Is more than satisfaclory, considering ils
gimplicity. There's audio to spare; | dida't have to run the Gain control wide
apen all the time. The receiver is a bit microphonic, but net annoyingly so. |
heard a bit of hum at some settings of the Rx pEAK control—probably because |
used an ac-operated power supply in conjunction with my crummy RF ground.
Sometimes, | had to use mx PEAK to minimize AM “breakthrough'' from strong
17- and 21-MHz broadcasters. All this means is that I'll build my version of the
ORP Three-Bander with a front-panel-psakable front end. (| didn’t hear ona iota
af hraakthrough fran lacal madium-wave hroadeastars, by the way.)

Full break-in is fun with the ORP Three-Bander. Zack Lau has solved several
problems at once by incorporating audio limiting into this fransceiver: “De-
thumping'' the rig"s TR switching, protecting the operator's ears and head-
phones from overdrive, and ridding the rig's sidetone of monotony. (In fransmit,
you hear the sidetone [assuming thal you've set its sipeToME LEVEL control to al-
low this, of course], a tone corresponding to the frequency difference betweel
the receive and trarsmil VXOs, and the products of intermodulation betwaen
these signals as they mix in the Thrae Bandar's audio-limiting circuitry. Result:
The rig’s “sideione” rarely sounds the same two Q50s in a row!)

The QRP Three-Bander’s differential keying is a class act. Listened 1o with my
MRD-525 recaiver, the Three-Bander's CW sounds absolulely A1 (pun intanded)
at 18, 21 and 24 MHz, (No "'Sure the keying's loo hard—but heck, it's QRP™
gxcuses are necessary for this low-power rig.) If you must key an oscillatar for

Working all continents will be easy with this rig. Whe'll be first to waork all
statas with a Three-3andar? [l probably won't be me—at |3ast, not unless | build
mine soon: Other HQ staffers are lining up for thalir stints with KHECP's QRP
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How About Modifying the QRP Three-Bander?

I'm sure that many of you would like this transceiver to cover differant
bands—14 or 23 MHz, for instance. The problem is that if I'd taken the time to
work out the details of all such pemutations before publishing this aricle, you'd
never have seen this article! The first step in getting & successiul equipment
design off the drawing board and into reality is defining the limits of whal you
wan! lo sccomplish—so | decided lo design the QRP Three-Bander to cover
only the 18, 21 and 24-MHz amateur bands. That sald, though, | do have sumwe
untesied Three-Bander-modification hints for the advanturous.

First of all, most of the QRP Three-Bander's AF circuits are broadbanded
enough to cover the HF spectrum without modification. The exceptions are the
ME&02's tuned input circult (C1-T1), the 'rransml‘ttar-m.i&uzt low-pass filtar

switch filter (C36, C41,
variable crysial oscillators should work fine from 3.5 to 28 MHz with
fundamental-mode crystals; keep in mind, however, that a VXO's tuning range
ganarally decraases as the crystal fraquency is lowered.

You may need to add a few more turns to T4's primary winding on the low

(C37-C40, L1-L3), and the

bands, bul T4 is prefty broadband, too.

The TR switch is a bit tricky to design—you can't get the peaks in a high-
ripple band-pass filter to fall exactly where you want them merely by poking al a
calculatar—but you can always use Lewallen’s single-band version (ses Note 4
of the main tex!). If you use a rotary switch for the TR circult, receiver front end
and transmitter output filter, getting the QRP Three-Bander 1o cover five or six
bands shouldn'l be foo difficult. . . —KHECP

. and L4-LE). The

at Y1 and Y2, both on the same frequency,
and set the AX PEAK, RX FREQ and TX FREQ
capacitors so that their plates are half
meshed. Press the SPOT button and adjust
A% FREQ to find the transmitter signal. 1f
vou're lucky, you now have an expensive
zode-practice osc lator! 1T you can’t hear
anything at all, even after trying the entire
range of the GAIN control, there's a fault
in the receiver avdio chain.

If you can meer your power supply's
cutput current, you can confirm thar the
transmitter works by attaching a 50-2
dummy load to {a 2-W carbon or metal-
oxide resistor) and briefly shorting the KEY
jack. If the transmitter is working, the mrans-
ceiver's current drain should increase to 200
of 300 mA with keving, You ¢an also use
an oscilloscope, RF wattmeter or RF volt-
meler (o measure the ransmitrer owput,

Using the Radio on the Air

The ultimate test of a home-brew rig is
making contacts, Although D-C receivers
are notorious Tor fooling their operstors
inlo transmitting on the wrong frequency,
the QRP Three-Bander's independent
rransmitter and receiver oscillators can help
wou avaid this problem. Perhaps the casiest
way 15 to lel otker stations tune you in
properly by calling CQ on a clear
frequency! The second way to be sure
vou've spolted your transmitter on the
other station’s frequency is to adjust T
FREQ &0 that yvour gpotting signal (1) has
the same pitch as the incoming signal and
(2) “‘tunes the same way"" as the incoming
signal. In other words, if, once you've
spotted your transmitter, adjusting RX
FREQ causes Your spotiing signal to rise in
pitch as the incoming station falls in piteh,
or vice versa, vou've set vour transmitier
to the wrong frequency and must readjust
it ta *'the other side of zero beat™ to put

your signal in the other station's receiver.”
Another approach is to adjust AX FREQ for
zero beat with the incoming signal, press
sPOT, and adjust TX FREQ 10 zem beat your
transmitter Lo your receiver anrd the incom-
ing signal, Once you've done his, adjust
RX FREQ to receive the incoming signal at
the pitch you want. This latter approach
works well on a busy band: After you've
spotted vour transmitter, reacdjust RX FREQ
to receive the less-inter fered-with “side’’ of
the received signal. {Incidentally, you can
zero-beat your transmitter to fairly strong
incoming stations by pulling ou; the receive
crystal [Y 1] and adjusting the spotting sig-
nal to zero beat. In this case, the spotting
signal acts as the receiver local oscillator.
The spatting and incoming signals will have
exactly the same pitch when you plug the
receive crysial back In.)

Adjust RY PEAK Tor maximum received-
signal strenzth. 1T no man-made signals are
audible, adjust AX PEAK for maximum
backeround noise. You can also use this
control as an attenuator by misaning it—a
nseful feature when strong signals overload
the rig's mixer. Usually, detun ng AX PEAK
just enougi to reduce the culprit signal
below the overload point preserves sulTi-
cient desired-signal sensitivity for you to
keep operating.

Adiust the GAIN control Tor a caomfart-
able listening level; this contral does not
affect the sidetone level. For finding
stations, | adjust GAIM so 1 can just hear
the background noise,

The SIDETONE LEVEL control adjusts
what its name implies. Although a sidetone
is unnecessary with a straight key, it's quite
handy—if not essential—with elecrronic
kevers.

The spPcT button turns on the QRP
Three-Bander's transmit oscillacor, allow-
ing vou to adjust vour transmit frequency
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without aviually ransmiltiog a signal on
the air. (Sweeping a sigral across a band
is considered poor amatear practice—even
for antenna testing.)

Summary

The QRP Three-Bander pets you going
on three of our hot high tands in style, and
with enough power o work the world.
Build i1, use it—and have fun!

Notes

'Kits of paris for the QAP Three-Bandar are avail-
gile fram RADIOKIT, FO Box 973, Patham, NH
030TE, tel BO3-437-2722, {or 352 cach, plus $4
gach for shipping via the United Parcel Service
in the US, {Canadian and overseas arders are
walcome; coniact RADICKIT for details ) The kit

rice includes a PC board, an unpainted Ten-

et gnclosurs and all QRF Three-Bander com-
ponents except crystals, The ARAL and Q5T in
no way warrant this offar.
A PZ-board tamplate and parts averlay for the
(AP Threse-Bander are available for & businass-
gize SAZSE from the Technical Deparimeant
Secretary, ARFL, 225 Main St, Newington, CT
0BE111.

This lechnigue, also known by the unforlunate
pejorative term ugly censtruction, entails
supporing circuil components—connectad
diractly to each other by shor leads—above a
thincopper sheat (ground 2lane), Despite their
appearance, circuits buill n this way generally
work battar than their PC-board-built countar-
paits because airis a better disleciric than fiter-
glass ar phenolic, Builcers well-versad in
ground-plane construction can genarally build
the ground-plana varsion of a givan circuil faster
thar ils circuit-board eguivalent,

IR, Lewalign, " An Opfimizec QAP Transcaiver,”
Feadbhack, 05T, Koy 1950, p 53,

4, Lewalien, “"An Optimizec QAP Transceiver,”
QS5T, Aug 1980, pp 1419, 1 highly recammend
fhis article o anyons who wants 1a build a
A=l QAP fanscsivel.

Stdostof the frequency variation provided by C22
and C28 occurs at the low-capacitance end of
their capacitance spans. Thus, achigving the
smalesl possible minimum capacitance a1 C22
and C28 is espacially imporiant to builders who
dupicate this preject with ground-ptane con-
struction because of the genarally lowear stray
capacitances this construction method atlords.
Less siray capacitanca in the YX0 circuit max-
imizes ihe VAOQ uning capaciior's contrlbution
to capacitance change in the circuil,

#Fig 71 on page 2-37 of the 1988 ARAL Handbook
shows several aspects of lofold constiuction,
including how 1a count 1aroid turns accuralaly,
and how to wind & torocidal franstarmer (lika T1,
T2 and T3 in this project)—Ed.

The Inductances listed for L1 through LG are
measurad values. | you atempt to verity thesea
inductances by using well-known toroid-
induciance Iormulas 10 work backward 1rom e
core and tums values giver, you'll came up with
different induciznce values, This is so becausa
simple formulas lor calculating the inductance
of toroids tend to overastimate the inductance.
(Such formulas are easy 1o spot They fail io take
wira thicknass into accoun;, returning the sama
induciance whathar you use wire 5o thick you
can baraly wind I1, or hairlke wira that's naarly
inwigialel)

iThase are imporiant considerations in ponabla
QAP operation because yau've usually left tha
nocassany retightening tosls at homal

SBecgusae the days when rado amateurs routinaly
tuned for replies ovar a significant partion of a
band are long gone, accurately spotting your
transmitter is impertant, Spotted on “the wiong
side af zero beat,” but at the same pilch as the
imecming signal, your trarsmitler is bwica that
pilch away from the incoming signal—for exam-
pie, 1.4 kHz away from an incoming signal tuned
to produce a 700-Hz pitch —Ed.
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Part 1

QRP TRANSCEIVER FOR 50 MHZ

Tiree watts PEP will do it an 6!

BY PETER 1, BERTIML* KI1ZIH
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The “World Abore 50 Mc" bas fured an fwcreasing number of amatenrs, over more
than four decades. One of its majur atteacrion bas been the gffectveness of low-power
pear, especially the portable variety, Bur witl the advent of single-sideband, some of
the fascimation with ohf sperating bas tended o fade, especially on the 50-MHz scene,
where 2hwaet transceivers and the inceftable 2-kW linears tend to make this hand
seem fittle different from lower amarear frequencies. After all, bow many seations can
aperdte on 30110, all at eace, wnd wot bave @ rat-race reminiscent af DX pilewps on
208 Fartumarely there is a difference — theee iy plesty of roowm for cveryone in the
MMz band, and if we fast move up a litefe B frequency, low pover works pxtremely

well, Here's am attractive way to get into the QRP game on 6.

A A e W W A e e i A o e e i A - A —

FTER GOING the high-power roule for several
wvears, Uis awthor decided (hat QRO was noa
his cup of tea, and G-meler aetivity (I into 3 state
of desuctwd: until fairly recently, After reading
numerous aticles by WICER and ather exponents
af the QR cult, we could sez nn rason why this
philesaphy should e applied to the bf Bends only,
especially when the wide-open spoees in the vhi
realm are vonsidered. The 50 MHz band should be
ideal for QFEP work, on cw or ssbh, [t offers more
apportunitics for DX, and a greiter variety of
propaeation media than higher ads, and there 1
mtore generdl s of ssh, o omods welladapled 1o
ORP techniques, now that solid-stite gear s “the
way to o’

We st oo work, and the rewlt o op o simall
package ideally suited to Field-Day type excursions
and Iocal mobiling. 11 ds wlso g very practical
primary or back-up rg for the i0-MHz home
station, Its eobust 3-watll PEP signal is hardly
thstinguishable from that of stations running 100
willls or morz, when a good antenm system b5 used
— and "neighbor troubde,” the base of so many
urlkin f-rneler operalers, is virlually nonexistent

As can be seen from the first photagraph, the
transceiver B sell-contained except Tor the power
supply. Thiz could have been hilt<in, but a
sepirale power soores s advaniagoons 1 allows
use of an ac supply al home, dircct connection of a
cir battery Lor mobale work, or operation from any
of several fypes of porfalie batterss, including Lthe
15volt rechugable units often ussl wilh solids
state TV sets

Fl gll I-‘ai...él::n. H'.;:n r.| .. 5 nm;;:. L1 1607 1

Eleven separate  printfed-circoit  subassemblies
are used, each @ basic conuponent of the trapsceiver
vircwmtey, This allowed individeal experimentation
and trouble-shooting, and il leaves the way open
for chamgres o additions witheut complete ee-
buthbng, Hourd  templates and lavowts are wof
available, Consirection of such o rig is bevond the
capahilitics o the novice bailder. Experienced
vonslruvtors interested in doplication, o wse of
some of the fems deseribed, should fsave e

trouble working from the individoal schemani
dingrums ond eyt

As will be seen fiom the block dingrum, Fig. 1,
the principles involred are not wnlike those of
crystal-filter ssb trancceivers Tor lower frequencies,
bt applving these principles s simplified in 2
one-band desym, That "good things come i small
packages” 15 amply proven by the simplifcation
resulting from usc of integrated circuit pockoges
wlierever possible, They make a marked reducticn
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Fig. = — Block diagram af the K1ZJH SBO-MHz rrarsceiver. Each iems shown (s 0 separile

F.ifl:llh-tlﬂilld_az.:srn'lblv. Nul_'nbr:rs in parsntheses ars the ardes nl their decoptinn o his
tex s, Trangmirting and recelvng functions are given adjzcant to the signal-path lines, l1ems

1 1threugh & ara dascribed in Feat I,
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vonbmn of gants sequined, In several key areas. A
mall crystal filter bs the heart of the svstem,
suinly responsible Sor the excellent perfomance,
rath  trapsmitting ond receiving. The dusl con-
cersian lincup will be discussed im0 stepeby-step
order, toe avoid confusion, following the numerical
rder indicated in 1. 1.

Receiver Front End

Eliminating the of amplifier slage i oa “good”
hi receiver is usuzlly considered a3 bit unerthodox,
oed is Frequently  stereotvped wilh poor per
fomminee @nd cost cutting. This holdover from
czcuumetube limiteions s now something of an

ald wives' tale," a5 the noise OGgure of 2 well-
med transistor miver for 50 MHz can be lower
than the esternal aoise  encountered in most
amaleur operalion, BEspecially wherde simplicity 15 a
factor, eliminating the of smplifier offers a de-
able  trade-off  between  sensitivity and  pood
arang-signal overlowd capability, It i interesting 1o
that some of the finest commercial mobile
vers For vhi service do not use of ampliication
sheadd of the maser stage, Especially for use with a
very low-powered Lansmitter, the wltimate in low
noise figure is certzinly not important in a S0-MHe
receiver,

Some typas of 1f paen-controd systems introduce
rionlinearifies in the recerver frond end, increasing
susceplibility to owertoading and  cross-tali. This
problem is avoided with the use of 2 minizture
F0-ohm control, R1, across the receiver input,
which =enves as a simple et effective of goim
control, Thouph the mixer transistors, (1 end 12,
are dualgate MOSFET: sith biiilt-in transient-
suppression  diodes, sdditionzl protection is pro-
eialed with THS14 dindens, cone ted G opposite
polarity across the receiver input.

The Ineoming 20-MHe sgnal passes hrough
three lightly couplzd  toroidal L0 cipeollis in o
simple bamd-pass aeowork, for reasonuble repection
of out-of-band sigmals, The first of two mivers
converts the 300z signal to 14 MHz, Injection at
o MUz b pesercied by an overtone corystal
osgillator, alse nsed i the transmitting section for
ppeconversion, 14 10 300 MHa The 14-MH2 67
passes throtigh o simple 1O actwork to presenve
andwidth, The cignal is then mixed with the
SMHe VED outpet in 3 sccond 40673 slape,
producing fhe second -6, 9 MHz, The irpction
level ol pate 2 of both mixess b2 L5 W pk-pk,

Top view of the S0MHz2 transceiver. Circuit-board
assamblies identifiable in this pictura ara listed by
numbars given in Flo. 1. 11 Rooeiver mivert, uppor
laft corpar. (41 Audio amplifier, square aszembly,
upper night. 161 Celibration oscillazor, laft center.
{8) 36-MHz oscillator, small board, lower center.
110 Tramsmitting mixers, long narrow asembly,
right center. §11) Tiansmitter amgplifiors, far righy.
The age ond mesar amplifier assemibly [B) s
vartically mounted on the back ol the pane, lower
lgft eorner, =o it 8 not clearly distinguishable as
such. The YFO (7 is in an aluminurm anclosure
directly under the cilibratian oscillzror, except for
i tuning ard bam-secing capaciiore, wvhicl ae
visibla at tha lower [ift,
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Fig. 2 — Schematic diagram anc parls infor-

mation for the 50-MHz transceiver front end

and 9-MHz filtar. Parts not descrbed balow

arg numbered for text reference.

C1, C3, C5 = Subminiatura air trimmer 1-14 pF.

C2, G4 — Gimmick capacitor, 2 twists No. 26
enamaled wire, 1/2-inch long; eparax. 0.5 pF,

6, C7 — Caramic trimmer, 5-25 p=.

8, C9 — Caramic trimmer, T-45 p~,

FL1 — 8-MHz crystal filer (Spectrum Intar-
nationa!, Box 67, Topstield, M4 01983, Type
XF9B).
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L1 = 1 tum Mo, 26 enamelzd wire on 0.37-inch
tomcid core (Amidon T-37, yellow),

L2 = 13 turnz like L1, on 5ame cora, Sea text for
25kHz coupling meathod,

L3, L4 — 12 turns on cora lke L1, L2,

L5 — 36 turns b, 32 Teflor on 0.5-inch torgid
cora (Amidon T-50, red).

LE — 55 lurns like LS.

L? — 11 turns at low-Z end of LG,

21, 42 — Gale protected MOSFET (RCA 40673).

Far updatad supplier addresses, see ARAL Parts
Sippliers List In Chapter 2.
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Fig. 3 — Schemalc diagram of the 9-MH: i amplitier and prodiuct detector, and audio-amplifier modules, Parts not described are numbered for text reference

€10, €13 — Ceramic frimmer, 3-50 pl.

LB, L9 — 17 and 24 tums, resp., No. 26
anamaled wire on 0.5-nch toroid cora ([Amidon
T-50-2).

vonddered (o be optimum for canversion ¢ffi-
chency amd miser lincanty, Output from the
second miver 15 link-coupled, through LA-LT, to
malch the |n||'u‘:|,|.'|.ur:|.- uf the crvstal e,

e 2-Milz Filter

The KEVG Maodel XEFOH (Ser Parts list, Fig. 2)
flwer was chuser for oa varlery of eewsons, 1
directly conteals e receiver selectivity, and hae-
ring nonlinearitics in the franunitter powsr slipes,
the ultimute bandwidih snd comier suppression of
the cmitted signal, Obvioudy his is nol onoarea in
which te cut comers with 3 sccond-rate fller,
Saliend features of the H-pole Liltice filter include &
hundwidth of 2.4 EHz at 6 @1 down, a chape factor
af L3 at the S8dl point, and ) U1 ol gop-band
attenuation, with less than 2 dB of rigple when
properly teeminated.

The filter doc: dowhle duty i the transmilter
and  eeceiver, so dicde switchiog was wsed 1o
amplily the cirewitry, Care must be exercised to
awvoid unwanled druy coupling belween the twao
filter porls, a5 it could deprde DRles deacacies-
istics, The two 45-pl trimmers, C8 and C9 in Tig
2, were intended to provide sdpple  band-pass
tuning, for precise adjustment of the Gler ne-
sponse. I proctic: they may e omitled, o b g
dopblful that any noticeable improvement is nade
vy their wse.

L10 =— 24 furns, like L1,
A2 — 10,000-ahm miniature contrd,
M — I anplifier 1C (RCA CAIDZEA).

Recermer -8 and Product Detector

I the AECEIVE mcede the output of e KVG
Mlter is diode-switched to the input transfonmes,
LE-LY in Fig. 3. This hux @ capacitive voltage
divider, € 1-C12, across s secondary, for opti-
muimn impetanee mateh between the filter and the
i-r u:r|]:l!i|'||.r, e CAMIZEA 1!i|'|'|."w1||.|:|I-:|1:||F|1:ii’|1_':r IC,

LiE, As wath other toned stges, the 9-MEz 6of

circuits are toroidal, to lessen undesired intersinge
coupling and attepdant instability, The -7 gain s
approsimalely 25 o 30 i The b1 ogdpat s
simpled through an B-pl capacitor, 1o provide
energy for the ape amplifer, Fig 4, The control
vollipe is fd Back 1o pin 7 of the i-f amplifier 10,
tu produce gleoet 25 AW of age dyamie mnge, The
age voltage vares [eom less than 2, al minimum
gain, to 1Y daring periods of ne ape action and
maimum 1 gin, Another cipecitive volfage
divider, €04 h C15, provides impedonce trans-
formation between the i-F cutpuet and the product-
deleclor inpul

0 oll cipceits considered {0 the  product
detector, the MO14960 [0, T2, proved o be the
beat candidste, With 12l of comversion gain, the
1486 compenstes for the relativelr Low pain of the
receiver frontl end, [t har an effective dynamic
range of 90 dB, and can handle a sdde variation of
signal leves  despite bmated ape aclion. BIO
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U2 — Product Detector IC {Motarola MC14983 »
1556G).

U3 — Audin amplifier IC (Matorola MFCA010 or
HEF CE0l).

injoction at Mz is gonerzted by o 2M3904 crystol
oscllator, 09 in Part IL in the sshopenerano
assemnbly, An infection lesel of 300 mY pk-pk b
needed, Extreme care must be wsed in Living oul

Honesn view of the traniceiver, showing the i
amplilier and oroduct desector (31 lede side: the

aideband generator {891 pssembly ot the center; and
the 38404z dilter 121 at theo sighe.




and wiring the wosceiver. o be sure Lhal struy
B energy does not seach the of of i-0 stapges.
Leakage at & MHz can kill the &F gain throwgh the
age, and if the BFOD cnergy ceaches the mixers il is
possible Tor the fowsth armaonic to best with the
-8 EHe vactl kst

Auwdto Amplifier

A osinple MECEORO (or HEP OO i3 the entire
receiver aidio system (lower e ticen of g 3k 1t
iz an economical plastic-cice wnil decgemed for
consumer  elactronics wse, capable of won: watl
vontlermons res outsal oo Le-ohm loed, with as
lithle as B0 mY input. This much sensitivity B not
negdaedd, becawse of the high owtput level of the
prodoct detocton, and i1 cieused some instatility as
4 result of sty coagling on our wudio board. The
final cirewil details shown we for an inpu” senss-
tivity of 400 =V, The weplilier = capeble of
dewing loads of less than I6 ohms, bot with
arpply voltage of 15 Whe device rdings may be
sxcreded, and aperition at Tigh audio levels is bea
wvoided, The stabilization network recommended
i the mdnufaciorer’s application nofes wid n-
ctivetive in curbing instability  oeeurmng with
cerlain loads. Insterd, it was found 1hal a 1-plF
capacitor from pin & 9 growml would eliminate
regenerative tenddenc oy in dle amplifiar,

A frodhack path between the pradoct detector
amid 1he audio stage theougle the sepply wiring,
was found when certam highampedance ol e
souteed tsoch as carbon-zine batteries) were used,
This was cuped with a Z000-pF clectroly e spavis
tor fenm the supply line to pround, The copacitor,
showmy ik thae comteobciresil dizgram, Figo 10, Part
U sbso Bedps to rechaze mipple Trom un se sopely, or
feon 2 i alternalor

A

The aze system isa virdation of one designod by
WICEK, dor wse with the CAZ028." Origingl plans
were foroan age syslem wsing the MECG0M0
clectrenic attenuatos This schems did nol work as
well as desired, s the 0 age arcingement was
pressed into service, The CAIO2EA & amplifier,
£, i the only stage controlled, so the ngo rznge is
somew bt Bmited. Performance is not specleewlur,
had the aper is capahie nf handling e strorg local
sipnals encountered in SIEMHZ operation, Parl of
the S-MHy §-f cutput is fed 10 2 CAIO2EA cascode
awe wmplifier, U4 in Fig. 4, producing abow 40 di
of guin. Outpur of this amplifier is detected in 2
ampld volluge doubler, with RO time coastants
selectable ut this point for fast or dow apeacion,
vidg 1. The de level from the voltpe doubler is
stepped up in a3 twoestigre deamplifier, 03 and 04,
which supplies both S-meter cueren! apd uge
voltage o ihe - stag,

25-kHz Calibrator

The calibration escillzior assembly indieated in
the block disgram is 3 rccommended  Bualtam
seeessory for the teomscoiver, A 100:kEle oovstal,
Y1 im Tig & s bsed in @ JPET  oscillados.
Calibration intervals of 100 kHz are of little use in
the small funing range of this transcciver, @ 1wo
A8 fhapettops, U5 und U6, were added, to divide
the 100kH2 referenye down to 25 kllz. The rich
harmonic content of the Gip-flops exlencs well
into the 50-MH? mnge. The calibrator onpat s
Brcwght inte the recelver thoough ministure 50-
olirn vuas {RG=1730 ), Strav coopling between un
exposed seelion of fhe inncr conductor, one invh
long, and the inpu? transformer of the meceiver,
wives adequate calibrator sgnal m the receiver.
Coupling is not critieal, and the exposed lead can
merely lie adjacent to the input cocuil.

! rhe Radioo Amareie’s Handbook, 1573 and
1474 FEditions, "A Receiving Package for 3010 144
M2, Chapier 8,

L WETEm

& v ALV

Fig. 4 — Schematic ¢ragram al 1he age and S-meter amplifier, Ports not deseribed dra numberad for

1nx1 relorence,

51 — Z-paoly Z-pasition 1oggle switch, cantar off,

Ud — I-f amaplifier ICTRCA CAI0IEA|

1amH 52

Wi kHE
ol Fl

= -

+13.6 ¥ ICY
O—{?}n;_ 1]

Fig 6§ — Schematic diagram of the 2B-%Hz coysral calibrator,

G168 — Ceramic trimmer, ¥- through

A5-pF.

52 — Spst momanary-on, push-

butron,
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us, UG — LK flip-flop {Farchild
NI

1 — 100-kHz ceystal, for 32:pF
lozd {international Crystal Mg,
Col.




From March 1975 QST, p 27:

QRP Transceiver

for 50 MHz

Part 11

Side wipw of the K1ZJH 580-MHe trangcaiver, with
caver remaved, showing the transmitter ff ampli-
ger sltagrs. not complately seen in the top view,
art

NSOFAR as prictical, description of the K 1Z1H

S0-MNz transceiver was divided to put receiving
assemblics in Part | and transmitting units in Part
IL, Severnl board assemblics serve bath functions,
including the %MHz filter in Part 1 "his con-
eluding portion vovers other dual-purpose units of
the transceiver, o= well as thode wsed for trans-
mitting only. As n Part I, order of apparance is
indicated by wnit sumbers in e Dlock diagiam,
Fig. 1.

The 5-MHz VE()

The VIO and the 36-MHz L‘r!.l_i.l:i 1|ss|.‘i]li|l|;_'|rI
Fig. &, determine both the transmitting and re-
ceiving frequencies. The VFD design wa: adapted
from one uwsed 2y WIKLK in a 20-mefer ssh
tranemitler.? The Colpitts oscillator uses an ROA
40841 MOSFET, Q3F, with gates tied together, A
IN?14 stabilizes the pate woltage, scducing laa-
monic  generation by limiting  deviee  trans-
conductance on positive voltage  peaks. Two
medivmemin 2N2122A transistors, Q6 ard Q7, in
an emitter-follawer cireuit match the VEO output
to 500 ohrns The 5-MHz energy passes tirough a
lovw-pass filfer, to climinate harmonic outpud from
the buffers It then goes to the transmitting and
receiving mivers through BG-1 74U coax,

Chszillvtor waltage regulation was net found
necesiary, but ¢ar be done with a 9 F-valt Zener
diodz from the cscillstor deadn 1o groumd. This
diode and the 2200hm resistor already in the drain
fead should not be in phyvacal provmity o
frequency-determining circuits of the VFO, as heat
dissipation by the resistor ond diods might cawse
oscillator drlt. A diode-switched capocitance (C19
and CI0 in series) off-sefts the VEO during Isb
operation, to preserve dial calibration,

The VIFD s =et to cover 5.08 to 5.1% MHz,
piving tand coversge of S5TLO8 to 50,19 WHz, This
allowys  operation in the wpper porlion of the
cweonly band at 50,0 to 50L1, and also ow or ssb in
the first 90 kHz of the volce band. Most current

¥ The Radio Amoteur's Handbook A 20-Meter
Sideband Transmitter,” 1873 Edition, p, 414,

THeiball. “Tntearated Circuil Balunesd Modu-
lator,™ Hott Radic September, 1970,

weae of both modes is in Lhis range. More coverage
can be had by using o larper capacitor {more plates)
for CLY, Mote that the ceramic mdder, C21, hasa
negutive lemperatuce coefficient, [ts "W™ value can
be selected expecimentally, of the N330 specified
does not correst oscillator drift sdegquately. Or, a
smiller capacitar of the mone common N750 1y pe,
wsed bn parallel with an NPO, can be tried, 1o
comect arl’ in environments different feom hat in
which the Jutrlur's rig operates,

The VIO dial is an old Matiopal Type MON,
with a lackson Hrothers ball-beasing vernier drive
in place of the original planctary mechanism, This
gave the smooth free feel that is s important in a
dial that s to be ssed For receiver luning, as well as
for VFO control, No peaking or Tacking controls
are nescbed, @4 the limited tuning ranpe of the
squipment  climinates  iracking problema.

Except for the main tuning capacitor, C18, and
its padder, C17, bath of which sre visible in the
top view, lowser left corner, the VIFO assembly
cannol be seen in the photograshs. The circuit
bozrd and VFO components are in 3 Minibos-1ype
enclosure, Tor thermal and electrial Bsolation, The
box iz under the 23-kHz oscilbitor board, left
center of the top view. 10 ds imaortant that the
maounting 3f all VFO parts be dgld, and specinl
care shoull be given to the dial drive and variable
capacitor sssembly. [T neceszary, the front panel
amd ehassh can be geinforced with  additional
thickness of wleminum, in these areas.

F6-MHz Heterodyne Oseillator

This camllator, shown schematically in the
lower portion of Fig 6, also serves Both (rans
milling and ceceiving functions. A INIO04 rrnsis-
tor, 8, is used with o 36 MHgz eryatul, ¥2. in a
reliable overtone cscillator cirewil, to furnish in-
jection for bath tansmitting and receiving mixers.
In the recxiver it heterodynes the signal to the
14-MHz range in the fesr mixer. Q1, Fig. 2. In
tramsmitting it beats with the 14:MHz output of
the second lransmitting mixer, 213, Fig. 8, to
produce the 50-MHz signal tha is fed to the
amplifier stages of Fig 9.

The oscilllator collecinr voltape is Fener-dinda
regulated, 1o maintain fFequency stability and ¢f
output level with varying supply voliage. Two
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lightly coupled tuned cirewits are uied (o reduce
harmonic content in the output. The gimmick
capaciton CI3 15 adjusted to provide the minimum
coupling needed to develop 1.5 volts pkepk for the
mizers. The second tuned circail, 134024, wo
added after the 36-MHz oecillator board was mude,
It is seen in the wppercentral poction of the
tor-view photograph, above the oscillator sasens-
Bly.

Sideband Generation

The sidcband generater, Fig. 7, (3 the larpes
und most complex subassembly in the transceiven.
It iz seen in the muddle portion of the botlom-vies
photograph, Included are o erysial oscillator, 09,
Pwo spesch stages, QL0 and 211, and a balanced
mexlulator, U7, The thre: orystals, Y3, Y4, and
¥4, arg available [or wse with the KVG Ffilter, and
thesr frequencies are selecied (o provide upper and
lower sidebands and cw, while maintaining the di]
calibrntion Tor all modes

The balanced modelator is o Motoroh
MCIS960 10, wsing information  supplied by
KIJWR," BFO ipjection i eritienl [or maximum
carder  suppression. There should be 150 mV
developed g1 Pin 8 of U7, This ¢an be adjusted by
sutslituling other vahees Tor the B2-pT coupline
capeitor, C2%, A multiluin Trimpot was used foe
the carrier balance contral, B3, for sccurate and
stahle comier nulling. Since there is no of enorgy o
thi: point, only a de level, the control can be
located away Troon the alanced-modulator ci-
cui'ry ul any convenicnt paint, with no deleterious
efficts.

In the cw mode the cursier suppression i
purposely unbalanced, to genenite o carrier ai the
MUTYEL outpuat, and ako a crystal within the
filter pascband i3 wsed. Opemtion with z-m i
posible, though not shows here, by increasing the
value of the 100kohm resistor, RS, used for cargier
Insgrtion, A point will be found where satisfacton
am is penerated, minus one sideband, of cowre
Tht two frequency-settirg capacitors, C25 and
C26, associated with the wo sideband BFD crys
tals, are wsed in conjunction with B3 in nulling the
currier. All settings interact, and it will be neces
sary  to repeat  adjusiments  several  times, oo
maximum caerfer ecjection onm both upper and
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Fig. B — Schematic disgrams of the VFQ and
JG6-MHz  oscillanor used in the KIZJH 50-MHz
wansceiver, Fars nor deseribed are numbered Tor
rawt refargnce,

G117, C24 — Caramic trimmar, 7 10 45 pF.

C18 — Shaft-type miniare varinble, 35 pF.

C18 — Cerdresic Grinsmer 1.5 — 7 pF.

G20 = 1-pF silver-mica,

21— 100-pF disk caramis, neg. temp. coet, Selecs
M wvalug for minimum oscillator drift,

uzprd,
C22 — Ceramic trimmer, 5 — 26 pF.

C23 — Cimmick capacitor; tywea T-inch angths Mo,
24 Tetlen wie, bewistud o yive desiced rise -

injpction lovol, 1.5 W pk-pk.

RIEEER

MIZ0 L12, L1} — 12 tuims like LT1, exeept Amidon |

136 Y
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FIG, 16

LACEFE &% amDiTaf ED, DECIWAL
VRLULE OF TAPACITANIE &AL

. MERGFRAGE L o ), STAEAS
ZRE s PUOFARADE [ pF O Lpl )’
FESIETANCES 4RE 1h GHMS]

s 4044, W | 303 Can

MOTE: Enanaled wire may be used wharovar Mo, 26 Taeflon wire is spacifiec in this
project, sa lang as the builder is caralul to avoid abrason damags during construction.

L1171 — 6 tirms WNo., 26 Tellan wire on 1/ Zinch
toroid core lAmMiden T-50-2, red),

T-B0M6, yeliow, |
L&, LT&E — 1 turn each, bifili-wound at low-Z ]
and ol L13,

WRT =8 Tovall Tonatl Zeower diode.
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Fig. 7 = Schematc diagram tor the sideband

pererator in the 53-MHz franscpiver. Parts nor

deseribad are numbered [or 1ex1 rafgrance,

C25-C28, incl. — Cesarmit trimmar, & — 26 pF

C29 — Ceramic trimmes, 7 — 45 pF

L1G — 32 turns Mo, 28 Tellen wire an 1/ inch
tarond core |Aridon F-50.2, red)

L17, L18 — I tuens each, Bilder-saand al

lawe-Z and of L16
L19 — 20 turnslika LG,
L20 — 9 turng Mo, 28, en core of LIS,
A3 — 50,000-0hm coeniral,
Ad — 1.Megohm audio contral,
53 - Bingle-pole J-position wilar awitey,
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ur -
MET496G).

WRZ — 9.1 ol T-watt Fenper diods

¥3. Y4, ¥5 — Crydtals, frequencips as indi-
cated, ordered with FL1 (Spectrum Incer-
natioral MFROZ, ¥F201, and XF903, re-
spectivaly ),

Balanced modulator 1C (Motorola

For upcated supplisr addresses, ses ABRL
Parts Suppliers List in Chapter 2.
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Fig. B Echematic diagram ol the trensmitter

mixer sssembly for the 50-MHz2 transceiver.

C30, C31, £33, C33, C16, CI8 — Ceramic trimmet,
8 — 28 pF,

C32, C34, C37 — Gimmick capaciior; tao 1-inch
lengths Mo, 24 Tellon wire, twisted theee times;
approx 1 pF.

FiG &Y

41— Closydrineuil jouk,

L21 = 10 turns Mo, 26 Tetlon, o1 1/2-inch teroid
corg [Amidon T-50-2, red].

L22 < 30 rwrns like L21, on same cora,

L33 — 27 wrns like L21,

38 MHE
LSY pe—pi

L2, LZ5 — 30 turns, like L2,

L26, L27 — B 1urns, hike L21,

L28 — 2 turns on same cor as L27,

12, 413 - Gateprotected MOSFET (RCA
308411

RFCY — 4 ferrite beads |Amidon 431011,

CLASS &L AMP

LT

g -amep TRAP
L

(]
ERCESF B IMI-TRILD, DLW AL
VhLUER F € abeciTanch - 4w o
e WUPERLAEERT | GF | ATUESE [

AHE 14 PICCHARADT (P OA LEr), qrmf—_‘

CLASS A &MP

0 MEHy

CagZ.
1en

2Fo

HEMETANLES akL o [eus,
WAL T.L
=3 El
o 1w

TR i [ TR e e [ D |
Fip. & — Sehematic diagram of the tram-
miltrer 17 amplilier stiagas,

£33, Ceramic trimmer, 7 — 45 pF
C40-C45, incl, — Wica trimmer, 9 — 180 p=
{&rcosElmeance 463},

C4E, CAT — Small tamtatum electralytic, 13
LF, 10 volis IMallory MTP-106M012
P10,

L33 = 10 turns Mo, 26 Tellon on 1/2-inch
taraid core {Amidon T-50-2, red).

L3I0 — B turns, like L39,

POWER amp

A0 Mg

2

B

L31 — B tums, lika L29,

L3Z2 — 9 tums, like L29,

014, 015 - 2M4427 (ACA), ZMNIRES also
usable lcr Q1S

Q16 — ZN3EI2 lsurplusl. 2NIZTE dlsa may
be usable,

AS, A, BT — 1-shm 1/ 2watt compeasition
n::ismrs in paralial.

ey
ot
T

A8, RIO ~ Approximate values; sdjust lor
collector currents of B0 and 100 maA for
014 and Q15, respactively.

A1l - Approximate valua: adjus1 for idling
current af 30 ma for Q16, or best
| narity in Swe-tonn fext,

AFC2, RFC3 — 4 ferrite beads (Amidan
£3-10%1.

WS — 10-wali 1-weatt Zenar diode.

lower sideband, The trimmer C217, far the cw BEO
ceystul, b= simply set ut the point whers no further
increase in carrier oatpul is obbined,

The output of the balepeed modulator poes o
the KVG filter, where the unwanted sideband and
any trace of camier are removed, Resistive loading
of the KVG ports n the rronssnt mode (iesistors
ueross L30 and L2H) was done for impedarce
matching.

Transmutier Mixers

The transmitting convertzas laing e 3-MHe
signal up to 50 MHz in (ke opposite order of

conversion to thal of the receiving swection. Bath
mixers, QI and 13, are 40R4 1 MOSEFETs. The
first uprconverts the ®-MH: filter output to a
14-MHz hardpass i-f, by heterodyning it with 1he
3-MHz VFC output. Three lightly coupled tuned
stages Tollow this mixer, forming 3 14-MHz band-
pass filter, This s wvery important. reducing
spurious miring products that would ofherwise be
compounded in the next mixer, and also elimi-
nating harmonic multiples of the YFO (requency,
{The tenth armonic could be espeeiully treuhle
some) The jource ground return of the first mixes
is keyed fon cw upmeradion, vin 11 in Fip 8,

The second transmitter mixer combines the
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14-MHz i-f with energy from the 36-MHz hetera-
dyne osallator, to produce the desired SOMEHz
signzd. Twn lightly  cooplad S8 1O stnges
Tollesy the second mixer, These reduce 26-ME7 and
harmonic feed-through, as well as any undesiced
mixer  producis  present. As with  the 40673
MOSFETs, 1.5 volix pk-pk s the recommendad
injection level at {rate 2 of {1e 40841,

Amplifier Chain

Three stapes are nesdec to bring the SOMHz
output up ta tee Sewalt lovel. The Girst bwo are
IM4427s, biased for ClassA operation. Heat sinks
are aceded o dissipate the heat pencrated in




Class-A service. The 2N4427 s designed for ubi
service, and i is fwirly “hot™ at 50 MHz Much
empirical desipn went into the development of a
stelile chrcuit, resulting in quite a few gy hairs foe
the author, Collecor-to-base degenerative [eedback
s gisad 10 reduce the pain of the 2N44 275 and this
inproved the stabilily and linearity of hoth stages.
A CININAD? overliy transistor loals adorg in the
oulpul amplifier sape, This larger-than-accessary
type was used muinly becawse it is plestiful and
laswrpiiced on the surplas market,* end it works
well at 500 MHe. The final stage runs Class B,
producing abowt 1.5 watts averapgs ssh oulpul.

The hase-blasirg resistors of the 2M3427 ctapes,
RY and K10, may have to be altered slightly to
oblzin fhe desired collector cirrents ndiated i
the parts list. The idling current for the 2N3632 05
I mAL ALl base-bins levels are developed from a
livolt line, Zemer-diede wpulated too msere o
N g rating ez fo the devices, with varying
supply voltages. & twoslone fest® will indicate
proper bizsing of the 2N3632 amplifier. and also
the maximum awrpe collector curren Tor the
stape, betore flat-tepping covars, This was E30 mA,
on vae [le:lk-\., in the aothor’s transceiver, The
IMIA3Y draws XS0 mA in ow operation. The
two-tone test will also provide a good indication of
spueiaos oscillations, which sometimes oecur only
at certain power bvels. or with mismatched loads,

Collector currend in the 2M3637 is menitored
wcross W, the va'we of which 15 adjusted o give
full-scale deffection with 500 A, with the 3-mA
meter wsed by the suthor. A suilable shunt cen be
made by owinding Dne wize on a lowwalog pesestor
cxperimentally, The meter circuits shown alse
ailow nonitoring of  the supply  voltgs and
relatwessigmal strength.

A apecteal andysis made ot the ARRL Lab
showed o very clean oulpul from the brmssnitier.
Only the sccomd and third Barmanics of the oulput
frequency, and a 90:MEL: spurious ignal, were
evadent, and in all cases these were better than 50
dB down, referenod w0 the carrier.

Rewults

A brief surnmary of on-the-air experignee vath
the tramsceiver miay be of interest, During 2 recent
VIE Party, V1 ARRL Seciions were worked froem
the author's home i Nerth-Central Connecticut,
These included @l Mew Enpland except Bhode
1sland, and Eastern Pennsylvania, Nootlern New
Jopsey, Eustern Mxw York, NYC-Leng Bslmd, and
Delaware, Not ol Por three watts! Under noomal
conditions ssbocontacts are made regalirly with
New York, New lampshire, and the Beston area,
4t distances out - 0O miles o atore, with lictle
difficulty ur Fandare, and ouwt e 200 mles or =0
whin the conditioms ace ook Weve cven hod

10L& W COWTACL CRCLNTSE
SELGYW

- [b F18E Y
| COMT Mudus
Fii.e

Fig. 10 — Schematic diagrarm of he power supply
ard cantrsl circaits dar he S0 MHz ronsceiver.
Capacitors tre glactrolytic, wilues in gF,

CAT-CRA, mel — 100 PRV, 1 A

F1, Fd = 1+4 fute,

E2 = 248 tuse, slowe-hlow.

J2 — Coaxial jack, S0-739,

K14, KI1B, KI1C Kimaturg -pols, 2-position

snme siecees i aurnsae which should help to
dispel concern ahout  low  power and  awrorad
comanication,  When  the  tumd  opens Lo
sporadic=F skip, it Is anly o matter of finding a
clear space to jump into - aml there's usually
plenty of om abave ebout SOUL2E o1 so Almost
anyone heard well can be worked., with o Titgle
perseverarce, skill, and elifashioned luck, Locals
are often skeplical of the clabmed low-power level,
but mennizg this way has been a great boon 1o
neighbachond | reception.
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reliey, T20-chm coll. Vary wvalug of, nr glim-
inata, M2 lar other coil resistances.
54,55 — Spst rogale,
568 - PTT swisch nn micraphone,

57 - Double-pole, I-position wafer syatch.
A13 B200 ohms, or valus to gqive
tubl.scale detlection witd meter used.

VR - THaalt T-watt Zener diode.
YRS, VARG — 1H-voll T-wan Zener dinde.

Awgd

As ds Likely 1o be the coze with constauction
projects, this one has peneraied ideas for improve
ments and secessories, A recent addition s a
b 2vaolt selid-state amplilicr, capable of delverirg
up to 30 watls, A patching high-currenl power
supply has also been addul, A 2-meler ransverler
ha been completed, and is now in use al K1ZJH,
DM ed
iThe Aanio Amateur’s Hanobook, Two-Tone Test

scope patterns and generator, pages 401 ard

a2¥, 1973 and 1874 Editlons,




From November 1986 QST, p 43:

Audio-Filter Connections For The Ten-Tec Argonaut

Transceiver

01 have a Ten-Tec Argoaoup 509
transceiver. After [ purchased an outboard
audia filter, there were some unezpected in-
terface problems, When a sharply tuned filte:
is placed in e audio line, the sidetone can
be filtered out.* Also, my filter supplies only
about 1 W ol audio, which is plenty for head-
phones, but not for & noisv room.

Some investigation feveals that the 309
audio is generated and preamplified on the
IF board. Asa matter of fact, the optional
Ten-Tec filter is connected within that stage
vig pins 4 and 5 (FILTER ouT and FILTER T,
respectively) of the rear-apron accessory jack,
{These pins ar2 shorred when no filter is used.)
There iz a mix up in the nomencloture

between the |F-board schemartic and the block
diagram in my instruction manual: Pin 4
should be connected to the Gler outpat, with
pin 5 connected 1o the filer input,

My outboard filter has a fixed gain of
about o, which is ideal for use in the Argonaut
[F stage, It vour filter has seme gain, the filter
ampliler (usually an LM38D) can be thought
of as an output amplifier that is also capable
of higher output power, Tt will probably wark
just as well with lower drive levels. Therefare,
when placed between ping £ and 5, most any
audio filter should work,!

This set up leaves the sidetone and (he
audio sutput power much the same as before
the filter was connected. To addition, the Cler

is within the Argonan AGC loop. [ havehad
no problems with this arrangement, —Michae!
Martin, KD1ZF, 2:7 Neville Cir NE, Falm
Bay, FL 32007

A[The sidetane frequency of the Argonaut 503
is adjustable, and therefore doas aot
necﬂssarlg correspond 1o the recelve
offset.—Ed.]

S[Editor's Note: If your filler has a gain contial,
sof it for unity gain. The chial hazard here
iz that the filter wil overdriva 1he 509 audio
stages. If thera is such a problem, simaly
build an attenuator to follow the fitter, Pan
values for bath T- and pi-network atlenuators
ara given in Chapler 25 of the 1985 and 1286
ARAL Handb 5]

From Octoker 1988 QST, p 40:

Curing Mechanically Induced Frequency Jumps In The Ten-Tec

Argosy 525

I If you push with a finger on the top of
the pancl or casc of an Argosy 523, the fre-
guency of the rig's permeabifity-tuned
oscillator (PTO) may change by 200 Hz or
more, seldom returning to the original fre-
quency. Here's how | climinated this
problem in my '525.

Remove the rig’s bottom cover. Careful!
The speaker leads are not very long and
have no strain relief, so take care not to pull
the leads out of the speaker. Check the left
front foot scraw for excessive length; mine
was digging into the plastic portian of the
'525's phone jack, Pressure on the ends of
the frant pangl results in pressure on this
screw; the resultant panel twist is coupled
Lo the PTO. IF this condiction is present in
vour rig, snip off the end of the screw with
cutters.

With the '525's cover removed, T dis-

covered that touching the PTO cover or
bringing pait ol the '525's bottom cover
near the PTO cover can cause wide fre-
quency changes. This suggests that the PTO
shielding is inadequate. To correct this
condition:

1y Remowe the small bracket on the side
af the PTO housing that normally receives
one of the mounting screws for the frans-
ceiver bottom cover,

2} Loosen the PTO cover by backing the
PTO-cover retaining screw out a few turns,

3) Remaove the picce of fiber board that
insulates the PTO cover from the PTO
aluminum housing.

4y Cut a picce of household aluminum
foil a tittle wider than the length of the tiber
board and about 10 inches long, Wrap the
fiber board with about three thicknesses of
foil. Cut a hole in the foil corresponding
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to the hole in the fber board to permit
access 10 the PTO alignment coil slug.

5) Slip the foil-wrapped fiber board
back into its originel position and tighten
the PTO-cover retaining screw to clamp the
foil to the PTO houwsing.

6) Reinstall the bottom cover of ihe
'525, omitting the screw that formerly
engaged the PTO bracket,

This completes the modification., Note:
This procedure shifts the Argosy 525%
tuning calibration somewhat, so vou may
reed to reset the tuning dial to restore
proper calibration, [f vou find that the
taning shift is excessive or the dial track-
ing is off, consider realigning the PTO as
deseribed o the "525's manual. — Charles
J. Michaels, W7XC, 13431 N 24th Ave,
Phoenix, AZ 85029




From February 1086 QST, p 571:

AGC and RF-Gain Controls for the Ten-Tec Argosy

11 have met many users of the Ten-Tec
Argosy transceiver on the air and, while all
agree the rig is 2 fine performer, most wish
it had an RF-gain control. Simce the Argosy
operates QSK and uses only AGC to set the
RF gain, the noise between dots and dashes
can be quite raucous, as the receiver gail is
wide open until the AGC takes control. My
outboard RF-gain control requires absolute-
Iv no surgery to the rig and is within the ability
of nearly anvone; the only disassembly
required is removal of the top cover.

The eircuit in Fig 1 applies an adjustzble
voltage to pin 5 of U {(MC1350), which isthe
AGC input. It controls RF gain in the seme
fashion as the AGC and has no effect on
normal AGC operation. S-meter reading
decrease along with the RF gain. Place the
cuthoard control onany breadboard, box or
what have vou. Connect the control to the
transceiver by passing wires through the
centers of the rivets that secure the phono-
jack panel to the transceiver rear panel. The
ground wire of the new control is connected
tox the ground wire of the jacks, just inside
the '525 rear panel. Obtain + 12-V dc in the
same manner from the 12-v AUX jack inside
the rear panel.

To make the control lead, slip a ferrite bead
over the diode lead (cathode), and form the
shortest hook with which vou can work,
Solder the hook to the lead of R29 (10 k&),
which is centered on the end of UL

My control works nearly as well witkout
the diode and ferrite bead, but I seemed to
get a bit of filter blewby without them. This
RF-gain control definitely improves CW oper-
ating convenience, especially on o mnaisy
bhand.—Ned B. Smith, NOCWW, RR [, Box
163, Ryan, 14 52320

[7 Ten-Tec issued a bulletin, THN2-313,
describing how to install an RF-gain cortrol
in the Argosy 525, It requires that a small,

10k
EZk 22k
Dt
+12=v DC I
RF GAlY

Fig 1—=Schematic diagram of NESWW's
AF-gain contrel circuit for the Ten-Tec
Argosy 525,

concentrie, dual-10-k{l potentiometer be in-
stalled in the AF-gain position. Suzha “pot™
I have not, so | added an outhoard RF-gain
control and found it to be a big help.

Then, inspiration struck: Why not reverse
the Ten-Tec design and have a fixed audio
gain with variable RF gain? My scheme
worked well, and you can have the final ver-
sion without drilling any holes. Furthermore,
you can returm to the orginal lavolt very easi-
Iy by pluggng the connectors from the
original aucio potentiometer back into
terminal 43.

To perforra the modification, proceed as
follows; Remove the two connectors from ter-
minal 43 of the IFAF board and move them
aside for Muture use, Wire a miniature 10-k0
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potentiometer to a four-wire connector that
will plug il tenminal 43, Adjust the poten-
tiometer for an optimum audio level.

Mext, turn your attention to the two con-
nectors that are wired to the original audio-
gain potentiometer and hook them up as
follows: The adjustable arm of the poten-
tiometer goes through & 1M4148 diode to the
cammen junction of D9 and D10, Connect
one erd terminal of the potentiometer to
eground and the other to +12-V dc.

Set the RF-gain potentiometer to midscale
and procecd with the *“smoke test.”" I found
the adjustment critical because the full range
is only a conple of dial markings. {If the RF-
gain control works backwards, reverse its bat-
tery and ground connectiors.) In spite of the
RF-gain control, & strong signal 511l generates
unwelcome audio pops, sa [ added an ac
omAOFF switch. [An AGCtiming modifica-
tion for the Argosy seriei appears in the
Movember 1983 Hints and Kinks column.
—Ed.]

The acC ON/OFF swilch was created by
breaking the connection between D2 and Q3,
and witing in a switch. Discennect the ac leads
from the switch associated with the new RF-
gain control and use that switch as the acc
or0Fs control. [This leaves the radio
without a power switch. When used with a
switched supply, such as the Ten-Tec 225, the
ac-swilch leads may be connected, in which
case power o the '525 is controlled by the
switch in the power supply. When a battery
or unswitched supply is used, place a power
switch (15 V, % A)in the de line to the radio,
or add a new switch to the '525 in a location
of your own choosing,—FEd.]

Full Q5K CW operation is a most satisfac-
tory experience using a manual RF-gain
contral and no AGC. 558 works well with
the AGC on.—Jock L, West, WaliD,
3670 Mantclaire 5S¢, Sacramento, CA 83827




From January 7984 QST, p 30:

City lot or “rancho grande,”
need certain types of antennas to maitch available space and
operating preferences.

| remember the mess | made of things
back when | erected my first ham antenna.
Mobody told me it wasn't just a matter of
erecting & wire of & specific length (130 feer
was the magic number 1'd picked up for 80
through 10 meters back then). Somahow,
I had failed to lzarn that the end-fed wire
had to be matched to the transmitter, and
that the height above ground had a lot o
do with how Tar away my signal could be
heard., Perhaas some fundamental
knowledge can save you the agonies that
many of ns had to endure at the sart of
our ham radio sareers,

As 1 look back on that first installation
at WNBHHS (hovice), | recollect the nail
biting, finger drumming and the staring
into space that came as a result of being
unahle to make my homemade CW trans-
mitter develop output power with that end-
fed wire attached te it. My st week on
the air netted a handful of contacts on 80
meters — none of which were over paths
greater than a few city blocks!

Then, guite by accident, the transmitter
showed high PA (power amplifier) plate
current at the dio (resonance), and [ began
to work statons all over the USA. What
had changed? Earlier that dav, [ had added
an improved manual TR (transmit-rzceive)
swilching arrangement 1o go from transmit
back to receive (actually, it was a knife
switch and some added wire in the shack).
Could this have helped me? 1 changad

*“ARAL cl:.'l'lll'lbutillu Editus, P.O, Bux 2530,
Luther, MI 42655

I'l-b:.'p FO THIG WIRE
AHE IHSUL AT

wEED

things back to their original s:ate, and sure
enough — the transmitter wouldn't load
up!

I learned later on that the extra feet of
wire (plus the switch) | placed in the
antenna line had changed the feed-point
impedance of the wire, making it just right
for a suitable match between the antenna
and the transmitter ourput amplifier. Had
I known about antenna tuners then, the
problem would never have existed: | could
have matched the wire to the transmitcar
and receiver Tor use in any of the high-
frequency bands. The pursose of this
article is to round off some of the sharp
edges on antenna problems that could con-
found the beginner. The topics are based
on oft-repeated questions we've answered
at ARRL Hg. over the vears.'

What Kind of Wire Is Best?

You'd be surprised to know that a great
number of hams — new anc experienced
— are uncertain about which type of wire
is best for antenna work, “*Will insulated
wire be okay?™ Another guery has been,
“Will aluminum or stee] wire radiate satis-
fFactorily?" as well as *'Whar wire diamerer
{pauge) must I use?'" Well, the straight
dope is that none of these are especially
critical when you are dealing with wire
types of antennas below VHE. 1T [ were (o
offer a rule of thumb for these questions,
I'd say something like, **Use whatever you

"MNotes appear at end of anicle,

QRP Classics 172

Some
Practical
Antenna

Con5|derat|ons

DX or slaleside communicaltion, we

By Doug DeMaw,” WiFE

can round up quickly and inexpensively.””
Of course, the streneth of the wire should
be sufficient to provide longevity and
safety,

The Matter of Insulation

Ul always remember the amateurs who
asked me il they could use antenna wire
covered with plastic insulation. Perhaps it
15 @ reasonable thing to wonder abour; after
all, insulation is an electrical barrier at de
{diract current) and can be a barrier in some
ac falternating courrent) circuits. Despite
this, I have used all manner of insulated
wire in my antenna svitems, and most of
them have worked quite well. Among the
wire tvpes employed were nos, 12 and 14
solid and stranded hous: wiring with plastic
jacketing, ordinary clectrical hookup wire,
cotton-covered bell wire, pieces of ac line
cord and, ol course, enameled or
Formvar® -insulated copper wire.

The insulation does not impair the radia-
tion properiics of the antenna. In face, |
prefer insulated wire, because it virtually
prevents unwanted oxidation of the copper
or aluminum conducter. In some cases it
adds strength 1o the wire — another
benefit.

The classic antenna wire among begin-
ners seems 1o be the stranded bare copper
that can be ohtained atmany parts stores.
This is acceprable wirz, but it will turn
black or green rather quickly in polluted
air, such as we find in industrial areas. [t
can became brittle and break in only two
or chree vears if the air contains con-
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Fig. 1 — IlMustration of the skin effecl of a
conductor lor various froguoncy ranges, Tho
plection flow is rara aflactive (grealor
penatration) as ithe frequency becomaes lower.

siderable salt anddfor acids.
replacement cax be costly!

If insulated wire other than the enameled
{vpe is used 1o prevent corrosion, Je sure
io seal the open ends with epoxy cement o
prevent migration of pollutanis and
moisture into the space berween the wire
and the jacketing material. A masvelous
new antenna wire with plastic insulation
and rugged conductors was recently made
available to amateurs.” If you are thinking
of a new antenna for many vears of use,
thiz product miy be of interest (o you.

There may be an exception o the state-
ment that insulation does not affect
ontenna performance, | was rold by two ex-
perienced amateurs that they had difficulty
when fashioning cubical-quad elements
from vinyl-insulated house wire, The length
formulas for the loop elements were of no
use when using that style of wire. 1 haven't
investigated the phenomenon vet, but the
cause of the difficulty may be related to a
change in the propagation factor of the
wire, caused by the insulation, with the
one-wavelength dimensions. At VHF and
higher, there is a definite difference
between the propagation factor {wave
velocity) of bare wire and a conductor with
thick insulation when dealing with con-
ductors that are long in terms of
wavelength.' T have never observed velocity
problems when using insulated wine in o1-
dinary antennas for frequencies lower than
0 MHe.

Frequent

Conductior Material

Can we use steel wire In our anlennas?
What about aluminum? lsn't copper best?
Here we have to ask ourselves what is
meant bv the word best? That word can
apply to such matters as sirength, weight,
conductivity and cose, If T were 10 ignore
cost and handling convenience, and had to
give but one apswer, I would specify
Copperweld® wire. This iz a steel-center
wire with an cuter laver of coppar. The
combination provides good conductivity
and strength. Most amateurs choose no. 16
gauge as a suiteble “*happy medium" size.
But, no. 18 wire is also guite strong, and
it i5 a trifle easier to work with. (Anvone
who has struggled with a coil of spring-like
Copperweld will understand what | mean
by “easier to work with’'! A looze coil can
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Fig. 2 — Various end Inswlators and center biocks mede from plastic matedal. Fabricate your

own antenna hardwara Lo save mondy,

be as cooperative as a snade waiting to
strike!)

Althovgh iron and steel ar2 not as effec-
tive a corductor at radio frequencies as are
aluminum or copper, it isn't so poor that
we should ignore it. | have crected a
number of fine antennas with steel guy wire
as the radiator elements. | have also used
the inexpensive electric-fence wire that can
be purchased from Sears. A quarter-mile
roll costs less than $15! Similar wire, a
slightly higher cost, is available in
aluminum.

The reason we may prefer good conduc-
tors to less effective ones is (o reduce losses
in the svstern. The greater the resistivity of
the conductor, the greater the power loss
in heating (12R losses), Condactivity is also
based in part on the operating frequency.
We have a condition that is kaown as “*skin
effect” — the ahility of the RF current to
penetrate the conductor, The effective con-
ducting area of a solid conductor is gpov-
erned by frequency and skin effect (see Fig.
1). Therefore, the larger the conductor,
genecally speaking, the better the conduc-
tivity as the operating [requency is raised.
Also, the smaller the wire diameter for a
given frequency, the more restricted the
antenna tandwidth, owing to increased O
(guality factor) of the svstem. In other
waords, the higher the O of any resonant cir-
cuit, the narrower its bandwidth will be,
This applies to tuned circuits, filters and
the like.

I have been asked such guestions as,
““What is the smallest wire diameter 1 can
use with my kilowatt rig?"" If we don’t con-
sider the fragility of very small wire, we
might say that even no, 28 wire can be used.
I've used no. 24 and no, 26 enameled wire
a number of times in so-called *‘invizible
antennas’ that were configured as end-fed
random-length wires, | have yet to burn up
a small-diameter wire used in that manner.
The CW or 55B dury cvele, plus the air
cooling of the wire, prevent: current from
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burning up the conductor, Small-diameter
wire also works nicely in radial svstems
{(buried or above-ground systems of wires
that serve as a ground screen for antennas).

Aluminum wire, such as clothesline or
glectric fencing, is ako satisfactory for
antennas. The wo prablems we may en-
counter are (1) difticulty making a good
electrical joint and (2) crystalization of the
wite with stress and time, which causet
breakage. The use of aluminum wire
generally requires the mating of copper tc
aluminum somewhere along the way, and
this invites the rapid oxidation that is sc
commaon when dissimilar metals are joined.

Some hams have been fooled by fate
when they erected artennas made from
soft-drawn copper. Magnet wire, such as
we wind coils from, is a form of soft-drawn
copper. Although it is easy to work with.
since it is not prone 1o kinking easily, it
dopzs stretch under stress.

The langer the antenna, the more pro-
nounced the effect. If the low SWR point
in your system has changed mysteriously.
chances are your dipole or other wire anten-
na has become longer as a result of wire
strateh, IT this happens, you will have to
readjust the system by trimming of T the ex-
cess wire, Soft-drawn copper wire with
viryl jacketing is less likely to change
dimension from weight, wind and icing
stress.

Insulators

If you've priced commercial antenna in-
sulators recently, you may have concluded
{as I have) that the dies from which ther
are cast must be made of gold or platinum!
[ object 1o paying 52 or §3 for an item tha
iz mass-produced from 25 cents worth of
material. So, | make my own insulators
when possible. Generzlly, we should strive
touse insulators that are of high dielectric
guality, such as ceramic, steatite, Teflon,
polycthylene and Plexiglas, Other good
materials are [Therglass, glass-epoxy circuit-




board material (copper removed), phenolic
and other low-loss modern plastics. Many
of these materials can be purchated as scrap
al industrial-plastic outlets, or at a flea
market. Fig, 2 shows some of the insulators
we can fashion from insulating stock.

In the early days of Amateur Radio, it
was not unoommaon to find operators who
were using antenna insuelators made from
pieces of hardwood or dowel rod. The
wooden sections were cul to site, drilled,
then boiled in canning wax or beaswax until
they were thoroughly treated against
maoisture, Spreaders Tor open-wire feed line
were also made from impregnated wood.

Mylon cord is suitable for use as end in-
sulators for wire antennas., Two or more
feet of line should be used to ensure that
losses are minimized when the line is wet
from rain or dew. At this time, | am using
a trap-stvle inverted-V that has 10 feer of
strong nylon cord at each end.' The cord
serves as a support and insulates the ends
ul the wire Trom the ground stakes,

Other items that enterprising hams have
used as insclators are plastic clothespins,
the bodies of plastic pens, plastic pill
bottles, nylon center hubs from photocopy-
machine paper rolls, plastic heir curlers,
nylon six-pack headers and the solid
polystyrene center insulation from RG-8/U
coaxial cable, T once saw an antenna that
had 8-inch srips of inner tube (discarded
after a tire blowout) as end insulators!
Since most rubber today containg a lot of
impurities (such as lamp-black soot), |1
doubt that I'd use the materal in my
antenna sysiem. But, this does point ouwl
that a little ingenuity can save us time and
MOney.

DX or Local QS0s — Which Antenna?

The first section of this artizle can be
considered alengthy Hint and Kink. | hope
the column editor, Larry, WAIVIL, will
forgive me far my transgressions! Bar now
that we have talked about some hardware
fundamentals, what about the antenna as
a whole?

All amateurs are interested inanlennas,
even though they may never build a piece
of ham gear. There is a mystique about
antennas that lures all of us. Fertunately,
that is coe part of cadio that mos anateurs
will try their hands at, and the experiments
can usually be carried out in a short period
at a minimum outlay of cash.

But, what do we desire in terms of signal
coverage? A pood antenna must be
designed for the distance we want to cover
reliably from day to day. Some DX anten-
nas are of little value for close-inwork, and
many antennas for local work are poor DX
performers. Increased antenna height will
enhance our DX capability, whereas the
lower antennas are much better for working
out to a few hundred miles in the lower por-
tion of the kf (high frequency) spectrum.
Then there's the matter of limited space for
the city dweller. Many urban hams can't
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Fig. 3 — An axample of how & tower and 1riband ¥agi might be used as a top-loaded vertical.
The beam gntenna provides some of the top loading, and the extender wire completes tha job,
The shunt arm can be spaced 2 1o 3 feet from the tower. An L netwerk ar other matehing
#ystenm can be housed in & box and locatad at the feed point. This method is applicable to any
unguyed fowsr undar 120 feet In height. The shorter the tower, the longsr the extender wira, If
the tower Is guyed, Insulators should be installed at the tower connectien points, Fig. 38 shows

tha daails of a similar antarna — the inverted L.

erect & tower, and concluce, therefore, that
DX isout of reach. In this discussion, our
principal concern is for high- or low-angle
radiation from the antenna.

Some Fasy Anlonnas

There is a saying among DX chasers who
haunt the 160- and BO-meter bands: A
short vertical antenna and ground system
is much better than a full-size horizontal
antenna that is less than a half wavelength
above ground.”" 1 tend to agree with that
philosophy, having had the good fortune
of confirming 72 countrics over a thres-
vear span on 160-meter CW. The antenna
was a 30-foot, shunt-fed tower with a
mediocre ground-radial s¥stem. A triband
Yagi sat atop the tower., With the same
setup {and 100 W of de input power to the
last stzge of my transmitter), I obtained my
Waorked All Stares Award on 160 meters.
Earlier, T tried inverted Vs and low horizon-
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tal end-fed half-wave wires, but they faled
miserably in DX work, They were super,
however, for contacts out to a few hundred
miles, The same vertical antenna was used
on & meters with outstanding results, [ had
only 16 buried radials in the city-lot lawn,
the longest of which was only 100 fee: in
length. Some were anly 40 feet long. Fig. 3
shows the details of the antenna. For those
who don't have a tower, 2 metal mast can
be used in place of the tower. I only a tree
is available for a support, vou might try the
inverted L antenna of Fig, 3B, Tt should
provide similar results to those of the
antenna at Fig. 3A.

A ground-mounted 40-meter vertical is
2asy to erect and is fairly “low key"' with
regard to being seen by neighbors, We nzed
not use tubing if @ tree support is available,
4 vertical wire can serve as the driven ele-
ment of the antenna. Even a wire that is
sloped less than 45 degrees will have




Fig. 4 — Example of & ground-plane vertical.

[ The radlal wires are connectsd to the metal
r base plate and drooped 81 a 45-degree angle

to provide an impedance malch to 50-ahm

“'E'EE"E,D line. The vertical element can ba made of

1ubing, ar @ wooden support can be added

above the base plate to eocommadate 2 wire
K glement in place of the tubing. I this is done,
il . \(1 Frrpin the whe must be insulated from the wooden

I ‘:,‘ CRELE mast by means of standof! posts. The radial
BRIVEN RLEMENT wiles seive a5 yuys lor the everall systom.
IWIRE OF TUBING! Each wirg is § percent longer than the driven

element, This Is & good DX anfenna for 20, 13

INSULATDR or 10 neters, owing to its low radiation angle.

S

METAL PLATE

predominantly  vertical, low-angle

_ ~HND 1% wWIRE e
raddiation.
5" = For operation at 20, 15 or 10 meters, it
ERin \\, is more practical to erect a ground-plane
o vertical on a pipe mast or chimney mount.

~uEsy Four above-ground radials are sufficient
for gcod operation. They can be made of
wire end used as puy wires (see Fig. 4).

The practical limitation of low-angle ver-
™~ tical antennas is the inharent ‘‘dead zone’
in signal coverage. Signal levels will be high
within the ground-wave contour {usually
under 100 miles), then there will be a skip

INSULATOR zone where the signal 15 very weak (a cou-
EATH FAOIAL« 0G0 14 A ple of hundred miles or more) until refrac-
tion bends it down to earth beyond the
dead cone, That is why many hams with
vertical antennas have communicarions dif-
ficulties on 160, 80 and 40 meters when
trying to work someone relatively close to
them. A simple horizontal antenna, close
to the ground, is frequently used for close-
in QS0s,

A very good high-angle antenna for use
on 75 or 40 meters is shown in Fig, 5. 1 [
dubbed this antenna th: “Lazy Quad”
when | wrote it up for CQ Magazine in the
early 1950s, It is excellent oul to, say, 500
miles — especially at those times of the day
when the band is changing {near sunset and

AACIALS 14 E4 :'_h‘ﬁ.‘\

SIGHAL

POLE ; :
MATLHING oR just after daylight), The ground below the
THM::J::EH ™ THEE antenna acts as a reflectar, and the signal
LINE} is directed skyward. Generally speaking, a
. dipole that is low to the ground has the
e same characteristics, ang that is why it is
LOGE ' mee e o so effective for shori-baul contacts. A
ol dipole antenna has little or no directivity
Ti= Ton FT ¥0E5
o WIFEETI f%A
%0 £ (A
EINE T STR 10N ) Fig. 5 — The antenna al A Is designed for

high-argle (shart-range) cor munications on
75, B0 or 40 meters. The ground below il acls
|-— 1.1-%#55” 4—' as a reflector; the beiter the ground conduc-
ST, S Pl N - tivity, the better the performance, A coaxial
= tranzformer matches the 50-ohm feed line to
WISE " the antenna. The free-apace feed impedance Is
| on ho crder of 115 chms. 1t will be somowhat
T lawer ahon g6 close 1o ground. The actual im-
1 A ot pedance will depend on the guality ol the
" ground below and near the loop, A countar-
poise oop mada 5 parcent kbnger than the
GHAUND WIRE drivan element can be placed 0,15 wavelength
1 b below the qued loop if there iz doubt abowt
; T eur the ground conductivity in the area. A similar
s o Lz 1 syatem is shown at B, It uses a simple dipole
ahove a counterpoise ground or reflectar, it
can be used without the counterpoise ground
if the earth conduotivity ie aocecpiable for
skywaid diractivity.
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unless it is a half wavelenath or greater
above ground. Now, that is pretry high at
160 meters (239 feet) or 80 meters (133 fest
at 1.7 MHz)., We hams tend to think of
antenna height in terms of physical dimen-
sions rather than clectrical ones. That's a
mistake, for even though 70 or 80 feer
seems high, it's very low in terms of
wavelength at the lower frequencics, To
have an BO-meter dipole 30 fezr above
ground is about as poor as mounting a
I0-meter beam 3 fect above ground. None
of us would want to do that! It is for this
reason that a short vertical antenna usually
outperforms a low horizontal antenna for
DXing.

We must rezognize in this discussion that
an electrically short antenna, vertical or
horizontal, is not as efficient as a full-size
antenng. There is always a trade-off to
accepl. Also, vertically polarized antennas
are noisier during receive than are horizon-
tal antennas. This is because most man-
made noise is vertically polarized.

It would be impractical to atiempt to
describe the many wire aniennas suitable
for XX and local operation from a city lot.
The ARRL Anrenng Book, recenty revised
considerably, ontains a wealth of practical
information for those who want to build
antennas. If vou don't have & copy, you
should invest in one.

Ground Systems in Briel

Countless amateurs have said, "1 can't
put up a ground-mounted vertica. because
I don't have room for buried radials.”
“Balderdash,” | am prone to reply. An im-

perfecr gronmd svstem is far hetter than
none ar all! It is surprising to observe the
loud signals that some stalions propagate
with inferior ground screeas. T remember
vividly the whaopping signal from
WIDOL/6 when | worked |60 meters rom
Connecticut. He was usually the loodest
station on the West Coast, and he told me
he was using an 80=-Tuwt vertical with o
ground radials! | dread to hink about the
kind of signal he would have sent my way
if he had had 120 guarner-wavelength
radials deploved!

Those fatalists who won't even experi-
ment may be affected by a case of lethargy.
I think experimenting is the better part of
Amateur Radio. Try a vertical antenna,
even if you can lay down only one or two
radizls. You could be rewarded with better
results than theory dictates. T have always
made an effort to tie as many ground wires
as possible to my antenna systems, 15 there
is a chain-link fence on your property, tic
it into the ground system. Do likewisc with
the cold-water lines in vour home, rods
driven into the soil near the base of your
vertical and utilitv-company grounds on
VOUr property.

Radial wires need not be buried in the
ground. They can be laid on the lawn and
staked down with homemade large staples
10 permit mowing the grass without hard-
ship. [T they can't be laid out linearly from
the base of the antenna, wrap them around
the house, garage and rrees. The main idea
is to get them in or on the ground — some
place,

For those of vou who are afraid of
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disfipuring your lawn by putting radial
wires in it, rake hearl, A lawn-cdging tool
makes a narrow sHt, and the wires need he
only @ couple of inches below the surfaze
td be out of the way. The slits can be clozed
by stepping on them, The grass will soon
gow over the incisions and no one will ever
know that an “operation” took place.

What Have We Learned?

In essence, the intent of this article was
te kindle your courage toward building and
eiperimenting with antennas, Mumerons
cosl-saving shorteuts have been presented
with the hope that vou will have some new
tricks in your bag when vou tackle that next
antenna job, If yvou're wealthy and want
te be top dog in the DX pileups, buy yvour
antenna system. The antennas described
hezre will make no one a **big frog in a littde
pand,” but they'll znable you to enjoy
good communications most of the time.

Motes

TARAL membars may take advantage of the freg
TIS (Tachnical Information Servide) at 11, oy
writing to the Technical Department. Limil the
number af questions with each request, and be
sure lo include & business-size 5.a.5.8, far the
reply to your inguiry.

‘Deleted.

1. Hall, ed., The ARAL Antenna Book (Mewing-
ton: ARRL, 1982).

im = fl » 0.3048; mm = in = 25.4.
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Antennas for Those Who Can’t
Have Antennas!

Radio amateurs don’t engage in covert activities, but there are
times in all of our lives when hidden or “‘invisible’" antennas are
necessary if we are to get on the air.

By Doug DeMaw, W1FB

ARRL Contributing Editor
PO Box 250
Luther, Ml 49656
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DXCC AND WAS WITHOUT HAVING

A

AN UNDERGROUMD ANTENMA |

-|-h|; unfortunate fact of the matter 1%
that somec radio amatcurs dwell where
antennas are probibited, In other sioa-
tions the operator may notl want 19 erect
outdoor antenras for fear  of
neighborhood opinions that he or she is
deastroving the beauty of the residential
area. We amateurs don't regard our

antennas as cycsoes; o fact, we almost
always regard them as works of art? Buy

there are occasions when having an out-
door or visible antenna c¢an  present
problems, especially for those who live in
apartments,

When we are confronted with resiric-
tions, self-imposed or otherwise, we can
tzke advantage of a number of options
toward petting on the air and radiating at

least @ moderately effective sigral, In this
conLext, 4 poor antenna is certainly better
than no antenna at all! A pumber of
techniques enable us (o use indoor anten-
nas or “invisible’ antennas oul of doors,
Many of these svstems will vield good 10
excellent results for local and DX con-
tacts, depending on band conditions at
any given time. Don't erect any antenna
thad con present o hazard (phvsical or elec-
trical) to hemans, arimaols or bufldings.
Safery firsg!

Invisihle Antennas

In some arcas, clotheslines are attached
1o pullevs (Fig, [hso that the user can load
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the ling and retrieve the laundrey from a
pack porch. Laundry lines of this varicty
are accepied parts of the neighborhood
Yecenery,”” and can be used handily as
amateur antennas by simply insulating the
pulley: from their support points. This
calls for the use of a conducting type of
clothesling, such as heavv-gauge stranded
glectrizal wire with Teflon or vinyl insula-
tion, & high-guality, flexible steel cable
(strandcd) is suitablc as a substitute if one
doesnt mind cleaning it each time
clathing is hung on i,

A jumiper wire can be brought from one
end of the line to the ham shack when the
station is being operated, 1T 2 good elee-
trical connection exists between the wire
clothesline and the pulley, a permanent




connection can be made by connecting the
lead-in wire between the pulley and its in-
sulator. A Transmatch can be used to
match the “invisible” random-length wire
to the transmitter and receiver.

Invisible “*Long Wire"

In reality, an antenna is not & classic
“long wire'" unless it is one wavelcngth
{or greater) lomg. Yet, many amateurs
refer to all relatively long spans of con-
ductor as “long wires."” For the rurpose
of this article we will assume we have a
fairly long spar of wire, and refer to it as
an “enid-fed wire,”

If we wse small-diamerer enamelad wire
for our end-fed antenna, chances ere that
it will be very difficolt (o see apainst the
skv and neighborhood  scenery. The
higher the wire zauge, the more “invisi-
ble™ the antenna will be. The limiting fac-
ter with very fine wire is fragility. A good
compromise can be realized by usng no.
24 or no. 26 magnet wire for spans up
130 feet (m = ft x 0.3048). Lighter-
gauge wire can be used for shorter spans,
such as 30 or 60 feet. The major threat to
the longevity of fine wire is icing; also,
birds may fly into the wire and b-eak it.
Therefore, this style of antenna may re-
quire fregquent service or replacemant.

Fip. 2 illustrates how we might install an
invisible end-fed wire, [t is important that
the insulators also be  lacking in
prominence, Tiny Plexiglas blocks work
well, as do small-diameter, clear plastic
medical vials, Some amateurs simply use
rubber bands for end insulators, but they
will deteriorate rapidly from sun and air
pollutants. They are entirely adeguate for
short-term  operation with an  invisible
antenna, however.,

The invisibility of the antenna can be
carried even further if one is willing to use
camouflaging techmigues, This can be
achieved by spraving the antenra wire
with green, tan, brown, black ard ligh
blue paint at 1-foot intervals, In some in-
stances, a singl: layer of gray or medium-
blue paint will help to disguise the anten-
na. The wire must be free of grease and
dire if paint is applied. and the paint
should be of “exterior’ grade, This
camouflaging effect van also be realized
by dipping sections of the wire into cans
of paint of the appropriate colors, as-
suming that spray paint is not avaiable or
clesired.,

Rain-Gutter or TV Antennas

A preat numoaer of amateurs have taken
advantage of standard house Tisturces
when contriving inconspicuous antennas.
A very old technigue is the use of the gut-
ter and downspout  system on the
building. This can be seen in Fig. 3: A lead
wire is routed 10 the shack from ene end
of the gutter trough. We must assume that
the wood on which the gutter is afflixed is
dry and of good quality in order (0 pro-
vide a reasongble insulation facter. The
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Fig. 1 — One farm of hidden antenna 15 shown
in this drawing: The antenna paerlorms double
duly as & radiator and & wash fire. Large-
diamatar insulated wire [{lexible] can be used
a5 the ling, or @ clothesline with a wira cenler
may be erployed, The pulleys ae insulated
from the house and the pols.
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Fig. @ — Ught-gauge enamel-caverad wira
Wworks nicely as a hard-to-see anjgnna.
Althaugh z bird may knock it down from lime
le time, rearaciing it baais having no antenna
at alll

rain-gutler amtenna may perform quite
poorly during wet weather or when there
is e and snow on it and th: house roof,

We nesd o ensure that all joines be-
tween putter and downspout sections are
bonded with straps of braid or flashing
copper to provide good continuity in the
system. Foor joints can caus: rectification
and subsequent TVI and other harmonic
interference, Also, it is prudznt to insert a
section of plastic downspout about & It
ahove ground. This will prevent humans
from receiving rf shocks or burns while
the anterna is being wsed. Inproved per-
formance may result if the front and back
gutters of the house are joined by a
jumper wire to increase the area of the
anlenna,

Fig. 3 alsn shows a TV or fm antenna
that can be employed as an invisible
amateur antenna. Many of these antennas
can be modified casily to accommodate
the 144- or 220-MH2 bands, thereby per-
mitting the wse of the 300-f line as a
feeder system. Some fm anlennas can be
used on & meters by adding no. 10 bus-
wire extengions 1o the ends of the clements
and adjusting them for a VEWER of 11, 17
300-12 linz is used it will reguire a balun or
Transmatch to interface the line with the
station equipment,

For operation in the hf bands we can tie
the TV- or fm-antenna fecders together at
the transmitter end of the span and treat
the overall system as a random-length
wire. If this is done, the 3M-0 line will
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Fig.2 — Some amaleéurs have had success
when using the rain gutter as a random-langth,
end fed radiator. The lawar portion should ba
imaclated from the remaindor of the guiter and
downspout to prevenl ff hazards to animals
and prople, The TV or fm antenna-lead wire
alac can be used as a random-langih antenna,
as shown herg.
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Flg. 4 — Qne gan be palrolic while uaing a
disguised antenna. The flagpole alsa serves as
& vertical antenna in this illustration, Insula-
tion should be used over the lower part al the
antenna to prevent shock hazard 1o people and
gnimals.

have to be on TV standoff insulators and
spaced well away from phone and power
company service-entrance lines. The TV
or fm radio must of course be discon-
nected from the system when it 15 used for
amateur work! Similarly, masthead
amplifiers and splitters must be removed
from the linc if the system is to be used for
AMALCUT operation.

Flagpole Antenna

We can exhibit our patriotism and have
an invisible amateur antenna at the same
Time by disguising our radiator as shown
in Fig. 4. The vertical antenna is a wire
that has been placed inside a plastic or
finzrglass pole,

As shown, the flagpale antenna is struc-
tured for a single amateur band, and it it
assumed that the height of the pole cor-
responds 1o a guarter wavelength for the
chosen band. The radials and feed line can
be buried in the ground as shown. In 2
prectical installation, the sealed end of the




roax cable would protrude slightly into
the lower end of the plastic pole,

If a large-diameter, fiberglass pole were
available, we might be able to conceal a
four-band trap vertical inside it. Alter-
natively, we might use a metal pole and
bury at its base a water-tight box that con-
tained fixed-mned matching networks for
the bands of interest, The networks could
be selected remotely by means of a step-
ping relay inside the box, A 30-§1 flagpole
would provide good results in this kind of
system, provided it was used with a buried
radial systerm. At least one commercial
antenna (from Delta Corp.) is used in this
manner, but with an e¢laborate, con-
tinuously adjustable matching network
fand VSWR indicator) that is operated
remotely.

Still anothzr technigue uses @ wooden
flagpole. A small-diameter wire can be
stapled to  the pole and routed
underground to the coax feeder or the
matching box, The halyard could by itself
constitute the antenna wire if it were made
from heavy-duty insulated hookup wire.
There are countless variations for this type

of antenna, and they are limited only by
the imagination of the amateur,

Other Invisible Antennas

Some amateurs have used the metal
fence on apartment verancas as antennas,
and have had good results on the higher hif
bands (20, 15 and 10 meters). We must
presumge that the fences were not con-
nected to the steel framework of the
building, but rather were msulated by the
concrete floor to which they were affixed.
These veranda fences have also been used
effectively as ground systems (counter-
poises) for hif-band verticel antennas that
were put  in place temporarily  after
darkness fell,

One New York City amateur used the
fire escape on his apartment building as a
40-meter antenna, and reported high suc-
cess in working DX stations with it
Another apartment dweller made use of
the aluminum frame on 1is living=room
picture window as an antenna for 10 and
|5 meters. He worked it against the metal
conductors of the baseboard heater in the
SAMmME room.
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There have besn many jokes told over
the past decades about *“*bed-spring anten-
nas.'" The idea is by no means absurd.
Bed springs and metal end boards have
been used to advantage by many apart-
ment dwellers as 20-, 15- and 10-mefer
radiators. A counterpoise ground can be
routed along the bascboard of the
tedroom and wsed in combinativn witle
tae hed spring. [t is imporant to
remember that any independent (in-
sulated) metal objest of reasonable size
can serve as an antenna if the transmitier
can be matched to it. An amateur in
Detroit,  Michigan, once used  his
Shopsmith craft machine (about 5 feet
tall) as a 10-meter antenna. He workec a
rumber of DX stations with it when baxd
conditions were good,

A number of operators have used me:al
curtain rods and window screens for vhf
work, and found them to be guite ac-
ceptable for local communications. You'll
Fave best results with any of these
riakeshift antennas when the “antennas™
are kept well away from house wiring and
other conductive objects.




From June 7983 QST, p 15:

Lightweight Trap Antennas
— Some Thoughts

Portable multiband antennas need not be heavy and bulky.
Small traps and light-gauge wire can provide a trap dipole
that fits in a lunch bag. Try these practical guidelines for

your next small antenna.

By Doug DeMaw, W1FB
ARRL Contibuting Editor
PO Box 250
Luther, MI 49856

Vacaliuners. campers, sales people and
QO RPers take note! You need not carry a

large multiband trap dipole afield if your
transmitter is in the 150-W.output class,
or lower., You can construct your own
traps  inexpensively  with  ordinary
materials, and they can be made quite
small withow becoming poor perfarmers.
This article describes some easy tech-
nigues for fabricating homemade antenna
traps. Additional hints are offered for
kecping the bulk and weight of portable
antennas withia reason.

A Review of the Trap Concept

A ttrap® is exactly what the term im-
plies. It traps an rf signal to prevent it
from passing beyond a specific point
along an elecirical conductor, At some
nther frequency, however, it no lonper
acts as a trap, and permits the passage of
rf energy.

An antenna trap 15 designed for a par-
ticular operating frequency, and there
may be several traps in the overall system
— each designed for a specific frequency.
Therefore, a 40- through 10-meier trap
dipole might contain taps for 100 15, 20
and 30 meters. On 40 meters, all of the
traps are “absorbed’ into the system to
become part of the overall 4-meter
dipole. Owing to the loading effect of the
teaps, the dd0-meter portion of the antenna
will be somewhat shorter than a ‘ull-size
40-meter dipole with no traps. The anten-
na bandwidth will be narrower when traps
are used. Fig,  illustrates the gencral for-
mat for a multiband dipofe.

A trap style of antenna is not as effi-
cient as a full-size dipole. This is secause
there will -always be some losses in the
traps. But the losses in a well-designed
system are usually so low that they are
hard to meascre by simple means, The
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Fig. * — Fepresantation of a three-band trap dipola antenna.

losses represent a small tradeoff for the
convenience of being able to accom-
modare many ham bands with one
radiator énd a single feed line. Yagi anten-
nas contain traps in the parasitic clements
{directors and reflectors) as well as in the
driven element . Therefore, a multielement
antenna of that type may have as many as
12 traps.

Electrical Charactleristics

An antenna trap is a parallel-resonant
L-C circvit. Therefore, it is similar to the
tuned cirzuit in a transmitter or receiver.
Accsonalor of this kind, il designed o=
rectly, has a moderate  and a fairly nar-
row bancwidth, This means that the trap
capacitor should have a high Q and the
trap coil should comntain wire that is
reasonaby large in cross section. These
traits will help to reduce losses.

Fig. 2 shows the cguivalent circuit for
an antenna frap. Once this network 15 ad-
justed to resonance in the desired part of
an amateur band, it will not be affected
significartly by the autachment of the
wires that comprise the antenna. A well-
designed and -constructed trap should not
change frequency by any great amount
when the temperature or hunidity around
it varies. Therefore, it is important to use
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a stable capacitor, & rigid coil and some
type of scalant.

Mini Trap Using a Torold Core

In ap effort 1o scale down the size of my
anienna traps during a design exercise fo-
a portable antenna, T decided to in-
vestigate the worth of small toroid cores
upon which to wind the coils. Ferrile cores
were riled oul because they aren't as
stable as powdered-iron ones. Further-
more, the powdered-iron material has a
much greater flux density than an
gquivalent-size ferrite core, which means
that the core will not saturate as casily al
moderate rf power levels.

Development  work  started  with
Micrometals Corporation T50-6 toroids,
which are sold by Amidon Associates,
Palomar Engineers and RadioKit (scc
QST advertisements). My first effor
resulied in a pair of very small 20-mete:
traps. A silver-mica capacitor was choscn
for the parallel-tuned circuit, Ceramic
capacitors were not used because of
previouws expenences Thad with changes in
value under temperatare extremes; [ had
better results with dipped  silver-mica
units,

My rule of thumb for choosing the coil
and capacitor values for traps is based on




a reactance of approximately 200 ohms,
although values wp to 300 have also
vielded pood resuls. Using 200 ohme as
the basis for the design, 1 calculated the
capacitor to be a value that was very close
to a standard onz — 56 pF for trap
resonance at 14,0100 MHz, This was pb-
tainad from

CUR = M X,

{Eq. 1}
Hence

C= J

6,28 ¥ 141 ® 200
= 0.0000564 uF (56 pF)

Since X, and X are equal at resonarce,
the coil was calculaied by means of Eqg. 2:
XL

LWH) = =i

{Eg. 2)

Henee
200

= 528 x 141
(approximate)

= 2,25 uH

The value of the coil will have to be ad-
justed slightly after the trap is assembled
Lo allow for capacitor tolerance and stray
capacitance, which accounts for the term
“approximate’ in Eq. 2.

The Amidon toroid tables were con-
sulted to learn the Ap factor of a T50-6
core  (1/2-inch-diameter toroid). The
value 15 40, From this | calculated the
number of turns from

Turns = 100 /L /A (Eq. 3
Hence
Turns = 100+ 2.25/40 = 23.7

For practical reasons a 2d-turn winding
was used: A partial turn is not convenient
on a torowd form.,

The same procedure was used for the
remaining traps in my antenna, This arti-
¢cle is not a course in basic math, buat the
equations can be useful to those who have
ot previously designed resonant circuits
or uzcd toroidal cores.

Toroldal-Trap Adjusiment

It's best to use the largest size wire that
will fit easily an the 1oroid core, The stiff-
ness of the heavier magnel wire will help
te keep the coil toens in place, thereby
minimizing detuning. 1 used no. 24
enameled wire,

The rapacitor leads and cail pipgtails®®
should be kept as syort as possible. Fig. 3
iflustrates the layout T used. The leads at
cach ecnd of the mica capacitor are
soldered to the related coil leads before
final adjustment is made,

A dip meter can be used o determine
the resonant frequency of the trap, as
shown in Fig. 4, although g prominzm
frature of a toroidal coil is the self-
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Fig. 2 — Electrical equivalent of an entenna
HE.FI. The ac reslstance s a1 snown, 4
suitable repctance value for the coll and
capacitar is 200 ehms,
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Fig. 3 — Physical arrangemaont for cre of the
targidal L-C traas, Put spaghetti tubing over
the capacitor leads to prevent them from
shorting 1o the furns on the toroid,
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Fig. 4 — Teat method far finding the resanant
froguency of a trap. Litterent pointa around the
toraid will yielo better dip Indications. Experi-
ment with the position al the dipper caoil.

shielding characteristic, which makes it
difficult for us 1o get ample coupling with
a dip meter, it is possible o read a dip. |
have found rhat by inserting the dip-meter
coil into the area of the windine gap on
the tuned circuit (Fig, 4) a dip can be ob-
tained. By approaching the trap from dif-
ferent angles, it should be easy to find a
spot where a dip can be read on the meter.
Cinee the dip is found, back off the instru-
ment until the dip is barely discemible (the
wdminmn coupling poincy,. Moniwor the
dip-meter signal on a calibrated receiver to
learn the resonant frequency of the trap.

Select a part of the related amateur
band for trap resonance. | adjust my traps
for the center of the frequency spread |
am most inlerested in, For example, 1 set
my 20-meter iraps [or resonance at 14.025
MHz beeause | work only ew from 14,000
to 14050 MHz. For phone-band
coverage, I'd pick 14,275 MHz as the trap
frequency. A compromise frequency for
phone and ew operation would be 14,100
MHz. Owingto the trap Q, coverage of an
entire band is not possible without having
an SWR of 2:1 or greater at the band-edpe
extremes, The absolute bandwidih will de-
pend on the trap Q and the Q@ of the
antenna itself,

I the trap is not on the desired frequen-
cy, move the turns of the toroid coil [ar-
ther aparl to raisc the frequency. Push
them closer together to lower the frequen-
cy. An alternative sethod fon fioding cthe
trap resonance i5 shown in Fig 5. The
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trap being tested is connected to terminals
x and ¥. The coupling is very light in order
to prevent the test-circuit capacitance
from eppearing in parallel with the trap.
For this reason the coupling capactors are
only 2 pF. The station transmitter is ad-
justed for the lowest power output thai
will provide a reading on M1, The VFO is
then swept manually across the band,
When the resonant frequency of the trap
is located, the meter (M1) will deflect up-
ward sharply, indicating resonance, Ad-
just the trap for a frequency that is ap-
proximately 5% lower than the desired
one. This will compensate for the shunt
capacitance presented by the 2-pF cou-
pling capacitors.

When the coil turns are set in the cor-
rect manner, spread a bead of fast-drying
epoxy cement across the turns on the two
flat sides of the toroid. This will prevent
unwaned position changes that could
ranse 3 shift in resonance later on from

handling.

Housing the Mini Trap

| leerned that a 7/84inch-OD PVC
plumbiag coupling, 1-1/4 inches long,
would serve nicely as a housing for the
toroidal traps.' A ridge inside the cou-
plings at the center can be filed out casily
to provide clearance for the trap, A rat-
tail file does the job quickly. Fig. 6 shows
a breakaway view of how the trap is
assembed, Slices of dowel rod are used
for end plugs. A knot is tied in the anten-
na wire that enters the trap housing; this
prevents strain on the trap coil,

After the antenna wire has been
soldered to the trap ar each end, add a
layer of epoxy glue to the outer perimeter
of one of the dowel plugs, then inscrt it in-
to the PVC coupling until it is flush. Fill
the coupling with noncorrasive sealant; 1
used aguarium cement. Finally, place
epoxy glue on the remaining end plug and
insert il in the PYC coupling. Allow the
trap to set for 48 hours, until the sealant
has hardened. Fig. 7 is a photograph of a
mini trap, along with a dipole ¢enter in-
sulator made from a PVC T-coupling.
The coupling is filled with sealant after the
wires are soldered to the coaxial feed line.
Long plugs arc used to close the three
open ends of the T connector. A closed
nylon loop, made from sirong spaghetti
tubing, was fed through two small holes
at the top of the T-coupling to permit
erecting the dipole as an inverted V. A
small eye bolt and nut could have been
used instead.

There was a minor downward shift in
trap resanance after the sezlant hardened.
Both 20-meter traps shifted roughly 30
kHz lower, No doubt this was caused by
increased distributed capecitance across
the coil turns with the sealant in place.

TNotes sppear at end of articla.
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This seemed to have no effect on the trap
quality; it had a measured parallel
resistance of 25 k@ before and after en-
capsulation (using the laboratory RX
meter for tests). Generally, anything
greater than 10 kQ is suitable for an
antenna trap.

Mini Coaxial-Cable Traps

Two very interesting articles concerning
antenna traps appeared in the amateur
literature during 1981.27 After reading
them a second time, | decided to attempt
building some traps along the lines
discussed in those articles, Scme advan-
tages over the usual coil/capactor style of
trap were deseribed by the authors: (1)
The traps were not especially frequency
sensitive te changes in temperature and
climate; (2) the coaxial trap offers greater
cffective bandwidth; and (3) parallel
resistance is quite high — on the order of
50 kil

The articles under discussion contained
practical information about the use of
RG-58/U znd RG-8/U cable for the trap
coils. 1 wanted a small, lightweight trap,
so elected to see what could be done with
miniature zable — RG-174/U. A com-
pleted mini coaxial trap for 20 meters is
shown in g, 4.

The prirciple of operation is covered
well by O'Nedl (note 2). Since this article
deals with the practical aspects of traps,
we won't delve into the clectrical
characterisiics of the coaxial trap too
deeply. However, a diagram showing how
it is hooked up is offered in Fig. 9B. A
length of coaxial line is wound on a codl

form, and the inner conductor at one end
is attached to the outer conductor at the
opposite cnd, The distributed capacitance
of the two conductors aid the inductance
af the eoil combine to provide a resonant
circuit. An acceptable Q results, and the
trap can accommodate considerable rf
voltage and current without being dam-
aged A parallel resistance of 50 kil was
measured for the 20-meter trap of Fig. 8.
The bandwidth at the 10 kil points was
somewhat greater than with the toroidal
trap.

Coaxigl-Trap Assembly

I found 5/8-inch-OD PVC plumbing
pipe to be an acceptable and low-cost
material for the coaxial traps. End plugs
made from 1/2-inch wooden dowel fit
snugly inside the PVC pipe. The com-
pleted trap contains a lngth of bus wire
inside it for connccting the braid and
center conductor of the cable together, as
discussed earlier. The ends of the bus wire
and the related cable ends are routed out-
side the PVC tubing through small holes,
then soldered. Aguarum cement was
again used, this time to seal the six small
holes drilled in the tubiig. Epoxy cement
was applicd to the sides of the wooden
plugs before inserting them Ino the
tubing. A laver of vinyl clectrical tape can
be wound over the coaxial coil if desired,
although this should not be necessary. If
weather protection is desired, a coating of
extetior polyurethane varnish can be ap-
plied o the completed close-wound coil,
This will keep the tums affixed in the
desited position after final adjustment.
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Tune-up is carried out in the same manner
as prescribed for the toroidal traps, viing
a dip meter or the test fixture described in
Fig. 5.

The length of the coaxial cable used will
have to be determined experimentally. My
20-meter coaxial trap contains 15 close-
wound turns of RG-174 cable (36 inches,
80 pF) to provide resonance at 14.100
MHz. Final adjustment was done by
moving the three auter turns at one end
until the desired frequency was noted, The
coil form for the 20-meter trap is 2-1/2
inches long. The wooden end plugs are
3/8 inch thick. Tte inside of this trap is
not filled with sealant, but it could be il
desired, Avoiding the use of filler will
make the traps lighter in weight, thereby
permitting the use of lighter-gauge wire
for the antenma sexions.

Trap Performance

Both styles of trap were subjected to rf
power iesly w detenmine whether chey
could handle the output of a typical
150-W class transceiver, A Bird wattmeter
was connected between the trap and the
transmitter. A S0-ohm dummy load was
attached to the opposite end of the trap,
Mext, 40- and B0-meter of energy was ap-
plied (in separate tests) gradually while
observing the reflected power, which of
course was not conducive to providinz an
SWH of 1:1 witk the trap in the line.
Meither trap showed signs of heatingz or
breakdown at power levels up to 150 W. A
key-down period of five minutes was tried
during the tests, using a linear amplifier
adjusted for 150-W output. Still no sign
of power limitation. The SWR did not
change under these conditions. I did not
advance the power beyond 150 W, but it’s
safe to conclude that the coaxial-cable
trap could sustain substantially more
power without damage. This may nct be
true of the toroidal trap. 1 lacked the
courage to hind out!

Toward a Lightweight Dipole

Having solved the problem of
lightweight, small traps | set about the
task of reducing the bulk of the remainder
of my multiband dipole. | am a dedicated
miser, =0 the cost of materials was ar im-
portant factor in the selection of wire and
end insulators. | recalled a type of wire 1
had used on a number of DX peditiors: It
was strong and light in weight, and the
price was right! This wire is available from
Radio Shack and similar outlets for use as
speaker cable. Tt has a clear plastic outer
covering, contains @ oo. 22 conducio
{two each) and costs less than 35 per 10D
fect. Henee, for this price we end up with
200 feet of wire (less than 2.5 cent: per
foot); the paralkl conductors can be
pulled apart easily without harming the
outer insulation. In addition to the insula-
tion aiding the strength of the wire por-
tions of the antenna, it protects the copper
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Fig, T — View of & toroical mini frap, an en-
capsulated toraid and 3 PVC T-coupling for usa

g5 a center inaulator, RG-58U cable is shown
i1 this axampla {ses text).

#

Flg. B — A completed 20-meater coaxial trap
with miniature RG-174/) coaxial cabla,

Sra

wire from corrosion. This can be especizl-
Iv benelicial in areas where =alt water and
industrial  pollutasts affect the  ag-
mosphere. The Radio Shack number for
this wire is 278-1385. 1 have ohserved no
apparent deterioration of this type of con-
ductor, even though some of my antennas
have been aloft for three vears,
Although RG-58/11 coaxial cable is less
offensive in terms of loss per 100 feet than
i true of RG-174/U, we may want 1o
tfrade losses for portability by using "174,
Normally, a 50-foot length of feeder cable
& adequate for porable work, In an zf-
{ort to determine exactly what the hf-band
losses per 50 feet might be, [ tested this
cable from 3.5 through 29 MHz. A Bird
wattmeter was connected to each end of
the 50-foot test cable. One wattmeter was
terminated with a j0-chm dummy lozd,
and the other wattmeter was connected to
a transmitter. The loss in decibels was as
follows: 3.5 MHz — 1.19; 7.0 MHz —
Ld2; 14.0 MHz — [.67; 21 MHz — [.93;
19 MHz — 2.0. Therefors, ina worsi-case
sitpation (10 meters), a 100-W power n-
pul to the cable would resull in &n antenna
feed-point power of 63 W. RG-38/U, on
the other hand, would have a I-dB loss ar
1% MHz, which would mean an antenna
jeed-point power of 79.4 W, This is rot
oo significant when operating in the
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nactians for a coaxial trap,

50-150 W rarge, but it can be important
when using @ QRP rig with onlv a few
watts ar miliwats of output power, |
must say in defense of RG-174/U cable
that 1 operated 20-meter cw with 2 W of
output power from 8P6EL whilz using a
dipole with 50 feet of RG-174/0 feed line,
and [ worked the world without difficulty.
| received many RST 599 signal reports.
The tiny feeder cable and the hookup-wire
dipole could be rolled up and suffed in
my hip pocket! The end and canter in-
sulators for that antenna were  also
lightweight. T made them from scraps of
pe board from which the copper 1ad been
removed, The end insulators for the trap
dipole  discusscd in this  article  were
fashioned from inch-long pisces  of
5/8-inch-diameter PVC tubing throuwgh
which holes were drilled o accommodate
the dipole wires and nylon guy lines.

Summary Comments

The overall length of any dipole section
in & trap type of antenna will be less than
if the dipole were cut for & sinele band
without traps. The cxception is the first
dipole section after the feed poirt (out to
the first set of traps). The following
percentages (epproximate) were typical in
a coaxial-trap dipole T built for sse¢ from
40 through 10 meters, compared to the
length of a full dipole (100%) for each
band: 10 meters — 100%; 15 meters —
92.4%g; 20 meters — &8, 8%; 40 meters —
83.6%. The shortening becomes more
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pronounced as the frequeacy is lowered,
owing to the cumulative loading effects of
the traps.

These percentages can be applied
during initial structuring of the antenna.
Starting with the highest band, the dipole
sections for ¢ach [requency of interest are
trimmed or lengthened for the lowest ar-
tainable SWR. After the exact dimensions
are known, continuous lengths of wire can
be used between the traps. This will add
strength to the antenna by avoiding
breaks in the speaker-wire insulation, if
that type nf conductor is nsed. The
percentage reductions listed above are not
necessatily applicable to antennas that use
toroidal or other coil/capacitor traps. The
wire diameter and insulation may also af-
fect the final dimensions of the dipole,

For long-term installations, 1 would
sugeest the use of some type of sealer
(apar varnish ur pulyuscthance) over e
wooden cnd plugs of the traps. All trap
holes need to be sealed sccurely to prevent
moisture from boilding up inside them.

Miniature antenna traps and
lightweight trap dipole anténnas are prac-
tical and inexpensive o huild, Try one
during your next vacation or business
trip.

Notes

'mm = in. % 25.4:m = [t « O3ME,

G, O'Meil, "Trapping the Mysteries of Trapped
Antennas,” Ham Radio, Oct, 1381, p. 10,

K. Johny, "Coaxial Cable Antewna Traps,™ 8T,
May 190, p. 15,




From December 1088 QST, p 31:

A Portable Vertical-Antenna

Mount

Need a temporary, good-performing antenna? The mounting
technique described here makes for quick installation of a
multiband vertical with a minimum of fuss!

By Guy Black, W4P5J

1201 Woodside Dr
Winchester, WA 22601

ield Day contes-

tans, vacationers

and tenants some-
times nesd temporary
antennas. On the high-
frequency bands, a hunk
of wire hung from one or
more trees often seems Lo
be the best that can be
done, To get such an
antenna put up, A weight
with & rope tied to it is
usually thrown into a tree,
and the antenna is then
pulled up with the pope. T
don't have very pood aim
and my throwing skills are
underwhelming, so the
dipeles and end-fed
lengths of random wire
I've managed 1o put up as
remporary antennas have
usually been disappoint-
ing performers.

For the last several
years, | have used a multi-
band vertical (a Butternut
HF2V) at home with great
success, particularly for
DXing on the B0, 75 and

Fig 1—Pholograph of the porable verical-antenna mount. The lower
rotator-mast-mount casting is bolted 1o a steel plate, with a copper
disc in between for attachment of racials, One of the bags of garden
stone used 1o hold down the wooden stakes is visiole in e upper
right corner of the photo.

washers, and 500 feet of
no. 14 stranded copper
wire round oul the
materials list.

Construction

Bolt four of the hard-
wood stakes (o the steel
plate in a pinwheel con-
figuration, as shown in
Fig 1. Deill 10 egually
spaced holes [large
enough to pass no. 6-32
screws) around th: out-
side edge of the PC.board
disc. Then, center the
mast support on e PC
board, and mark and drill
the four mounting holes
on the PC board, Mark
and drill the four mount-
ing holes on the metal
plate.

Thread 10 binding-head
machine screws into the
PC-board disc frcm the
bottom, and connect the
mast support, PC-board
disc and metal platz using
the mast-support casting

40-meter bands. Why not

turn such a wvertical into a portable
antenna? It's essentially pre-tuned, and
there's oo strain on the throwing arm!
Light, uncomplicated and easily trans-
ported rwltiband verticals have many
possibilities.

My antenna came with a 22-inch
aluminum ground stake. With care, it is
possible to drive this stake into the ground
repeatedly and without damage by using a
short {one foot or more) section of TV
masting, which [s nicely over the base
insulator, as a driver. Unfortunately, doing
this requires the availability of a small
sledgehammer (or a large one, depending
on the ground!).

Another approach is to use a porfable

hare with the vertical. This takes up a bit
mere space in the car than just a ground
stake, but at least you don’t need to carry
along a sledgehammer!

Materials

The parts for my portable base are a
1 & 1-Tool wetal plate {an old rack pancl
works fine), the lower mast-support casting
frcm a rotator  (with its hardware), a
T-inch-diameter disc of copper-clad PC
board, five 6-foot-long 1 = 1-inch hard-
wood stakes from a garden supply store,
a 1 x 12-inch strip of thin hobby brass,
a chassis-mount $O-239 connector and £
g-inch length of I-inch 1D plastic waler
pipe. A few nuts, bolis, spade lugs,
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hardwara. The heads of
the machine screws should be between the
metal plate and the PC-board dise, There
is enough flex ir the PC board so that the
board won't brezk when the mast-support
hardware is tightened. Slip the section of
plastic pipe over the vertical-antenna mount,
insert the pipe and antenna mount in the
rotator mast support, and tighten the
mounting clamps.

The section of plastic water pipe is neces-
sary when using this mounting arranzement
with a Butterrut vertical, because the
minimum diameter the clamps will grasp
exceeds the one-inch OD of Bufternu:'s base
insulator. Other antennas may not require
the plastic pipe secliow,

Part of the oie-inch-wide brass sirap is
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uscd to connecet the ground side of the
vertical to the copper disc. The remaining
picce of brass is used for mounting the
S0-239 connector. (If your vertical already
has a coaxial feed-point connector, skip this
paragraph.) This brass piece should be
about 1 % 2% inches, with a 5/8inch hole
near one end, and four no. 32 holes for
no, 4-H mounting hardware around the
5/8-inch hole, This hole is for moanting the
5(3-23% feed-point connector. Put a 907
bend in the brass piece abour 34 ‘nch from
the end oprosite the S0-239 mounting
hole, Mount the connector using no. 4-40
hardware, and solder the 4-inch section of
the hrass strip to the dise of 2C-board
material so that the 50-239 faces away
from the aptenna and clears the hard-
wood stake (see Fig 1), Connect the shortest
practical lenzth of no. 14 wire from the
50-239 to the feed-point connection of the
vartical.

Assemble the vertical according 1o the
manufacturer’s instructions, and install it
on the mount. I'm not sure how much wind
force the portable vertical antenaa system
can handle, so when [ use it | weight down
the stabilizer stakes with bags of garden
stone, one of which can be seen in the up-
per right comer of Fig 1. An easier (and
lighter} solution is fo guy the antznna with

lightweight nylon rope. Dricks {(for hold-
ing the ends of the radials) and bags of
garden stone or sand are widely available,
and cheap enough to discard when you're
through with them.

The Radials

I use the portable vertical-antenna mount
with ten 50-foot radials, cach spaced 36°
apart on the ground. By using flanged, sol-
derless spade lugs (Waldon DS-1083) it is
not necessary to remove the nuts on the
machine screws 1o conneel the radials, The
outer ends of the radials are held down by
bricks. (Bricks aren't needed to hold down
the radial wires if rocks or some other suita-
ble weights are available.)

The fifth hardwood stake is used in lin-
ing up the radials (it also serves as a spare
mounting-plate stabilizer), Paint a mark on
each radial wire, 9 feel 3 inches from the
machine-serew connection point (nail pol-
izh works fine for this). At that distance
from tie casting, uniformly space the radi-
als 367 apart hy laying the spare six-foot
stake between the painted marks on adja-
cent radial wires, This makes for a neat lay-
out with 2 mimimum of fuss. Installation
is easier if the radial wires are coiled up
from the brick end (so that the connection
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lug is on the outside of the cofled radial).
Tape or wire ties cen be used to keep he
coiled radials from getting tangled.

Results

With the Butternut HF2V erected on -he
portable mount in my back yard, tune-up
went smoothly. The antenna has an SWR
of less than 2:1 across the 40-meter band,
and over the selected 30 kHz of 75 meters.,
Switching back and forth between the port-
able vertical and my permanently installed
vertical (also an HF2V, but with a larzer
radial feld) T found little differcnce in
received signal strength. 1 had the same
good results working DX on both anten-
nas. A 100-foot-square area is needed for
the ground radials i7 the antenna is put up
as described, but the radials can be bent or
shortened 1f necessary.

This antenna is s0 easy (o0 pul up and
take down that it can be erected for just
a few days' use. For casy transportation,
| use the antenna’s original bo-inch-long
shipping carton to carry the antenna and
Ihe stakes, and a two-gallon milk crate for
ihe radials, base plate and hardware, All
ihe components of a handy and effective
portable antenna system are in Iwo
packages, ready to go, and my throwing
arm doesn’t even got a workout!




From Decombor 1987 QST, p 25:

An Extended Double Zepp
Antenna for 12 Meters

Got a little over 50 feet cf horizontal space to spare for a
24-MHz skywire? This simple antenna will beat your half-wave
dipole by about 3 dB—and you can phase iwo of them for even
more gain and directivity.

By John J. Reh, KVKGP

510 Mt Defiance Cir SW
Issaquah, WA 98027

ceording 1o The ARRL Antenna
A Bock, Zepp—short for Zeppelin—
is aterm long applicd 1o just abow
anv resonan; antenna end-fed by a two-wire

transmission line." A bit further on in the
Anrenna Beok, there's a discussion of the

"Nates appear al end of aricls.

ih r,
-'-.n-nrﬁ
A LINE

Fig 1—The extended double Zepp antenna
cansisls of two 0.684-, elemants [ad in
phase.

Fig 2—Harizontal diractivity pattern far an
extandad double Zepp antenna in free
space. Relative to a hali-wave digole, il
exhibils a gein of appraximately 3 dB. The
antenna alamants lig alang the 90°-270°
lina.

extended double Zepp 1EDZ) antenna.?
This interested me because [ have always
been intrigued by “‘old-fashioned'’ wire
antennas—and because the old-fashioned
extended double Zepp’s 3-dB gain over a
half-wave dipole would provide per-
formance quite suitable far modern times!
The EDZ antenna consists of two collinear
{1, 6:4-4 elements fed in phase. Fig | shows
current distribution in an ERZ, and Fig 2
shows the EDZ's horizontal directivity
pattemn in free space.

The extended double Zepp's theoratical
performance looked good to me, so |
designed and built an EDZ antenna for the

| 2-meter band. Fig 3 shows its configara-
tion. | decided 10 cul mine for 24,950 MHz.
Each EDZ clement is 25 leet, 3 inches long,
and consists of no. 14 siranded copper
wire, The antenna elements are center-fed
by a short matching section made of a
5-Toot, S-inch length of 450-0 open-wire
line, Connection to 52-0 coaxial feed line
is made by means of a 1:] balun trans-
former, My EDZ is strung between two
trees, 35 fect above ground.

Matching Section

Perhaps 1 am “reinventing the wheel,"
but I have not seen this matching method

r A - I e 3 o
i i
.l.l.
NO 14 STRANDED
COPPER WIRE
450-11 §F
CFEN—WIRE
LINE
BALIN
G-l COLXK, ANY LENGTH
ToTx

Fig 3—The extendad double Zepp al KYKGP, zut for 24.950 MHz. The 450-0 matching
section iransiorms the EDZ's calculated input impedance (142555 (1) to 55 {1 (measurad)
for cownection to 52-01 coaxial cable by means of a 1:1 balun. The electrical length of the
matching section is 527 the linear diMension sNown in the drawing assumas 450-1 ina

with a velocity factar of 0.95.
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270

Fig 4—Cemparison of calculated horizontal directivity patterns of
ane extarded double Zepp (dotted ling), and two EDZs spaced al
18  and fed 180" out of phasa (solid line). The anlsnna axes lie
along the 0°-180°" line, and the antennas ara mounted 35 laal
above avarage eanh. The phesed EDZs exhibit nearly 5 dB gain
over a sirgle EDZ. This Is 7 to B dB gain over a half-wave dipole.
Beamwidih of the two-EDZ anay is 30" The anlanna axis is the
same for the single EDZ and both EDZs in the phased amay. The
twe-EDZ configuration charaelerized hers is an smd-fire array
because maximum radiation oscurs along its axis.

Fig 5—Comparison of the calculated vertical dirzctivity patierns of
ong EDZ (dotted line), and wo EDZs spaced at 1/8 & and fed
180" out of phase (solid line). The antenna axis lies along

the 0° ine,

elsewhere.’ The open-wire-line martching
section 15 52 electrical degrees long (0,145 ).
The matching section transforms the EDZ’s
input impedance to about 35 ohms, as
measured with a noise bridge. The
muatching section dimension given in Fig 3
assumes a velocity factor of 0.95 for the
450-11 line.

Trimming the matching section to size is
the only adjustment necessary with the
EDZ. Make the transformer a little long to
begin with, and shorien it an inch or two
al a time to bring the system into
resonance, (You can check resonance with
a noise bridge or by monitoring the SWR.)
Do mnot change the length of the
elements—the EDZ’s gain and directivity
depend on its elements being (.64 & long.

Phasing Two EDZs for More Gain and
Directivity

Properly phased, two extended double
Zepp antennas can give improved gain and
directivity over a single EDZ. Fig 4 com-
parcs the calculated horizontal directivity
patterns of a single EDZ and an array
consisting of two EDZs spaced at 178 3
and fed 180° out of phase. Fig 5 compares
the vertical radiation patterns of the single
and phased EDZs,

Fig 6 shows the dimensions of a pracical
two-EDZ configuration. With proper ad-
justment, il exhibits an SWR of 1.3:]
across the 24-MHz band. In the armay |
built, lightweight broom handles seme as
spreaders betweer the element cnds; the
center spreader is 8 wooden slat. 1 used

nylon rope to haul the array up between
two trees. This antenna system works well,
but poor propagation has precluded a
thorough tryout so far. The contacts [ have
had with it have been entirely satisfactory.

The matching method shown in Fig 6 is

somewhat clumsy because the combined
length of the phasing lines is greater than
the spacing between the EDZs. The feed
method shown in Fig 7 should be easier to
build because the combined length of the
phasing lines equals the spacing Letween

ARRARY
LXIS

FHASING LINE

EACH 4' 8-1/2" Long . H
b

l—— 25" 3."—-| FAH' 3 —v-i
s

_-—'_'-'_'-r

1

CLOSED STus a'y'

27 LONG /

P

ANTENWA [LEMENTS ARE NC 94 STRANDED COPPER WIRE
PHASING LINES AND STUB ARE 420=0L OPEN-WIRE LINE
FEED AT X¥ [SEE CAPTIOM|

Fig B—0ne method of phasing twvo EDZs for greater gain and directivity. The array is
bidirectional, with maximum radiation occurring along the array axis. The impedance
across points X and Y is 50 @, balanced; with a 1:1 balun at XY, the amray can be fed by
maans of 524 coaxial cable. The stub, 1.5" long, cancels a capacitive reactance of
approximately 13.5 @ al the feed point. This array works well, but its matching system is
clumsy because the combinad length of the phasing lines is graater than the spacing of
the two EDZs, Fig 7 shows a prcposed feed method that takes up less spaca.
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PHASING LINES,
EaCH 2" 5=1/2" LONG

MATCHING
SECTICN — =

CLASED £7us
5" LONG ‘hh-n::

171 BALUN

1

S2=0L CO&X , ANY LENGTH

TITX

ANTEMMA ELEMENTS ARE MO 14 STRANDED CO?PER WIRE
PHASING LINE, WMATCHING SECTION &ND STUB LRE 450-[1L OPFEN-WIRE LINE

Fig 7T—Proposed alternative methed of phasing two EDZs, In this arrangement, the length
of sach phasing line is half the EDZ spacing, Calculated impedance across points a and b
Is 154112 &, The matching section—11" in length—trensforms this to a calculated

impedance of approximately 55-732 [ (balanced) across paints x and y. The stub, 4° long,
cancels the capacitive reactance {32 0). A 1:1 balun tiansformer Allnws tha array ta be fad

by means of 52-{ coaxial cable. See taxt.

the EDZs. 1 have not tried this matching
method, but I'm confident that my calzu-
lated dimensions are close to what will
actually be encountered.?

Conclusion

If the extended double Zepp has caught
your attention, but 12 meters hasn't, you
zan scale the lincar dimensions given here
for other bands of interest, Once your EDZ
is up and working, | think you'll agree that
the performance o the “‘old-fashioned™
axtended double Zepp isn't old-fashioned
at all!

Notes

IThe ARRL Antenna Book, J. Hall, ed, (Newinglon:
ARAL, 1984}, p 54,

IThe ARAL Antenna Boak, p 6-8.

ITKGF's majching lechnique is a “reinventicn of
the wheal'" of which he can be proud. Termed
the sofies section trenstormer, it appears in The
ARRL Antennz Book and The ARRI Hanrhank
The serlez-zoction matarial in these baoks is
based on Frank A HRegier, "'Sares-Saction
Transmissicn-Ling impadance Matching,” 05T,
Jul 1978, pp 14-16—Ed.

TGP calculations were contirmed by Rus
Healy, MJZL, of the ARAL HO Technical saff,
using the Smith*Chart and the Mini-Mumeical
Electranics Code (MININEC) om an
IBM® parsonal computer, Data for the plos in
Figa 4 and 5 wera a 50 generated by maans of
MININEC. —Ed.

From December 1988 QST, g 47:

Scaling the Extended Double Zepp

[ You can easily scale the design of an
extended double Zepp (EDZ)Y to work on
another banc. For example, assume you
wanted o build an EDZ for 7.2 MHz,
basing the design on the 24.95-MHz antenna
presented in my December article. The
24.95-MHz antenna has element lengths of
25' 3" and the matching-transformer line
length is 5' 5". Use the following formula

5, Rah, “An Extended Double Zepp Antenna for
12 Meters,'' QST, Dec 1987, pp 25-27.

to scale the antenna dimensions to the
desired band:

_(fl x LI)

L2 = = (Eqg 1)
where
L2 = length at the desired frequency

f1 = resonant frequency of the original
antenna

L1 = length of interest at the resonant
frequency of the orlginal antenna

f2 = resomant frequercy of the new
antenna

Lengths for L1 and L2 must be expressed
in similar units of measurement (feet,
meters, etc); this also applies to the units of
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measurement uséd for £1 and £2 (kilohenz,
megahertz, etc).
Substiuing the velues for element length

A5 % 2525

= = B7'6"
L2 53 87'6" (Eq2)
artel matching-transformer length
12 = BB XN _ 15090 g3

s scaling technigue also works for cle-
ment spacings. Velocity-factor considera-
fions can be ignored because they were
included in the initial design.—John
Rek, KFKGP, 5160 Mt Defiance Cir SW,
Issaquah, WA 98027




Fraom October 1988 OST, p 42:

An Indoor Dipole Antenna

I 1 live in an apartment. Because of this,
I'm limited in th2 size and type of antenna
I can install for use on HF. After trying
end-fed random wires, loops, mobile
verticals, rain gulters and so on, I designed
a multiband dipole antenna that reguires
no tuning after installation. It's incon-
spicucus, non-hazardous and efficient, I
used the following materials to construct
it; one PL-259 connector; 12 feet of ““Mini
8" coaxial cable; two nylon cable ties;
approximately 45 feet of no. 22 insulated,
solid copper wire; six test leads with
alligator clips; 26 thumbtacks; and an SWR
bridge. The antenna was installed in less
than two hours.

After attaching the PL-259 to the coaxial
cable, I wound 6 feet of the coax into a
tight coil and held this winding tozether
with two nylon zable ties. The result is a
shicld-choke balun at the point where the
antenna elements attach to the cable?

Using the formula [ (feet) = 234
+ [(MHz), T calculated the length of wire
necessary for cach leg of a half-wave dipole
at 21.1 MHz. Mext, | cut two wires (o this

2Sga Bob Schatgen, " Shield Chokas lor Coaxial
Cable," QST, Mar 1888, p 41.

length anc attached them to the feed line,
one to theshield braid and the other to the
center conductor. Using my trénsmitter and
SWER meter, I pruned the dipole ends
equally until [ obtained the lowest possible
SWR at 21 MHz. (Caution: Trim the
antenna wires only when the transmitter
is aff.)

Al this point, the clip leacs come into
play. To get the antenna vp and rumn-
ning on 14 MHz, follow this procedure:
(1) Auack a clip lead to the end of the
15-meter dipole; (2) calculate the length of
the legs of a 14-MHz dipole; (3) add
enough wire to each clip lead/dipole leg 1o
bring the total length of the cach 14-MHz
dipole ler to the length calculated in
step 2; and (4) prune the added wire for
minimum SWR at the 14-MHz design fre-
quency with the aid of the transmitter and
SWR bridge. Continue this procedure to
add additional clip leads and wire segments
for 10 and 7 MHz. | used the thumbtacks
to secure the wire pieces and test leads to
the plasterboard ceiling of my apartment,
Fig 6 shows the configuration of the entire
antenna in linear form.

In my installation, the actual length of
the dipole legs for a given band is about

14%, shorter than the calculated length.
This is probably due to the proximity of the
antenna to the apartment ceiling—and the
factthat I had to install the antenna around
the perimeter of a square room, almost like
a loop!

Careful pruning of the anténna for my
favorite band segments paid off: An
antenna tuner is unnecessary on all of the
antenna’s four bands. With the addition of
Douvg DeMaw's “AC Outlet Strip with
Filtering" (December 1986 QST, pages
25-27), I eliminated TVI and EFI from my
station.

—Larry A, Barry, NV, 3903 Danny
Kaye #1308, San Antanio, TX 78240

An antenna similar 1o Lary’s has bean in use at
AKTM for several years. | use alligator clips
instead of test leads, and my antenna's wire
sectons are held away from the plasterboard by
nyloa cable ties and thumbracks. | can't complain
about its perfarmance: |'ve worked planty of DX
on 30, 20 and 15 meters running just 20 W out-
put. Moral: All's not lost il you liva in an apar-
mant: Just kesp plugging away with That Oid Ham
Spirtl—AKFM

-t

20 m

COaX AL
CHOKEL

Fig 6—Larry Barry's multiband dipole makes crafty use of clip leads and thumbtacks to stuff hall-wave dipoles for 15, 20, 30 and
40 metars into cramped apartment space. Changing bands antails only the connection or disconnection of clip leads. This drawing shows
a etraight dipole: Larry's antonna is bont inte a sguaro but works just fino, Soo toxt.
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From April 1989 QST, p 38:

A Short 7-MHz Dipole

O Here are dimensions and construction
information for a short, inductively lowd-
ed dipole for 40 meters. If installed over
50 ft above ground—outdoors or even in
an apartmeni—it can provide plenty of
DX.

See Fig 2. The antenna and loading coils
consist of a total of 60 ft of no. 14 plastic-
covered wire, Wind the loading coils first:
Each consists of 30 close-wound turns on
a 1V-inch-diam plastic form [pill bottles
are suitable— A K7M]. Use the rest of the
wire as shown in Fig 2. (If space prohibits
an overall antenna length of 32%: ft, you
can let the 6'%-ft end sections dangle for
a total length of just over 20 fi. Feed the
antenna as close to its center as you can;
50- or 72-0hm coax is suitable. Preferably,

R £ 7 b &) 5
-

R RS 1o

L1, L2=3EE TEXT

Flg 2—>5tan Grimes suggests using this short, loaded 7-MHz half-wey dipole where space
is limited. The antenna and loading coils consist of no. 14 insulated wire; ses text.

the feed line should leave the antenna at a

right angle.
This system can handle up to 120 W,
Installed as shown in Fig 2, it should
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exhibit better than a 2:1 SWR from 7050
o 7160 kHz.—Sten Grimes, W7CQ8,
13300 NW 14th Ave #4, Vancouver, WA
»E685-1652




From July 1980 GST, p 17:

Active Filters

Why not build one of these nifty filters or use the design
information to customize your own!

By Alan Bloom* N1AL

Orn: af the triomphs of modern

technology is tha: you can build **runed
circuns™ and all kinds of other filters en-
trely without coals, Those generations of
RTTY vothusiosts who grew up depending
on the uhigoitous 88-mH torodal indue-
pors mighe be shocked to discover that yvou
can replace up to four of these bulky ilems
with o sinele 1C, Besides their siee and ox-
pense, voil-capacitor filters atl audio fre-
quuenvics are notoriously hard 1o une —
s qust hard 1o find variable coils or
capacitors big cnough io do the job. Many
active flters can be tuned with an inex-
PUNSIVG POTCOTTmeTer,

What &5 an acteee Gleer? Well, whar is a
Filrer? Woe generally consider a filler o be
any virgut designed (o attenuate som fre-
guencics more than others, A fiigef-pasy
[eller passes lueh eguoengies with hetk -
tenuation while providing greater attenua-
tion 1o the lawer frequencics, See Fig, 1AL
The ciwaff freguency of a high-pass flwere
i the lowest Treguency that passes with
relatvely lintle atenuation, The remion
above the cwoff freguency is the pass-
Band, and the region of high atlenuation
i the stopbard. A fow-pass liller hes its
prassband below the cutofT Mrequency and
s stopband above. A bond-pass Tilter has
two stopbands — one above and one
below the passband, and a bend-siog
filter has a stopkand between a paic of
nassbands. Sec Fie, 18,

An arctive Oler i simply a Bleer tha
wscs  an active device o improve the
arrenuarion charactenstics, I'ha
Qe-multiplicr in sour old recciver s oan
carly type of actise filter. While most ac-
rive filers these dayvs use operational
amplificrs fop amps),' you can make some
type of active llter with almost any deviee
thal has power gan.

RC Active Filters

[t's gquite possible 1o design active filters
wsine coifs, We've already mentoned the
antedhiluvian Q-multiplicr as one cxample,

*1578 Los Alamos Rd, Santa Rosa, CA 93401
'Motes appear at ard of article.

Low-mags | H0N-Rasy

ARPLIT UG, ——=

AMFLITVCE

ry oy
FAEQUERS T — FACOUEKD K =

4l (Bl

Fig. 1 — At A, plots of relative oulpul versoes
Irequency for high-pass and low-pass filfers: {
15 e culof! requency. A1 8, plols al relative
outpui versus frequency for band.pass and
nand-slop fllers: 4 15 the cenfar lrequency.
The arga belween fy and {515 the passband ol
Ihe band-pass filler and the stapband of 1he
hand-slop fillers,

Rl £z
INFUT O—W\/\I) OUTPUT
il
| Az

Fig. 2 — A pazsive AC band-pass= 1 lier. Maxi-
mum O abianable is only 112

QUTPUT

iNPUT 0O

Fig. 3 — An actve AG band-pass lilter. To
design 2 filte: using (his circuil, make all the
frequency-delermining resistors and
capacitors egual: A1 = R2 = R3and C1 =
C2. Choose g convenienl valus far G and 1hen
R o= /220 Cyl, where R s in kil €5 in oF,
and 1, s in kHz, O = /8, where Bis the 3-dB
pandwidih in KHZ. B4 and AS delemmine the O
RSA4 = 3 =i/ 20, The voltage gain is
22F -1
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and we'll look ar a couple of others later,
Bul today, most people try o design in-
ducters out of their circuits, at least at
auchie frequencics, As previously  men-
tioned, coils for audio frequencies are
often large and  frequently  expuensive,
Although  passive  LE (inductance-
capacitance) filters require no power sup-
ply, vou have o design them carelully 1o
minimice logs, payiog carcful attention 1o
input and owpu impedance matching.
Active Nlters, on the other hand, can casi-
Iy b designcd for almeost any desired in-
put and ouwtpul impedances, and can give
considerable gain (o bow!! RO {resistance-
capacitance) active fillers are especially
wseful ar low audio frequencies where the
laree mductances necded for LC fliers
hevore impractical.

Band-Pass RC Active Filters

You can make an RC filter without any
active deviees. Look ar Fig. 2. At high fre-
quencics, most of the sigaal is shorted ol
by Cl. Ar low frequencies, most of the
signal is Blocked by C2, Thus the circuil
nf Fig. 2 is a hand-pass Gloer. The limita-
tion 1y that the maximum Q@ possible with
this type of Tilier is only 172,

Those familiar with Q-multipliers o1
repenerative detectors may recall that one
way (o increase the Q of a tuned circuil is
to anroduce a hittle positive Teedback
around it. (If vou apply 100 muach feed-
Dack, the wircwit will vscillane. ) The same
trick works for an RC bandpass filter. Sce
Fig. 3. Here R has been added to couple
inthesignal. You cap usca number of dif-
forenl resistor and capacitor values 1o
achicve the desired [ilter characteristivs,
but fer simplicily we usually make the two
capacitor values the same and also len B
= Ri = R3.

Let's say we wanl a  -kHe band-pass
filtwr with a 3-dB bandwidth of &00 Hz.
The Fandwidth is just the center frequen-
ey divided by the Q so we have B = (/0
or ) = [/B = 10601 = 1.67. S0 us-
g the cquations from Fie, 3, R5/R4 = 3
— [ W2/1.67) = 2.15, The actual values
of thase resistors are nol oo important —
it's the retfo of the two thar delermines
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Fig 8 — Measued frequency response ol the liller of Frg. 48 The center frequensy and band-
widih are fol exacily as prediclod becavse of companenl lolerances.
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Foy fi — A lunanie band-pass liller. Adler
chooseng a value for GG = C2), then RZ =
1WaBC). where B2 15 m ML, G ison uF antl B s
the bandwidlh in kHz, BT (kQ) = A2I2G, wher
G is lhe desired numerical vollage gain al
resnnance.

AT kil = e
G 21,28 - BG)

wiere |, 15 in kHz. Insed the minimum and
maximurn values af 1, inlo 1he abowe equation
tages the maximurn and minimuom values lor
Rl

INPUT

Qaoi Wobe

e -uy

L1

Fig. T — A practical band-pass filler that tunes
frarm 350 (o 2000 Hz.

the ) and gain, Ler™schoose Bd = |5 k1.
Then RS = 2,15 X 15 k@ = 32 ki (i
R4 = 3, the O i infinite and the ci
cuit hecomes an oscillator, ) To allow for
resistar tolerances vou  uwsually use a
petenticmeter 10 adjust the pain 1o ect the
exael £ vou want. Soe Fio. 40 With rhe
potemtiometer set o the middle of Qs
ranee, the eifective values of B4 and RS
are 13 ki and 32 KIF respeenively, gs
clesired, Mest, choose o value for K oor
Let's et © = 001 uF. (AL ofF the Fon-
nurlas in this avticle express capacitainge in
microlarads, resstance in kilohms, and
Feequeney i Kileherteld Then 3
= JIH2nCT,) = 225 kD orabow 22 k0.
Fig, § shows the measared  regoeney
response of the circun in Fig. A, You can
vaise o Jower the o by adjusting the
potentiometer. [ voo want 1o tune ths
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Fig. 13 A BOkH2 band-paze filtsr. Caloulatsd

yoltage gain is 200 and the @ is 140, giving a
bandwidih of 5 kHz. Since a standard 741 op
amp doeg nol work well abowe 10 kHz, a high-
stew-rale version 15 used, Todesign for other
frequeisies, fest choose 8 value for C1, then
R2 = 3B42:C11,%), where G s the gain-
bandwidth producl al the op ama (000 kHz for

2 741 or 7415 Choose Qusng O = 1B or O
= Gf,'GB. Then
R 1 1
1= e (= o
=38 5~ e’

Tha highest possible O is GBI, and the
nignest passible gain is QGBI

QUTPLT
LT RUT auTPUT
Y
MPuT G4
o—
Fig. 9 — & low-pacss active Yiller For O grostes Fig. 11 — A Figh-pass Wllor For farly narraw Fig. 14 — & band-pass LC active hiler, 3 =

than ong, o low pasc filter hao a peak m bk
feegquency respanse simifar o thal of a basd.
pass lilter, Far relatively narraw bandwidies, 0
is approsgumalely IR RART = 2 — (170). For a
given value DH:-[C1 = CAH,RI=R4 =

10ty CL where R isin kil G5 in uF, and |y o5

in Ia.Hz. The gain at f, is 30 - 1.

pardwadth (Fugh ). the & of o eghpase Ll
is approcimaltely [5/B, B2IAY1 = 2 = (1), For a
given value o' G |'L'I C2L Rl = R4 =
1i2n1, ), where all quanliies are expressed in
the sams unils used in the previaus examples.
The gain af {1530 = 1

1M3UT

aATALT

—g 10 = Arecther 15w Pass ffiser
then 01 = G20 R1 = RF

HWizrly o L1L...> whita RIS in ke ! C nuf
and |, s in kHz. The gain s equal 1o O

oE

—|

wieuT = oz

i

S

OITPRUT

Fig 12 = Ansthet highoass hiled, Choose A1,
then'R2 = AY3NIE. C1 = G2 = €1 =
1i2=l;  R1RZ) The gain g equal 1o o]
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[,/B. Choose a conveman! valua 1o L1, Then
1

cl = ——oo—
[EE

where L1 i5in henrys and G isin uF B3 =
Qx, woere X s the inductive or capacitive re.
actamce in ki X = 2a,L) The gainis 1 +
R2HYT R2AY = RYR4. Rd includes the losses
in L1

filter withoul changing the ©Q, yvou would
necd  three ganeed  potentiomerers o
replace BRI, R2 and R3.

Don't ot the sdea thar all RC active
sl be made with op amps, The
duesion of Fie. 3 works fine wsing a pair of
transitors. Figo 48 is a pracoical example,
Fhee comter Proqueney s ahoot 700 He, and
the bandwidth is determiwed by the sening
of the =KD potentiome o,

The filer of Fig, 6 has the interesting
proporty that vou can tune the center Tro-
gueney withoul changing the oo by sary-
ing 2 single resistor, B3 In addition. the

falecr-




O increases with freqoency in sien a way
that the bandwidih stavs constam for all
mning settings — i sorl of ““poor man's
passband twmine!™”

Tor design one ol these filters, you st
choose the bandwideh (1), gain 1G) and
the lowest ane Wighest fregquencies 1o be
tuned (6 Lo Let's say vou want 1w
tuee 3500 g 2000 He (L35 hH- 1o 2 kM)
with a bandwidth of 1530 He (0,15 kH.)
and a pam of one. Again we'll choose 0,01
I o the capacitor value. From the Tor-
mudas in Fig, &, B2 = I/ (n x D15 x
0.01y = 212 kY, BRI = 106 kR and the

LR

SR 1 N P

nimum and masimuin va ues of B ourn
ol to be 300 0 and 1007 KDL Usiog the
nearcest standard resistor vahies, we pet the
circun of Fig, 7. Fig, 8§ indicawes the
measured frequency resporse for the cir-
cuil. I your ealeolations give you a
oegative value For R, then your lower fre-
gueney Timil 15 oo low or yaur 2ain is Lo
high. Choose new values and recaleulane,

Low-Pass RC Active Fillers
I you need arrenuation of figher fre-

guencies only [such as adjaceni-channdd
ssbtinterferenced, a low-pass e will il

r—H—-o oUT PUT

0,000

] felele ]
400 520
pF aF

the hill. Representative desipns are given
in Figs, 9 and 10,

The cireuit of Fig. 9 can be tunced by
panged potentiometcs a1 K3 and B4, The
0 van be adjusted by inserting a poten-
teemcter belween BE and B2 as in Fig, 44,

While it's not as casy (o wune, Lthe cireui
of Fig, 10 has beter stability than that of
Fiz. % For high valuws of Q, the gain and
Crod the latrer Wier will changye nark cdly
For small changes in 2oy of the resistor or
capacitor vialues, IF you need only a fixed-
fregqueney Nlter, the one in Fig, 1005 a bet-
ter choive,

High-Pass RC Active Filters

In principle, you can conver! any RC
lom-pass iller intes a high-pass iller by
suastituting resistors for all the capacitons
amd capacitors lor al the resistors. The
ciretits ol Figs, 11 amd 12 correspond
the low-pass Olers in Figs. 9 and 10,
respectively,  Their  characeeristics  ar?
similar vacept that they are high-pass i
nature. Actually, for hizgh values ol @, the
freguency responses of band-pass, low-
pass and high-pass filers are prefiy muoch
the same close 1o the peak frequeney. '
oy when you ger well away from the
passband that vou start o notice dif-
Feienoes in gtienuatio s

Fig. 13 is a band-pass filtcr 1hat uses the
internal frequency compensation of the
o amp o replace one of the capacitors i
the Feedback network, This circwit has
very liigh gain al low frequencics. Even a
S0 kH2, e tuned - amplifier shown has

T S = o a gain of abouwt 200, which reguins
= '+ Q- a ¥ e REALS,
. lunatle 2 ampivlier patterned alter the ciecuil of Fig. 14. carcful  antention o cirenil layvonr
SATATE
22k 22 &
It R4
meut o—j — {t A ]
ooz ZEN 22k .00 4 15k 0f 2z2e 22k .00
(+Lk}} L c1 a4 am gl 1|
=i I
—a ouvtrut
zz6  aF
mY
PHONED Dhaw PHONE ) Cw
' 0 o°F
GGH_-D+9 TOD 15V

Fig. 16 — A gomanation phone and v audio liller,
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cnsure stabilicy.

LC Active Filters

One of the bip advantages of active
filters is that yvou can build high-Q) filters
without coils. On the other hand, if you
ke coils, you can still use them in astive
filier destgns, In fact, this will sometimes
resule in a more stable and refiable circuit,
Fig. 14 is an example. This band-pass
filter circuil increases the effcctive Q of
the coil by mweans of positive feedback
through B3, You can set the Q by ad-
justing R3. In this circuil, changing the
bandwidth docs not alter the gain, When
properly adjested, this Filter s more stable
and casicr 1o use than some RO cireains,
cspecially ar high frequencivs,

For cxample, you can build a pracical
A0-kHy tuned amplifier (Fig. 15) thar is
Tess crntical to comstruct than one based on
an RC desien, My [0-mH coil hed a
mcasured O of only 37 ar 50 kHz, but it
was vasy to oblain bandwidihs less han
170 My, indicating an effective Q of over
|30, Toalign this Glter, disconnest the in-
put anc adjust the 5-k ) polentiometer un-
1l the circul is on the verge of oscillation
with the variable capacitor adjusted for
the desired center frequency, With the in-
pul reconnoected, the filter should be un-
conditionally stable.

Cascading Active Filters

Cascading passive filters can create pro-
blems, in that connecting the outpur of
ane [ilter 1o the inpu of another causes
the impedances Lo interact, affecting the
Tugueney responss in wiys you might not
eapect. Cascading active fillers, however,
15 vasy because the high-impedance input
of cach op amp docsn't alTedt the low-
impoedance outpu of the precedimg siage,
The total frequency response is the pro-
duct of the responses of the individual
filtwrs — that is, the wotal atlenuation (in
JdB) at any frequencey is the sum of the at-
tenuations  of  the  individual  stages.
Cascading filters greatly improves 1he
stop-band attenuation. For example, if
one lilter has 20-dB aticnuation at saomye
frequency, two such filters in cascade will
have 40 dB, three Glters will have 60 dB,
and so on.

Let's Build One
Enough theory; ler's build one! Fiz. [6

'FFlE".‘H.IzEHC"r {eHz)

o L] 4 5
' = |

o { |1 B \\F‘HDNE
E 12 —
— 1
i I W
g
z | | s
e = A
i / |
z |
u 1 |
ez
1
-
x

=301 T

I

Fig. 17 — Frequency response of the phonelow audic filter. In the phane mode, the frequency
response i 250 (o 3100 Hz with a measured gain of 0.B5. On cw, the gain is abow aight, with a

6B bandwrdth al 300 Hz centered at 920 Hz.

shows a uselul circuit consistine of a pair
of vascaded filers of the tvpe described in
Fig. 10, Wih the switch in the *'phone’’
posiion, cach seetion is a 2300-Hy low-
pass filter with a @ of about one. BRI and
Clowere adoed o further reduse the high-
frequency response. Switching o ow adds
cxtra capacitance, which not only lowers
the resonan: frequency to abour 800 Hy,
b @lso raises the Q o abowtl 3.5, The twa
0.02-pF coupling capacitors rell off the
frequency response below 300 He, which
helps 1o block any hwie present on the in-
put. The frequency responses for both
mocles are plotted m Fig, 17,

The filter may be driven by any audio
sodree having less than about 2-K82 oupuy
impedance and a voltage swing less than
abowt & volbls pk-pk on phone and 1 volt
ph-pk on cw. (The gain is about one on
phone and about vight on ew. ) The outpur
is sufficient to drive headphones of any
impedance, but you  should add  an
amplifier todrive a speaker.”
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By :he way, il's not necessary (0 use two
separaie integrated circuits to build this
filer, You can buy ICs with two or even
fowr ap amps o the package. For cxam-
ple. 1w Motorola MC147 and MC4741
are the dual and guad versions of thelr
MC 141 operational amplificr,

I hope this article has given you some
idea of what can be done with active
filters, In fact. there isn'tmoch gear in the
averare ham shack where one of these lig-
e givmos wopldn 't come in handy, Drop
Qe U0 Your nest consruelion project
andl see!

Moles

Womndaard, A Begmner®s Lovk @ Ops-Aanps, ™
Q8T Apoil P98 po 18 amd June 1980, p. 25,
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SShorvser, A Flandy Audicos Ampbfien,' Hims anld
Kinks, @5T. Devombyr 197%, p, 56

Heference
Bucak, Pessree e Acvevg Sernoek Anediosis e

Stepteses, Hloughton Milflin, 1974,

Lam, Anwley ol Digite! Rlters,  Prowtice-Hall,
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From 1990 ARRL Handbock Ch 28, p 1:

A Simple, High-Performance

CW Filter

By Ed Wetherhold, WaNQN

1426 Catlyn PI
Annapolis, M2 21407

This inductor-capacitor CW filte: uses
one stack of the Jamiliar 88-mH inductors
and two 44-mH inductors in oa five-
resonator circuitl that gives high perfor-
mance at low cost, The center frequency
is fixed at 750 Hz because most transceivers
use this sidetone freguency, but sidetones
between TO0 anc 800 Hz can be received
with less than | dB atenuation relative to
the center freqoency. Ed Weiherhold,
WINOQMN, designed and built the filter
presented here. The author can provide
parts for this procect at nominal cost, Write
E. E. Wetherhold, W3iNOQN, 1426 Catlvn
Place, Annapolis, MD 21401 for more
information. If you need a design for a
different center frequency, the author can
provide that as well. Be sure to include a
self-addressed, stamped 90:- = deinch
envelope with your regquest,

Cne feature of this filter is a 3-dB
bandwidth of 236 Tlz. This bandwidth i=

narrow enough to give good selectivity, and
vet broad snough for easy tuning with no
ringing. Five high-Q) resonztor circuits
provide good skirt selectivity that is equal
to or better than most commercial active
filters costing more than 580, In com-
parison, this UW tilter can be built for less
than §15. Simple construction, low cost and
good performance make this filter an ideal
first project for anyone interested in putting
together a useful station accessory,

Design

Fig 1 shows the filler schematic diagram
and component values. These values were
selected for a center frequency of 750 Hz
and for a filter impedance level of 230
ohms. The filter sees a 230-0hm source
impedance consisting of the 200-0hm
source {transformed from § ohms), a
22-phm transformer winding resistance and
an 8-ohm induetor resistance. In a similar

way, the filter sees a load impedance of 230
ohms, This design was selected so that only
one turn needs 1o be removed from both
windings of a standard 44-mH inductor to
give the required L2 ard L4 values,

Construction

Fig 2 is & pictorial dizgram showing the
filter wiring. Note the 44-mH lead connec-
tion, as well as the connections between the
capacitor leads, the 88-mH stack terminals
and he 44-mH inductor lzads. Fig 3 shows
the finished filter installed in an aluminum
hox. Before heginning construction, nhiain
one 88-mH five-induclor stack with a
mounting ¢lip and two 44-mH inductors,
and then follow steps | to 5.

1) Bemove one turn from each of the two
wincings of one 44-mH inductor to get
43,5 mH (total turns removed is twa).
Carefully scrape off the film insulation and
voncect the start lead (with sleeve) of une

=

Fig 1—Schemalic diagram of 750-Hz CW lilter. Use 1% tolerance capacitors for best results.

C1, C5—0.512 pF capacitor,

C2, C4—1.036 «F capacitor,

C3—170.7 nF capacitor.

Ji—Phone jack, or jack to match your Fead-
phones.

L1, L5—88-mH tamid (par of toroid stack, seo
ety

L2, L4—435 mH toroid {modifies 44-mH
farpid, ses text).

L3d=—264-mH tareid (pan of toroid stack, see
taxt).

P1—Phana plug, or plug to mateh yowr
raceiver.
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Ri—=Zaro to 220-chm, Ve-N, 100 resisior
(e texl).

S1=DPDT switch.

T1, T2—8-ohm 10 200-ohm impedance-

matehing transiormar, A0




COMMECT THESE
LEANS ACAOSS
cE Ao

LEAD CORMECTION DLTEILS TCR LE &4%T L4

Fig 2—Piclorial diagram showing L2 and L4 lead connecticn and

wiring of inductor stack (L1, L3, L5).

winding to the finish lead (no sleeve) of the
adjacent winding to make the center tap as
shown in Fig 2. Do the same for the secend
44-mH induetor.

2} Fasten both of the 43, 5-mMH induciors
to opposite ends of the 88.-mH stack osng
clear silicone-rubber sealant, avaikable from
most hardware stores.

3) Position the 43.5-mH inductors so
their leads can be casily connected 10 he
rest of the circuit, Solder the capacitor leads
to the stack terminals as shown in Fig 2.

4y Obiain a suitable box and make hcles
for the inductor mounting clip, the DPDT
switch, and the phone jack and phone cord.
First, install matching transformers T1 znd
T2 and the inducior stack with capacitors,
Fasten the transformers (with leads point-
ing up) to the bonom of the box with
silicome rubber sealant, Secure the stack 1o
e bottom of the box with a 1-3/8-inch
component mounting clip and two no, 632
s 5/16-inch screws. Instead of the § x 3
w 234 -inch aluminum box shown in Fie 3
(Mouser Stock Mo, 537-CR-800), a small
cardboard box may be used 1o minimize
faly 1

5y Complete the wiring of the trans-
formers, the DPDT swilch with resistor R1L,
and the phone jack and phone plug. Then
check the correctness of vour wiring by
measuring and comparing the filier node-
to-node resistances vith the values listed in
I'able 1.

Installation

T and T2 match the filter 1o the receiver
low-impedance audio outpuyt and 10 an
B-ohm headset or speaker. 1T your headset
is high impedance, T2 may be omitted. In
this case, connecl 2 10%0, Y W resisior
[rom node 9 (C5 outpul lead) 10 ground.
Choose the resistor value so the parallel
sombination of the headset and resisior
gives the correct Slier rermination im-

Fig 3—The assembled filter is shown installed in a CR-800 aluminum
box. The thrulbypass swiltch (51] and inputicutput fransformers (71,
T2} are &1 the lsft end of the Doy,

Table 1

Mode-to-Node Resistances for the CW Audio Filtar
Nodes Componernts Rosistance

Fram To fabme)

1 GND T1 hi-Z winding 12

2 GND L1 and % L2 10

3 GND La 4

4 GND L2 2

5 GND L3 and Vs L4 26

5] GHD 1% L4 2

7 GND L4 4

B GHND L5 and %z L4 10

-] GMND T2 hi-Z winding 12

2 4 L1 8

5 6 L3 24

[ i} LS 8

2 | L1 and V3 L2 10

B 7 LS and 'z L4 10

Hotes

1) Sea Figs 1 and 2 far the filter node locatiens.
2 Chack your wiring using tha resistance values in Tatle 1. If there is a sigrificant diffarance
Ll youi wigaauied values and the table values, you hidve a 'l'lilil'lg error that must be

corractaed.

3) Faor accurale measurements, use a digital WOM or an analog VOM (such az a Trplett
Model £30) that has a scale center of about 5 ohms on tha =1 chmmeater ranga.

pedance (within 10 percent of 230 ohms),

Performance

The measured 30-dB and 3-dB band-
widths are about 511 and 235 He, respee-
tively, and the 30-dB/3-dB shape factor is
2.17. This factor can be used to compare
the performance of this filter with others.
The measured insertion loss at 750 Hz is
Iess than 3 0B and is Lyvpical of passive
filters of ths ivpe, This smal loss is
compensated by slightly increasing 1he
receiver audio gain, K1 helps to maintain
a constant audio level when the filter is
switched out of the circuit, The correct
value of R1 for vour audio svstem should
be determined by experiment. Start with a
short circuit for BRI and then gradually
increase the resistance until the andio level
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appears 10 be the same with the filter in or
out of the ecircuit.

More than 700 hams have constructed
this five-resonator filier (using either the
2-stack or the newer [-stace arrangement}
and many have commented on its excellent
performance and lack of hss and ringing.

Heferences

Wetheriold, “*Modern Design of a CW
Filter using BR- and 4&-mH Surplus
Inductors,'" Q57T, Dec. 980 and Feed-
back, @57, Jan. 1981, p. 43,

Wetherhoid, ‘‘High Performance CW
Filter," Ham Radio, Apr 1981,

Radio Handbook, 23rd edition, W. Orr,
ed., Howard W. Sams & Co, 1987
(1-5tack CW Filter), p. 13-4,




From 1930 ARAL Handbook Ch 28, p 3:

A Passive Audio Filter

for SSB

By Ed Wetherhald. WaNQN

1426 Callyn P
Annapolis, MD 21407

While audio filters are most often used
during CW recention, the S5B operator can
also benefit from their use, Shown in Figs 4
and 5 is a passive band-pass filter designed
hy Fd Wetherhold, WiNQN, for phone
operation. This filter was described in
Dec. 1979 QST.

All of the inductors are the surplus
88-mH toroidal type with their windings
wired either in series or parallel to get the
reqguired 88 or 22 mH of inductance. The
series conpection is shown in Fig 2. The
0.319-pF capacitors were sclected from
several (0,33-pF capacitors that were about
3 percent on the low side. The 0.638-pF
value was obtained with a single 0.68-pF
capacitor that was about 6 percent on the
low side. The 1.276-aF wvalues were
obtained by paralleling selected 1-uF and
0.33-uF capacitors.

Fig 5 shows the measured and cakulated
attenuation responses of the filter, The
lifference between the measured and calcu-
lated responses at the low frequency side
of the passband is probahly causec by the
much lower Q of the inductors et these
frequencies,

The necessary termination resistance of
this filter is 206 ohms. While this s not a
standard wvalue, it should not be (oo
difficult for most amateurs 10 accom-
modate. If low-impedance headphones are
used, a matching transformer can be used
to provide th: correct lermination. A
suitable transformer is available from
Mouser Elcetronics (sce Chapter 35 parts-
suppliers list). The part number is
42TU200, and it is a 200-ohm CT 1o 8-chm
CT unit.

£z 22
1 2TE LETE

INPUT ouUTPUT
Hy= 205 0L ’ Lz c4 L4 A= 2060
3
1 L3 o628 La
C i G
1 a
a 4 -

- & & i . b o
CATACITANCE 1M wF, INDUCTIHCE 1IN mH

1Al

TERMIMNAL BOARD OF
INDUCTOR STACH

SIXTH INCUCTOR
MOURTED O END
OF INDUCTOR STAClH

1B

Fig 4—Schematic diagram of the SS8 band-pass filter (A). Shown in B is 2 piciorial wiring
diagram cf the tarminal board on the inductor stack.

RELATIVE ATTENUATION (23]
RELATIVE AT TENUATION {dB)

FREQUENCY iz ]

Filg 5—Rasponse curves of the 358 band-pass filter
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From July 1987 QST, p 24:

Designing and Building Simple
Crystal Filters

A simple and inexpensive crystal filter that performs well makes
receiver and transmitter projects much more fun. Build one
yourself at a fraction of the cost of a commercial unit.

By Wes Hayward, W7Z0I

7700 SW Daniella Ava
Beaverton, JR 97005

am encouraged by the larpe number
I of radio amateurs who want 10 build

their own rigs. The ready availability
of good-quality semiconductors helps in
this pursuit. Other components are some-
times harder to find, at least at an
affordable price. One example is the crystal
filter—the heart of any superheterodyne
raceiver of lrassmitler,

Inexpensive crystals are readily available.
They should be characterized and matched
for frequency prior to use in a typical
crvstal filter. Methods for building the
needed test equipment and performing the
measurements have been presented be-
fore,! These methods are, unfortunately,
somewhat complicated for the casual
experimenter who may hesitate to construct
special test equipment when just one filter
is to be built, What experimenters really
need is an empirical filter design method,
one that lends tself to casual “tweaking. "'
Such a methoc is described in this article.

I he Cohn Filter

In the course of computer studics of both
crystal and LC filters, I've noted that a
circuit called the “Cohn,” or *Min-loss™
filter, lends itselfl to particularly simple
designs.? This filter configuration derives
its name from its origipator, and differs
from the more familiar Butterworth and
Chebyshev circuits, The Butterwaorth band-
pass filter is built for optimum flztness at
the fAlter center, The Chebyshey design
allows equal passband ripples, and is
designed for the hest stopband attenuation
(steepest skirt response). The Cohn filter
is a compromise: It is optimized to exhibit
minimum insertlon loss when buile with
practical resonators, while preserving a
good shape factor. The Cohn filter, in 1O
form, is not new to the radie amateur 54
It is not limited to LC resonators, however.
It works great with crystals!

‘Motes appear al end of aricle.

The Cohn filter, crystal or etherwise, is
a rather simple circuit. This becomes
more apparent when we view the filter
using coupled-resonator methods. All
normalized coupling coefficients are equal.
Moreover, the normalized end-section
loaded-0) factor is the reciprocal of the
coupling coefficient. The practical simplifi-
cation hecomes apparent if we examine the
generalized crystal filter circuit shown in
Fig 1. All capacitors in the circuit are of
equal value! The shunt capacitors are
coupling elements while the series capaci-
tors in the lilter end sections are included
1o properly tune the circui,

Practical Cohn Crystal Filters
An empirical method tha the amateur

may use for crystal filer design is described
ggsilv in a step-by-stzp procedure.

1) Obrain a collection of substantially
identical crystals. The crystals are firt
imatched in frequency. The same oscillator
skould be used to measare all crystal fre-
quencies. The error (lrequency difference)
stould be less than 0% of the desived
handwidth of the ftrer. For example, g
fiter with a 1-kHz bandwidth should use
crystals matched (o within 100 Hz or better.

2) Pick a capacitance value (o be used in
the filter. The capacitance (C) value deter-
mines the filter bandwidth. Larger C values
vield marrower bandwidih and  higher

insertion loss,
1) Vary the end terminations 1o obtain

ashape that is free of passband ripple while

NOTE &Ll CAPACITORS ARE OF EQUAL WALUE,
ALl CRYSTALS HAVE THE SAME
RESONANT FREQUEINCY

ATeRM

Fig 1—Generalized crystal filler suitable far empiical congtruction.
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Fig 2—aA simpla CW liller using three crystals.
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providing sufficient stophand attenuation,

This empiric procedure is illustrated in
the following examples. ['ve chealed a
bit—I used a personal computer to simulate
the filter, and generate the data presented,
but I"'ve abtained similar resalts wth fileers
1 have built. The experimental results agree
well with the computer models. All
examples shown are based on a collection
of crystals from my junk box. They are
inexpensive L.579-MHz TV coor-burst
crystals. The average motional inductance
for these crystals is 117 mH, witha (rather
poor) typical Q of 50,000, The parallel
capacitance is abour 4 pF,

A Three-Crystal Cohn Filter

A simple and practical filter for a
beginner's first CW  superheterodvne
receiver is shown in Fig 2. Three crvseals
are used. The capacitors are 200-pF units,
a standard value. Experimentation (done
here with the computer) shows that a good
filter shape is obtained with an end termi-
nation of 150 ohms. Fig 3 shows the fre-
quency response of this filter. The — 3 dB
bandwidth is 403 Hz, and the insertion loss
is 3.8 dB. Theloss will be lower with better
(higher Q) cryitals. The impedance match
is shown in the figure as a series of doils.
This is the return loss normalized Lo the
source impedance— 150 ohms for -he filter
shown,

IT different crystals are used, the same
bandwidth can still be obtained, within
limits. The coupling capacitors and end
terminations will then be different,
however, Insertion loss will also differ,

Decreasing the value of the capaciiors
increases the sandwidth. Some practical
values are shown in Table 1, again the
result of tweaking with the compuer, This
will provide some guidance in experimen-
tation.

Fig 4 illustrates the effect of altering the
terminating resistancec. Fig 44 shows the
result of 73-obm terminations, lower than
the desired 150-0hm value. The filter shows
some passband ripple and a higher insertion
loss. The effect of a 300-ohm termination
is shown in Fig 4B, where the peak shape
becomes more rounded, with degradation
of skirt respoase. While the pocrer fre-
quency doman shape is generzlly less
desirable, the filter with the higher termi-
nation has a siznificantly improved group
delay; this filter would be preferred for
high-speed data applications.

A Six-Crysral Cohn Filter

The three-pole filter mentioned above is
practical, It does not, however, offer skirts
that are as steep as we would like for many
demanding applications. Improved skirt
selectivity in a filter is obtained by using
more crystals. The computer can be used
to generate another table like that shown
for the three-crystal filter. Alternatively,
the results of Table | can be wszd as a
starting point for experimentation, The
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Fig 3—Frequency response of the filter of Fig 2. The dots show the nput return loss,
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ARRL Lab Experiments with the Cohn Filter

ARRL Lab siaff membears were
intrigued by the material on Cohn
filters presented by Wes Hayward,
WTZ01. We built four CW filters and
one SSB filter, following Wes's
instructions. Tests confirmed the
computar modele developed by Wes,
This was no surprise!

CW Filters

Four different batches of crystals
were used for the CW filtars. The
crystal sources were identifiable, and
the relative quality of each batch was
determined. Four filters were
constructed (Fig A). With the
exception of the crystals used in each
filter, the filters were identical. The
filter schematic is shown in Fig B, The
capacitors are 300-pF, 5%- tolerance
silver-mica types. The S00-ohm
terminations (variable resistors) al the
gnds of the filler wera used to "“tiim"
the filter for the best shape and
response characteristics during
testing. An HP-B8540 spactrum
anelyzer was used to generate the
filter response curves shown in photos
G through G.

The units used in filter no. 1 are TV
color-burst crystals (3.572545 Miz).
They were pu-chased originally from
Radio Shack (about $1,60 each) lor
another project. There were anly five
of these crystals in the balch, so0
frequancy malching {within 50 Hz)
was nol as close as with some of tha
other crystal batches.

The crystals used in filter no. 2
wera selected from an assorimert of
Len 4.000-MHz microprocessor units
purchased from JAN Crystals.! Thess
crystals were frequency matched
within 40 Hz. The crystals cost
approximately $3 each.

Filter no. 3 uses crystals selecled
on the basis of frequency matching
fram a large baich fover 30) of
4.000-MHz microprocessor crystals on
hand in the ARRL Lab {matched
within 30 Hz). These crystals can be
characterized as '"grab bag" quality,
and similar units are available from
various dealers at a cost of less than
£1 each.

We bought the crystals used in filter
no, 4 from International Crystal Co.?
They can be characierized as high-
quality, moderale-cost units. Thsir
guaranteed frequency tolerance s
0.001% of 4.000000 MHz, matching
was within 6 Hz, and cosl is
approximalely $10 each

SSB Filter

A four-crysial, 12-MHz SSE filter
was built usirg 160-pF, 10%%-

1JAN Crystals, 2400 Crystal Dr, PQ Box
08017, Forl Myers, FL 338068017,
tal 813-8936-2387.

fipternational Crystal Manufacturmg Co, Ing,
PO Box 26330, 701 W Sharigan, Sklzhoma
City, OK 731260330, tol 405 236-3741

Flg A—Four CW crystal filters were built in this cosliguratien. The PC-board mounting
surfaces provide a ground plane. Capacitars are soldersd directly to the ground plane,
and the crystals are connacted using the capacitors as standoffs. Phono jacks are used
for input and outpul connectors, The only variables in the construction of the filters are
the crystal characieristics and the length of the crystal leads. The S38 filter is not shown.

toleranca silver-mica capacitors, An
8:5 transformer is used for impadance
matching. The crystals are
microprocessor types purchased from
Jameco Electronics? at & cost of
approximately $1 each. Of 12 cryslals
purchased, only 10 were suitable for
filter us2. The filter response is shown
in photo G.

Test Results

Photos C through F show the
respongas curvas of the four CW
filters, Photo G shows the response
curve ler the 12-MHz SSB filter.
Insertion loss is guantified only for

1jameco Electronics, 1355 Shoreway Rd,

Belmoat, CA 54002, tal 415-592-8097.

CW filter no. 4 because series
resistors were used o adjust the
terminating impedance of filter nos, 1
through 3. These resistors introduce
lusses. In practice, each filter would
be coupled 1o its associated circuitry
through matching transformers, not
resistors,

Filter no. 1 exhibits an sxtremely
sharp responsa, with a bandwidth of
approximately 240 Hz at the -3 dB
points; it may be too sharp for good
CW copy. Changing the 300-pF
capacitors in this filter to a lower
value will broaden the response.

Filter no. 2 is not quite as sharp as
filter no. 1, and exhibits a peak ripple
affect. The response asymmetry can
be corrected by trimming the filter

F= S000L

OO0
PO

77

HOTE: Yi-¥4 SAME FREQUENCY

TERMINATION RESISTENCE [M11)= R+50
G = 300-pF SILVER MICA, 5%

Fig B—Schematic diagram of the crystal filters. Capacitors are all of squal value.
Terminafing resistors are varlable 500-chm units. Crystals are all of ecual nominal

fraquency with minar (up fa &%-Hz) variatinn

Far updﬁtad suppller addresses, s ARRL Parls

Suppliers List in Chapter 2
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Fig C—Spectral photo showing the
resgrse ol filtr oo, 1. Horizonial divisions
are each 200 Hz; verical divisions are sach
10 dB. Sampling bandwidth i= 100 Hz. The
center frequency is 3.573 MHz,

Fig E—Speciral pFolo showing the response
of filter no. 3. Horizontal divisions are each
200 Hz; vertical divisions are each 10 cB.
Sampling bandwidth is 100 Hz, The center
frequency is 4.000 MHz.

with the termination resistors, but
insertion loss increases significantly.
For CW use, howevear, this filter is
probably more than adequate.

Filter no. 3 shows a bandwidth of
approximately 350 Hz at the -3 dB
points. It is symimetric and shows low
”F'Il_?'&- This is a very good CW filter.

ilter no. 4 is & good example of
what can be accomplished with high-
quality crystals and proper termina-
tions. This filter is used in a CW
receiver designed by Dava Mewkirk,
AKTM (see cover of this issue). The
input and output impedances of this
filter are 200 ohms. To match the
50-ohm impedance of the test setup
4:1 transformers were used. Filter
insertion loss iz £ dB, with an ultimate
rajection of over 30 dB.

The 35B filter shows a -3 dB
bandwidth of approximately 2.1 kHz.
There is no discernible ripple, and the
insertion loss is 4.4 dD.

Conclusions

The empiric approach to designing
Cohn filters for OW or S5B use is a
viable alternative to purchasing com-
marcial filters, The relatively high
component cost for the best filter
design tested (CW filter no. 4) still

Fig D—>Spectral photo showing the
response ol filler no, 2. Horzonal divisions
are each 200 Hz; vertical divisians are each
10 dB. Sampling bandwidih is 100 Hz. The
center frequency is 4.000 MHz.

Fig F—Spectral photo showing he response
of filler no. 4. Harizomal divisions are each
200 Hz; vertical divisions are azch 10 dB.
Sampling tandwidth is 100 Hz. The center
frequency iz 4,000 MHz.

Fig G—35pectral photo shawing the
respanse of the SSB filler. Horizontal
denisions ae each 1 kHz; verlical divi-
sions are each 10 dB. Sampling bandwidih
is 100 Hz. The center fraquency is

12.000 MHz.

results in an advantage of over 50%
when comparad 1o the price of
commercial equivalents. All af the
filters tested are adequate for most
home-brew projects, They are fun 10
build, and result in appraciable
savings.—Hruce O, Wiliams, WAGIVC,
ARRL Staif

Table 1
Cohn Three-Crystal Filier

Bandwidth % Riny
(H: @ -3 dB} (pF) (Ohms)
{k = 1000)
380 200 150
601 130 238
1.UK i 41
1.8k a0 1.5k
2.k 17 3.3k
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computer was used in the “‘construction’”
of a filter with six orystals. The circuit,
agun a narrow OW filter, is shown in
Fiz 5. The 200-pF capacitors used in the
carlier filter are retained. The frequency
response of this six-crystal filler is shown
in Fig 6, where the “reference sweep™ is
thz response of the previous three-element
filter. The new filter has a —3 dB band-
width of 154 Hz, bt much steeper skirts
than the three-clement filter,

A Simple S5B Filter

Tahle 1 shows a number of simple three-
pcle filter configurasions. Bandwidth is
increased for a given set of crystals merely
by decreasing the capacitance value, The
frequency domain response for a three-pole
S5B filter with 30-pF capacitors is shown
in Fig 7. The “‘reference sweep' is the
response of the earlier three-pole CW filter
with 200-pF capacitors. The skirt responsz
of the 58 three-crystal filter is certainly
less than spectacular, More crystals will
improve this response significantly, This
simple three-pole filter is still practical for
some applications, however, such as a
portable VHE 55B transceiver.

Experimental Methods

The computer-based ‘“‘experiments”
have proved to be useful. There arz
generally ne surprises. ['ve **built’” [ilters
on the computer using more than a dozen
crystals. Some of the more practical designs
have been transferred to hardware for
receiver applications, Many of these designs
operate at different frequencies, some using
4.433-MHz Euwropeen TV color-burg
crvstals. These crysals are harder to
obtain, but thelr frequency 15 MOTE COM-
patible with the existing HF ham bands,
avoiding the spurious responses thar can
sometimes occur witk a 3.579-MHz IF.

Almost all of my teit equipment is built
for an input and/or cutput impedance of
50 ohms, The test equipment is still easily
used for filier experiments. Extra resistanca
is merely added at the filter input and
output to bring the level up to thar desired.
Tkiz is illustrated in Fig 8. Ferrite trans
formers may also be built to transform
impedance levels, bit they cannot be
changed as quickly as resistors.

[t is often convenient to experiment with
o filter that 15 contaimed within a receiver
or transmitler. An example is shown in thz
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Fig 5—Circuit of 2 Cohn filter using six crystals.
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partial schematic of Fig 9A. Q1 is a dual-
gare MOSFET mixer. The drain resistor
determines the input loading impedance for
the filter. An identical resistor terminates
the filter output. An NPN amplifier, 02,
buffers the output—insurance that the
following stages will not alter the crystal
filler termination, Fig 98 is a modified
form of the same flter, Tuned circoits have
been inserted to present higher impedances
o the transistors, affording more gain, The
output amplifier is chasged to a JFET. This
modified circuit is be:ter suited 1o higher
impedance filters, as might be encountered
with an 358 transmitier or receiver. Once
the circuit containing the filter is built, filter
response may be measured by tuning the
receiver through a steady carrier whilz
observing the output of a later stage with
an oscilloscope or RF voltmeter.

It's often difficult to build a filter whilz
also building a receiver, If problems occur,
it & hard 1o tell il they are related to the
fil-er or to the rest of the circuitey. Uncer-
tainty is removed if receiver construction
begins with a simpler, single-crystal filter.
This allows you to get the receiver working
before pursuing the better filter. [ don't
encourage you to retain the single-crysal
filler as a final option. The enhanced
performance afforded by additional crvs-
tals is more than ampla justification for the
minimal added effort and expense.

(iher Crystals

The examples przsented have wsed
readily available color-burst crystals. There
is nothing special about them. Indeed,
they often represent (he poorest posslble
guality for a crystal, and their [requency
(3579 MHz) can cause compatibility
problems in many of the ham bands, They
arz, however, both available and cheap

Many paris distributors list ervstals for
mcroprocessor applications in  their
catalogs. The onlv experience I have hal
with these crystals was with two 4-MHz
crystals.® The average Q was 150,000,
motional inductance was 148 mH and
the two crvstals differed in frequency by
105 Hz. Further data on other crystal types
would be of great useto the amateur com-
muanity. Anyone out there with data o
share? [See the sidebar to this article.  Ed ]

Traditional intuition might suggest thet
narrow-bandwidih Mliers are more difficule
to design and build than those with wider
bzndwidth. Just the opposite is trug;
W filters are casier o build than 558 cr
AM filters, This is fortunate, for it seems
that miuech of the present home-brew
activity 15 atmed at CW rigs.

Marrow-bandwicdth CW filters are easily
built with the lower frequency crystals, such

— Fig 8—External resistors may be added
1a an axperimantal filtar tn allnw use nf
50-ohm instrumeantatios far circuit
evaluation.




+y
Fig 9—Parlial schematics af *y
receivers siowing how terming-
fions may be altered to achieve
the proper filter shapes.
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as those at 3,579 MHz. While an SSB Mlter
can be built at 3.379 MHz, probably higher
terminating impedances will be required,
The termination value drops with in-
creasing frequency, making wider band-
width filters more easily realized at higher
frequencies. 1 cfien build equipment with
a 10-MHz IF because erystals with excellent
) are readily available for this frecuency,

Typical parameters for these crystals are:
maotionalinductance = 20 mH, parallel C
= 3 pF and ) = 200,000, Thesze charac-
teristics tesult in practical CW filters with
terminating impedances as low as 50 ohms,
and SSB [ilters with 200- to SX-ohm loads.

You can, of course, order high-guality
crvstals for any desired frequency. It is then
possible o fit a new filter into an existing

Balore ¥ou arnemper any custoin fleer
design and construction, spend some timz
experimenting with the more readily
available, and certainky less expensive
ervsials [ have used. I'm sure vou'll enjoy
the experience.
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From April 1966 QST, p 13:

SuperSCAF

and Son—
A Pair of
Switched-
Capacitor

Audio Filters

Been looking for an audio

filter that's a great

performer and is easy to
build? Here are two that

fill the bill nicely!
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photograph courfesy Sould AMI Semiconductors, copyright 7985

By Rich Arndt, WB4TLM and Joe Fikes, KB4KVE

179 Wildwood Dr

Sanford, FL 32771
othing is more frustrating than
N trying 1o copy a weak signal in

heavy QEM except, perhaps, losing
it altogether. A good audio filter can be
tremendously helpful in separating the
weak sipnals from the strong ones, The two
switched-capacitor filters (SCFs) presented
here reflect the needs of different users.
SuperSCAF is a self-contained audio filter
with thumbwheel frequency selection at
100-Hz intervals, a buili-in audio power
amplifier and an ac-operared power supply.
Junior3CAF is much smaller and simpler.
Junior is designed 1o be added internally
to a receiver and use the receiver’s audio
amplifier and power supply. Both filters
feature high performance and simple con-
struction. Expenenced builders can assem-
ble either one in a weekend.

The heart of these audio Dilters is a pair
of 1Cs recently introduced by AMI, the
53528 and 53529, These two [Cs can be
used together to form an SCF band-pass
filter with excellent characteristics. The
tow-pass and high-pass cutoff freguencies,
f; and [, are szlected by digital inputs to
the ICs at .increments of approximately
100 Hz throughout the awdio band.

The theory cf operation of switched-
capacitor filters has been well presented in
past issues of Q5T and other amateur and

5817 Criner Rd
Huntsville, AL 35802

professional electronic journals.' We will
discuss SCF theory only briefly here.
Primarily, we will examine the significant
features of the 53328 and 53329 and will
discuss the construction and use of an
audio filtar incorporating thase devices.

Switched-Capacitor Filters

Whenever an electrical signal 15 modified
in some way (except for pure amplification
or attenuation), we say that we have
“processed’” the signal. Signal processing
may be accomplished by continuous or
diccrete processes. We refer to the con-
rinuous process as “analog signal process-
ing" and o the discrete process as *“digital
signal processing.”” Examples of analog
signal-processing circuits are mixers, detec-
tors, and frequency-selective circuits made
from inductors and capacitors. Active filters
Using op #mps, resistors and capacitors also
fall inte the anzlog calegory,

Digital signal processing, an the other
hand, relizs on a series of “‘snapshots" or
samples of the signal in order to perform
a given function. These individual samples
are combined and manipulated in a way that
vields some desired result, Digilal signal pro-

Motes apgear at end of article.
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cessing s used in computerized speech, TV
image enhancement and radar, An impor-
tant part of digital signal processing is digital
filtering, which is functionally equivalent to
anclog filtering. One of several practical
digital-filter implemeniations is the SCF.

The SCF works by storing discrete
samples of an analog signal as a charge on
a capacitor. This charge 18 transferred from
one capacitor to anotker down a chain of
capacitors forming the filter. The sampling
and transfer operations take place @
regular intervals under control of a precise
frequency source or clock. Filtering i=
achieved by combining the charges on the
dif'erent capacitors in specific ratios and
by feeding charges back to the prior stages
of the capacitor chain. In this way, filters
of much higher perfocrmance {and coms-
plexity) may be svnthesized than is prac-
ticel with analog filters.

The AMI S3528 and 53529

AMI has produced & number of 1Cs for
the telecommunications industry that con-
tain complete SCFs. Two of these circuits,
the 53528 and 53529, are of particular in-
terest o the amateur community because of
ther flexibility and performance. Within the
53528, we find a seventh-order elliptical low-
pass filter, a clock generator, a program-




mable-clock [reguency divider and a pair of
buffer amplifiers that are helpful in getting
the signal into and out of the IC, The §3529
is similar to the S3528 except that it contains
a high-pass filter instead of a low-pass (iler.
Attenuation is designed to be greater than
51 dB at frequencies above 1.3 f; for the
low-pass filter or below f4/1.3 for the
high-pass filter, where f and f;, are the
low- and high-pass filter cutoff frequencies,
respectively. (In a band-pass configuration,
[y, i5 less than or equal 1o {4.) This frequen-
cy response characteristic may be seen in the
title photo.

A key feature of the 53528 and 53529
pair is the ability to digitally select £, and
fon. Any of 64 different cutoff frequencies
may be selected by setting a 6-bit control
code. This code addresses an on-chip ROM
whose output controls the freguency
divider. In the 33528, the sampling fre-
quency is obtzined by dividing the
3.58-MHz clock to equal 40 f,. In the
53520, the sampling frequency is 44 f .

An especially nice set of cutoff frequen-
cies is available in the voice range below
3900 Hz, With a common 3_38-MHz TV
color-burst crystal and binary-coded
decimal (BCD) inputs, [ is abou: 100
times the BCT code on the 53528, and [,
is about 91 times the BCD code on the
53529, Setting tke code of both filters to
the same value gives a filter whose upper-
frequency cutoff is 100 times the switch
setting and whose width is 10% of the pass-
band center frequency.

This selection scheme works for all BCD
codes between 01 and 39, As you may have
observed, there are other digital codes, such
as 0B and 2E hexadecimal, which lie out-
side the BCD code set. What happens if
you specify one of these codes? You get
more frequencies! Some lie between the
100-Hz intervals; others lie outside the 100-
to 3900-Hz range, up to 22 kHz. A com-
plete list of code: and frequencies is given
in Table 1. Mote that codes 35 and 38
deviate from the 100-Hz pattern.

An interesting bit of insight may be
gained into the workings of S3CFs by ex-
amining the possbility of spurious signals
in the filter’s output. As it happens, there
are a few BCD switch combination: that
produce very low-level spurious output
signals, or “hirdies."" A few of these ar-
tifacts of the digital-filtering process can be
heard, although they are much too weak
to interfere with communication,

(ne birdie can be heard when the high-
pass switch is zet to 00. From Table 1, we
sec that fy is 40 Hz. In this case, the 53329
sampling frequency is 1760 Hz. At low-pass
switch settings above 16, the tone can be
heard. Another can be heard whea the
high-pass switch 1s set to 01 and the low-
pass switch is set (o 39. Here, the sampling
frequency of the high-pass filter is 4004 Hz.
Thisz iz close enough to the low-pass cutoff
to get through, Other combinations such
as 09710, 10411 and 11712 give rise to weak

FILTER
L

FHONES

i‘x

SuperSCAF = a stand-alona unit thal contains a switched-capacitar filter, an audic power

amplifier and an ac-operated power supply

Tabla 1
53528 and 53529 Culel! Frequencies

BCO Code Wigh-Fass Cutolf Low-Psss Curoff
Frequency (f., ] Frequancy (f.)

{Hz} fHzl
i3 40 44
o m 100
p2 182 200
pa 273 00
o 383 399
5] 455 500
i 1] 548 201
ar B35 [0
a8 726 7an
o g2 a0k
10 014 10405
11 1005 1105
12 1089 1208
143 1178 12ar
14 127 1398
15 1355 1491
16 1453 1528
17 1535 1688
18 1827 1750
14 1731 1904
b 1HOE 1083
4| 18G9 2081
22 1085 2183
23 2086 2295
24 2198 2418
25 2360 2486
26 2302 2632
27 2465 2
25 2543 arar
b JRDE SaAT
kel 2712 2083
H 2805 apas
az 2805 3156
33 a3 3314

BCD Code High-Pazs Cufel! Low-Pass Culof!
Frequency (f.,)  Frequency (., )

{Hz) fHz)

34 3129 3442
35 5423 5065
aa J254 574
ar 3389 3728
a8 5811 6392
aa 3sa7 aBo
Addiiional Hex Codes

B4 413 476
o8 227 250
e Bo4 o904
un) 935 1028
RE a57 1053
BF 1043 1147
1A 1334 1467
18 1402 1542
1C 1565 Ll
10 1768 1945
1E 1849 2034
1F 2034 2237
24 2138 2350
2B 2325 2557
2C 3e07 4087
20 4067 4474
2E 4519 4871
2F 5085 5593
aA BTTS v457
aB B135 8049
ac 8039 @043
D 13850 14015
3E 18270 17887
3aF 20338 22ar2

(coun2ay Gould AM| Semizonduciors, copyright 198584

birdies through the aliasing and quantizing
process. An explanation of these signals is
bevond the scope of this artide,

We were curious about the passibility of
the clocks and switched signals causing in-
terference to the station receiver, TVs and
s0 on. Forunately, we were able to have
SuperSCAF tested for emissions at a local
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facility; it proved to be ‘‘clean as a
whistle.""

Circuit Description

The Block diagrams for the two flters are
shown in Fig 1. Both Super and Junior use
an identical band-pass filter circuit. Junior's

passhand is set by binary DIP switches on




AUD=D INPUT AUDD DUTPUT
FADM AECEIVER 54 i ket 2 FROM FECEIVER 50 T HIGHAMPEDSNEE (2 > 1k OHME)
SPEAKER OR ALDHD s %MSUF:'F:EF - e I'JRHM AUDVD PREAMP ——fed AULSD f———= HEADSHONE D8 HECERVER
HEADPHONE JACH FILTE# 1 '-IEAI:I“'I:-D‘.IE ouTPUT FILTER OER-ART NPT
[ T [
*
T — AC-TP-DE SUPERSCAF HECEIVER DCTOOC JUMIOFSCAF
HBIT POWER 12y b ——mel  POWER
il 1A SIPFLY aurpL (&}
Fig 1—Block diagrams of SuperSCAF (&) and JunlorSCAF (B).
i
ose, 15 l - I3 DEC g
T RS FILTER FILTER OUT
358wy == 100 SWITLH T0 PA&.
M 04T 14 T 13 GuT £ 3
>_,_r“_.. cic 3z > 4 . i
i
ca
LE]
0.4 12 | s
ul Wi th
AUDID N cTEIG 4Tk 4 I
FROM RE &7k
RECEIVER ATy Uz
51528
BuF G20 LR o
] b ra
N
[
R2 ATk th
it
out %
e20 cl 4Tk R1D- RIS RIE=RZI
LIe] ar a7
re
2 2253
5, G 15 G
o T i .
{:]
+H VD B Ve By i -1 ¥ g L+ 5w
o i
& 2 E
=50 = T Ll [ vis ER -5
3 3 4
i . o Lo =4
_ shee Do Koy Dpwa
';5::: 156 n 13 1 15 Sl :;"_'5
(o R} il ol a.l
b 2l lmlafzh 2 elalzh ; o e
EXCERT A5 INDICATED, DECIMAL sz |I| W : ANALOS SROUNGD
WALUES OF CAPRCITANCE ARE
1N MECAQFARADE | oF | OTHERS
ARE IN PIDOFARENG | £F |, = £ = z '@'1 DIZITAL GROUND
RESISTANCES ARE |4 DHME, l l L |
K om T0OE, M = 1000 0D +h v 0 +

Fig 2—5chematic dizgram of the filter se:tions for SuperSCAF and JunlorSCAF, This elrcult, offering simplicity and sase of construction, is used

far bath filter units.

J1—Phana jacks,

J3—=1v-inch phone @ck

R1:A15, R16-A21—247-k0 x T resisior packs
used [one resisic’ in each pack not
connectad).

the PC board. SuperSCAF's passband is
controlled by thumbwheel switches on the
unit’s front panel. Super also has its own
audio power amplifier and zc-operated
power supply. In reading the following or-
cuit descriptions, keep In mind thst
SuperSCAF is a self-contained onit thet sc-
cepts low- or high-impedance inputs =nd
delivers 1.5 W of audio output 3t & ohms.
Junior, on the other hand, has a high-

51—5POT toggla.

S2—BCD thumbwheal switch (SuperSCAF);
C & K J42T10840-01804 ar equiv,
For Junior3CAF, two 8-position DIP
PC-mount switches are used.

impedance output eircuit, Tt car drive high-
impedance phones directly, but doesn't have
the “oompn’ to drive a speaker.

Eefer to Figs 2-4, The input signal to
SuperSCAF is obtained directy from the
speaker owput or the headphone jack of
wour receiver. The signal is passed first into
the 53529 high-pass filter and then into the
S3518 low-pass filter. A palr of swiiches
set5 the frequency of each filter. The filters
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e —

Ul—AMI 53529 programmable high-pass
{iler.

UZ—AMI 53525 programmahble low-pass
filter.

¥1—358-MHz TV colar-burst crystal.

are followed by an audio power amplifier
Switching is provided to bypass the filter
if desired,

Aswith any digital filler, it is necessary
to band limit the input signal (o prevent
aliasing. The combination of receiver IF-
stage filters and a bit of high-frequency
rollo’f in the audio sections of most
receivers is sufficient (o prevent problems.
Cl11 and R2 are used in conjunction with
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Flg 3—The SuperSCAF audio-amplifiar schematle diagram.

0106, Incl—1M4148 slllcon dicde. 03, O4—2R3804, QE—TIPIOA,
J2=Fhuno |ack, Qi—TIF294. 3= 1458 dual wp anmg,
01, 02—2N3906.
o The low-pass filter funcrian‘s similarly:
CACERT 8 MOATED, DECHAL e i e
I MICROFARALS | oF |; GTHERS £ 3 ! ;
AME IF FICOFARADE | BF 1, @0 ROWER The filtered signal is then passed to the
AEEISTANGCES A3E M OHMS INDIZATOR o o lifi
= power amplifier
U4 [UNRES) Although monolithic audio amplifier 1C
i R w: 3l FEG P are readily available, a discrete-component
Fl {4 4001 o + L i +5Y power amplifier (Fig 3) was designed for
e mr,; " =|-U¢1E ] SuperSCAF. (This choice was dictated by
p— : ]‘ : the split power supply discussed larer.) The
L]l 3 1 power amplifier is basically a voltage
] l I % %? amplifier composed of U3 followed by &
4 1SO0uF o current gmplifier. Q2 and Q3 act as driven
e aEv 2 = G4 1 for the output transistars, Q5 and Q6. Q1
I=de &3 T T b 5 and Q4 act as constant-current sources for
AT O HEG —Ey the driver collector ard output transistor
US cans base nodes. Short-circuit protection (1A]
i is provided by the current-limiting action
W- ANALDG GROUKD {UKEEG] of D5 and D6, The power amplifier will
. deliver a maximum of 1.5 W o a 4- ar
S DIGITAL GROUKD 8-chm load, more than enough for a com-

Fig 4=Schamalic diagram of the power supply designed for use with the SuperSCAF.

DF-010, Incl—1MN4001.
D51—LED.
53—5P5T toggle

the input op anp of the 53529 to form a
simple analog low-pass filter, just in case,
The six frequency-select lines to each IC are
pulled to digital ground by 47-k{ resistors,
representing a logic low. The BCD switches
then selectively apply +35 V to the lines,
depending on the code, to indicate a logic
lugh.

Both ICs share a common 3.55-MHz

T1—117-V pri; 125V sec, 14 (A3 273-1505 or
equiv),

U4—7BL0S 5V posltive reguistor.

Us=T8L05 5V negative regulatar,

crvstal and 10-MQO resistor. [n addition to
economy, this scheme eénsures that both
filter 1Cs operate synchronously from the
same clock. The outpur signel of the 53529
is smoothed by the analog low-pass filter
made up of R4, CI12 and the output buf-
fer. An additional stage of analog filtering
i provided by R, C13 and (he inpu bufler
of the 53528,
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fortable listening level Trying to drive the
amplifier bevond 1.5 W output will resule
in distortion,

A split power supply (Fig 4) is used to
simplify the input and autput signal-return
path and to accommuodate the = 5-V supply
requiraments of the S3528 and 53520,
Supply voltages for the 53528 and 53528
are obtained from a 2ar of low-current
complemeniary regulaiors, Separate analog
and digital grounds are used to prevent
digital noise from appearing on the analog
ground return, The two ground sysiems ane
joined at the power supply.

JuniurSCAF (see Figs 2 und 5) is ideal
for QRP work. Since the power amplifier
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JuniorSCAF |15 designed to use a host recelver's 12 do supply and audio power amplifier.

accounts for most of the operating current,
its elimination alows the two complemen-
tary 3-V dc power supplies to be derived
from a simple de-to-de converter operating
from a 12-V dc wource within the receiver.

Although JuniorSCAF is the simpler of
the two filters, ta install it in a receiver it
is mecessary to break the signal path
between the receiver's audio preamoalifier
and power amplifier. The output irom the
preamp i coupled 1o Junior’s nput.
Junior's output is connected to the
receiver’s audio power amplifier nput.
Also, it's necessary to tap into a well-
filtered supply of between + 12 to 40-V de
to obtain operating power. Because these
details vary w.dely from receivar to
receiver, we can't offer more specific in-
stallation instructions. Unless you are com-

fortable cutting leads and rraces inside vour
equipment (or can find a friend 1o do it for
you), we suggest vou buoild SuperSCAF
instead.

Construction

Assembling these filters is straight-
forward, Although the Tayoul is not criti-
cal, it"s always best to keep leads as short
as possible. [T you decide (o use perl board
instead of the PC board, be aware that the
pinout of the 33528 is slighily different
from that of the 33329,

An interior view of the SuperSCATF is
shown in Fig 6. A metal box s used as an
enclosure for the prototvpe, Metal is
preferred 1o plastic because o7 its strength
and also because it offers a degree of RFI
profection. Remember that the filter may
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be required to work inan area of high RF-
signal strength.

The rectangular hole for the BCD
swilches is cut with a nibbling tool. Drill
a pilot hole large enough o accommodate
the nibbler in the center of the BCD switch
mournting location. Mext, the sides of the
swiich hole are cut by the nibbler. Finally,
the edges of the hole are filed until smooth.
Although we used several types of BCD
swiiches during the course of the project,
the one we like best is made by C & K com-
ponents (see parts list). This switch is small,
but has a smooth feel and clearly legible
digit markings. The high- and low-pass
swirch positions have stops installed that
limit the range to berween 00 and 19,
malching the filter's operating range.

After holes for the other switches, jacks,
power cord and LED are drilled, rhese
components are mounted and connected to
the circuit board. We like the looks of a
smell (1/8-inch diam)} LED ac-power in-
dicztor. A hole for the LED must be drilled
fora snug fit. The LED is then held firmly
in place by a drop of glue on the back.
Color-coded ribbon cable works nicelv for
altaching (e switches and LED (o the cir-
cuit board,

The circuit board & mounted 1o the
bot:om of the case ov stand-offs. To
dissipate the heat and prevent thermal
runaway, the output transistors must be
mounted to heat sinks, We vsed the rear
of the case as a heat sink (see Fig 6). The
output transistors mus: be insulated from
the chassis by mica washers and an in-
sulasting screw washer to prevent shori-
circuiting the supply voltages. LUse
thermally conducting silicon grease on both
sides of the mica waskers.

For safety reasons, a 3-wire power cord
shoald be nsed. Connect the ground con-
ductor {green) (o the chassis and connect
the neutral conductor (white) directly to the




Fig 6—&n interlar view of SuperSCAF, Note the mounting of the audic-ampliier output
transistors; the rear panel of 1he anclosura s used as a heat sink. The onclosure used for

SuperSCAF |s a Radio Shack part (RS 270-272).

primary of the power trransformer. Solder
the hot (black) wire to the spring contact
at the rear of the fuse body. Cannect the
sleeve terminal of the fuse to the power
switch. Be sure that the power connection
is wired in this manner. Failure to do so
may result in 2 serious shock hazard.

Performance and Operation

Connect the receiver speaker output o
the aupio 1 jack. Plug the speaker into
the aupio ouT jack. Use shielded audio
cable 1o reduce the possibility of intro-

ducing RFI into the filtes,

The SuperSCAF and Junior are a
pleasure to use. 1f you mate them with an
older rig and operate CW, vou'll be sur-
prised by the sudden quiet in the shack.
Under many conditions, noise and QRM
gimply disappear. We became aware of ac
hum in one of our receivers only after
SuperSCAF made it go away! The' filter
even does a respectable job on the
woodpecker and *“sons of the woodpecker,”
There is no artificial ringing, only the
residual noise within the filter passband.

The effect of the [ler on S5B signals is
not as dramatic, but certainly noticeable
end worthwhile. Simply set the switches to
03/27 and eliminate trash outside that fre-
quency range. When conditions get rough,
experiment with a narrower passband.
Setting the low side of the passband below
02 is never needed and is an open invita
tion to aliasing.

The most significant operation difference
berween SuperSCAF and Junior is the pass-
band switching. If Junior is mounted in-
side a receiver, il is inconvenient to change
the passband during operation. We recom-
mend that Junior be set up for a passband
of about 300 Hz for CW and switch zet-
lings of 03/24 (300-2400 Hz) for 5358

An obvious advantage of the thumb-
wheel switching schzme is direet passbend
readout. Another is the ability to adjust the
upper and lower cutofl points in small
steps, hearing the cffect as you go. For
narrow-band interference such as '“tuner-
uppers,” the interference will often disap-
sear at a particular step. At 24, you hear
aim, at 23, he's gone. For wideband in-
erference, the effect is not as dramatic.

On CW, RTTY and other narrow-band
modes, the filter performance is spectacular
[see Fig 7). We bott work a lot of CW and
have older rigs with SSB crystal fillers
having passbands that are much too wide
for comfortable code reception. With
SuperSCAF, we get tremeadously
improved selectivity,

Your new-found selectivity requres
changes in operating habits. If the filter is
set 50 that the passband is narrow, say 07/07
{about 70 Hz wide), the band may seem
empty. The problem is that your accus-
tomed tuning rate may be too fast for such
a narrow bandwidth, You may tune com-
pletely across a station during the time
between code elements and never hear the
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signal. The solution is to search the band
using a relatively wide passband or with the
filter bvpassed. When vou find a *‘live one,”
close the passband around him, We often
use a setting of 05709 for search, and then
narrow the passband to 07/07 for the {50,
Be alert to frequency drift, particularly
when you turn things over to the other sta-
tion. It's very easy for one of you 1o slip
outside a T0-Hz pessband. 1T the other sta-
tion is not where you expect it, widen the
filter passband to re-acquire the signal, then
narrow the passhand on the new frequen-
cy. Also, experiment with disabling the
AGC if your receiver allows that.
Sometimes a strong sipnal within the IF
passband will grab your AGC and reduce
the incoming signal levels to practically
nothing. You might not hear the interfering
station, but vou'll know it"s there.

Summary

The possinilities presented by monolithic
SCFs are numerous. We have built several
variations on the theme presented here, and
all have worced well. One unit was powered
by a pair of 9-V batteries and used an 1C
power amplifier instead of the discrete
amplifier of Fig 3. Another unit included a
tone decoder to supply a digital signal to a
computer for receiving Morse code and
RETTY. That unit was mounted in the
transceiver’s companion speaker box,

At the outset, our goal was to design an
easily constructed audio filter with excellent
performance, We are pleased with the
resilts in every wav—we hope yon will be,
[oo.
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The SWR Twins—QRP and QRO

Part 9: Portable amateur
operation often calls for

miniature equipment.

Here are two tiny SWR
indicators—one for QRP
and one for high power.

By Doug DeMaw, W1FB

ARRAL Contributing Editar
PO Box 250

Luther, MI 49856

oes the inconvenience of too-large
D SWRER-indicating gear complicate

vour portable operations? It is fot
uncommon forus to feel that some of the
commercially made SWER bridges and RF-
power meters are too big and too costly for
occasional wse during feld day, camping
trips, vacations and even DXpediiions, [
have scen SW3R meters that were larger
than an entire QR station, which presents
a rather absurd picture! Because of my
need for small zccessory equipment, | have
built a number of compact Transmatches
and SWR meters. The pair we shall con-
sider in this article was built to provide an
example of small units that you can build
inexpensively for field use. We will also
conser some prachical ileas for home con-
struction that can be applied to other
projects as well. These SWR indicaiors are
not works of art, at least from an azsthetic
point of view, but vou can easily impart a
professional appearance to them if vou are
skilled in the cralt of cabinet and panel
design.

Do You Need an SWR Indicator?

SWEHR meters and RF-power indicators
have become a way of life with most of us.
But, "'way back when,"" we managed quite
well without these sophisticated gadgcts.
An experienced amateur could tell if the
antenna SWE was Jow by obterving the sef-
tings of the ture and load controds of the
fransmitter. That s, the plate tuning and
loading controls were at approximarely the
same scttings as when the transmitter was
connected to ¢ dummy load of :he ap-
propriate impedance, thereby indicating a
low SWER, Somce of us uscd RF ammeters
im the feed line 1o indicate maximum RF
current, a condition that generally occurred

.

when the feed line was matched to the
anfenna feed point.

SWH has become a more agnificant con-
cern today becanse of the many solid-state
transmitiers that exist. They must “look"”
into a lew SWR—usually ;1 or less—in
order to develop the rated output power
and to protect the final-amalifier transis-
tors from damage, The built-in 3WER-
prowestion cirenita reduee the tranamitter
output pawer as the SWR inereases. There-
fore, it i; helpful to have ar SWR indica-
tor hetween the rtransmizer and the
transmission line. The antenna can then ba
adjusted by means of its length or match-
ing circuit to obtain a low SWR reading.

SWH mdicators are useful al=o as relative
output-power meters. hey help us 1o keep
tahs on the antenna system and the rrans-
mitter performance. Most SWR instru-
ments can be calibrated 1o rzad RF power
as well, and we will discuss this principle
later in the article.

A QRP SWR/Power Meter

Meither of the instruments in this article
is new in concepl, The resistive QRP bridge
was developed many vears £go by the late
George CGrammer, WIDF, The QRO
bridge i a design produc of Warren
Bruene cf Colling Radio, The latter desien
has become the standard for most amareur
SWR ard power meters of commercial
origin, A number of variations in the basic
desipns have been introduced, along with
some exiea convenience features.

Fig 1 shows the circuit for our low-power
SWR bridge/RF power meter, R1, R2, R3
and R4 comprise a 30-ohm dummy load.
Some of the RF voltage developed across
the Ioad is sampled through B35 and sup-
plied to the resistive bridge 17at consists aof
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R4, R7 and R&. The antenna represents the
remaining leg of rthe hridpe  When @t
reflects a 50-ohm condition, the bridge =
balanced and the meter reading falls o
zero, D1 rectifies the BF voltage to provide
de for the metering circuit. Additionzl
cxamples of this general circuit are given
in Sofid Stare Desgn for the Radio
Amatenr (temporarily oot of print).

K1l is a pancl contral that is used to -
tablish the “sensitivity™" or meter response
versus the power level. RI11 is a PC-
mounted potentiometer that we can use to
calibrate the meter fo- a full-scale reading
of 10 W. Once set, it should need no
further adjustment.

Since R1, R2, R} and R4 have 2
combined rating of 8 W, we must not
permit a sustained RF power amoum
ofmore than 4 W to be fed into the instru-
ment, lest the resistors become damaged
from excessive heating, Momentary tesis
with powers up (o 10W will not harm ths
resistors, provided the kev-down period
does not exceed 15 seconds. Allow a cool
down pericd of at least 30 seconds between
briel tests with more than 4 W of RF
power., Film resistors are used in my model,
but 5%, 2-W carbon-composition resisiors
will work equally well, If vou cannot locars
them, you may purchase the film resistors
by mail.'

The power handhing copability of this in-
strument may be increased by using higher-
wittage (noninductive!) load resistors or by
connecting an external dummy lead to
replace the built-in one. Warming: 1T yoo
plan to use more than 10 W of RF power,
and a larger dummy load, be sure to in-

'Motaz appear at end of article.
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Fig 1—Schematic diagram of the QRP SWR bridge. Resistors are carbon-composition
types. Capacitors are disc ceramic. Part numbera listed below are Aadio Shack desiyia-

tors, except when otherwize noted,

C1, C2—Disc ceranic, AS 272-131,

D1—Small-signal silicon diode,
RS 276-1122,

J1, J2—RCA style single-hole-mount phona
jack, AS 274-346.

M1—Miniature migroammeter, 0-50, 0-100
or 0-200 A, See nota 2,

Fi-R¢, inul=—200-wam, 2-%W noninductivo
resistor. See nofa 1,

H5—E80-ahm, V=W resistar, AS 271-021.

AB, AY, RB—51-0hm, ¥4-W naninductiva
resistor, Available from All-Elacironios

DY 2345578590

Fig 2—Meter scale that may be pasted
ovar the original scale of the meter affered
in note 3. Ses text for method of making
your own custom scale at = 4.

crease the value of R 1o prevent excessive
RE current [rom fowing in the bridee cir-
cuit. Sample only enough RF energy 1o pro-
vide a full-scale merer indication (R10 set
for maximum sensitivityv) ac about hall the
power level you anticipate, In other werds,
il you expect to use 50 W of RT power,
select an B3 value that will give a full-scale
meter reading at 25 W,

How to Use the QR Meter

Calibration of this instrument was
vaoversd in Aug 1983 O8F, ar whicl tine 1
described a similar instrument.? | will review
the opersting procedure here, since some of
vou may not have vsed this type of bridge
for SWER and powsr measurements.

51 allows us 10 bypass the bridge after
making SWR or power measurements. The
bridge is out of the circunl when 81 i in
the PR position, When we switch 1o the
cal mode, the bridee has no termination.

Corp, Los Angeles, CA. Radic
Shack 47.0hm unils (271-008) may he
substituted for suitable performance,
A9—1-kf, =-W resistor, RS 271-023.
Ri10—Panrel-mount control, 10-ki, linsar
taper carbon-composition, RS 271-1721
Knob (0.5inch OO0) is RS 274-403.
R11—Trmmer contral, FC maunt, 10-k3
RS 271-335.
S1—Twe-pale, three-position rotary wafer,
RS 275-1386 (three positions not used).
52—5P0T miniature toggle, RS 275-613.

Fig 3—An imerior view of the OFP SWH
meter. The FC board is mounted vartically
by means of two no. 6 spade bolts. A
a-inch hale s drilled in the rear panal of
Ihe box 1o provide access to the RF-power
calibration control, A11,

Far updated supplier addresses, see ARRL Pans
Suppligrs List in Chaptar 2,

This enables us 1o adjust RI0 (RF power
applicd) for a full-scale reading at ML
Mexl, we move 81 to the SWe posilion, The
meter then indicates the relative rellected
power. I the antenna is matched and tuned
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prorerly for a S0-ohm condition, the meter
will read zero. If not, the antenna system
or Transmatch should be adjusted until the
meter reads cero, Once this is achieved, set
51 to the ora mode,

RF-power measurements may he made
(afrer M1 has been calibrated by means of
RI1 by placing 51 in the oAl position and
satting 52 to read rwi, This removes the
antennd {J2) from the circuit and permits
us to develop RF voltage across RI, B2, R3
and R4, You may feed various power levels
fram | to 10W into the circuit, then note
the merer réading for each power amount.
A caibration scale may then be drafted for
futtre reference. The 1-10 numerical scales
on the meters of these SWER indicators were
drawn by hand at =4 [ used press-an
decals for the numbers. | then had the
meter scale reduced x4 ara ““quick-print "
shop, at 2 cost of 24 cents each. The new
scales were pasted over the original faces
of surplus 200-pA 5 meters.” You may use
an available merer that has A de sensitivity
of 3or 100 pA. Fig 2 contains a 0-10 meter
scale that vou may cut oul or photocopy
for Ls¢ on the meters that are available
from the source hsted innote 3. The cases
come off easily, and the meter face can be
popped out for modification.

The interior of the QRP bridee is shown
in Fig 3. A scale paris-placement gulde for
the FC board is provided in Fig 4A,.

QRO SWR Indicator

This fraternal twin to the QRP bridge
will measure SWE and EF power at levels
up ol kW, The major problem is that the
instrument is so tiny and lightweight that
the coaxial attachment cables may become
the “rail that wagged the dog.’" This is
often a penalty associated with miniature
gear. [ find that RG-8X 30-ohm cable
minimizes the problem: | have experienced
frustration when trving 1o use the heavier,
stiffer RG-8 cable.

Fig 5 shows the cirecit for the QRO
bridge. | used a hybrid diagram in order
to clasily the relationship of T1 1o the rest
of th: circuit. T1 is a transformer for
sampling RF current in tae feed line, The
cable that passes through the toroid core
SErVes as 4 one-turn primary winding for
T1. QRP versions of this bridge can be built
il wue use a two-turn link in place of the
straigal conductor that passes through the
toroic, This will increase the sensitivity,

This bridge (minus the cbinet) is suitable
for irclusion in Transmatches, The PC
board (Fig 4B) can be installed near the RF-
input jack of the Transmatch. The leads
that go to 51 are not critical as 1o length,
50 51, R1 and MI may be panel-mounted
in vour Transmatch, if cesired.

The shicld braid of the pass-through co-
axial ine (T1)is grounded only at one end,
This orovides a Faraday shicld to dis-
courage tha flow of harmaonic currents into
the bridge. C1, C2 and C5 form a capaci-
five divider for balancirg the hridpe in
a 30-ohm circuit. D and D2 provide de for
the metering circuit. Germanium diodes ars
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Fig 4—5Scale parts-placemant guide for the ORP meter (A) and the QRO meter (B, as

vigwed from the component side of the boards.

recomimended to ensure sufficient dc
voltage when small amounts of reflected
power are present. Silicon diodes, such as
IN914s5, may cease to conduct (0.7 W
approx) before the SWR is adjusted for a
1:1 state, thereby causing us to think we
have a match when, in fact, we do not. Ger-
manium diodes have a lower barrier valt-
age (approx (0.4}, This isn't a proklem with
the circuit of Fig 1.

I used RG-8X for the line that passes
through T1, mainly because it provides a
close fit 1o the center hole of the toroid
core. Or, you may use the smaller RG-58,
then affix it in the toroid with silicone
wemenl, The ROG-8X Las a higha powe
rating, however.

CH s included with 52 to provide a
leveling effect of the meter reading during
558 operation. [t will enable you to geran
approxmate peak-power reading if you
calibrate this instrument to read RF wans,

Meter calibration (watts) can be accom-
plished if we leed a known amount of
power through the bridge (into a 50.o0hm
noninductive load) and adjust B1 for a full-
scale reading at M1, A parel mark is then
made for this setting of K. [t will enable
us to rcadjust R1 later on for reading RF
power. Once we identify this setting of BRI,
the meter scale can be ploned at different
power levels, as [ suggested Tor calibrating
the QRFP bridge of Fig 1. An RF probe,
VTVM or FETVOM and a 50-ohm load
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Fig 5—Hybrid diagram of the QRO SWR
bridge, A short length of B0 chm coaxial
cable is passad through the center of
taroid T1, as indicated, Fixed-value resis-
lars are 12-W carban-composition lypes.
Mher componenis are describad below.
Radio Shack numbers included.

C1, C2—Miniature 1-5 or 1-8 pF air or
pistan trimmer. See note 4.

C3,C4—Disc ceramic, RS 272-131,

C5—3Jilver mice or polyslyrene, 330 pF.
MPO caramic also suitable. Silvar-mica
capacitor avail from All-Electronics,
no. DMCP-330.

Ch—Tantalum or electrolytic, RS 272-1436.

1. D2—Small-signal germanium diode,
AS 276-1123, 1M34A,

<1, J2—=Singie-hole mount BMC or
connector of your choice, AS 278-105,

M1—Miniature microammeter, 0-50, 0-100
or 0-200 uwh. See note 2.

A1—Linear-iaper, calbon-compasition,
panel-mount contro, 10 k0, RS 2711721,

A2, A3—22-ghm, ¥2-W carbon composition,
RS 271.005.

RFC1—Miniature BF choke, 1 mH. Avail
from All-Electranics Corp, no. CC-1000
or from BCD Electro.

S1—Miniature SPDT toggle, NS 275613,

S2—Miniature SPST toggle, RS 275-612.

T1—&0 turns of no. 20 enam wire on an
Amidan Assoc T50-2 powderad-iron
forpid core. Mount in slot on PC board
{see texi).

may be used for calculating the transmir-
ier output power by measuring the RF
voltage across the #0-ohm load |P(waits)
equals Vi(RMS)2/Riochms)].

Adjustment of the QRO bridge is done
with a 50-ohm dummy load connected to
12 of Fig 5. Apply RF power with 51 in the
Fwe position, Adjus BT w provide a fuoll-
scale reading at M1, Switch 51 to the FEF




Fig B—Intarior view of the ORD SWA
bridge. The PC boerd is altached to the
soldar terminals of the BNC jacks. The
bottomn edge of the PC board is scldered 1o
the chassis at the center. Shorl wires
fupper right and left of FC board) grourd
the board 1o the rear panel of the box. C1
and G2 are on the stiched-foil side of the
board 1o permit easy access during bricge
adjustmant (nulling).

mode and observe the meter reading. [f it

iz mot zero, adjust C2 for a zero reading,
Mext, reverse the cables ar JI and J2 and

intertor view of this bridge is provided in
Fig 6.

Construction Moles

The cahinets for these units are made
from PC-bosrd pieces. The hox cimensions
thwd) are 2-1/2 = 2-5/8 ¥ 3 inches. |
chose cane-metal aluminum sheeting for
the box covers sinee it was available at the
hardware store. This is an advantage for
the QRP bricee, since the holes in the cover
permil air flow around the load resistors,

My cabiners were formed by soldering
tocether sections of doubfle-sided PC board
ifromt, back and botron plates), Strips of
P hoard arz used as stabilizing members
berween the front and rear panels, adjacent
1o the botlom plaie, These sirips provide
anchor poinis for the top cover, which is
alfixed by means of no. A sheer-metal
serews, | cut the meter holes with a hand-
operated nikbling tool.

[ dizscovered by chance that Kevlon™ grey
wnderceat  spray painl iy eacellent o
panels: It wes the only can of paint [ had
on hand when T built these units, so T used
it, Mot only does it dey quickly (5 minutes),
it provides a rough matre finish that is quire
immune to smudging from our fingers. 1t
appears o bean excellent paint for amateur
projects, [T vou prefer a gloss finish, vou
apply RF power, Sct O for an M1 read-
ing of zero with 51 set in the Fw2 position,
Repeat this srocedure one more time, Cl
and C2 may be any small trimmer of
quality, such as minature air variable or
glass pistoe trimmers.t The minimum
capacirance of the trimmer must be | pF
or less in order to null the bridpe. An

may spray ithe grey poocls with poly
wrethane varnish (also available in spray
cans}).

The front panels of my units look a bi
crigde hecause of the black Dymo™ tape
labels, Grev Dyvmo tape would provide a
much nicer appearance, While press-on
decals might be an even better choice Tar
the control labels.

Adresive-backed plastic feet are affixed
ro the bottom of the boxes (o prevent ex-
cessive movemen! of the bridees and to
avoid scratching the surfaces of desks or
jables on which they rest, Screw-on feer
may be substituted.

Eitker of the bridees can be made
smaller, should that be your pleasure, |
allowed substantial wasted space in order
e keep the units in a size class that would
not be awkward to work with {the **rail that
wageed the dog'" problem).

| hope you have fun with one or both of
these weekend projects. You should enjoy
building these bridges, and they will not
endanger vour project fund significantiy!

MNotes
'Daleted.

D, DeMow, A Buyire™s Luok gl BF Puwes
Megsurement,"" 5T, Aug 1983, p 35

*osl edgewise importad audio or 5 metars have
microampare movements. Meters used in the
mstruments described here are avalable from
the suppliar in note 1

*Piston trimmers suitable for this project are listed
in thy BCD Electro catalog, PO Box BI0119
Richerdzon, TX TS0A3-0119.

Faor updated supplier addresses, see ARAL Fans
Suppligra List in Chaptar 2.

Y]

(8)

Fig 7—Circuit-board etching patterns for the QAP (A) and Q30 (B} SWR/powar metars. Tha patlerns are shown full-size from the foil
side of the board. Black areas represen| unetchad copper feil.
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From February 1990 QET, p 35:

A NEW FACE FOR A RECALIBRATED
METER

[J In **A Simple and Accurate QRP Direc-
tional Warttmeter,"' (pp 19-23 and 36, this
issug), | described a QRP waumeler thai
uses a standard 0-1 miliammetsr modified
with a custom, nonlinear scale calibrated
directly in power and SWR according to the
values shown in Table 1. Making new scales
for a stock meter is one solution; adding
markings fo the existing meter scale is
another. It's fairly easy to make the new
scales readable, and somewhat harder to
make them look nice, If vou decide to make
new scales rather than add marks to the
existing scale, you'll want 1o record the
correct pleces to make the new marks
before you obliterate the old scale. One way
to do this is as follows.

Refer to Fig 1. Attach the meter face to
a large pieze of paper. Trace around the
face s0 you can exactly reposition it later.

Find the meter pivot point by extending the
tick marks at the scale's ends, and verify
this point by extending a couple of other
poinis on the scale. Then draw lines from
e pivol point dueough the weter Tace o
an area beyond the face, labeling them ap-
propriately, as shown in Fig 1. Then you
can remove, repaint and replace the meter
face. The new scale and marks can be hand-
drawn; press-on letters and numbers can be
used; or the face may be made with a photo-
graphic process.

A caution: Anvone who sees my home-
built equipment immediately realizes that,
although I'm willing to spend a lot of time
on functionality and performance, | don't
devole much time to beauty! So vou'll have
to lcok elsewhere for advice on how 1o
make a meter face pocd-looking. When
finished, the meter face should resemble
Fig L. —fnoy Lewallen, W7EL, 5470 SW
152 Ave, Beaverron, QR 97007,

E.'HH‘
3
SWR==3
/ m

Fig 1—0One means of
recordirg mater-scale
marking paints before
erasing tha ariginal
scala. Soe text.
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Table 1

Meter-Recalibration Data for the
QRP Wattmeter

Pawer  AMatar SWR Matar
0.0 0.0 1 0.0
0.05 0.224 1.5 0,200
oA 0.316 2 0.333
0.2 0.447 3 0.E00
0. 0.548 4 0.E00
0.4 0.633 5 0.EG7
0.5 Q.707 7 0.750
0.6 0.775 10 0.818
0.7 0.837 o 1.0
0.6 0.8524

0.9 0.040

1.0 1.0

Tha Meter column expresses fractions of
full-scale readings on the original meter
scale, For example, the new SWH = 1
mark should be placed at the same place
as the hall-scale (0.5) mark on tha oncinal
metar face,

Fig 2—Example ol a finishad meator face,
Thiz scala iz that of tha meter used in “A
Simple and Accurate CORP Directional Wati-
matar'”.




From February 1990 QST, p 19

A Simple and
Accurate QRP

Directional
Wattmeter

Make a few small enhancements to the
Bruene wattmeter and diode detector,
and you have a directional wattmeter
that's simple, portable,

and accurate

from 10 watts down to 5 milliwatts!

By Roy Lewallen, WYEL

5470 W 152 Ava
Beaverton, OR 37007

directional wattmeter iz a really indis-
A pensable tool. Besides using such a

meter to measure SWER, you can use
one 1o tune a home-uilt rig, adjust a Trans-
match, measure cable loss, and a host of other
things. Because it’s portable, a wattmeter is
an important tool in the field: With it, vou
can make sure the ng still works, and spot
any problems with the antenna system. If
vou're aperating QRP in Field Day or some
ather event, a good wattmieter can help you
keep vour output at five watts as the battery
voltage drops.

This wattmeter, designed primarily for
portable use, gives accurate readings at power
levels from 5 mW to 10 W. Achieving good
low-power accuracy B a bit tricky; [ developed
a simple correction circuit 1o handle the job.
Dwring the cditing of this article, | learned
that the rechnique 1 developed Tor compen-
sating the dindes in this wartmeter's detecior
circuit was first discussed by John Greben-
kemper, KI6W3, ir his January 1087 Q8T
article.! | encourage reading (or rereading)
thiz excellent arricle,

If carefully constructed, this wattmeter
should function well from below 1 MH:z at
least into the mid-VHF range. One prototype
tested in the ARRL Lab maintains betrer tian
+ 7% of full-scale accuracy, on all ranges,
up to 432 MHz,

Circuil Description

A basic directional watimeter has three
major parts; directional coupler, detecior,
and meter circuits, Each block can be
optimized for a particular application.
Here's a description of each block.

MNotes appaar at end of anicla.

Directional Coupler

Two tvpes of directional couplers are
commonly used by amateurs. The vener-
able Monimztch circuit is simple and vse-
ful for 5WE measurement, but not readily
adaprable as a wattmeler excepl over a nar-
row frequency range, because its sensitivity
changes with frequency.? The Bruene cir-
cuil doesn’t have this limitation, 0 is more
suitable for our use. It's generally imple-
mented with ;apacitive dividers far zansing
voltage, but | chose to use transformers for
this function.® This results in a simpler
circuit that's adjustment-free. Sensitivity can
be traded for insertion loss; the valies chosen
for this meter result in insignificant insertion
loss.

Maintaining a near-50-0 impedance on rhe
linc through tic wanimeter climinsies several
frequency-dependent effects. A microstripline
structure is ef“ective for this appliction, and
is extremely simple to build, so T used that
technique in this wattmeter.

Derecror

Seemingly, the detector shoud be the
esiest part of the wattmeter to design, Well,
it happened again: The simplest part turned
out to be the nardest, What's so hard abow

Darciee

inade

: P
Sgral oy, c
I

: Li lﬁ

Fig 1—Simple diade detector,
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using a diode detector? [ you don't want to
know, skip ahead to the Corstroction section.
For the truly adventurous (mathematically,
that is), I've included the sidebar, “* Ac v Dc:
Why the Difference?’’

Plain diode detectors, like the one shown
in Fig 1, are simple and easy to use—provided
you don't require accurate results at low sig-
mil fevels, That's unfortunate, because good
low-power accuracy is exactly what this watt-
meter is intended to provide, Five milliwatts
provides only 145 mY (peak) at the detector,
s0 deteclor accuracy must be maintained
down o this level, Some diodes, such as back
diodes and zero-bias Schottey types, are spe-
cially cesipned for detecting very small sig-
nals. These, however, aren’t as readily
available as common silicon, germanium, and
medinm-harrier silicon Schottky dindes, so 1
investigated only the latier three tvpes, Natur-
ally, ¢ech has its deficiencies.

Commeon small-signal siicon diodes (eg,
1M% 14y drop too much forward voltage o be
accurate 21 small signal levels when used with
reasonable load-resistance values {up to
100 Mt or s0), Ordinary small-signal
Schotiky diodes are better, but still have an
objectionable drop for use at low signal lev-
els. Thz good old point-contact germanium
diode (1N34 typel is the clear winner in this
category. Applying 50 mV (dc) 1o a germa-
nium diode detector produces about 45 mY
at its output with a 1-51 load resistance,
Increasng the load resistance to 10 M1 brings
the owiput to within | mY of the applicd
voltage,

So waat's the problem? The problem is that
the reswlts are different when vou apply an
ac sipnal fo the detector! This difference is
clearly shown in Fig 2, which gives the
measured output of a germanium-diode de-
tector (ke the one shown in Fig 1) with thres
differert inpu signals of the same peak value.
On the log-log scales, the vertical spacing be-




Ac v Dc: Why the Difference?

Why does a diode detactor produce less output when
delecting an ac signal than a de signal if both signals have
the same peak value? Why does a pulsed-dc signal
produce a lower output than a steady one? Fortunately, we
don’t have to look any furiher than the ideal-diode equation
to gt the answers to these quastions. This equation
descrites the characteristics of an ideal diode—a diode
that is ideal in the sense that it can be descrbed by some
fundamental principles, nct in that ils conduction is perfact
in one direction and zero in the other.

The deal-diode equation is;

V3

s LT3 e

la=1lg (a 1] Eq1)

where

Iy = Diode forward current

I; = Saturation current, about 10- " A for silicon, 2 =
10-7 A for germanium al room temperature

Vg = Diode forward volage

q = Electron charge, 160 »x 10-19 coulonb

k = Boltzmann's constant, 1.38 = 10-23 /K

T — Temparature, K

At room temperature, kT = g |s about 25 mV. Note that |,
is strongly related to temperature, doubling with approxi-
mately every 10-°C rise in temperature.

Beczuse our discussion primarily concerns small signals,

let's see how the ideal dicde behaves with small vollages
or curranls applied. The small-signal IV characteristics of
an ideal germanium diode are shown in Fig A. This is
simply a graphical representation of Eq 1 over a limited
range. (The graph is also valid for silicon diodes if the cur-
rent scale is reduced by a factor of about 20 million.) Note
that tha IV curve doesn't bend at the origin; it's a straight
line. This gives us our first clue about small-signal diods
operation: a straight line cn an IV graph réptesents a
constant resistance, 50 al very small signal levels the
diode ooks like a resistor, and hardly rectifies at all. (By
very small signal levels | mean somewhat less than

KT = g [25 mV].) The resistance of the germanium dioda

ls about 125 ki in this range (an ideal silicon dicde is
about 2.5 T (2.5 x 1072 (). At higher forward voliages,
the current rapidly rises; at greater reverse voltages, lhe
current increases, then levels out at a value of — I

It we apply dc to the circuit of Fig 1 currant will flow
heavily at first, then taper off as C_ charges. Eventually,
the current will simaly be ¥V, + Ry, Substituling (V; = Vgl
far "::F in Cq 1 and rearranging producas an equation rolat

ing WV, and V;
kT Vs

VW, =WV, — —n +1 (Eq2)

4 q | Auls J
or Vg and V,:
PR B S

=—71n +
4 q ( Al )
(Eg 3)

To gel a feel for the voltage drop to expect, look at Eq 3
with V, = 100mV, R = 1ML, and |, = 2 x 10-TA,
This results in a dicde drop (V) of 10.1 mV. In contrast, a
silicon diode (I, = 10-4 A) would drop 403 mV {503 mV
in far 100 mV out) under the same corditions, but it would
have 10.1-mV drop if A, was made 20 million times larger.
As the signal jevel increases, the drop increases—but nol
In proportion, so detector accuracy improves, lnoieasing
tha load resistance helps also; at 100 mY out and A =
10 M, Vy = 1.2 mV.

Mow let's see what happens with an ac or pulsed-de
signal. Looking at Figs 2 and B, we can see that when V,
is graater than V,, the drop is the same as if the input sig-
nal were do. However, for part of the cycle, V, is less than
V. During this time the diode is reverse biased and sub-
stantial current flows 1o the left in Fig 1 Genarally, C is
made large enough to maka the ripple on WV, very small,
We can then consider \V, 1o be a consiant value after an
initial charge period of many cycles of the input signal. For
any signal,

Il.lil:| = ld[a.\lu:l HL {Eq 4‘

where lyg,q is the everage currant flowing through the
diode over a cycle of the input signal.
The wattmeater's detector signal is a bipolar sine wave,

20d

i
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‘it
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nput Types
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UMl = 1—kHz umipolar sguare waove
SN Bl—«Hz sine wave

Lood R Wi

too

150

200
Pack mv In

Fig A—Curreni-vollage characieristics
of an ideal germanium dicde.

Fig B—The same da'a as that of Fig 2, plotted on linear axes.
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but analysis of a unipolar square wave illustrales the prin-
ciple and is much easier to attack mathematically (I'll dis-
cuss the sine-wave case shorily). !

Consider a unipolar square wave with a positive value V,
for. 50% of the cycle and 0V for the other 50%. When the
input signal is positive,

(Eq 5)

\!j"“ = diode current when the input signal is high.

= V, — V, = forward voltage (diode drop) when
'ﬂ"b}a input signal is high.
This follows diractly from Eq 1. When the input signal is
zero, the dlode I8 reverse biased. Again from Eq 1 ;

Combining Eqs 5, 6, and 7 and solving for W,

v

KT V, 9
Werm——"Inl2 +1j-a" Yo gt Eq 8)
dih) q [ { 1AL } {

Vi represents the ditference betwean the peak valus WF}
of glh\!.f input signal, and the output voltage (V). An analysis
of the argument of the logarithm shows that it's always
greater than the dc case. In fact, when V, gets much
greater than kT + q, Vany = Vg + (KT + g) In (2), or
about 18 mV at room temperature, This resull is indepen-
dent of Ay, so even if Ay is large to minimize de drop, the
added drop due to applying ac will stay the same {as long
as V; == kT = g). The added offsat is clearly shown in
Fig B. Values calculated from Eqs 1 and 8 fall almast
exactly cn the graphs. A sinilar analysis for a bipolar
sguara wave rasults in the same limiting value of 18 mV of
eXcess crop.

\I'qﬂ,—l']—
gy = 1 (& i -1] (Eq 6)
where
lgy = diode current when the input signal is low. 1y,
?E negative
Vay = -V, = diode forward veitage when the input
signal is low. Vg, also is negative.
Decause Iy and Iy sach flow during 1/2 of the nput
cycle, average current is found by
loow = 12l + ) = 2= Eq7)

Math iz fun! But evaryone's got a limit, and mine falls
within the large gap betwean analyzing the detector with
square-wave and sine-wave inputs. However, some genar-
alizations can be made without having to do a rigorous
sine-wave analysis. With a sine wave applied, one would
expact diode forward current to flow for only a small part
of the input cycle, resulting in & greater drop than with a
square wave applied. The sine-wave case was studied with
a mathamatical computer model, and the resulls agreed
very closely with the measurements presented in Figs 2

and B.—W7FEL

tween plots is proportional to the fractional
{percentage) difference between the outputs.
As you can see, a simple germanium detec-
tor 15 accurate for ac signals only when the
peak input signal level is above about 1 V.
A simple correction circuit is the secret tothis
wattmeter's accuracy, I'll explain it in a
moment, but first I'll briefly explain why the
detector output is lzss with an ac than with
a dc input.

When the forward or reverse voltage across
adiode gets very small {a few millivalts), the
reverse and forward currents are approxi-
mately equal for a given applied voltage; that
is, the diode acts like a resistor. (| measured
a typical permanium dinde's resistance as
about 120 k4, a value very much smaller than
that of silicon diodes. ) If de is applied to the
detector, the detector circuit acts like a voltage
divider, with the input voltage dividing be-
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Fig 2—Dc output woitage of the detsctor of Fig 1 with three types of input signaks,
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tween the diode resistance and the load
resistance. When ac is applied, however, the
current flow during the nzgative hali-cycle
removes & substantial part of the charge put
on theload capacitor during the positive half-
cycle, resulting in a lowe: detector-output
voltags, The effect is wavishape and dutv-
cycle dependent, but isn't related to the [re-
quency of the input signal,

Silicon diodes exhibit the same properties,
but an different levels, Silicon-diode resistance
at few-millivoll [evels is about a million tmes
larger than that of permanium diodes, but
extremely large load resistances (10' 01 or s0)
would have 1o be used to bring the forward
drop to the germanium-diede level. The much
smaller currents flowing through the muoch
larger resistance result in the same net effect.
The otserved ac/de difference is explained by
the ideal-diode equation (see the sidebar), Dc
and unipolar-square-wave measurements were
compared to results predicted by the ideal-
diode eqguation with extremely pood
agrecment.

Common [N34A germanium diodes pur
chased from Radio Shack® were found to be
satisfactory for this detector.

The Meter Circuit

See Fig 3. An op amp is a logical choice
to provide a high load impedance for the
detector and a low-impedaice output. Most
op amps, however, have enough input-bias
current to produce a significant voltage across
a high-value detector-load resistor, ruining the
measurement. Fortunately, operational
amplifiers that have input-bias currents of
only a few picoamperes—more than adequate
for this application—are readily available.
The CA3160 (and its externally compensated
eguivalent, the CTAIII has the desirable
combination of extremely low input current,
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CA3L60, or any other op amp having the re-
quired characteristics.

The diode-compensation circuit {D3 and RS
in Fig 3) creates an offsel that approximately
compensates for the drop across the detector
diode. If dc was applied (0 detector D2/R4/
2, and if compensation resistor RS and de-
tector load resistor R4 were equal, perfect
compensation would result {assuming that D2
and D3 were identical). However, the circuit
is actually compensating the detector ec drop
with a dr drop, so more corrent must flow
through compensation diode D3, This is ac-
complished by making RS smaller than R3
and B4, Although the compensation isn't per-
fect, it's extremely good. and a remarkable
improvement for only two added compo-
nents. Without the compensation circnit, the
wattmeter error was 30-20% for small signals
{3-30 mW); with the compensation circuit,
measured error is less than 7% over the same
range. In addition, the compensation circuit
tracks well with temperature; an important
comsideration for portable use,

T1 John Grebenkempsr's circuit {see Mote
1, an additional resistor and capacitor in the
fecdback network are wsed 1o ensure stabili-
ty i1 the op amp. | saw no signs of instabiii-
ty in my prototype, but if you experience
instability problems, adding these compo-
nents (marked with astecisks in Fig 3) should
help.

Construction
Merer Face

You'll need to make new scales Tor the
meler or, al the very least, add markings 1o
theexisting scale. 1t's fairly casy to make the
new scales readable and somewhat harder to
mace them look nice, If you decide (o make
new scales rather than add marks to the
existing scale, you'll want to record the cor-
rect places to make the new marks before you
ohl terate the old scale. See this month's Hints
anc Kinks column Tor one method of relabel-

Fig 3—Schamatic diagram of the QAP directional wattmeler. All fized resistoms are W-W,
BSq-tolerance units, 01-03 are common 1M34 garmanium diodes; they should be malched
(as discussed in the referent of Mote 1) for best parformance, T1-T3 are FT-37-72 ferrite
cores with single-turn primaries {one pass through the core—ses Fig 5). The primarias of
T2 and T3 are comprised of the ungrounded leads of A1 and R2, respectivaly. Each trans-

ing a meter face.

Dhrectional Coupler
This wattmeter works best if there’s a cons-

former has & single sscondary winding consisting of 10 evenly spaced turns of no. 28

enamealed wire. Do not substitute a differant

botwean 10 kO snd 100 k0. The resistor and capacitor (associated with U1} marked with
asterisks may be necessary 1o eliminate instability in the op amp, aithough my prototypes

don't require them, Sea lext.

input-and output-voltage range down to the

W '55':\"-'
negative supply rail and moderately low cur- I g "
rent consumption. To my knowledge, no Fig 4—Compleled detector ele ,fer . e
other readily available op amp sharesthis set | circuit board. //
Mot drawn to scala.

of features; if vou know of one, you mray sub-
stitute it for the CA3160 used at UL,

The second op-amp input is uscd by the
diode-compensation circuit, 50 a second stape
is required to permit variable gain. The only

core for the FT-37-72. A6 can be any valug

tant 50-0! impedance from the input to the
output, but it"s not highly critical, There are
always impedance bumps at the transitions

Gloss -Epaxy

requirements fer the second op amp are Boord
moderate currem consumption and the ability -

¢ . ] olid Copper
to handle input and output signals down to 5\ A iy

the negative supply rail (ground). The LM358
contains two such op amps; one section (LU2B)
is unused In this application. You could sub-
stitute one section of an LM324, another

Coppe of Board
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Ground Plane

Top of Board

Microstripline

T1

Bottom of Board

Flg 5—Close-up views of the completed
directlonal coupler. Ti's primary is a
straight pisce of insulated wirg spanning
the cut in the microsiripline. T1's secon-
dary winding is routed through the hols cut
for T1. The lop view shows the compe-
nenmls comprising the directional couplar
and detectar. To achisve minimum lead
lengths, R1-A4 are mountad vartically an
the ground plane, CGazachors G1 and G2
ara not shown, although they should be
mounted directly across R3 and R4,
raspectivaly,

between the coax connectors and the micro-
siripling, and a larger bump at the coupler
transformer, but these bumps can be made
insignificant at HF with a lintde effort, Only
the microstripline and directional coupler are
sensitive to layvout, and you have considera-
ble latitude with theie components if you
know the rules.

The microstripline will be the simplest circuit
board wou've ever made. If you've never
made a PC board before, don't worry—syon
can't go wrong with this one. It consists
simply of a single trace on one side of the
board and 2 ground plane on the other, There
are at least three ways to fabricate this board:
You can stick adhesive copper tape to the
non-foil side of a single-sided board, vou can
e'ch a double-sided board, or you can cot
along e edges of e loe with a koile aud
peel away the unwanted copper.

Mo matter which method vou choose, start
with a piece of [/16-inch-thick, glass-epoxy
PC board. The board’s length should equal
or exceed the distance betwasn wattmeter in-
put and output conmectors, and the board
should be at least one inch wide (wider is
okay). The width of the microstrip, which
should be about 0.1 irch, determines the in-

pedance of the line. Impedance doesn't
change much as line width changes, and the
impedance isn't too critical for this applica-
tion. Soif you don't have a decimal ruler, just
make the trace a bit thinner than 1/8 inch—
it"ll be close enough. After making the board,
cut a hole in the center just large enough to
accommodate fransformer T1. The finished
microstripline should look like that shown in
Fig 4.

Mount the coupler components using short
leads. A suggested layvout is shown in Fig 3.
Then assemble the rest of the wattmeter and
mount the completed coupler between the in-
put and output connectors. The cornections
from the conoectors o the nucosbipling
must be very short, particularly the ground
connections. If possible, put a solder lug or
lugs on the cornector-mounting screws and
solder the lugs directly to the bottom of (he
line as shown in Fig 6.

A template package containing a FC-board
pattern integrating the wattmeter circuit and
direchonal coupler, parts-placement diagram
and other information is available rom the
ARRL Technical Department Secretary for
a no. 10 5AE with return postage for | ounce.
Tips

A small center-off toggle switch, wired for
REV-OFF-FWD opeération, is a convenient
way to combing 51 and 52, However, small
toggle switches are amazing in their ability
to turm themselves on at the slightest
provocation—like being bumped around in
a suitcase or backpack. So if vou're going
to use this waitmeter for portable opera-
tion, use some other kind of switch {a slide
switch, for example) for, or in series with,
51.

I've seen quite a few articles implementing
the Bruene directional-coupler circuit with
a powdered-iron core (eg, T-68-2). The low
winding impedance of such a transformer
will ruin the sccuracy of this circuit, so
don't vse powdered-iron cores for the
translormers in thie wattmeter.

Adjustments

All you'll need for adjustment is a high-
impedance dc voltmeter. Connect the volt-
meter between the wiper of the SENSITIVITY
control (R6) and ground. Conned a tem-
porary jumper between pins 7 and 3 of Ul
Turn Ré fully counterclockwise. Set the
FULL SCALE SELECT switch 53 to tae 10-W
position, Turn on POWER switch 51, Slowly
turn R6 clockwse. As you do, the watimeter
and voltmeter readings should inc-ease, [f
not, turn the wattmeter off and check vour
wiring.

Adjust R6 for a voltmeter reeding of
6.49 Y, then adjust B7 su the watlmeer reads
full scale. Adjust R6 for a voltmeter reading
af 2,05 V, then switch 53 to the 1.W posi-
tion. Adjust RE until the watimeler indicates
full scale. Adjust R6 for a voltmeter reading
of (.649 V, then switch 53 to the 0.1-W posi-
tion. Adjust ]9 for a full scale reading on the
wattmeter. Turn the wattmeter off and
remaove the lemporary jumper belween pins
Fand 7 af U1, This completes the calibration.
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Grourd Lugs Soldersd
tn Geroond Side ef
Roced

Fig 6—Using solder lugs to make a good
connection ta the ground side of the
microstripling,

To obtain maximum reliability, measure R7,
R8, and R9 and replace them with fixed resis-
tors of the measured values; readjustment
should never be necessary.

If youneed to measure SWR at levels very
close to 1:1, you may want totweak the warl-
meter tashow a zero-reflected-power indica-
tion when connected to a reference dummy
load. The resistors to adjust are R1 and R2,
Theoretically, the correct value for these resis-
tors is 4%.5 @ each. I1's not necessary to re-
adjust the wattmeter if you change the values
of RI and R2 slightly.

Use

To measure power, select the appropriate
scale and turn 86 fully clockwise, The power
flowing in the line is the forward reading
minus the reverse reading. Tomeasure SWR,
switch 53 to the next more sensitive setting
and switch 52 to FwD. Adjust R6 for a full-
scale meter reading. Flip 52 1o REV and read
the SWR scale. To adjust a Transmatch, put
the wattmeter between the transmitter and
Transmatch and adjust the Transmatch for
zero reflected power.

The di-ectional wattmeter can do anything
an SWR meter ¢an do, and many things
besides. Because you can measire power any-
where in a system, vou can use the wattmeter
to find ccble and Trensmatch losses, measure
transmitier power, and lots of other things.
You'll be surprised how often you reach for
it!
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Thanks 1o Dave Deford, KBED, for help-
ing me rzduce the mystery cf ac versus de
respunse of g diode detecior w the realm of
physics, where it belongs.

While editing this article, Q57T Assistant
Technical Editor Rus Healy, NJ2L, recog-
nized the detector-diode-compensation
method as the one presented by John
Cirebenkemper (see Mote 1), John Greben-
kemper sibsequently reviewed the article and
made several useful sugpestions, many of
which have been incorporated into this article.
One impoertant consequence of John's com-
ments is that they motivated me to model the
performance of the detector/compensation
combination for sine-wave inputs, during
which I discovered an undesirably high sensi-
tivity to diede saturation current, which is
closely related to temperature. This resulied
in lowering the values of B3, R4 and RS to




those shown in Fig 3 from the oripinal design
values, whic were much higher. lohn's diode
measurements showed a greater variation in
1.5 than [ had found, indicating the desira-
bility of ma:ching the diodes as described in
his article. John also pointed out the possi-
bility of op-amp offset causing the meter to
read slightly upscale with no applied signal.
The worst-case crror 15 about 28% of full-scale
deflection; less in most cases, 17 necessary,
you can add an offset null consisting of a
100-k potentiometer betwesn pins 1 and 5
of U1, with its wiper grounded.
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From Novembker 1987 QST, p 18:

Build This QRP

Omni Box

Man does not live by rig alone!
Combine your QRP accessories
into one package for field

or home use.

By Doug DeMaw, W1FE

FO Box 250
Luther, M| 48656

o you need to carry a number of
D small QRP-support gadgets with

vou during portable operation? 17
gn, you may he interested in how [ solved
my ‘“'bag-of-accessories’ problem by
building the most needed support urits into
one cabinet., A secondary advantage of
unitizing these circuits is that orly one
panel meter and one cabinet are required.
This represent: a saving in dollers—an
appealing fringe benefit.

Tou need mo incarporate @l of the cir-
¢cuits 1 chose for my Omni Box. On the
other hand, voi may prefer to add some
accessory circuir that | don't find necessary
for my QRP operations: The road o
inpovation is open o you! Whatevar vour
pleasure, ['m sure vou will be impressed
with the convenience of having all of the
necessary accessory items gathered together
in a single houwsing. This is particularly
handy for camping, Field Day, vazations
and casual travel. Moreover, the Omni Box
can be a comvenient gadger Tor home-
station use as well.

Fig | shows all of the circuits in my Omni
Box., The instrument contains @ field-
strength meter, dummy load, SWER bridge,
frequency standard and continuity tester.

Field-Strength Meter Section

An indication of relative ficld sirength
15 helpful when checking antenna perfor-
mance and patterns, This instrument may
be used 45 4 tune-up indicator, or as a
relative oulput-power monitor.  Still
another application i= that of a frequency
meter (o ensure that the transmitter is
providing owtput in the correct amateur
band, The circuil may be used also as a RF
“smiffer”” when troubleshooting a trans-
mitter.

Refer to the field-strength meter circuil
in Fig 1. Two opcrating ranges arc

provided, When 53 (FREQ) is open (Lo, the
tuning range of C1 provides coverage of 2.6
to 10.5 MMz, thereby permitting tests on
Bib, 75, 40 and 30 meters. When L1 is placed
in parallel with T3 (40, the e'fective circuit
inductanze is 1.5 pH. This provides cover-
ape from 6.9 to 254 MHz for use on 40,
30, 20, 15 and 12 m. See Table 1.

Table 1

Approximate Tuning Dial Settings
for the Field Strength Meter

FREQ LO Range

Band C7 Salting

80 m  12:30 (o'clock)
40m 230 ¢

30 m 3:00

FAEQ HI Hange

4dm 1000 ¢
abm 1230 ™
20m oo v
1 m 230 ¢
12 m 300

C1 is a miniature broadcast-band radio
variable capacitor.! You may use any
capacitor that provides 365 to 400 pF of
maximur capacitance, The minimum
capacilance (plates unmeshed) should be
20 pF or less, You may also use the varia-
ble capacitor from a transis.or AM radio
by placing bolh sections in parallel; this
provides approximately 225 pF of
maximurt capacitance. Using this small a

'Motes appaar al and of anicla.
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capacitance value will imit the tuning range
of the ficld-strength meter, so fixed-valus
cazacitors must be shunted across C1 fo
cover the low end of each ranpe. Also, tha
cilibration data in Table 1 will not be
applicable.

The secondary winding of T3 provides
low-impedance coupling (o D1 and D2, The
link also prevents excessive loading of the
tuned circuit, and helps ensure a workable
€2 on both ranges (too low a Q will restrict
the sensitlvity of e instrument).

21 and D2 function as a voltage doubler.
The rectified RF voltage causes current o
flow through the incicating meter, MI.
Therefore, the greater he field strength, the
higher the meter readirg, C1 is adjusted for
a peak meter reading, and R6 is used as a
sensitivity control to keep the meter from
being driven offscale. A 24-inch whip
amenna connected to 1 should suffice for
maost field-sirength rests,

Dummy-Load Section

A dummy load is mportant when we
need to check transmitter performance or
make tuning adjustments. In the dummy-
load circuit of Fig I, [ use four 200-0hm,
2-W resistors (R1-R4, incl) in parallel o
provide a 50-ohm load, RF voltage across
the dummy load is rectified by D3 and
filtered by C4, The resulting de voltage is
applied to M1 through S1. RS isolates the
dummy load from the metering circuit and
makes the meter respoise more linear, |he
maeter provides a visual indication of the
transmitter outpul ensrgy.

The meter may be calibrated in watts by
applying a known power (say, 5 W to the
load and adjusting R6 (sens) for a full-
scale reading on ML, The power is thes
reduced in 1-W steps, and the meter readine
noted ar each step. These readings are
lopged for Tuture use (see Table 2). 1 placed
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Fig 1—Schematic diagram of the Omni Box gireuits. Fized-value capacitors are miniature chip or disc ceramic types, except for C15,
which is eleciralytic. Fixed-valug resisiors are Ya-W carbon composition escept for B1-A4, incl, which are 2.W units. Mumbered parts that
do not appear in the garts list are identified far circuitboard layout convenignce,

C1—Miniature 365-pF variabls
(sea Nole 1),

5, CE—Miniature 7-pF piston trimmar ar
gquivalent anit with low minimum capaci-
tance (see text).

C11—=B0-pF trimmer {Hadio Shack 272-1340
or equiv),

J1-05, incl—Single-haole-mount phano jack.

JB, JT—Pin jack for test leads.

L1=—1.6-pH irductor, 18 turns of no. 24
enam wire on an Amidon T-50-6 (yellow)
powderad-iran taraid.

M1—Miniature 200-,84 do metar (see text),

marks on the front panel to allow resetling
of Rb.

Depending on the type of SWER bridge
vou use in vour Omni Box, the dummy
load may be a part of the bridge eircuit.
This will simplily the project.

SWR Bridge

You have some choice in the type of
SWR bridge vou use.” You may prefer 1o
use the resistive-bridee circuil described in
the referenced article, The circuit shown

here is simifar to the oroidal-transformer
(RO bridge deseribed in thar article, but

AG—M niatura 10-k1] linsartapar carbon.

AFC1—Miniature 500-yH RF chake (1 mH
oleo cuitable).

S1—>_&igle-section, thrag-pasition rofary
switch.

52, 53 S4—Miniatura SPLCT togale or slide
swilch.

T1—Bmadband transforme:. Socondary
windng is 30 turns of no. 26 enam wirg
an an Amidon FT-50A-G1 ferrite toraid
{125 ), Primary is a twodurn winding of
na, G4 anam wire aver seeondary
windng.

Tahble 2

Calibration for a 200-xA meter with
seNS al Mid-scale

AF Fowser (W) Meter Scals

e L - R ="

0Oo - mwat
Lm
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T2—500-xH primary winding. Use 36 turns
of no. 26 enam wie on an Amidon
FT-B0 43 forrite joroid (350 ). Socondary
winding has 10 tuins of no. 26 enam
wire.

T3—22 uH primary winding. Use 20 turns
of no. 26 enam wie on an Amidon
FT-37-81 (125 i) ferrite toroid. Secon-
dary winding conssts of 5 turns of no. 26
SNam Wirg.

¥1—100-kHz fundamental crystal, 30-pF
lead capacitance. International Crystal
Co type GP. See note 3.

it is more sensitive 10 make it suitable for
power levels from 150 mW (o 25 W,

D4 and D5 reciiy the forward or
reflected volrage (selected by S2) 1o provide
2 de woltage for the meter. Trimmer
capacitors C3 and C& form a wvoltage
divider with C9, These trimmers are wsed
1o null the bridge with a 50-o0hm load con-
nected to I3 or J4. A coaxial-cable jumaer
mav be connected between J3 or J4 and 12
idummy load) when nulling the bridge
rircuit.

To null the bridge, set 82 to FWD, con-
nect the 30-ohm load 1o 14 and apply rens-
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Fig 2—Sugoested circwit for a 100-kHz LC
osciliatar, C1 i5 8 100-pF caramic trinmer,
L1 consists of BE turns of no, 32 enam wire
on an Amidon FT-50-61 farrita toroid core.
C2 and C3 are 0.01-4F, high-C capacitors,
such as polystyrene or Mylar® units. 51 is
adjusted to zero beat the oscillater output
with WWV. A coating of coil cement should
be applied to L1.

mitter power to J3. Adjust R6 (5ENS) [or
a full-scale MI reading. Now, set 52 (o
REF and adjust C6 for a zero reading on
MI. MNext, reverse the connections—
connect the transmitier to J4 and the
dummy load te J3, and set 52 to FwD
While applying transmitter power, adjust
C35 for a zero reading on M1, Repeat this
Process onee maore Lo compensate for any
interaction of th: two rrimming capacitors.
The values of RY and K& are di‘ferent
than those in the QRO bridge in the
referenced artide. In addition, T1 has a
two-turn link rather than having the
antenna line pass through the toroidal core
(the equivalent of a one-turn winding).
These changes ensure greater SWE meter
sensitivity, necessary for QRP use. The cir-
cuit shown may be used at power levels up
10 25 W without damage to the dindes.

The Meter

A 200-A instrument 1= specified for M1,
There are a number of low-cost, edge-
reading meters of this type available in the
surplus markest. Mozt of these are FM
tuning meters, but some are calibraled for
use in CB transceivers. These metery are
ensy (o take apan f stitution of 2 new
meter scale. A 010 scale that will fit most
of these meters was published in the article
referenced in nct py of this
meter scale can b £ faceplate
ol your surplus mel itn cement.

Lising.a 530- or 100-24& m=tar at M1 will

vezull in grester sensitivity for the Omnd
Box functions than the specified 200-pA
unit, This increased sensitvity can be
particularly beneficial when using the ficld-
strength and SWR-bridge creuits. Most
imported meters with a 50 or 100-pA
movement are in a conventionzal format,
and are easier to read than the smaller,
edee-reading 1vpes.

100-kHz Frequeney Standard

There may be no more vseful accessory
than a secondary frequency standard.
Many home-brew QRP  mansmitters—
particularly those with VFOs—are prone to
frequency changes as the ambicnt
temperature varies, The problem is ot
limited 0 homemade pear. | have used
several pleces of commercial QRP pear that
exhibit frequency-calibratiod problems.
Also, shock or vibration can shift a
trimmer capacitor or a slug-tuned-core
seeting. Out-of-band or out-oflcense-class-
seement {requency  excursions can  be
avoided by making periodic transmitter dial
calibration checks using a properly cali-
brated receiver. | like to know my operating
frequency, so | always carry a secondary
frequency standard with me on QRP
expeditions,

The frequency-standard circuit in Fig 1
holds its calibration guite well. Q1 is a

100-kH 7z crvstal-controlled oscillator. C16
and C12 are feedback capacitors that
ensure circuit oscillation, These capacitors
may need to be changed slightly from the
values shown, depending an the charac-
teristics of the crystal vou use.

02 is a breadbaad amplifier that
inceases the 100-kHz enerey sufficiently to
permil D6 and D7 o generate strong
harmonics of the crystal frequency. The
dicdes generate harmonics by distorting
(clipping) the signal from Q2. This is
particularly importam when wusing the
100-kHz markers above 40 meters: Weak
markers may noi be discernible in QRN
and CIEM.

T2 is tuned broadly o resonance by C16,
RI13 provides a de return for D and D7
and establishes a load for Q2. A 9-V batery
supplies operating voltage for the frequency
standard. It's easy o [orget to turn 54 1o
o when you ar: oot using the
standard—I"ve done it too many times! [7
the switch is lelt in the ow position for
lorg periods, BT will 2e depleted. 10's wise
to carry a spare 9-V battery with you on
field trips.

Using a new 100-kEz crystal at Y1 may
be costly! 1 supgest that you scan the sur-
ples equipmen calalogs for moderately
priced I00-kHz erystals.? Alternativaly,
you may use a 500- or 1000-kHz crysta

Fig 3—Intevior view of Ihe assenbled Omni Box. The battery holdars are affixed to the rear
wall of the cabinet. The S\WH biridge is a1 the far right of tha PC hoard The fisld-strength meter
gnd dummy load are naar the front panal at the left side of the cabinet. ¥1 and the 100-kHz

ostillator are located below tho batteries.
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with frequency dividers to obtain markers
at, sav, 25, 50 end 100 kHz. This approach
complicates the circuit, however, and
increases the current drain on BTIL. Fig 2
shows an LC 100-kHz oscillator that may
be substituted for Q1 of Fig 1. It will need
calibration against WWY more frequently
than is necessary with a crystal oscillator,
It does, however, presenl a way [0 save
money.

The fregquency stancdard may be
calibrated by connecting a coaxial cable
between J5 awd a receiver capable of
receiving WWY, Tune in WWY and adjust
{11 to obtain & zero beat betwsen the out-
put frequency of the standard and WWY,
Calibration should be checked at least once
a month to ensure that the standard is
accurate,

Calibrate vour receiver by connecting a
coaxial-cable jamper between 15 and the
antenna jack of your receiver. If the
100-kH=z signalis too strong, you can lower
the signal level by substituting a cepacitor
of lower value for C16 (5 to 27 pF). Tune
the receiver to a convenient frequency that
is an exact muliiple of 100-kHz, and adjust
the receiver-tuning trimmer capacitor for
zero beat with the standard. Once vour
receiver is properly calibrated, it may be
used to check the calibration of the trgns-
mitter frequenzy dial, A low-level signal
from the transmitter, such as that obtaiped
in the sPOT position, is sufficient for
calibration, anc this signal level can usually
pe heard withouwt an antenna.

Continuity Tester

Continuity tests are frequently necessary
when we are away from our home stations
with QRP pear. Situations arise when we
need 1o check acoaxial cable or an antenna
for apens or siorts, A simple continuity
tester will suffice, and it eliminates the nead
to carry a VO,

I added Ri14 (Fig 1) and two pin jacks
(16 and J7) to the metering circui: of the
Omni Box. These components, along with
BT2, provide 1 full-scale reading at M1
when a short i placed across J6 and J7.
Resistances of more than | ohm can be
observed with this tester, No switch is
needed for commecting BT2 into the circuit
because the ling iz open until the resl probes

are placed across a conducting pazh. K14
is chosen for use with a 200-pA meter, You
may need (o experiment with the value of
R14 if you use a meter with other than a
200-pA moverent, 51 mayv be in any
position of its Uiree positions while making
continuity tests. The dindes connected to
51 block the flow of de from BT2 because
their cathodes are connected toward the
positive voltags source,

Constroction Notes

Packaging of your Omni Box is a matter
of personal choice. [ used a Ten-Tec TG-
TW-34 utility cabinet for this project. lts
dimensions are 3 x 4-1/8 = 4-1/% inches

Fig 4—Circuit-board stching pattern for the Omni Box. The pattern is shown full-size from
the foil side of the board, Blazk areas rapresant unaiched copper fail,

{HWD). The front and rear pancls are egg-
shell white, and the cover i Nnished in a
brown wood-grain adhesive-backed plastic.
The panel labels are press-on decals that
were applied after the panel holes were
drilled, and before the comrols were
mounted . Following application of the
labels, [ sprayed the front and back panels
with Krylon® Mo, 1303 clear acrylic lacquer
to protect the labels and give them more
contrast, This produoct is available in office-
supply slores,

An interior view of the Omni Box is
shown in Fig 3. The PC board is double
sidedd, with the copper on the component
side acting as a ground plane, 1 suspect that
single-sided board would work satisfac-
torily for these circuits, [ used double-sided
board because the input/output PC traces
for the SWR bridge depend upon the
ground-plane surface of the board to form
S0-ohm strip lines, Elimination of the
ground plane may not affect the bridge cir-
cuit significantly, because of the short dis-
tance berween 13 and J4 of Fig 1. The most
used cortrols are on the front panel of the
box. 54, the onN/oFF switch for the fre-
quency standard, is mountsd on the rear
panel. A U-shaped holder s used for the
QW batery. 1 attached BT2 to the inner
rear-panel wall with a nylon clamp. A
single AA-size battery holder for BT2
would allow more convenient replacement
of the 1.5-¥ battery: The circuit wires are
soldered to the ends of BT2 in my unit,

R.14 is not mounted on the circuit board,

Rather, it is soldered between J6 and R6,
Just bebind the frooe pansl. Al ol the

toroidal coils are mounted verticallv on the
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PC board. 1 coated cach of them with a
homemade coil dope after they were
installed, | also flowed a large drop of
cement under each coil to affix them o the
PC board.

I made myv coil dope by dissolving small
pirres of polystvrene tubing in acrylic
solvent/cement. This liquid contairs
methylene chlonide, Warning: Do nor
breathe the fumes from this chemical, and
avoid gefting it on your skin. A good grade
of coil dope mav also be made by dissolving
chips of acrylic tubing or sheeting in ths
solvent,

A full-scale erching template for the PC
board is shown in Fig4. A parts-placement
gride is shown in Fig 5. [ used donut pacs
ard PC layout tape to develop the master
artwork for the PC board. I then trans-
ferred a mirror imag: of the pattern toa
sheet of paper with & plamn-paper copier.
This sheat became my master artwork for
Tec-200 film, from which the etch-resist
pattern was ironed onto the blank PC
board.* After drilling the holes in the
board, 1 plated it with Kepro tin-plating
solution.

0Odds and Ends

The glass piston trimmers [ used for O5
ard C& are ser at near maximum
capacitance for the desired bridge null. Had
I realized this sooner, 1 would have sub-
stituted 6.8-pF silver-mica capacitors fer
the trimmers. You may want to try this,
assuming that the value of C9 is close o
330 pF.

Fig 1B shows a 6.8-pF capacitor in serles
with thie line from T8, This capacitor should
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Fig 5—Parts-placement guide for the Omni Box, Parts are placed on the nonfoil side of
the board; the shaded area represents an X-ray view of the coppaer pattern.

be added if vou intend to use a longer pick-
up antenna for the Jeld-strength meter, or
if you connect an RF-sniffer probe 1o the
circuil. This low-value capacitor will help
to isolate the tuned circuit from the added
capacitance of the probe or longer antenna.
Without this charge, the [eld-strength
meter’s tuned circuit will have a restricted
upper-frequency range and reduced .
Maximum SWE bridee sensitivity (SN
set Tully clockwise) i 350 mW. This is more

than ample for most QRP traasmitters.
The dummy-load metering sensiiivity may
be increased by changing RS to a lower
value. The meter responds adegquately at
100 mW with the value for RS given in
Fig 1.

I used an RF probe and a VTVM 10
measure transmitter power acrossa S0-ohm
resistive load (P = E .2/ Ry | 581 R6
(sens) Tor a full-scale reading ar M1 with
5 W of RF power into the dummy load.
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This resulted in approximately a half-scale
(12 o'clock) setting for RA. | then incremen-
tally decreased the transmitter power and
noted the readings to provide the data in
Table 2. You may calibrate your meter
scale for forward power by following this
procedure. A scope of adequate bandwidth
may be substituted for the probe and
YTVM, but the resolution will not be as
great as with the VTVM, You will have to
convert the peak-to-peak readings of the
scope 1o EMS values. The dummy load in
the Omni Box will safely dissipate 4 W of
contingous RF power. If vou exceed this
limit (5 to 8 W), restrict your key-down
periods to 30 gseconds or lbss, and allow a
short cool-off period between tests.

You can cover the 10-m band with the
field-sirength meter by removing 2 turns
from L1. I did not include coverage to
30 MHz because I don't operate QRP at
10 meters, likewise for 160 meters.

In the interest of minlaturization, 1 chose
small components for most of the circuit.
Surplus ceramic chip capacitors are used
toward this end. Small switches are used,
except for 51, which is the only suitable one
I had on hand. R6 is a mniature compo-
nent aso.

I'm sure you will find this Omni Box as
handy as [ have. Maybe vou'll include a
QRP Transmatch in vour unit to make it
a complete do-everything gadget!

Holes

1Circuil Specialists Co, PO Box 3047, Scotisdale,
AZ B5257, Part Mo. A1-233,

0. DeMaw, "The SWA Twins—0ORP and GRO,"
QST, Jul 1986, p 34.

AJAM Crystals, 2400 Crystal Dr, PO Box 06017,
Fort Myars, FL 33906-6017, Catalog no. 30,
100-kHz crystal, 0.01% toleramca, HC-13/U
casd, $6.50 ea.

0, DeMaw, “Homemade Circuit Boards—Don't
Fear Them.,” ST, Aug 1887, pp 1416
and 22,

Fer updated supplier addresses, see ARRBL Pans
Suppliers List in Chapter 2
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A Simple Resonant ATU

Eliminate roller
inductors and tapped
coils with this simple
HF-band Transmatch.
This circuit is suiteble
for QRP or QRO.

By Doug DeMaw, W1FB

ARRL Contributing Editor
FO Box 250
Luthar, MI 49656

re vou weary of looking for
A expensive roller coils? Do tapped

coils in ATUs (antenna uning
units) fail to provide the inductance
resolution you need for matching a broad
range of impedances? We are kindred souls
if vour answers 10 these questions are
“yes."” The roller-coil problem is even more
acute for a QRPer: Tiny roller inductors
that fit the small formar of QRP gear are
not available. The remaining opticn is a
tapped coil and switch.

The circuit 1 shall discuss in this article
is by no means new or original, The manner
in which | am using it is, however, a bit
uncommon. Fig 1 illustrates the dreuit.
Unlike other Trensmatch circuits, this one
is resonant at the operating frequeency.
Most tuners contain elements of L and C,
which are uwsed to cancel inductive or
capacitive reactance in an antenna dreuil.
Circuit resonance is not a criterion. The
popular T matel that is used in mos: com-
mercial Transmatches is an example of a
nonresonant ATU. A resonant Transmatch
offers the advantage of simplicity and
harmonic reduction.

A Closer Look at the Circuit

Please refer to Fig 1. The main part of
the circuir is L1 and L2, along with Cl1.
Here we have a standard tuned circuit or
resonator. L1 is the coupling link into the
tuned circuit, As shown, Cl and L2 form
a resonamt Bl-meter circuit. €2 has been
added to permit matching the signal source
(transmitter} to the load. A matched con-
dition will preveil at some setting of C2.
This is a very old trick that has been with
us for decades,

There is considerable interaction between
€l and €2, since the greater the
capacitance at 2, the less capacitance we
need at Cl to maintain tuned-ciecuit

SWR INDIZATOR

TREMNSMATCH

k
SMT BILVEH MICA

Fig 1—S5Schematic diagram of the SWH bridge and Transmatch. Fixed-value capacitors are
disc cerame unless noted otherwise. Fixed-value resistars are carbon composition.

Ci—Miniature 100- ar 140-pF &ir variable.

C2—10-100 pF trimmer with shafl (sse
note 1} or 100-pF air variable,

[1—3Silican high-speed switching diode,
type 1NS14 ar eguiv.

J1, J2—Sirgle-hole mount phono jack or
S50-239,

L1—6 turns of no. 22 insulated wire over
ground end of L2,

L2=2B-uH inductor. Use 70 close-waund
turns of no. 22 enameal wire on a 7/8 =
2-inch length piece of PVC ppe.

L3—10-pH inductor, Use 30 turms of no. 26
enam wire, closely wound, on a 5/8 =
1-inch piece of PVO pipe.

L4—2 f-uH induetor. 16 lurns of no. 20
enam wirg, closaly wound, on & 5/B = 1-
inch pleca of PVC pips.
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L5=0.85-xH inductor. Use 9 turns of
na. 20 enam wire on @ 5/8 = 1-inch
piece of PVG pipe. Space turns to
occupy S/ inch.

M1—=5mall edgewise tuning mater, 200 A4,
Surplus 5 meter used here with scale
from page 35, July 1988 QST glued fa
meter face.

R1—Linear-taper, 10-kl polentiometer,
carbon compasition.

AFCA—Miniature 750-¢H or 1-mH
RF choke.

51, 52, S3—5PS5T slide switch (s taxt).

T1—Taroidal transfarmer. Use 35 tumms
of no. 26 enam wire on an Amidon
FT-5M-A1 ferrite tornid (= 125} Primary
has 1 turn of no. 26 enam wire.




resonance. In other words, the C2
capacitance adds to that of Cl, For this
reason we must adjust C1 and C2 alter-
nately as we fune for minimum SWHE, just
as with conventional ATUs,

How do we solve the problem of multi-
band operation? A simple solution is
provided by adding L3, L4 and L5, These
coils are switched in parallel with L2 by
means of 51, 51 and 53. A single-pole,
three-position waler swirch can be used in
place of the individual switches, although
it would limit the Nexibility of the cirewit,
[ will discuss this later. As s the sitwation
when we place rezistors in parallel. coils
that are placed in parallel have a net value
that is less than that of the smallest coil in
the combination. Therefore, we simply add
L3 to the circuit for 40-meter operation, L4
for 20 meters and LS for 10- and 15-mefer
operation. The 30-meter band can be
covered in the 4(-meter range, aad 12
meters talls inmto the 10-15 meter renge.

The advantage in placing the smaller
coils in parallel with the large one is that
the L1/L2 turns ratio remains the same as
when only the main coil is being used. L1
can be eliminated by tapping the ¢oil six
turns above the grounded end. | chese the
link method bacanze it is eagier to deal with
than a coil tap 1 wanted to avod the
potential of shorted turns with smal. wire,

The main coil has an inductarce of
28 pH. The effective circuit inductznce is
7.5 pH when L? and L3 are in parallel,
L2 + Ld = 24 uH and L2 + L3 =
0.82 aH. IT all four coils are placed in
parallel the net indecianee becomes 0.6 pH.
The singular coil inductances are given in
the Fig | caption.

SWR Indicator

You may climmate the W R-sensing cir-
cuit in Fig 1 if you have a separaie SWR
merer 1o use with thiz tuner, [included this
circuit for my convenicnce when opérating
afield with QRP cguipment. T did nm
include the circuitry for reading the for-
ward power. My concern is for obtaining
a meatched condition between the trans-
mitter and the antenna, Therefore, | need
only the reflected-power information. T1
samples the RF currenr (reflected). DI
rectifies the current and produces a de
viltage that is ind izt ML The ATU
is adjusted for mi deflection
at M1, Rl is =
prevents the m
scale during tumer
bridge is designe
shown. A ransmin
1 wall or greater wil
deflection at M.

Construction Dats

note the presence of
pression trimmers. |

—_—— e —

Fig 2—The ATU subassembly befare C1 was replaced with a small airvariable capacitor
Holes are punched in the base plate (PC board malerial) to accommedate the OD of the
coil farms, The colls are cemented into the holes with epoxy glue. A small shelf is
saldered 1o the base plate to alow mounting C1 and C2. A plastic block insulates C2 from
ground, Wooden dowel rod is oluad to the capacitar shafts to allow the use of knobs with
Va-inch holzs. The ends of the dowels are ground cown to & trug Ya-inch diameter,

was done (o eliminare mechanical problems
that resulied in very ““touchy” adjustment
of C1, The trimmers are 10100 pF units
with 1/8-inch OD shafts.! | drilled holes in
the ends of two Y-inch weoden dowel
rods, then glued the trimmer shafts into the
duwe]l jods with epoxy cement. This
allowed the use of standard knobs with
1i-inch holes.

Schedule-40 PV tubing is used for the
coil forms. PVC is not suitable for high-
power use. since it will heat and melt in the
presence of high RF voliage, PYC s
entirely acceptable for power levels under
a0 warts, L2 is wound on 3/4-inch PVC
pipe, which has an O of 7/8 inch. The
remaining coils are wound on 1/2-inch
PV pipe (3/8 inch OD), Al of the coils
are mounizd on the subassembly base plate
by gluing them into holes (3/8and 7/8 inch
diameter) hat are cut in the PC-board base
plate. Epoxy cement 1s mood for this pur-
pose, The coils are spaced apart 1 inch,
center 1o center, The base plate is made
from double-sided PC board (2% = 34
inches), The grounded ends of the coils are
soldered 1o the base plate,

Fig 2 shows a 1% » 2-inch shelf upon
which the trimmer capacitors are mounted
by means ol wetal L iackds, A plastic
insulator is bolted to the shelf 1o allow C2
of Fig 1 1o be isolated from ground. The
PC-board shelt iz soldered to the base
plate, and a small triangular PC-board
bracket is soldered between the brackee and

‘HMiot=s appear at end of article.
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base plate (at each end of the shelf) w
strengthen the shelf, Two no. 6 spade bolis
are used to affix the subassembly 1o the
mai1 chassis of the ATU. You may use
brass or aluminum for the base plate and
shell if vou prefer.

| made my chassis and pancl from ["C-
hoa-d material. The sections are soldered
at the joints to form the main frame. The
assembled unit is shown in Fig 3. The
dimensions are (HWD) 3% = 534 = 3
inches. A 1 = 3-3/8 strip of PC-board i=
soldered across the back of the chassis to
contain J1 and J2 of Fig 1. Two strips
(1% = 3 inches) are used at the sides of the
main frame 1o serve as panel braces. |
polished the copper an the PC-board
material, then coated it with clear lacauer
to prevent tarnishing. The panel is sprayed
with gray automotive primer paint. | first
sanded the panel to pravide a rough sur-
face. This helps the paint to adhere berter
than it would on the smooth surface, Gray
Dyvmo™ tape labels identify the control
functions. Four adbesive-backed rubbes
feet are affixed to the bottom of the
chassis.

1 used a technique that some call “ugly
construction” when 1 built the SWE cir-
cuit A nearer job will result if vou asscmble
the narts on a PC board, although the per-
formance will be the same. I used a
multilug terminal strip 1o contain most of
the SWR-bridge parts, Other components
have mid-air joints.

1 used inexpensive slide switches for 51,
52 and S3 of Fig 1. Miniature toggle
switches may be substituted, or you may
prefer to use a single rotary switch, as dis




Fig 3—Interior view of the assembled AT, "Ugly construction’ (see text) & used for the
SWR-bridge circuit, lower right. Thz subassembly, chassis and panel are made from
pieces of singls- and double-sided PG board. The seams are solderad 1o hald the sachions

together.

cussed earlier. Trimmer C2 may be replaced
with a 100- o 140-pF air variable. IT this
iz done, you will need to isolate the stator
and rotor from ground. The circuit will
function satisfactorily if vou use fwo

100-pF capacitors (C1 and C2Z).

Circuit Performance

1 tested this ATU ar power levels from
1 to 15 watts, | used resistive loads from
15 to 1000 ohms, and obtained an SWE of
{:1 in all cases. Mo arcing occurred at
trimmer C2, [ later connecied th: ATL ta
my &0-meter dipole (coaxial cable feed) and
ran it through its paces from 8 through
10 meters. Despite the complex impedance
the Teed line presented above 3.5 MHz, 1
was able to obtain an SWR of 1:1 on all
bands.

Adijustment is done by setting the coil
switches for the proper amateur band. With
RF power applied to the circuit, adjust C1
for the lowes! SWR attainable. MNext, adjust
€2 slightly and readjust €1 for minimum
indicated SWR. Repeat this process until
the SWR is 1:1. Canrfon: Use the greates)
amount of cepacitance possible at C2, con-
sietent with 2 1:1 SWR Although smaller
values of capacitance at €2 will result in
an SWER of 1:1, the loss through the ATU
increases at such sewings. All Transmatches
introduce some loss, but it is insignificant
{less than | dB normally) for the most part.

Some Final Thoughis

Keep all RF leads as short as you can.
This will prevent unwanted stray
inductance, which can lower 1he tuned-

circuit ). Long RF leads, such as those
marked “RG-174"" in Fig 1, should be
made from coaxial cable, RG-174 s
miniature coaxial line thal is suitable or
short rans and for power levels up to 40
or 50 watts at the lower amateor fre-
quencies,

Therr is no reason why the circuil of
Fig 1 can't be adapted for high-power use.
The coils would need to be made with large-
diametar wire, and the coil forms should
have good high-voltage, low-loss proper-
ties. Lexan™ or fibergloss uhing® is good
materizl for the coil forms, Surplus ceramic
cail forms are also suitablz, €1 and C2 of
Fig 1 must have wide platespacing for high
power, since substantial RF voltage is
present at the top of L2. 51, 52 and 53 need
ta be high-quality RF ceramic switches if
QRO use is contemplated. Fair Radio Sales
in Lima, Ohio sells surplus KF power
switches.”

You may use (oroidal coils for your QRP
ATU. This will enable you to make the
tuner smaller. For example, L2 would have
15 turns of no. 24 enamel wire on an
Amidon FT-82-63 core. L1 would consist
af 3 terns of no. 24 wire over L2, For L3
use 2d turns of no, 24 wire on an FT-30-63
toroid. L4 would have 23 turns of no. 24
wire on an Amidon T-50-2 toroid, and L3
would consist of 15 turns of no. 24 wire on
a T-50-6 core, There is no reason why you
can'tl design a PC board that can contain
the Tour toroidal coils, plus the SWR
bridge, This would resultin a low-profile,
compact ATU,

I wrote this article in arder to share some
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old ideas that may have been forgotlen by
some of you. | hope you have found the
circuit and construction hints interesting
ard wseful.

Hotes

i1 Trimmers with shafts ae available from Hoslelt
Elecironics. 2700 Sunset Blvd, Staubenvills,
OH 23952, Salwy linge 800-524-G45+4 (cataleg
availabla).
#Plastic rod, Wbing and shesting {many types of
lastic] are available by UPS or truck line from
5, Plastic Corp, 1330 Neubrecht Ag, Lima,
OH 45801, Sales ling: BO0-537-2724 (cataleg
availabla).
3Fair Radio Sales, Inc, Bax 1105, 1016 E Eureda
51, Lima, OH 45802, tel 419-227-8573,




Fram 1990 ARAL Handbook Ch 34, p 78:

A Balanced QRP Transmatch

The balanced QRP Transmatch shown
in Figs 39 through 41 was designed and
built by Zachary Lau, KH6CP, o the
ARRL Lab. It is designed Tor use with
balanced feed lines, although random-wire
antennas can be f2d if one of the antenna
terminals is grounded, Unlike most Trans-
matches desipned for use with balanced
feed lines, this design features a balun at
the input, rather than at the output. As a
result, the balun sees impedances close 1o
the design impedances once the Transmaich
has been properly adjusted. This resuts in
lower loss and freedom from core salura-
tion at low power levels.

Since it is balanced currents that prevent
feed-line radiation, this cireuil was desined
to balance currents rather than voliages,
Some antenna systems wse circuits that
provide balanced voltages, making it neces-
sy 10 make e svscem syoomeiice] nan
effort to Dalance the currents, By eoing
straight to balanced currents, instead of
balanced voltages, o1z possible (0 use a
much simpler matching network, In addi-
tion, the actual current balance in 1vaical
amateur open-wire feed lines should he
improved.

Construction

The inductor L1 and the capacitor Cl
should be of the highest guality obtainable
for best performance. Low-impedance
loads will requirz a good inductor Tor
efficient matching, while high-impedance
loads will require a pood capacitor.

L1 was wound with tinned copper wire
to make it easier 1o adjust faps. 1t is
necessary o wind the wire with spaces
between turns 1o prevent shorts which may
make the inductor lossy; no. 16 wire is
heavy enough to stay in position on the
toroid. The inductor used had a full-
inductance O of 410 a1 7.9 MHz; the L) was
410 after the taps and swilch were added.
The use of clip lzad raps is not recom.
mended as rhey increase losses, although
they may be useful in inftially setting up tap
positions.

Capacitor CF should have a value of at
least 250 pF. and larger capacitors will
work even better, increasing the range of
the Transmatch a: low freguencies. Suita-
ble capacitorz ar Iv available at
hamfests. The C2 and C3 should
equal Cl, and C4 d be twice the value
ol C1. If the cal luas of C1, C3
and C4 are mot avallable, smaller values
may be uszed

Capacitor C muos be
chassis, so it »
Plexiglas®
insulated sha
high voliage fr
sel screw. The
with a model 51
Although it 18 farge !
the cabinet marcse=e &

Fig 39 — Ths ORAP Transmatch lor balanced fead limes feaiures a balun at the inpul ol the

matzhing network.

di

INEUT m

ct

|

CuUTPRUT

Fig 40y — Schematic diagram aof the ORP Balanced Transmalch

C1—330 pF variable capacitor, SC0 W raling.

€2,03—330 pF silver-mica capacilar, 500 Y
rating.

C4—E0 pF silver-mica capcitor, 300 Y rating.

J1—Famale chassis-mount BMC connectar.

J2—Two ceramic feadthrough insilators.

L1=361 no. 16 tinned wire on an Amidan
T-204-6 ocra.

and allows the controls to be spaced apart
for easy wic. The logging scale 15 tvpe-
written paper attached to the cabinet with
a Plcxiglas sheet.

T 15 a trililar-wound itransformer.
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S1—Ceramic rolary swilch, single water, 1
pale, 12 position

S2—Ceramic rolary swilch, single wafer, 2
pate, G position.

T1=12 trifilar lurns on an Amiden FT-114-81
core; primary. no. 16 enem wire; secondary,
no. 18 enam wira.

Winding details are shown in Fig 40 It s
possible to wind this coil with only two
windings, eliminating the solder joint. The
coil should be dupliceted exactly with
regard 1o the number of murns and core

P—




matcrial unless the transformer can he
tested at the operating frequency. Testing
can he done by hooking up rwo baluns in
serigs and measuring the insertion loss, The
matching netwoerk will compensate for a
poar balun, but efficiency will probably
suffer. A toroidal choke balun would be
recommended for a higher power version,

Switches 51 and 52 should be coramic,
Phenolic switctes are not recommended,
although they should work at low power
levels on the order of a few watts, The
switch positions should never be changed
while more than a few watts of RF is
applied.

Adjustment

Adijustment of the Transmatch is much
easier if the approximate impedance of the
load i known. n his article in The ARKL
Antenna Compendiwm, Volume [ My,
Smith's 'Other’ Chart and Hroedband
Rigs” Roger Ghormley, WOKEK, details
how parts valuzs for L networks can be
calculated. Alernately, received signals can
be peaked wp by first adjusting the induce-
tor and then the capacitor. As with any
Transmatch, low power should be used in
the imitial adjustment. The actual power
handling capability will depend on the load.
The capacitor sreakdown voltage is he
l[imiting factor cn high-impedance loads; a
200K-obm load will cause the 300 Y capa-
citors o reach their maximum razing at
825 W, wlale the maximum rating will be
reachod with 625 watts into g 200-0hm
load. The current-handling capability of the
wire is Lhe limit on low-impedance loads;

o

o AR

Fig. 41 — Interior layout of the OAP Transmalch. The varizble capacitor is mounted on a

Plexiglas tlock.

a 40-ohm load will cause a 90-W signal to
eenerate 1,5 A through the wire, while
S50 warts will penerate 1.5 A the Toad 1s
200 ohms, These values are for resistive
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loads; o resctive load would require higher
current and voliage ratings, The unil shown
here has worked well in low-power opera
tiorn (up to 4.5 watls).
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Variable-Notch Filter for Receivers

WAHIGBELE MGTCH FILTEA

10k

CUEPT AS WDICATED, DECIMAL WALLIES OF
CAPACITANCE ARE W WICAOFRAEDE | pF 13
GTHERS AME & FESFAADS (pF OF apFl,
RESISTARCES RRE I OHME | ke §000

10k

Uy & RD-4t34
af ECE-597T

ATATAY
i i o
b —0 outeuT
10
L
ey

Fig. 1 — Schematic diagram of the varizb'e noleh {ller that K412 Installed In his Kenwood TS-530. This same circull should prove useful for other
recelvars, A1 is 2 dual 250.k1, linear-tapsr potentiometer, such as a Clarostat D53C1-250K-5, U1 Is an AG-4136, ECG-527 or equiv. gquad ap amp.

O One night before CW net time, 1 was tening
around the specifisd frequency using my
Kenwood TS-530. [ came across some lid giving
his Mnals a **Nf ' prompied me to
think about how nic wid be 1o have a notch
filter in the '530 he one in my Ten-
Tec Argosy. A v can bequite
effective for liz

Arposy, and
L= orcuil that
& Tesslors
ki, linear-
oatrol.

employs a quad op
and caphcitors. A dosle
taper polentiomes
Based on my
decided touse 1t =
Gee Fig, 1. A ar
given in Fig. 2

diagram. N
on end to save space and 12

board layout. | mo=—=d == =2 =
TS-530 and connes=s = 3 =

Since | never nsed the &
rig, I replaced & ===
tiometer. The Clarosas DESC E
tiometer T uzed i » Sgfe e 5 S S hole
[ had to enlarpe the ol =St S e tusiony

Fig ? — Ful -alra elreolt-board etching patiern
for the notch filter, shown from the foil side.
Blzck areas iepiésanl unalched copper.
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Fig. 3 — A parts-placement diagram,. shown
from fhe companent side ol the board. Gray
areas shaw an X.-ray view o! the copper
pattem.




on the new contrcl. The RF gain potentiometer
is & 10-kfl unlh thar 1 replaced with a fixed
resistor.

I filed a flat on the shaft of the new control
sp the original Kenwood knob would fit and
make the new control look like it belongs. 1 did
not try to relabel the front panel to indicate the
function of the pew control. That way, I can
return the rig to onginal form, showld T ever wish
to.
To mount the filter board in my Kenwood
T5-530, I replaced & screw found near the edge
of the audio board, between plugs B and 9, with
a longer one. A few washers help space the filter
board from the chassis. [ obtained powet for the
filter at rest point 6 on the audio board, There
is 2 small, red coaxial cable coming from the top
side of the rig and going behind the VFO. This
cable carries the audio from the detector to the
audio amplifier. Cut this cable and connsct it to
the input and output pads on the filter board,
as shown in Fig. 4.

Four small wires connect the filter to the dual
potentiometer on the front panel. You will have
to remove the screws holding the audio board
sa you can Lift it out of the way while replacing
the RF gain control. The front panel will have
to be removed to get at the nul that holds this
potentiometer in place; that involves removing
four screws.

With the control turned fully clockwise, the
notch frequency is about 2800 Hz; it is about
300 Hz when fully counterclockwise. Both these

From April 1977 QST, p 57:

A0TTOM VIEW

KEMWIQDO T5-3305

RE&A

EBQ-1E80-00 PLL BDARD

]
:I FRONT
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POWER =SUPFLY
AREA

©

Bur

in e
*

/15

/'“'w’ciﬂ :
=
B

AUDO | ROARD

|.
K

Te--MEw CONTROL OR
POTENTIOMETER
TRE [ SEE TEXT ]

Fig. 4 — Inslde view of the Kenwood TS-530 showing tha noteh-filter wiring and mounting.

frequencies are nearly out of the Kenweod audio
system passband, When you don't need the filter,
just set it to one end or the other.

I have found this to be a worthwhile project
and & handy addition to my rig, especially for
CW operation. You should be able to complete
the modification in an evening or two. Actually,

the task sounds worse than it is! It took more
time to type it up than to perform the operation.
One word of caution: Wire the new contral so
that maximum resistance on both potentiometer
sections occurs when the shaft is rotated
counterclockwise, — Tom Desaulniers, K4VIEZ,
POR 026, Leeds, AL 35094

Simplified Output Metering Protects QRP Transmitters

After destroying a few transistors while
tuning ORF trapsistors into a mismatched
load, T decided | needed some way to iadicate
proper  transmitter  adjustment. ané  then
protect the rip while the anténna turer was
adjusted, An adaptation of the simple resistive
SWR bridge described in the ARRL Howdd:
hook provides me with o dummy load, rela-
tive powes-outpu! indicatol and o safe metle
ad of tuning the transmitter,

As shown in the schematic diageam, the
mpur divicer (R 1-R4) has @ total resistance of
50 chms, Four 12-watt composition tesistors
safaly dissipate the curput af my tramamitter
when 51 & in the TUNE pasition. Meter M1
indicates relative power applied to this load.
The antenna is connected {through a Trans-
match) and the antenna tuner is adjusted for
minimum deflection on 51, or lowes) SWR,
RS acts as an attenwator and effeotively
isolates the tramsmitter from the astenna,
preventing  possible domape to the output
transistor of the g, When the SWR has been
reduced to s mintmum, 51 is placed in the
OPERATE positian. M1 now indicates relns
tive power output into the antennu. CR1 may
be any germanium signal diode; C1 is cither a

lf:l CPERATE

TO
TRANSMITTER |

R3 R4
2] ]|

R4 &

1an T Ta

W B | TRANSMATCH
(]
11

(A1) !J;.'::I [
B
¥inzan

RE
SENSITIVITY

Protective circuit far ORP transmitters.

ceramic=diszc  or silver-micy  oipaciior. 51
should be n ceramic rotary switch {(dpdu),
sthough a phenclic rotary switch ar o slide
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swith is adequate for use on the Blmeter
band. —Afbort 5. Woodhuwi, MNIAW, ex-
WIGST, POR 843, Amberst, MA G004




Fram June 1905 GST, p 3%:

An Accurate, Inexpensive Frequency Marker
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Fig. 3—A schematic for the freqguency markser, U1 is 8 COA0GS, or equivalent, CMOE hex
Inwarting buffer. ¥1 15 8 100-kHz CX-1H crystal from Statek,

QUTRUT

+ SLPPLY ————i e

E! 13 .
SUPPLY GND —————
'”E '—m_" %E
e FITE o

£

Flg. 5=4A pars-placement disgram, shown (rom the component side of 1he board, Gray areas

show an X-ray view of the copper paitern

[ A highly accurate =zries oscillator can be
constructed from seven components for about
$10. The marker iz bazed on the model
CX-1H quartz crvstzl, which 1s a tuning-fork
resonator mapufactured by the Statek
Corporation.’ Starek ducss these crystals
for use in quartz =z 4 they havea fre-
quency tolerance of
The modules o

A schematic o
cuit is shown in F
cascaded inverters
lnvcrtc'rs T'hl:

{Fig. 5 is a parts-placement diagram for the
circuit.) | used the components specified by
Statek and the marker oscillated at 100.0015
kHz. [Larrv Wolfgang, WAIVIL, used a
“gimmick"’ capacitor for C1 in the frequency
marker he built in the ARRL lab. The
gimmick is two wires of a no. 24 AWG ribbon
cable. Starl with the wire somewhat longer
than 3% inches. connect the output of the fre-
quency marker to a frequency counter, and
trim the gimmick wires until the marker is on
frequency.—Ed.] Since the nominal frequen-
cv of the crystal is 100,00 kHz, the measured
frequency is within the guoted tolerances.
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Fig. 4=Full-siza clrcuit-bosrd atching pattern
for the trequency marker, shown from the foll
side. Black areas reprasen’ unatchad copper,

The oscillator provides an ideal frequency
check for the Argonaut and other radios that
lack an internal frequency marker. Statek
manufactures the CX-1H crystals and pro-
vide: circuit component values for frequen-
cies from 10 to 600 kHz. Thus, most HF
receiver calibration can be accomplished with
this imexpensive and eaiv-to-build circuit
—Michae! C. Sehell, KESCZ, 7647 White Oak
Dr, Solan, OF 44138

'The CX-1H is available {rom Statek Corp.,
512 N. Main 51, Orange, CA 92888, =i
T14-639-7E10,
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Some Power-Supply Design

Basics

Part 15: Know your components and how to apply them
correctly when designing a ham-shack power supply. Falures
can be avoided and performance may be improved by
observing some basic rules.

By Doug DeMaw, W1FB

ARAL Contributing Editar
PO Bex 250 Luther, MI 49856

et's think about power supplies in
I a practical way. I'll leave the ex-
acting detign information in the
closet for this discussion. Those of vou who
want to dig deeper may consult the power-
supply chapter of The ARRL Handbook,
or such references as National Semiconduc-
tor's Voliage Regulator Handbook (1982).
The latter publication contains several
power-supply design application notes,
along with countless eguations for ob-
taining precise performance resnlic !
Rectifier Circuits
What are ow choices for recifier
circuits, and what are the advamages and
limitations of the various configurations?
Fig 1 shows some of the possibilitics we
might consider. Tae most basic hookup we
may use is show al A of Fig 1, Here we
have a half-wave rectifier with a single
diode (D1} and filter capacitor (€21), The
circuit simplicity is appealing, but regu-
lation is very poor and the output ripple
is high and hard to filter, compared to
other circuits. Peak dc voltage across the
diode may rise to 2.8 times the transformer
secondary voltage (RMS) under no-load
conditions with 2 capacitor filter. Con-
versely, the average output voltage, without
filtering (under load) will be on the order
of 0.45 times the T1 secondary voltage, The
high no-load peak voltage, when filtered,
results from C1 being charged. This stored
voltage is then added to the peak voltage
from the T1 secordary. These traits make
the half-wave power supply suitable for
low-current needs, such as bias supplies,
but not for high-turrent applications,

TNational Semiconductor Corp, 2900 Samicon-
ductor Dr, Santa Clara, CA 95051,

For updated supplier addresses, sas ARRL Pans
Suppliars List in Chapter 2.

A better scheme is shown at Fig 1B, Here
we find the familiar full-wave rectifier. A
center-tapped transformer is required, and
the rotal secondary voltage muost be twice
that for a full-wave bridge circuit (C) for
a specified de-output voltage. The average
output voltage from the diodesis 0.9 times
half the RMS secondary voltage of T1. The
peak output wvoltage (when using a
capacitor-input filter, C1) is 1.4 times the
Tl secondary volioge. Compared to the
half-wave ractifier, this circuoit reguires less
filtering because the output-pulse frequency
is twice that of the half-wave rectifier. Also,
each diode (D1 and D2) need: to accom-
modate only half the current taken by the
load. This is because the diodes operate
alternately at hall cycles of the ac, The
diode of circuit A must handle all of the
load currart.
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Fig 1C shows the more common [ull-
wave bridge rectifier. The principal ad-
vantsge here is that no secondary conter tap
iz required for T1. D1 and D3, in effect,
provide the missing center tap. In this
example two rectifiers operate on each half
of the ac cycle. The average and peak
output voltages for this crouit are the same
as for the full-wave redtifier at B, The
diodes should e rated for at least half the
current taken by the load.

There are times when we need a plus and
minus oulput vollage from a power supply.
A simple method for obilaining the two
equal voltages of opposite polarity is il-
lustrated in Fig ID. This dual-comple-
mentary rectifier requires a center-tapped
transformer with twice the EMS secondary
voltage of that for the full-wave circuit at
C. You may think of this supply as two




sections of the full-wave circuit of Fig 1B,
The notable difference is that two exira
ciodes are added (D3 and D4). They are
connected for the pelarity opposite that of
D1 and D2, Peak and average dc output
woltage is the same as that for circuits B and
C of Fig 1.

Diode Seleclion

Earlicr we discussed diodes that must
handle one half the power-supply load
current, That is the minimum requirement.
“We need to consider peak currents when
choosing our rectifizrs, Using diodes that
have marginal ratings for the intended
cpplication has cowsed many an amateur
to scratch their head in wonderment afier
witnessing the failure of brand new replace-
ment diodes in a repaired power supply! Be
eware that the RMS current flowing into
£ capacitor-input filter is rwo to three times
the de¢ output current. This is because the
current is delivered in short pulses, A good
rule of thumb (call it empirical if you wish!)
is to use diodes rated at no less than twice
the output current taken by the load. This
ellows ample leeway for the surge current
of the power supply and has always pro-
vided reliability for me.

We must consider also the PIV (peak
inverse voltape) or PRV (peak reverse
voltage) of the diode we select, Earlier we
lzarned that the peak woltage for a
capacitor-input filter can rise to 2.8 times
the BEMS value of the transformer second-
ary winding. Therefore, our diodes should
have a PRV rating of approximately three
times the peak wvoltage value. I the
transformer secondery RS voltage is 12,
the rectifier diodes should have a rating of
36 volis or greater. When building high-
woltage power supplies, such as 2 kY,
several 1000-PRY diodes must be con-
riected in series in cach leg of the rectifier
in order 1o accommodate the high PRV.
Equalizing resistor: and capacitors are
connected in parallzl with each diode (as
shown in the The ARRI Handbook) to
equalize the voliage drop across each dioce.

Choosing a Filter Capacitor

Amateurs regard
capacitor as
Amply usc wh
Perhaps a rande
will provide =2
output ripple
and if the cap
10 be sufficient
performance?
equation we msv ==
power supplies
the best type of ==

1

tend

the filter
Why not
e junk box?
1 c=paator value
resuits, aSsuming
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Fig 1—Conventional circuits for powar-supply rectifiers. & discussion of these circuits is

contained in the text,

normal current load conditions, with a
scope.

Using Eq 1, we determine that & 3000-uF
filter capacitor is required for a 1-A load
current (12-V output), when the desired
output ripple (under load) is 2 V F-P. Keep
in mind that the values obtained from Eq |
are based on the assumption that a
regulator follows the filter capacitor; The
regulator provides additional clectronic
filtering. The 3000-xF filter capacitor in the
forepoing example should have a minimum
rating of 36 V.,

How about the Transformer?

A vital consideration when designing a
power supply is thal of the transformer
rating—notably the secondary-current
specification. Industrial design calls for
some rather complex mathematizal gym-
nastics, but we can follow a practical path
when choosing the transformer we need for
the job. Let's assume that we are using only
the capacitordnput filter scheme, since it
is more common and less expensive than
the choke-input format. Based on this
assumption our transformer secondary-
current rating should be approximately
1.2 times the full-load dc current of the
supply when using a full-wave, center-
tapped rectifier (Fig 1B). Thu:, for a
2-A maximum load current the transformer
secondary should have a minimum rating
of 2.4 A (1.2 times the load current).

If we are using a Tull-wave bridge
rectifier, the T1 secondary current
minimum will be 3.6 A for a }-A load
(1.% times the oad current). Some amateurs
=ave tried to ase a 2-A transformer for a
2-4 lozd, as an example, only to find that
the ransformer operated quile warm (even
=on), &nd the ourput had subsiantial ripple
e full load, IT we take care in selecting
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our trensformers, we will avoid these
ailments. Make-do measures and junk-box
components are not truly applicable when
building a power supply.

Applying Regulators

Modern amateur equipment requires
regulated de operating voltage. The power
supplics we have considered thus far are
suitable for operating low-current devices
or circuits that draw a steady current.
When there are changes in load current, 1t
becomes necessary to regulate the output
voltage to ensure that the correct and safe
operating voltage is preseni. Furthermore,
the power supply should be relatively
immune 10 momentary current overload
and short circuiting. Present-day thres-
termingl regulator [Cs offer the foregoing
features. any are capable of shutting
themselves down when excessive current
flows, which in turn protects the regulator,
the attached equipment and the power-
supply components.,

Four basic considerations exist for
selecting a regulator: (1) the maximum
required output current; (2) required ourput
voltage, (3) unregulated input voltage; and
{4) amtient temperature. When vou know
the answers to items | aod 2, you may
consult the manufacturer's data sheets and
make a device selection. Always choose 2
regulator that has a power dissipation (Pp)
greater than the maximum load current
present=d by your equipment . Fig 2 shows
some simple circoits for three-terminal
regulators. The example at A represents a
standard fixed-voltage repulator. 1Cs are
available for varipus standard output
voltages at various maximum-current
ratings, such as 3 v, 8 V, and so on. They
are also available for posilive or negative
power supplies. Fig 2B shows a typlcal
adjustable regulator of the type that might
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Fig 2—Circuits for three-tarminal regulator 1Cs. Thase circuits are explainad in the text.

be used for a bench supply. An adjustable
regulator with protective diodes (D1 and
02} iz shown at C of Fig 2. The diodes are
recommended when the output capacitance
(C1}) is 25 pF or greater. This may be the
situation when the equipment used with the
power supply contains a high-value filter
capacitor at the voltage-input terminal. The
low internal resistance of the capacitor can
cause high-amperage spikes when shorted
(in excess of 20 A), and this can destroy the
regulator IC. D1 protects Ul againsi input
short cirewiting [C1), and D2 protects Ul
against output shorting {(C2). Under the
respective shorting conditions, C1 and C2
will discharge through the 1C and destroy
it.

We [requently need greater output
current than a thres-terminal regulator can
provide. The solution to our problem is
found in the circuit of Fig 2D. Q1 is a
wrap-around pa:s transistor which handles
the high curremt that Ul cannot accom-
modate. Several pass transistors may be
used in parallel to increase the current
rating of the regulated supply. Design
information relating to this subject may be

found in the 1987 edition of The ARRL
Handbaor, page 27-23.

At the start of this saction we considered
four itemns in selecting a regulator. No. 3
deals with the unregulated irput voltage.
Most manufacturers rate thdr regulators
for maximum safe input volizge for fixed-
voltage regulators that use zround as a
reference. The maximum nput-output
voltage differential is used for adjustable
regulators that do not use ground as a
reference. This is sometimes specified as
“input-output voltage differential.”” For
example, Fig 24 has a “differential” of
T ¥ betwezn pins 1 and 2 of the regulator,
Ul. The greater the input wvoltage,
respective to the regulated owput voltage,
the higher the power dissipation within the
regulator. Unnecessary power dissipation
inside the IC requires greater heal sinking
in order to keep the regulator within safe
ratings. An example of wasted power and
increased heat is seen when an input voltage
of 25-28 is used for a 12-V regulated
supply. A better input-voltage value is
1819 V.

Item 4 relates to the ambiznt tempera-
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ture of the regulator IC. This concerns item
no. 3 and the size of the heat sink we
employ. Thermal cons derations represent
a rather exact science that includes the
junction temperature of the regulator.
Another complex factor is the thermal
resistance of the bond between the device
and the heat sink. In any event, the
regulator IC and the heat sink should never
be more than comfortably warm to the
touch after a period of full-load curremt
flow. When in doubt, choose a heat sink
that is larger than your intuition suggests.
Be sure to use a thin layer of heat-sink
compound (available at Radio Shack)
between the regulator IC and the heat sink.
The mounting screws should be snug but
not too tight. Excessive torque may distort
the IC and weaken the thermal bond, and
it might even cause internal damage to the
Il

We must also be concerned abour the
operating temperature of the rectifier
diodes. When large currents pass through
thediodes, it becomes necessary to use heat
sinks to keep the diodes cool, Bridge
recrifier modules (four diodes encapsulated
in a plastic block) lend themselves nicely
to heat sinking. This is not true of plastic
encased single diodes. Stud-mount,
disciete-diodes are more suitable for use
with a heat sink. In anv event, the rectifier
dindes, under full load, should never be-
come hot to the touch.

A Practical Regulated Supply

Let's assemble the supgestions in this
article and apply themin a small regulated
supply that is aimed especially at the QRP
operator. Fig 3 shows the circuit for a
1.5-A, 12-¥ regulated de power supply. The
component ratings are based on the guide-
lines given earlier.

Some additonal perts appear in the
diggram of Fig 3. They include C1-C4,
inclugive, and REFCL, These units have been
added to prevent unwaited common-mode
hum in direct-conversion receivers, This
malady is caused by EF energy from the
recziver local oscillator (radiated by the
antenna and power-supply leads) reaching
the rectifier diodes. The RF energy is then
modulated by 120-Hz energy and re-
radiated, It [s picked up by the antenna and
heard as a hum in the D-C receiver. C1-C4,
inclusive, bypass the rectifier diodes at RF,
thereby preventing them from acting as
mixers or modulators. In effect, the
capacitors provide an RF-current short
across each diode.

As a further aid in solving the hum
problem, we have included RFCI. It is a
toroidal bifilar RF choke that prevents RF
energy from entering the power supply via
the power-supply leads. This preventive
measure was first introduced by Wes
Hayward, W7Z0I. | have found it to be
effective with such transceivers as the
HW.-7 and HW-8. The bypass capacitors
across the transformer primary winding
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Fig 3—Schematic diagram of a practical 12-V, 1.5-A regulated dc power supply.
Components CG1-C4, incl, and AFC1 may be omitted if this circuit is not for use with a
direct-conversion receiver (see text). Capacitors are disc ceramic except for the one with
polarity marked, which is an electrolytic. All diodes are 3 A, 50 PRY or greater, AFC1 has
15 bifilar {parallel} turns of no. 14 enam wire on an Amidon Assoc FT-114-43 torold core
(1.14-inch-00 caore with B50 w). T1 has an 18-V secondary at 3 A or greater. U1 & a
Mational Semiconductor Corp 12-V pasitive regulator in a TO3 case. D1-D4, incl, may ba
& full-wave rectifier block (use heat sink here and on U1); see text.
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also aid in keeping RF energy out of the
power supply.

| recommend a modular bridge rectifier
for 31-D4, inclusive. It should be mounted
on & heat sink that is approximately 2 to
3 inches square. A 3-inch-square finned
heat sink should be ample for U1,

Some Final Thoughts

We kave merely agitated the surface in
our basic look at power supplies. A lengthy
book i= needed to cover the subject
properly. But, perhaps this article can
provide some of the answers you have
needed to fundamental questions about
power supplies and the ratings of thewr
COMpOonent parts.

A number of regulated power supplies
are described in detail in the 1987 edition
of The ARRL Handbook. Additional
design data may be found ir the publication
referenzed in note 1.

—




From September 1988 QST, p 22:

By Doug DeMaw, W1FB
ARAL Confributing Editar
PO Box 250
Luther, M| 40656

for develapment work with power

FETs, but my lab supply could not
deliver the current required bezsuse it
provides a meximum of only 1.5 A, My
work called for a current range from 2 (o
2.5 A, Although | found a number of sur-
plus fixed-vollage power supplies offered
at modest prices, they were not varable-
voltage units, and they gualified for the
““boat anchor'' weight class! I chose a
typical amateur solution: build the power
supply and make it compact.

This article covers the essentials of a
simple power supply that you can duplicate
in a few evenings. It can be expand=d easily
to deliver greater output current. The heart
of this power supply is contained on a PC
board that is available from FAR
Circuits.! In fact, most components are
available from mail-order houses.

I needed a regulated 24-V power supply

Circuit Details

Fig | shows the circuit for my supply.
The components marked with a double
asterisk are external to the PC board. |
recommend that vou read the ARRL
Handbook (1989 or other recent editions)
for an explanation of how regulated power
supplies operale, See pages 27-12 aad 27-13
for a design description of a similar power-
supply circuit,

T1 is choser for the voltage and current
vou reguire. You can use a 24-V trans-
former if you can work with a voltage

"Motes appear &t and of aricle.

A 1.25- to 25-V,
2.5-A Regulated
Power Supply

| et’s discuss the practical
aspects of a test-bench power
supply that’s easy to build and
get working. Most of the parts
are available as surplus.

range of 1.25 to 24, Select a transformer
that car deliver 0.5 A or greater current
than the maximum direct current you need,
Likewise, use rectifier diodes that are rated
for substantially more direst current than
the supaly will deliver. Tae PIV rating
should be at least twice the secondary
voltage of T1. Ul is a rectifier module that
contains four 6-A, 200-PIV diodes in a full-
wave bridge hookup. Ul is mounted on a
small heat sink. I used a Thermalloy 61 18B
that is sold by BCD Eleciro.® The heat
sink helps to keep the diodes from over-
heating when heavy current is flowing.

D31 is a red LED that serves as the
POWER ON indicator. You can replace the
LED with a 28-¥V pilot lamp. If so,
eliminarz R 10. By placing the LED or lamp
in this part of the circuit, you will always
know if the fuse, T1 and U1 are functional.

Rl, B2 and R7 can be wound from no.
28 ename] wire on insulated forms, such as
the body of a 10-k}, 1-W carbon resistor,
You will need an accurate way to measure
the wire resistance if vou do this, These
resistors aré available from Mouser
Electronics.”

U2 is a 1.25 to 30-V, 1.5-A three-
terminal positive regulator. This device is
also mounted on a small heat sink, 1 used
a Thermalloy no. 6098 that | obtained from
All Electronics Corp.® You zan build your
own heat ginks from 16-gaspe aluminum
or brass. Form U-shaped channels that are
approximately 1-1/2 inches square by 5/8
inch high.

(31 i5 3 PNP (TO-204 casc) power tran-
sistor. | recommend a Radio Shack®
MJI2955 or RCA SK3335 trensistor. These
have a 130-W rating. The emitter and base
pins are bypassed 10 ground at the pins by
means of C7 and C8 in Fig 1. This is a
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preventive measure against  instability,
owing (o the long leads between Q1 and the
PC board. You can parallel two or more
pass transistors to increase the output cur-
rent of the supply. Each pass transistor pro-
vides an output-current increase of
approximately four times that of U2, The
single device at Q1 inFig | ensures an out-

I

Internal view of the assembled powear
supply. The chassis ayd panals are made
from single-sided PC board. The circuit
board iz mounted vertically to conserve
space.
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Fig 1—Schematic diagram of the 1.25 to 25-V regulated power supply. Capadtors are disc ceramic except for those with polarity
marked, which ara electralytic, See tect for data concernirg heat sinks for Q1, U2 and U3,

1, D2—1-A, 100-PIV rectifier diode.

D51—Red LED.

F1—1.5-A, 3AG fuse in chassis-moun!
holder.

J1, J2—Standard five-way binding post,
ane red, ong black.

Mi1—=Milliammatar, 0-1 mA dc (see Nates 5
and 9).

O1—PNP power transistor MJ2955 (Radio
Shack) or equiv device with a2 +70-V,
10-A, 150-W rating in a TO-204 case.

put current of 5 10 6 A if the transistor has
a large enough hest sink (o remain at a safe
operating temperature. I you use additional
pass transisiors, vou will need to replace
Tl with a heftisr transformer.

Output voltzge 20d current monitoring
i5s done with a (] =& metar (M1}, [ used

a surplus mreien [ lend gsailzble, bieuce the
additional scale oo the meter face, A
snitable 2ia- = 24 2r can be

purchased from Dick S==h Elscrronics.’
The voltage drop = BT mdicates the
current being tsk== v e load  RE sllows
M1 to read 0.5 V &= s=ie wiich cor-
responds to § A of oo Seoerh R7. R9
permits the mete o rend 50V ol sc2le.
Try to use |5 resmoey for &7, 5% 30d RO
for best meter oo 3 1-1
Y -W resistors [ mean— ;
for RE and teo 1BED - === i
parallel at R9. BT mors ot = 5 T% o=
tor. The accuracy of e r=mliwes = oos-
factory for my serk

You can lift I7 shwees Soems s

R1, R2, R7—5-W wira-wound resisior. See
Motes 3 and 4 for source. Or, use 17
inches of no, 28 enam wire, single-layer
wound, on a 10-kil, 1-W carban-
composgition resietor for B4 and A7, For
R2, use 26 inches of no. 30 enam wire
an a 10-kfl, 1-W carbon-composition
resistar (scramble wound).

HR4—Panelmount, 5-ki, 2-W or 5-W poten-
tiometar, carbon or wire wound {sea
Mote B).

You want to extract negative vollages from
the power supply. A third binding post can
be added {common to the chassis) for con-
nection te J1 or J2, depending on the
desired pelarity. If this is done it will be
necessary (o bring all of the negative circuit
leads to a bus that connects o 12, except
for C1, C2, CF and C§,

Construction Motes

The photograph shows the interior of my
power supply. | used an old cabinet that
a welder friend had made [or me some 25
years ago. The chassis and panels are made
from single-sided PC-board material (metal
side in). The mating surfaces are soldered
together. [ used gray automotive primer as
the underzoating for the cabinet, then
sprayed it with clear lacquer. The panel has
gray primer for the undercoating and white
sprav coamel as the finish coat, Clear
izcquer was sprayed over the white panel
zfter the cecals were added. The cahinet
dmensions are (HWD) 6 x 6 x 8 inches.
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RE, R9—Sea text.

51—5P5T toggle swilch

S2=DPDT toggle or rotery wafer switch.

T1—26.2-V, 2.75-A power transformer (see
taxt).

U1—&-A, 200 PIV bridge rectifier with heat
sink. See lext.

U2=LM31TT +1.25 o 30-V, 1.5-4 TO-220
requlator. Use an LM31THVE (TO-204
casa) for do output vollage greatar than
40 See text.

You can see in the photograph that the
PC board is mounted vertically to save
space. It is held in place by an L-shaped
aluminum bracket. ()1 end its heat sink are
attazhed to the rear outzr wall of the chas-
si5 assembly. My heat sink is a surplus
extruded type, measuriag 3% x 34 w1
inch. I do not recommend a Q1 heat sink
that is smaller than 13 square inches by |
inch thick. Larger heat sinks will provide
added Q1 protection. A hefry hear sink is
available from Dick Smith Electronics (no.
D5-H3471).5 The photograph shows a
thick heat sink with fingars. It was replaced
by aheavier, extruded unit of the type just
mentioned, owing to :xcessive Q1 heat
during high-current periods. John Meshna
Ir, Inc lists a dual TO-3 (TO-204) heat sink
(no, 5P-58A-28) that is suitable for one or
two pass transistors.”

You may find that R4 and R6 are diffi-
cult to locate, Wire-wound or high-wattage
carbon potentiometers are scarce items on
the surplus market. I was able to find 3 2-W
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(5-k{) control in the Jameco catalog (no.
CMU-50211.8 It is a chore to locate 2-W
carbon resistors. If you can't find the
proper unit for B6 of Fig 1, you can parallel
two 2.2-kfl, 1-W resistors.

As mentioned earlier, most of the parts
for this project can be purchased by mail.
The LM317T, for example, is available
from the suppliers listed in Notes 2, 4 and
5. UJ1 can be purchased from BCD Electro
(see Mote 2) or from Mouser Elecironics
(no. 33BRO62—see Mote 3). C3 can also be
obtained from Mouser (no. 20MRE%05). 1
purchased T1 from Electronic Surplus, Ine
(no. T6TB11).% If vou desire an ourput
voltage greater than 25, vou can buy a
32-¥, 3.5-A transformer from Fair Radio
Sales (no. X5157308)."" The increased dc
voltage (46 V maximum) will require that
you replace U2 of Fig 1 with an
LM3IITHVE, which is supplied in a TO-204
case. The use of this IC requires a modifi-
cation of the PC bhoard in Fig 2.

¥ou can buy a modestly priced 0-1 mA
de meter from Fair Radio Sales, which
offers a 3 V2 -inch round unit that hasa 0-50
scale (ideal for this project). The cost iz 55
at this writing.

Be sure to use & thin layer of heat-sink
compound or silicone grease between O,
11 and 12 and their reapective heat sinks,
Affix the three devices firmly (but not
excessivelv tight) to the heat sink:. Too

Fig 2—Circuit-board etching pattern for the
power supply. Tho pallern [5 shown full
size from the foil side of the board. Black
areas represant unetched copper.

much tension causes stress that can damage
the semiconductors.

Use 16- or 18-gaug: insulated hookug
wire between the T1 sccondary and the PC
board, and likewise between J1 and the PC
board. This will minimize unwanted
voltage drops through these wires. Also,
use insulating hardware 1o isolate Q1 and
L2 from their heat sinks, unless the sinks
are “floated’” above chassis ground. Radia
Slack lias wsulating kits (no. 276-1371 T
Q1 and 276-1373 for U2).

A scale PC-board etching pattern is
shown in Fig 2. A parts-placement guide
15 provided 1n Fig 3 (see Note 1).

Summary

Many hams have told me they don't
build equipment because **It's impossible

to find the parts.'" Perhaps the references

Fig 3—Parts-placemant guide for the circuit
board, not to scale, Parts are placed on tha
norfoil side of the board; the shaded area
repesants an X-ray view of the copper
patlern. Component oullings are not neces-
sarily repragentative of \he shapes of the
actual parls used.
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in this article will make your job casicr—
and they should also be usefu when
searching for parts to use in other projects.

The maximum recommended load cur-
rent versus output voltage for the circuit
in Fig 1 is 300 mA (1.5 V), 750 mA (6 V),
LA@OV), I5A(I2V), LTSA(IRY), 2
A (20 V) and 2.5 A (23 V). These figures
are for steady-:tate load current. For in-
termittent loads, such as for CW and 55B
transmitters, th2 current maximume can be
increased 25 to 30 percent, assuming a typi-
cal duty evele during transmit.

This power supply is certainly :uitable

for uses other than a test-bench unit. It can
be uscd to operate a low-powsr VHF trans-
ceiver or homemade QRP gear, or as a
battery charger. Good luck and have fun!

Notes

'FAR Circuits, 18MB40 Figld G, Dundea, IL
BO116, tel M EA2E-2401, evenings. Price; $0.50
{includes shipping to US addresses).

2P0 Box B30119, Richardson, TX 7508301149, tal
214-343-1770 (catalog available).

IMousar Electronics, PO Box 6949, Mansfiald, TX
76063, tal B00-346-6873 (cataong availabla),
24|l Electronics Corp, PO Box 587, Van Muys, CA
91404, tzl BOD-826-5432 (cataog availabla).
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£Dick Smith Electronics, PO Box 488, Greenwou,
IN 46142, tal 317-888-7265 (catalog available).

500 Mote 5.

719 Allarton St, Lynn, KA 31804, tsl 617-595-2275
(catalog availabie).

%Jameco® Electranics, 1355 Shoreway Ad,
Eslmont, CA 54002, tel 415-502-8121 (catalog
availablg).

SElcironic Surplus, Inc (formerly A&D Eleciron-
iz}, 1224 Progpact Ave, Claveland, OH 44115,
8l 216-621-1052.

'Fair Radio Sales Co, PO Box 1105, 1016 Eureka
&t, Lima, OH 45802, tel 419-227-6573 (catalog
availabla),

For updated supplier add-esses, see ARAL Paris
Suppliars List in Chaptar 2.




From September 1987 QST, p 17:

Alternative
Energy—An
Overview of
Options and
Requirements

Part 1: Planning on operaling far
from the power grid? You can
have the electrical energy you
need when you need it, but it
takes a systems approach. Here's
a look at how to pull energy

from sun, water and wind.

By Michael Miceke, WBEBEER

Box 123
San Simeon, CA 93452

adio amateurs have always found
R many reasons to operate beyond the
power lines. Field Day, DXpedi
tions, mountaintopping for the shzer fun
of it, emergency work from disaster sites
where power is out, and from wildfires in
places where pawer lines have never run
—all of these situations call for portable
and more or less independent energy
resources. Som: amateurs find themselves
spending long periods in locations T
beyond the resch of commercial energy
distribution. Others need 1o operate re-
peaters or remote equipment in places
where commercial energy is either
unavailable or unreliable, Still others find
themselves caught up in the challenge of
developing their own energy resources
although they have perfectly good ac
available in their wall sockets.
| suspect that the term “‘alternative
energy’’ evokes quite a variety of responses
and definitions in the minds of Q8T
readers, so before moving into the subject
proper, I'll discuss my personal definition
of the term and where | stand in relation
to this exciting field.
In my opinion, energy aliernatives are

Miles fram commercial electric enargy, Mike Midaka's
axperimenial 1750-neter beacon has chugged along

Ar
L =

an solar power since 1984, The antennz is an 158-foot
vertical, {photos by WBEEER)

those thal provide electrical or other energy
in some fashion not dircctly connected o
commercial generation and distribution
networks. [f you buy a gasoline-powered
generator and Tuel 1o operate a Field Day
rig, I think it is stretching things a bit to
say thal you'ie usiog alicrnative cnergy, 11,
however, you modify the generator to
operate on methane, alcohol or wood, and
then proceed o produce the fuel before
going oo the air, ther vou're on alternative
power!

A combination of random circumstances
moved me beyond the reach of power and
telephone lines in 1969, Somehow, 1 have
never gotten back to ““civilization,”” except
as a visitor. An addiction to personal com-
fort, late night reading and a variety of
technical hobbies all combined to motivate
my alternative energy efforts, so [ now find
myself operating on a mixiure of solar,
hydroelectric and  internal-combustion-
derived electnicily. My commercial engrgy
source ix a 2.5-kW Onan power plant
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attached to 2 2580-gallon propane tank, The
tank is topped ofl once a wear. This
generator sees limited duty, operating &
washing machine once a week, a 16-mm
movie projector on rare occasions, and
power tools once in a while, as necded.,

The combined. sola aml hyvdiocleciric
operations provide power for lights,
amatenr and cxperimental radio stations,
soldering irons, an elextric typewriter and
other apparatus, The economics of our
situation dictate a piecemeal approach,
with maximum emphasis on scrounging,
salvage and modification of available
desives. My Tanily and T know we'll find
plenty of wses for all the eneray we can
afford to produce or store. At the same
time, however, we organize our activities
around whatever enesgy happens to be
avallable at any given moment. Present
solar capacity at the homesite is 20 W peak,
Maximum hydroelectric capacily is around
S0 W, Full hydroecctric potential s
generally available from December through




May. while solar inpur is hest from May
through August. Some conservalion
measures are generally reguired from
September through mid-Movember.

Are we self-sufficient? By no means! Full
energy sell-sulficiency is not a realistic con-
cepl as applied to elternative energy wsers,
Mo matter how we generate and store
electricity, we are ultimatelv dependent
upon energy-intensive technologies to aro-
vide our essential hardware. Nor does
alternative energy mean free energy, In
mosl cases, cost per watt-hour (Wh) is sub-
stantially higher than commercial power.
The exceptions are efficient svstems that
can operate for a long tme (decades) at
minimal cost above the ioitial installation
EXPENSEs.

The effort necessary to achieve any
depree of energy sclf-sufficiency almost
inevitably leads to some realization of how
much power a person or family really needs
in order to live comfortably: generally,
quite a bit less than the average use: of
“cheap™ commercial power consumes.
Thus, even in the short term, a small
quantity of expensive power may be just as
satisfactory as a lot of cheap power: Wise
use of a scarce rescurce can be as effective
as luxurious use of an abundant resource,

Achieving energy self-sufficiency
engenders an awareness of the degres: 1o
which the global population 15 becoming
ever more dependznt upon the electrical
power network. This potent but fragile net-
waork is, to a distressing degree, taken for
granted by its users. When we build our
OWIl POWET systems, we come 1o better
appreciate both our needs for electrical
energy and the awesome scope and come-
plexity of the commercial svstems that are
a cornerstong of modern civilization.

Shori- or Long-Term Energy Needs?

IT alternative epergy significs indepen-
dence from the ma ns, Aow fong must that
independence be maintained? Will an
alternative energy system serve only dusing
emergencies and self-initiated portable/
maobile stints, or will it ke pare of vour way
of life—perhaps parmanently?

With NiCd bartery packs and chargers
available almost svervwhere, much
portable Amareur Radio operation can
almost be con rad an extension of the
puower lines. F v, if mol alwadys in
fact, poriable w s well bevond this
TA10on, no matter
gy storage and
125 are basic o
SYSLEMS.
atives gs (o
- When there
1e or when

managamsnt.
neariy all

is no eleciricis

there is no powsr Im=. ho=w do vou keep
that hand-held tr2osceiver runniag?
Answer: with en=rzv o 30 alternative
source.

The most ris=o
iative enerm
OF Semiper

for whaisves
sulficient 19 o= S

Milking a Herd of Cars

Many of us have participated in mobile Amateur Radio operation, mainly from
vehicles using 12-V electrical systems. Most vehicular electrical systems have
sufficient capacity to operate a wide range of solid-state equipment with little or
no madification 1o the power source. Does this mean that the nearest car or tfruck
is an alternative energy source just waiting to be tapped?

Whether we consider vehicles to be a valuable source of allernatve energy
depends somewhat upon how we Iook at them, Viewed as a resourze, motor
vehicles are ubiguitous. Thay have on-board energy production, storage and
regulation systems. Viewead purely as an elecirical energy sourcs, they are
dreadfully inafficfent. Even so, in certain types ol emergencies, motor vehicles
may provide the best (or only) short-term source of electricity. Further, the family
car can be milked for a fair amount of battery charging, though at some reduction
in gas mileage—not a particdarly efficient sourca of enargy, but a source

nonetheless.

Automotive electrical systems are valuable in alternative energy production for
another reason: Their components may ba used in fong-term energy produetion.
Automotive storage batteries land their relatives) may be the first such
componants that come to mird, but the list doesn't stop thera. In my small
hydroslectic installation, | get thousands of howrs of service from used alternators
purchasad cheaply in scrapyards. They don't last forever, but with a typical life of
threa to four years, the annual cost of one alternator is under $5.

tions, be they repeaters or swall house-
holds, must be dependably supplied with
energy despite the fact that there can be no
expectation of regular reconnection to the
mains. For the remainder of 1is article,
we'll be explornng  alternative energy
systems that can meet these needs. Energy
for the short-term needs of poriable,
mobile and emergency Amateur Radio
operation has received ongoing coverage in
08T and The ARRL Handbook, Portahble
and mobile ham operation oo tave some-
thing in common with long-term aliernative
energy production, however. See the side-
bar, “*Milking a Herd of Cars.™

Energy Production
Most small-scale alternative enargy

Wherever there is an energy
gradient, be it mechanical,
chemical or thermal, there
is the possibility of
producing electricity.

schemes likely to be undertakes by radio
amateurs involve two distinct processes;
production and storage. It's easier to talk
about storaze if we have something to
store, so let’s look firsl at means of
producing eectricity.

Wherever there is an enerpy gradient, be
it mechaniczl, chemical or thermal, there
is the possibility of producing zlectricity.
Wherever there is molion, kinetic energy
may be intercepted and put to wark, either
directly to drive machinery or indirectly to
generate electrivity, The classic and mosi
readily expleited energy sources are water
and wind. Where electricity is the desired
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product, the lincar movement of water or
wind is transformed inte a rotary move-
ment suitable for driving generators. This
transformation of linear to rotary motion
i wsnally accomplished with a fan-like
propeller in the case of wind, and any of
a varizty of turbines and wheels in the case
of water,

Wind and waterpower systems offer an
interesting analog to electrical theory, We
may extract equal amounts of energy from
large volumes moving a low velocity or
smaller volumes moving at high velocity
—wvery much as 1 W can be developed with
1 Va1l Aorwith kY a | mA. Ino
practice, water is more ezsily manipulated
in this way, while wind must be taken as
it comes. Still, in areas where winds are
light, larger wind turbines may be used 10
generate the same output produced bw
smaller penerators in windier areas.

Waterpower Systens

Available water pressure—usually the
result of water running downhill—is the
heart of every hydroelectric energy system.
Fressure increases in direct proportion to
the height of the water column contained
in the supply pipe or perrrock. The height
of the water column is defined as the heod.
Pressure at the bottom of the penstock o
Ib/in? will be approximately half the mez-
sure of the head in feet. Friction must be
considered as well, because some of the
energy in moving water is spent in friction
betwern water and piping. This factos
depends on pipe length and diameter, as
well as the pipe material and its condition

Hydroelectric systems can be divided mto
high- and low-head categories. In high-
head systems, energy is extracted from 2
relatively small volume of water moving at
high velocity, while large volumes of slow-
moving waler are employed m low-head
operations. Cither approach may be ussd
(0 produce a few watts or many kilowatts




ol power, and the appropriate choice will
depend largely on the nature of the availa-
ble water supply.

Low-head systems entail construction
technigues suitable to routing and con-
trolling large volumes of water. If a head
of 15 to 20 feet is available, with flow
enough to fill an B-inch {or larger) pipe,
turbines and complete generating systems
are available that will produce ample elec-
tricity to maintain a household, assuming
that energy needs versus wants have been
carefully assessed. Despite the considera-
ble volume of water they entail, low-head
systems can be relatively compact because
the water source usually need not be far
Mo the penerator, Low-head systems
based on wooden waterwheels, such as
those found at water-powered mills, can be
built from basic materials with a minimum
of precision work. Although such wheels
can deliver substantial power, they do not
turn fast enoush to drive generators
direcily, so their speed must be stepped up
mechanically, Because the required siep-up
iz usually too exireme to be accomplished
efficiently with belt-and-pulley drives, the
usual solution is gearing. Automotive gear
trains—even whole transmissions—are a
common choice for this gearing.

High-head systems require less waler for
a given output, ;o they can be applied in
areas where wate: volume is insufficient for
low-head generation. A complete high-head
installation may require a lol of tertitory.
Much pipe may be needed, Safe and reliable
containment of high-pressure water may
dictate the use of expensive construction
materials. A variety of small turbines,
mostly of the Pelon type, are available for
high-head systems. Turbine diameter may
he as small as four inches Tor very small
systems, with diameters of eight 1o iwelve
inches common in [- 1o 2-kW applications.

For optimum =fficiency, a turbine must
be matched to both the volume and velocity
of available water. Monctheless, turbipes
can deliver useful power over a wide range
of pressure and [low, so il you come into
possession of an old unit that isn't exactly
right for the available situation, it may still
be worth using.

Hydroelectric systems may be designed
to deliver cither low-voliage de or 117 V
{and higher) ac, depending upon the power
available and yvour requirements. Even a
tinv hydroelectric potential of 2 or 3 A at
low wvoltage can be useful in battery
charging service. Because such a charger
can work 24 hours a day, its performance
can approach that of a photovoltaic (solar-
powered) unit having four times the out-
put capacity.

The construction of aoy hydiodechic
system represents a long-term invesiment.
Careful planning is a must, Attention must
be given to the development of an adequate
water source, disposal of water discharged
from the system and a multitude of
mechanical and environmental concerns
related to the routing of water. Poential
impact on erosicn and vegetation petterns

¢ g

Fig 1—Hydroslectric power, anyong? Here, the author's S-inch Pellen furbine (bottom),

manufactured circa 1890, drives a modifiad automotive alternator (upper left) o produce
117 ¥V ac. Pressing the bultan at the upper right of the meter panel provides de field

current for the slternalor al system stariup.

should be considered carefully. A good
hydroelectric installation shoald deliver its
design capacity for many decades while re-
guiring only a relatively low level of main-
tenance and post-construction expense, OF
the available small-scale alternative energy
techimigues, only bvdrostect v systoms offer
a continuaus supply of electricity with no
battery storage regquirements,

In my own system, | use a nine-inch
Pelton wheel {manufactured circa 1890)
with a 180-foot head delivercd via V4 mile
af 2%-inch pipe. The pipe is installed in six-
foot sections, and ["m sure that friction
losses are lugh in this piping because of
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turhulence ar irs many joints. Why the
short pipe sections? They were brought Lo
the generating site in the 1930s—packed on
mules! Tn the original installation, the nine-
inch turbine was used to operate circular
anc crosscut saws for cutting firewood. At
the same time, a considerably smaller
turbine charged bateries. Somewhere
aloag the line, the smaller unit vanished.
Sinze we can now take chain saws to the
trees instead of drageirg whole trees o the
saw, the larger turbing is free for use in
glectricity production. The Pelton wheel
drives a modified awtomotive alternator
through a beli and pullcys (sce Fig 1), In my




case, the alternalor modification is a simple
matter of install ng wires 1o bypass (e con-
nection of one of its three poles to rectifier
diodes so that low-voltage ac i5 availahle,
This ac is applied to the primary of a
12-t0-117-V step-up transformer, providing
up to 300 W of ac power for lizhting,
soldering and small electronic applications.
Operating frequency and output voliage
in this system depend somewhat on load-
ing—the resulting electricity is definitely
Aor a 60-Hz sine wave!—but the energy
generated is highly useful nonetheless,

Such a simpe system is feasible only
because of the limited power availabe from
the turbine. Higher power would call for
cluser regulation aud Mull wiilizaiion of the
alternator's thrze-phase capacity.

At times, [ use the waterwheel to charge
batteries. To do this, it is necessary only
to switch the transformer out of the alier-
nator circuit and connect a battery 1o the
alternator's dc output. In this mode, the
alternator functions just as it does in a car
except that output is somewhar raduced
because of the limited driving powsr. If |
want a trickle charge, 1 just close the
turhine warter supply valve until 1 get the
charging current [ want!

Wind Powear Systems

As with wate-power, the kinetic enerpy
of wind mav be tapped by converting its
action to a rotary motion suitable for
operating generators. Like water, wind can
provide large or small amounts of ower,
depending on need and subject o pre-
vailing conditions. But unlike water
supplies, which can be closely regulated for
continuous operation, the wind 15 alwaws
somewhat intermittent and highly variable
in intensity.

Small-scale wind power generators are
generally employed as bartery chargers, the
stored energy bezing used directly ar after
conversion to ac for the operation of 117-¥
appliances and 1o0ols. 1 have heard that on
the coast of Chile, where evening wind is
common and fairlv constant, extensive use
has been mads of propeller-driver. auto-
molive generators connected directly to
low-voltage lamps.

The variable nature of wind and the

cxtremes that will sionally ¢ ¢n-
counterad at aa 3ite necessilate
2lf-destruc-

mechanical mean
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electricity out to the lead. Voltage
regulation is essential in wind systems to
prevent overcharging of batteries and
damage 1o low-voltage apparatus,

The preceding comments asply mostly to
propeller-driven upright wind turbines
common to most windmilk. If & wind
turbing is built similar to a vertical squirrel-
cage fan, only the turbine itsdl need rotate,
hecause cuch a turbine responds to winds
from anv direction, Thus, the generator
may be fixed, and no slip rings are required
1o transmit its output to the load, An added
advantage claimed for some squirrel-cage
wind turbine designs is that they are self-
regulating with respect to speed: Increasing
wind velocity increases turbulence around
the rotor effectively limiting its maximum
speed,

I the days before rural electrification,
many homes on the Great Pleins were wind
powered. A number of companies produced
wind generators and complete power
systems. As power lines spread through the
countryside, wind power installations were
shut down and largely left t2 deteriorare,
During the 1970s, increasing interest in
alternative power sources led 1o the salvage
and reconditioning of many such units,
Some usable salvage may still be gleaned
from such systems, but unless wind equip-
ment has heen regularly maintained ar
carefully stored, exteénsive restoration is
required. Any towers and rower-mounted
units thal have been neglected for decades
are potentially dangerous. Undertake
salvage efforts only with the help of
properly cquipped people experienced in
wind-power machinery.

Recently, we've seen significant advances
in wind power design; high-e Ticiency units
with long lifetimes are available at a variety
of power levels. For the dedicared home
builder, much has been published covering
wind power at all levels, from the most
hasic on up. These are too numerous to list
here; vour library is the best alace to begin
rescarch, If vou possess good worksliop
skills, study of a cross section of this
material should cnable you 1o set about
designing and building vour own wind
power system.

Phorovaltaic (Solar) Power Systems
Until recently, practical electrical
generation has been either electrochemical
(primary cells) or electromechanical
(generators). With the development of
photovoliaic (PV) technology, we are
presented with a third and highly elegant
option: the direct conversion of light energy
to electricity. Modern PV devices can do
thiz efficently enouwgh to power a wide
range of electrical and electronic devices.
The praduction of PV materials is an
energy-inensive process, bul the practical
applicaticn of PV products is the most
straightforward of any alternative energy
technigue. Aside from switches and relays,
PV systems entail no moving parts bigger
than electrons and photons. Thus, main-
ienance requiréments are minimal: PV
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generating panels should be kepr reason
ably clean because sunlight must be able 1o
reach them, elecirical connections must be
sound, and batteries must be mainmained
in eood condition.

Electromechanical systems have definite
ranges of optimum elficiency. A system
designed to serve a masimum load demand
wiay oot be lappy™ with an average o)
minimum load. With PY technology, power
is available in direct proportion to collector
surface area, so syslem capacity mav be
easly tailored 1o specific load regquircments
by adding or subtracting collectors.

PV collectors are a long-term energy
source. Most good-quality solar panels are
guaran[eed for Tive o ten years, but the
usable lifetime of a panel will ordinarily
extend for a considerably longer period,
offsetting high initial costs with low main-
tenance expense and high life expectancy

Al the moment, PV efficiency per unil
area appears 1o he rising faster than cost
per unit area, Various long-awaired break-
throughs in manufecturing processes
especially the contineous roll-to-roll
production of amorphous silicon alloys, are
on the point of bringing the PV industry
to a new and highly competitive level. Q8T
recently carried a New Product announce-
ment about amorphous silicon panels.
Althouwgh photovaltaizs are an expensive
energy source, they are indispensable and
cost-effecrive tools when it comes to
powering permanent and semipermanent
remote installations such as repeaters,
remote bases, heacons and sensors,

For powering isolated households, PV
will likelv ke less cost ellective thar
hydroclectric or wind systems, assuming
that those resources are readily available
for development. Buat this is reallv a com
plex guestion. [ts answer depends on how
much energy vou cloose to define as

Modern photovolraic
devices can convert light
energy to electricity
efficiently enough to power
a wide range of electrical
and electronic devices.

“‘enough," how peak requirements relate
to average demand, and =o forrh.
Often, no single energy source will
readily satisfy the full range of load de-
maads, so svsiem combinations become
very attractive, For instance, photovoliaic
battery-charging capability can work in
conjunction with an intéernal-combustion-
engine-powered generator. During peak-

1Bruce O, Williams, "Sovonics Amormphous
Balar Elestrie Pancls," Mew Products, |
May 1987, p 20,




Used Solar Cells Deserve a Place in the Sun

Sevaral years ago, | constructed a small (12 WV at 30 mA)
energy panel from small semicircular solar cell scraps. The
panel worked, but it was never really weather tight. Maisture
entered during every rain and heavy fog. This condensed on
the glass surface of the panel, reducing its output untl
evaporation cleared the problem. One day, the pansl ook a
fall and its glase cover broke. It lay abandoned and erposed to
the waather for about two years until my curlosity [Bd me o
bring it home and check its cells. To my surprise, mos! of
them performed quite wall. Becawse a few calls were broken,
and some soldared joints were in bad shape, | dismantied the
panel, thinking that | might be abls to salvage anough calls to
chargs small 6-V batteries. Before | could bagin work on this
charger, the PV cells, lying in disarray on a table, were
accidentally exposed to the discharge of a Tesla coil. Sparks
jumped freshy between all of them! This looked like the end of
my mini-project—but the cells checked out line undar test,
Using them, | built the 8-V panal shown in the pholo. For mora
than a year, it has been delivering 30 mA to my &V batterizs

whenavar 1he sun shines.

| don’t recommend trying any cf these tortures on your sofar
cells, bul my experiences do show that unlike many semi-
conductor devices, solar cells can survive abuse. Because of
this, used =oar cells should not be ovarlooked &s a source of

chaap anargy.

This 6- » B-inch solar panel delivers 30 mA to a &-V battery
unelar full sun conditions. The cover is acrylic plastic sheet,
the back is plywood and the sealan! is silicone rubbar. These
cells 3till work even after a rather shocking experiance.

sun periods, the PV system maintains
battery charge (0 operate lighting and low-
voltage dc davices. At such times, the
engine-driven system sees occasional use in
running  high-powered tools and
appliances, When 'V output falls because
of short daylicht hours in winter or
extended periods of overcast, tle enging
system automatically tops off the battery
charge. If PV capacity is later increased,
the engine gererator runs less, extending its
life and reduzing the fuel bill.

In many respecls, photovoltaics are a
nearly perfect power source, but there are
drawhacks. System cost is extremely high
if any attemp: is made to satisfy e energy
requirements of a Lypical American house-
hold with a PV system. Individual solar
panels are light and fragile, although
fragility stands to be greatly reduced with
amorphous silicon PV colleciers. They
must be exposed in plain sight, creating a
risk of theft and vandalism so great as (o
make PV installativoes woally inpractical
in many situations.

Batiery storage is an essential adjunct to
PV power systems. Many installations will
also require the conversion of stored de to
117 ¥ ac, asually by means of high-
efficiency solid-state inverters. Outlays for
energy storaze and conversion hardware

must also include the cost of suitable
housing for the components, This calls for
careful planning, which should begin with a
realistic assessment of system requirements,

Manv people look at the high cost of the
solar penels and decide 1w build their own,
gither from kits or by using ‘*bargain’ cells
available from manv sourzes. With care,
anyone can solder cells together and house
them well enough to provide protection
from the immediate effects of the
weather—but by the time the materials
have been obtained and the hours have
been nvested in construction, the
“hargain'’ may not seem like such a
bargain. The real questinn & how long such
collectors will continue 1o deliver their
initial output—or work at all, for that
matter, The answer depends 1o a large
degree apon the materials used and the care
exercised in building the panels. Users
looking for more than a few watts should
be prepared 1o tackle a large, demanding
{and cipensive) construction job. Other-
wise, purchasing guaranteed, ready-made
units is more satisfactory. On the other
hand, construction of a small PV panel can
provid: a good introdudion to photo-
voltaic technology while adding a nseful
energy source to the shack.
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| he present generation uf sulu vells (of
crystalline struciure, as opposed (o
amorphous cells) is [ragile. The cells are
subject to outright breakage and o
microscopic cracking, which interrupts
cottductive paths, reducing and eveniually
dastroving cell capaci:v. Even so, solar cells
can survive long use and even abuse, 0
used PV devices may be worth invesi-
pating. (See the sidebar, “'Used Solar Cells
Deserve a Place in the Sun.”") As existing
splar panels age and deteriorate, they are
replaced by newer PV technology. This
means that more and more surplus, defec-
tive and broken early-generation solar
panels are sure to become available, These
may well provide a useful source of
materials for persons desiring to build thar
cwn panels on a low budget. While con-
struction of a large panel means a major
wnstruction effort, small units are relative-
ly quick and casy 1o puild —and if the price
iz right, it isn't necessary that they last
forever. Small PV panels mav not be as
impressive as a huge solar array on a roaf,
bt their modest milliampere outpats add
up to milliampere-hours, A few days of
sunshine on such a panel will recharge a
batiery pack for your hand-held transceiver
—allowing vou to talk with the encrgy of
recyeled photons!




From October 1987 QST, p 18:

Alternative Energy—An Overview
of Options and Requirements

Part 2: Energy storage is necessary to smooth out natural
variations in supply. And what about system safety once your
alternative energy plant is up and running?

By Michasl Mideke, WBEEER

Baox 123
San Simeon, CA 83452

as wind and sunshine, are inter-

mittent and variable in nature. Others
may be constant, but of a level too low 1o
meel intermittent peak demands. Inal such
cases, energy use is determined by (he
vagaries of nature unless some form of
energy storage is emploved, One way or
another, a means of smoothing out the
peaks and filling in the val-

S ome allernative energy sources, such

application is one of sustained and regu-
lated discharge.
Electrochemical Storage

Storage batteries provide a practical
means for storing large asmounts of

clectrical energy, though it & not really
accurate to say that electricity is stored in
such a battery in a manner akn lo capaci-

from tiny to enormows. Various battery
chemistries are wsed, depeodiog oo the
intended service, Which battery you use is
determined by the application you have in
mind. Size, weight, charge and discharge
chasacteristics, expected lifetime in the pro-
posed service—all of these are important
considerations in choosing a storage
battery. There 15 some advantage in using

the largest batteries that

leys of energy production
must be provided.

In hydroelectric systems,
this storage may amount to
no maore than the confine-
ment of water in a reservoir
until its eperpy i needod
Then, opening a valve or
sluice gate zets the water in
motion, and the kinetic
energy in the fow may be
tapped by a terbine, Reser-
voirs work well with water,
but are impractical—to say
the leasi—when the energy
spurce is wind or sunshine.
A oway must be found to
store the energy from these
spurces after it has been

size, weight, cost and ac-
ceptable Noat-charge load
allow: Larpe batteries mean
a large reserve capacity for
emergercies or unanticipa-
red use, For a given battery
chemistry, life expectancy is
penerally greater for large
batteries than flor small
ones,

Nickel-Cadmium Hatteries

Highly portable low-
power applications are
commonly powered by
nickel-cadmium (NiCd)
batterie:. These batteries
produce a nominal 1.2 V
per cell and should survive

converted to electricity.

Capacitive Storage
rry can be
ars. This is
h when the
¢ current is
r 1o a momentary high-
2z 1in photoflash sysems,
= sWil2m requires voliage
. as iz the caze with
3 up in computer
circuitry. Adwvenoss m capacitor cosign
allow us 10 sors =ore 2nd more energy in

Elecinical en
stored in cap:
a useful ap
available ch
small in

by WBSEER)

ever smaller paci t we are still a
long way from == tors that can

s when the

compeis wE® Sorses O3

around 500 charpe-

Here's solar-powared 2-meoter rapeater WBERAHRIR, Red Hills (near
Shandon), Califarnia. Although this installation iz net connactad 1o
commercial power in real tme, it owes its hardware and maintanance to
anergy-nlensive tachniques—as do alf alternative-anergy syslems. jpholos

tive storage. Rather, electrochemically
stored energy s invested in a chemical
reaction that is reversed when the battery
iz discharsed. The reversibility of this
storage reaction is whal makes the dif-
ference beiween primary and secondary
cells: The electrochemical reaction in
primary cells is not easily reversible, dis-
allowing recharging; secondary cells may
be discharzed and recharged many times.

A wide variety of storage batteries has
been developed 10 meet many storage
needs. Sizes and storage capacities ronge
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discharge cvcles., Some
MiCd cells can safaly sus-
tain repid recharging,
providing an extra measure
of Mexibility in portable and
emergency situations. NiCd
cells are produced in the cell packages com-
monly associated with primary cells (AA,
D, € and 50 on) and can be used inter-
changeably with primory cclls to some cx-
tent. It's important to bear in mind,
however, that the difference between zinc-
carbon and MNiCd cell voltages at full charge
(0.3 V) makes lor significant under-voliage
when MiCd cells are series connected 1o
take the place of an equal number of zine-
carbon cells. Perhaps one or two more
Mid cells can be added to such a battery
to make up the difference. But the voltage




match 15 rarely 2xact in such cases, and
addition of more MiCd cells often means
substituting too much battery voltape for
too little. Since ecuipment may be damaged
by excessive supply voltages, substituting
MiCd cells for zinc-carbon units is trickier
than it may seem at first—especizlly if
yvoun'vee added addittonal cell halders to a
battery and someone unknowingly installs
zinc-carbon cells!

Lead-Acid Batreries

When small battery-powered equipment
is used in such a way that the battery & sub-
ject o frequent deep discharges, NICH cells
may be the preferred choice. Where decp
discharges are only occasional and float-
charge current is generally available, a
gelled electrolyte lead-acid storage battery
should prove more economical in the long
run. The nominal cell voltage for lead-acid
batteries is 2.0 V.

When it is necessary to power remoie
sites, ezpecially if they are not wehicle-
accessible, 12-V gel batteries rated at about
30 Ah are nearly ideal. Weighing 25 to
30 1bs, they can ke transporied nearly any-
where with relative ease. Because these are
sealed batteries with rugged mechanical
characteristics, ihere is little danger of
damage regardless of the contortions that
may be necessay to get them to their
destination. When higher voltage or greater
storage capacity is required, simply use
more batteries in series or parallel and dis-
tribute the hauling job among carrizrs or
over time. This is infinitely supecrior to
struggling with one giant battery.

Higher power applications, such as
operating HF transceivers or household
lighting and appliances, require larger
hatteries. Where the powered site is acces-
sible and power requirements are large, the

30 Ah gel bartery is no longer a cosi-.

cffective building block, Then, the best
compromise between economy and service
life is the liguid-electrolyte lead-acid
battery.

Automotive batteries are often pressed
into this service, more because of their
ready availability than suitability Tor the
job. The automotive battery employvs a
lead-caleium plae chemistry that is satis-
factory for briet periods of high-current
discharge followed by immediate and com-
plete recharging. Such batteries are not
suited to deep-discharge applications where
they will be repeatedly drained to a 30%
discharged state. n fact, a dozen or so such
cyeles will reduce the battery's capacity to
the point where it should probahbly not be
counted on to start a car. By contrast,
batteries designed for deep-cycle sarvice
should be good for a few hundred charge-
discharge cycles.

This does nol mean that automotive
batteries are unsitable for all alternative
energy applications. Where the average
lond current is .ow and some energy is
available to keep the battery float-charged

to near capacily most ol the tme, 185 use-
ful Tife may considerably excead its rating
for automaotive service. Although the life
of such a battery wifl be reduced by deep
discharging, the battery will daliver some-
thing close ta its rated capacity for the dis-
charge rate in question. Prompt recharging
will restore the battery almost to its initial
capacity. The self-discharge rat: for healthy
automotive batteries is lower than that of
equivalently rated deep-cycle Jatteries, so
the float-charge current required to keep
an idle battery Fully charged will be lower
for the awomotive battery,

Where regular use of higher-power
gopuiprient (peheps 30 %W and ap) o cou-
version of hattery power to 117 ¥ acis con-
templated, the most practical and
economical battery “‘buildng block™
appears to be the &V, 217-Ah units
designed far polf carts and similar appli-
cations, These are deep-cycle batterfes with
a lead-antimony plate chemistry. They
weigh approximately 70 Ibs each and can
be moved around faicly easily. For
increased siorage capacity, ther can be con-
nected in series and parallel. Such deep-
cycle batteries should have a sarvice life of
nearly 10 years if reasonable care is taken
in their application.

Large batteries no longer
capable or trustworthy in
their original service
may still do useful work
with smaller or less
critical loads.

Battery manufacturers consider a
battery's useful life 10 be over when its
storage ability has dropped to 50%0-80T of
its capacity when new. This doees not really
hold true where the battery has more
capacity than necessary for the job. If

normal usage of a battery draws only 10%0
of its ratec capacity, it doesn’ make much

difference whether the battery is 90% as
good as new or only 507, As long as the
battery dzlivers its rated open circuit
voltage (no shorted or dead cells) and main-
tains acceptable voltage under load through
the required duty cycle, it is still usefully
“alive™ for that application. Of course, as
a battery ages, i[5 CMErgency reserve
becomes questionable, and overall
efficiency is reduced. Eweatually, the
battery wif! fail; all batteries have a finite
life span. The point here 15 not that we
should buy batterics that are much larger
than we need, but that large batteries no
longer capable or trustworhy in their
original service may still do useful work
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with smaller or less critical loads, This Is
espezially true of older katteries, which can
be used to store surplus energy if it is
available 1o trickle charge them.

More Battery Chemistries, Old and New

Earlier this century, much use was made
of the nickel-iron chemstry of the Edison
cell, particularly becasse of its lighter
weight and tolerance of abuse as compared
wilh the lead-acid batteries of the day. If
you can find salvageable Edison barteries,
it's guire possible that they can be made 1o
work for vou. See the sidebar, “*Edison
Barteries,” for the story.

Looking to where the present blends into
the future, research cortinues in the quest
for increased battery life and capacity. Re-
cently, rechargeable lithium cells have made
the scene. The dependability of alter-
native energy sysiems rests heavily on
energy storage, s0 each improvement in
hattery and energy manzgement technology
is pood news for alterpative ecnergy
planners—especially a: the reliability of
new technology goes up and costs come
down.

Safety in Alternative Energy Systems

As consumers of commercially produced
power, we arc protected to a considerable
degree from electric shock, explosion,
mutilation, poisoning 2nd a host of other
potential consequences of living in close
prozimity to the systems and energies that
power our civilization. When we take
thines into our own hands and build energy
systems from the ground up, we must con-
sciously build safety in, It is necessary to
evaluate hazards and take measures to
minimize them.

Mext, we’ll survey the basic classes of
hazards you may encounter in working
with the sort of alternative energy
techniques outlined so far. This material
shouold not be a substitute for all warnings
and instructions that may come with
machinery and substances employed in
alternative energy work, Mor should it be
a sabstitute for doing personal safety
research, in the library and face-to-face
with experienced peope.

The hazards inheren: in the production
and storage of elecirical energy may be
divided into three closely related categories:
mechanical, chemical and electrical, Some
of these hazards are no different from those
cncountered by any electricity user. Others
are more characteristic of complete power
systemns. As different as they may seem
from each other, mechanical, chemical and
clecirical hazards are closely related: A
failure or accident in one category is likely
to bring about failures in one or both of
the others. Such multiple failures can be
nearly instantaneous and the consequences
can be catastrophic.

Eupulan Buwhkss and  Cluisioplier Dollad,
“Thie Magic of MOLL" Jun 1987 QST, pp 22-25.




Edison Batteries

First marketed in the early 1900s, the nickel-iron alkaline
Edison cell has accumulated a reputation for capacity and
indestructibility that is only partially justified. It is not the
perfect storage cell, but it does have some interesting
qualities. Batteries of Edison cells were designed to
survive rough mechanical abuse in railroad lighting and
vehicle propulsion service. Largely bacause of the strong,
lightweight construction af its steel case and ifs rugged
internal structure, the Edison battery achieved this objsc-
tive with a bette- power-io-welght ratio than could be
altained readily by the lead-acid batteries of tha time.

The construction and chamistry of the nickel-iron cel is
such that it can survive abuse that would be fatal to a
lead-acid cell, As long as it is not drastically overheated,
the Edison cell can be overcharged to the point of vagar-
zing all of the electrolyle and no great harm will result, Nor
will the cell be harmed by being laft in a totally discharged

| condition, | know of used Edison cells that recoverad a
good percentage of thelr original capacity upon being filled
with distilled water and run through a few charge-discharga
cycles—after having been dry and totally neglected for
over 40 years.

Mow for the bad news. As compaed v lead-acid cels,
the Edison cell has a high internal resistance and a high
seli-discharge rate. Thus, voltage regulation during load
varlation is poor, and the cell shows a cantinuous loss of
Vo throughaut its discharge eycle—from nearly 1.4
at full charge fo 1.0 V at the bottom of the cycle. Hydrgen
and oxygen are vented continually, though to varying

degreas, .
Edigon colle smploy a polassium hydroxide electrolyie.
Thig [s a sirong sase anc?O must be handled with caution,
Acids and acid-contaminated tools should never be usad in
or around Edison batteries—something to keep In mind If
r battery “'stable’ is to include both lead-acid and

dison cells. ;
A hydrometer 15 not of much use in determining the =tata
| ol-an Edison cell because the spacific gravity of the slestro-
Iyte changes little batween the chargad and discharged
stales. Cell voltage, charging time and charging current are
the best indicators of charge for Edison batteres.
Terminal voltage in the discharged condition for a single
- Edison cell is considered o be 1 V. New Edison batteries
had an expected lifetime of 2000 charge-discharge cyclas.
Most of these batleries were probably used by railroads for
passenger car lighting and trackside signaling, althougn

A baltery of six Edison calls as collected on a salvage

axpedition. Most of the cellsare good, but the original wooden
rack js in bad shape. Thase are A-8 cells, originally rated at
around Ah sach,

many saw service in domestic wind power Installations.
Despite thelr age, however, Edison batteries may still be
found, Many of their cells will undoubtedly be in salvage-
dbla condition {see photo).

If you come across an odd-locking battery fike that
shown in the photo, don't assume thal il is desd and gons.
If the sleel case of a given cell is intact and the poles are
not internally shorted or shorted to the cass, t is quite
possible that the call can be revived. Cases cf adjacent
cells in an Edison battery must be insulated from each
other or electrolytic action will eat through them in short
order. (in an Edison call, the steel cass is isolated from
both poles but commen to the electrolyte.) A sockst
wranch and a good gear puller are eszential for disae-
sembly of Edison batteries Details on the care and feeding
of Edison batteries can ba found in older electrical
engineering handbooks. *

*Greatly detalled information cn Edison and other socondary
calls may be found in George Wood Vinal, Storage Batterias,
2nd 8¢ (New York: John Wﬂy and Sans, 1830)

The sidebar, *“*Harmless,'" offers an
example of the kind of nasty multiple
failure that can happen around an aliema-
tive energy installation. Although the chain
of events depicted there way seemn
farfetched, it isn't. When vou achieve long
periods of accident-fres alternative energy

production, you won 't have wasted your
Llime anticipating and guarding against the
waorst!

Mechanica! Harards
Moving pars, especially gears, vee belts,
pullevs, wis ropellers and the
like, shoul i accessible to
accidental comiact is usuzlly
tl d enclosures.
be exposad,
h. A wind

Towers should be designed and sup-
ported to withstand worst-cas: weather
conditions for the area. They should receive

Persons developing any
energy resource musi take
a certain responsibility for
their safety and that of
their neighbors.

regular inspections and maintenance as
Aeeded. When in dowbr, consult a
structural engineer. Towers are atfractive
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nuisances, so they should not be climbable
by children or passershy,

Chemical Hazards

All motor fuels and (heir vapors are
flammable and potentially explosive. Thew
must be handled in suitable containers,
lines and fittings. Most fuel vapors have
distinctive odors, 50 use your nose! Don't
ignore what vour sense of smell tells vou.
Track down and repair leaks. Never store
fucls near operating engines or sources of
open lame and sparks,

Internal combustion engines produce
carbon monoxide gas as an exhaust
produzt. This is a colorless, odorless and
lethal substance. Do not breathe exhaus:
fumes; also, do not risk operating engines
in enclosed spaces unless axhaust fumes are
properly vented through a gas-tight syetem.
Even with a good exhaust system, it's good




Harmless

An industrious mouse enters ths battery compartment ol
an alternative snergy system. Shuffle, snifi. Mo loose
seraps worth taking—ijust a foot-long piece of bare no. 10
wire carelessly abandoned in the framing of the
compartment two years ago, Exiting the compartmert, the
rodent shouldors the scrap aside, causing it to fall azross
the terminals of a 12-V storage battery. There is an
immediate electrical failure as the wire welds to the battery
terminals, shorting the system. The wire reaches rec heat
in a matier of seconds. As it glows brighter and begins lo
melt, the wire slumps onto the plastic battery case. The
case meits like butter under a ho: knife.

Al this point, the electrical failure is over: The wire melts
threugh the hattery case with a szzling arc that causes the

explosive force. The explosion rips the already damaged
battery open, spewing sulfuric acid, acid vapors and hot
metal all over the battery compariment.

With luck, the problem ends here, with no fire climbing
the walls and no injuries—just a terrible mess to clean up.
But don't count on it. A chance encounter with a harmlass
scrap of wire and a mousa has already blown up your
battery, Why should chance stop there?

Such a series of events may seem highly improbable.
But trusting 1o probability implies taking chances—in other
words, playing odds, And that's exactly whet not to do

when building safety into an alternative energy system.

hydrogen and oxygen within the battery to unite with

Dangerous system failures are possible unless care is i
taken to make them impessible, You must build safety in,

insurance to keep a carbon monoxide alarm
in the cogine rocm.

Engine exhaust systems can cmit burning
gases and hot carbon particles, both of
which can ignite dry materials in the vicinity
of the exhaust outlet. When internal-
combustion-engine driven generators are o
be used outdoors under dry conditions, use
spark arresting mufflers or spark arresters
approved by the US Forest Service. Clear
a ten-foot radius 1o bare dirt around the
generator and kezp it clear. Have a shovel
and fire extinguisher nearby and in plain
sight.

Whether they're acidic or alkaline,
battery electrolyles are nasty substinces.
They can corrode metal, creating both
mechanical and elestrical problems. They
can destroy clothing in short order, and
their activity does not stop when they get
to the flesh underneath. Soft tissues. such
as eyes, are particularly prone to rapid
damage from exposure (o battery elec
trolytes, so wear eye protection when
working around baiteries. Keep some
means of flushing away accldental
exposures at hand; a garden hose will do.
Don’t wear your best clothing when
working with balteries—some exposure to
electrolyte is almost inevitable. The
evidence may not appear until that special
shirt comes out of the washer lookicg like
cheesecloth!

Avoid panic by having emergency pro-
cedures well in mind. Your flesh won't dis-
solve right off your bones if you do get
electralyte on it, so don't go into shock.
Just start [lushing the affected area
immediately. If parments are saturated, get
out of them.

Storagc batteres (except for completely
sealed recombining types) emit hydrogen
and oxygen gases, particularly under heavy
charging and overcharging. This is a highly
flammable, explosive mixture. Although
hydrogen is much lighter than air anc tends
to dissipate rapidly, it cannot do this in
confined spaces—such as the space between
the electrolyte surtace and the filler cap of
a battery. Dangerous concentrations of

hydrogen can accumulate here. Thus,
checking the electrolyie level by match light
or “‘testing’’ a battcry by drawing sparks
across its terminals are dangerous
techniques and should never be used.

Dangerous system failures
are possible unless care 1s
taken to make them
impossible. You must
build safety in.

Storage batteries also tend to vent
corrosive vapors that can damage delicate
electronic equipment. If venied batteries
are uwsed indoors, the vent: should be
extended to the outdoors with plastic
tubing. The best practice is to provide
storage baneries with el own well-
ventilated compartment or room.

Electrical Hazards

Electric shock is to be avoided at all
costs. Shock danger from 12-V de systems
is minimal, but as system voltage
approaches 32 ¥, it's possible to get
“bitten" and even be electrocuted if con-
ditions arz just right {or wiong!). Both
storage barteries and solar panels connected
in series cap add up to shock potential in
shart order. Remember thal the output
voltage from solar panels is much higher
with no load than it is when ¢ load is con-
nected. Where sinusoidal ac energy is com-
cerned, thinking in terms of RMS voltage
can be deceptive, because ac peak voltage
works to overcome your skin resistance—
and peak voltage in a sine wave exceeds
RMS by a factor of 1.414,

Current Kills—But It Also Burns

Even small storage batierics can delives
high currents sufficient to bring small con-
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ductors to red heat, creating potential for
fire and burns, Larger batteries, such as
those found in automobiles and altarnative
energy storage systems, can deliver
hundreds of amperes. Such currents can
heat and melt large conductors. Rings,
braczlets and wristwatcles should never be
worn by people working with electrical
systems for this reason. Electrocution may
be the first danger that comes to mind when
considering the wearing of metal jewelry,
and it should never be ruled out, of course.
But stories of fingers amputated and
cauterized by a white hot ring welded across
a high current source are not fables—il can
happen to you.

Protect battery terminals from shori-
circnite Fxercise extreme caution if yon

mus: work around balteries with metal
tools, Always keep one terminal covered to
avoid the possibility of a short eircuit.
Modern battery case: melt readily even
at soldering temperatures (360-460°
Fahrenheit for commen solders), These
case; also deteriorate rapidly in sunlight,
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Fig 2—Woltage across the terminals of a
“12¥" =olar panel varies considerably with
Ipad, and this must be sllowed for in the
desion of a solar energy system. (The
graph shows vollage versus current for the
5-W Sovanics panel described in the article
called oul al MNote 1 in Far 1 of this
anicla.)




leading 10 ecmbrittlement and cracking.
Keep them out of the sun and hardle them
with care.

Fusing and Load Switching

Fuses are essential insurance for electri-
cal safety. Fuses or circuit breakers rated
to handle full load current should be placed
as closely as possible to the battecy. Great
care must be taken with insulation and
dress of the wiring from battery terminals
to fuses. Since high currents at low voltages
are involved, low-resistance connections to
fuses and breakers must be provided.
Further fusing of subsystems as appro-
priate to their individual current demands
can be installed at a convenient location
farther from the battery.

In switching and fusing a pholovoltaic
system, bear in mind that *12-V" solar
panels may produce more than 20V across
an open circuit or high-resistance load (see
Fig 2). This could have disastrous con-
sequences for equipment should the line
from the PV array to the battery cpen with
equipment still connected 10 the FV arrav.
If at all possible, meters should b2 used to
maonitor charging current, load current and
battery voltage in an alternative energy
system, Then, proper operation of the
system can be confirmed at a glance.

Conclusion

If you find yourself inspired ta become
involved with alternative energy nrojects,

you'll discover a wealth of literature
devoted both to specific and general topics
in the field. The few references 1've listed
in the bibliography will help get you
started. It's also quite likely that you'can
share ideas and questions with someone
in your own area who is working com-
mercially or privately with some aspect of
alternative energy. Such people may well
be the most valuable untipped resource
vou'll find as you work to develop an
operatiznal energy system.
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From July 188% QST, p 31:

Operate Your Station With

Power from the Sun!

Here's a report on this hot technology, with the information you'll
need to design your own solar-powered station.

By Peter Berg, KGBJA

PO Box 4207
Carlsbad, CA 22008

operator when it comes to RF—=I'm

more of a tinkerer in electronics.
Although T have held a license since 1934,
I have, until recently, derived more satis-
faction [rom designing

I 'm not a dved-in-the-wool ham radio

than in the Sunbelt, In fact, these cells even
provide electricity on cloudy days.'

Capturing Energy from the Sun
The electric effects of light on certain

emitter current does. An increase in collec-
tar current is the resol, This discovery wias
later put to good use in the development
af the translation of light energy to elec-
tromotive force, phorovoltaic conver-

sion, often called PV

receivers and trans-
mitters—and petting them
to work  than from opera-
ting them on the air.
With the sunspot cycle
starting upward again, |
finally broke down, put
savings in pockel, drove
to the ham store and pur-
chased a new de-operated
transcerver. Because 1 did
not have a sufficiently
large (20-A) power supply
for this radio, and
because 1 was in a harry
to try out the new rig, |
borrowed the storage bat-
tery from my mator home,
This battery has a 355
ampere-hour (Ah) capac-

ity, can he deep dis-

charged, and appeared to
be plenty large for this
application, It has oper-
ated the rig for over a
year, without trouble.

I recently read up on
developments in altérna-
live energy sources such
as wind, motion (water) and sun that supply
energy to power an entire houschold. [t
occurred 1o me that the use of solar energy
to charge a battzry capable of powering my
ham station would be an interesting and
affordable experiment. Much to my sur-
prise, | founc that technology in the
manufacture of solar electric cells has moved
far enough forward that vou don't have to
live in space, in Florida or in California to
benefit from solar cnergy! Solarcell ef-
ficiency is such that solar cells can provide
sufficient energy to be usable in areas of the
country where sunshine is less abundant

called PV conversion,
A solar cell is a very
simpk  semiconductor.
Solar cells are, in fact,
large-area semiconductor
diodes, A cross-section of
a solar cell is shown in
Fig I. Simply explained,
when the photons con-
tained in light rays bom-
bard the barrier of this
semiconductor, hole-
electron pairs inside this
P-N junction are freed,
resulting in a lorward
bias of the junction, jus!
as in phototransistors.
This Torward-biased
junction can deliver cur-
rent nto a load, Because
the exposed area of a so-
lar cell can be quite large
the farward currenl pro-
ced can be substantial, i
follows that the output
current of a photocel] is

materials have been known sirce long before
the invertion of the transisior. Materials
such as cadmium sulfide and selenium
exhibit altered electrical behavior when
they are exposed w light, Carly in the
development of transistors, it was dis-
covered that transistors not encapsulated
in lightproof housings werz sensitive (o
light. The reason for this is that photons
striking a base-cmitter junclion cause the
movement of clectron-hole pairs in the
junetion—just as injecting a forward base-

iMotes appear at end of aricle.
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directlv proportional to
the rate of photon bom-
bardment, and thus to the
cxposed area of the rhotocell,

Types of Solar Cells

Originally, solar cells were made by
cuiting slices of grown silicon-crystal rod
and subjecting them to doping and metal-
lization processes. These solar cells are
called monocrystalline cells because each
unit consists of only one crvstal plate. The
shape of these cells is the same as that of
the silicon rod from which they are cut:
rounc. A slice of this material with an area
of 2 inches can be made into one photocell,
but a slice of this size could also be used to
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Fig 1—Cross section of & PV salar cell.

produce upwards of a thousand transistors!
The cost of taese carly solar cells was way
beyvond the means of common folk, and
could only be justified for use in space
resgarch and other highly critical appli-
catlions.

Technigques for the manufacture of two
other types of PV cells have been developed
since monozrystalline cells were  first
produced. The newer cells are polverysial-
fire cells and amorphous cells. Polycrystal-
line cells are wypically manufastured as
rectangular Elocks of seemingly -andomly
arranged silicon crystals from which the cell
plates are cut, These cells can be recognized
by their shape and their random pattern
and colorful surface. Polycrystalling cells
are less expensive to manufaciure than
monocrysialine cells,

In the mid 1970s, researchers began to
experiment with the manufacture of PV
cells by depositing a thin film of doped
silicon on ar economical but stable sub-
strate, such as glags, In 1975, these efforts
paid off, and roday the result, amorphous
cells, are wsed In the production of caleu-
lators, warches, securily svstems, automatic
gate openers, eleciric fences, wireless Mree-
way telephores, battery chargers in auto-
mobiles and recreztional vehicles, and, of
course, in ham radio. At first, anorphous
solar cells ool very efficient and
exhibited

rhous PV panels
7% manufacturers.
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Fig 2—This load curve for & PV solar cell
shows thal maximum powear delivery from a
solar cell poccurs al approximately 0.45 W
outpul. oo is the shorl-sircul current,

when current is drawn from a solar cell.
Fig 2 shows the typical voltage v current
relationship of a solar cell. This is called the
cell's load curve. Open-circuit voltage is
approximately 0.7, and output voliage at
optimem load iz nominally 0.45, Qurpar
current is maximum with skorted outpul ter-
minals. This maximum current is called the
short-dreuit current, or ly-, and is depen-
dent on the cell tvpe and size. Because a
cell’s oaput current remains relatively cons-
rant under varving load conditions, it can
be considered 10 be a constant-curren
source, The point on the [xad curve where
maximam power can be drawn from the cell
is indicated in Fig 2.

Just like battenies, solar cells may be oper-
ated ir series (o increase output voltage,
and/orin parallel to increase output-current
capahility, Several manufacturers supply ar-
rays or panels with a number of cells in a
series-parallel hookup to be used, for exam-
ple, for battery charging.

Teckniques have been daveloped for the
construction of amorphous cells whereby
the cells are manufactured in series by cut-
ting metal lavers thar have been vapor
deposited on the amorphous silicon mass,
This cutting is done with aloser. Cell width
in such panels may be up toseveral feet, and
the output-current capability of these refa-
tively economical panels is excellent.

PV-cell efficiency varies: Monocrystalline
cells have efficiencies up to 13T poly-
crystalline cells, 10 to 12%; amorphous
cells, 6.5 to over 10%, depending on the
manufacturing process.®

The output power of solar arravs or
panels is specified in watts. Typically, the
[isted wattage is measured at full exposure
to sunlight, at a nominal potential of 7 ¥
for 2 6V system, 14 V for a 12-V system,
and 50 on. You can calculate the maximum
current that can be cxpected from a PV
pansd by dividing the specified ouiput power
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by the panel voliage,

The cost of solar panels has decreased sig-
nificantly in recent vears. Basicallv, vou can
expect 1o pay anywhere from abour 38 1o
515 per watt, depending on quantity, size,
ronstruction and efficiency of the panel.

Storing Solar Enerpy

Because the sun doesn't shine 24 hoars
per day al any locetion in the US, some
means of storing collected energy must be
nsed. Batreries are commonly uzed for this
purpose.  Battery zapacity is generzlly
expressed in ampere hours (Ah) or milli-
ampere hours (maAh), This rating is simoaly
the product of discharge current and dis
charge time in hours, For esample, a fully
charged 500-mAh NiCd battery of geod
quality can deliver a discharge current of 00
mA for a period of § hours, or 200 mA lor
1% hours, before recharging is required?
Three types of rechargeable batteries are
rommonly used:

¢ Mickel-cadmium (NiCd) batteries:
NiCds are mostly used in relatively low-
energy applications such as hand-held trans-
ceIvers, scanners, et The developmentof
consumer electromes has contributed o he
rapidly increasinz availability {and
somewhat-less-rapidly decreasing cost) of
NiCds, Major advantages of NiCds: They
are hermetically sealed, operate in znv
position and have a good service life
iseveral hundred charge/discharge cveles),
if they are properly maintained.

o Ciclled-electrolyte lead-acid batteries:
These hermetically sealed batteries are
available in capacities from below | Ahto
more than 30 Ah. They arc ideal for sop-
plving energy to a ham radio station, but
their cost (for capacities above 10 Ah) is
rather high. For portable and QRP sta-
tions, though, this type of baitery is
difficult to beat, The cells can be operated
in any position, but should be charged in
an upright position, If properly maintained
ino deep discharges—cell-polarity reversal
i possible under these conditions—and
they are stored in a [ully charged state), gel
cells last a long time (300 or so cycles:. |
operate a small 10-W portable CW station
from & 12-V, 6.5-Ah gel battery with good
SUCCESS,

* Other lead-acid batteries: These ars
available in the standard automotive
version, in the marine/RV deep-dischargs
versions and in the golf-can variety, Differ-
ences: Automotive batteries uwsually fa:il
following several deep-discharge cyveles
thecause of the thin plate and insulation
materials used in their construction), resuli-
ing in premature internal short circors,
Golf-cart and marine/RY batreries have
thicker plates with more rigid insulation
between them, so these batteries can with-
stand decper discharges without plas
deformation and internal failure. Desp-
discharge batteries Jrovide the best vahe
m a ham station. Same of these battenes
require attention (the electrolyie level mmss
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Flg 3—Basic solarpanal-to-ballery connac-
tion. The series dizde in the panel’s output
line keeps the havery from discharging inlo
the panel.

be maintained), and they last longest when
kept charged, Because these batierizs use
a wel electrolyte 'water), and most of them
are not hermetically scaled, they mast be
kept upright.

A Typical Application

Heie's a pmactical example of how 1o
calculate power reguirements for a PV-
powered ham radio station. The first thing
to do is define the power demand. Assume
that you use a 100-W rig. (We'll also
assume that W is the peak power con-
sumption, and occurs only during CW
operation and 55B voice peaks when a
13.6-V nominal supply [a fully charged
battery] is provided.)

The most reliable way to calculate realis-
tic power requirements is to determine the
power used over a longer period of tme—
say, a week or a month, Because most of
us have more or less recurring weekly
habits, we'll take one week as the hase
period. (You can substitute your own
numbers to adept these calculations for
your rig, under your operating circum-
stances.) Assume that the rig is turoed on
five days of the week for two hours on each
of these five days. OfF each two-hour
period, 1% hours is spent listening, and
trapsmitling takes the remaining hall hour.
Assume that the current consumption of
the transceiver during receive is 2 A; during
the [00-W peaks on transmit, curreni
drawn is 20 A. The owner’s manual [or
yout rig should give the maximum dc
current drain. The average currenl con-
sumption during S5B transmitting is only
about 4 A. Therefore, we need a batlery
that can supply a peak current of ar least
20 A and an average current of 4 A, Now
calculate the total encrzy consured in
ampere hours cver a one-week period:

Receiving: 2 A = 2% hours/day =

5 days = 25 Ah.
Transmitling: 4 A = ' hours/day =
5 days = 10 Ah.

The total energy used per week is 25 + 10
= 35 Ah, or per day {average) is 315 = 7
= 5 Ah. If we had a perfect system, all we
would need 1o do is supply 35 Ah per week
{5 Ah per day) o the battery. In practice,
imperfections in battery consruction cause
some loss (self discharge), for which the

charging system must compensate, as you'll
SEE.

Mext, calculate the minimum batery
capacity rejuired for this application. The
systern should be designed so that sufTicient
energy is anailable (o run the equipment for
two consecutive sunless days (1his is rather
atbitrary—some locations are worse than
others in this regard). Becaus: these sun-
less days could be days on which you want
to operate, and because it's not a good idea
to discharge a batrery to less than 50% of
its capacity (for maximum battzry life), this
battery must have a capacity of at least 2
(davs) = S{AR) = 0.5 (for the 50% charge
capacity le’t after 2 days without sunshine)
= 20 Ah, If vour location is likely 1o be
without sunshine for as much as an entire
week, the battery reguircment is 7 = 3 =
0.5 = 70 Ah, Add abour 0% to this
number to compensate for self discharge
and other losses. {Typically, this means
vou'll buy the next larper-size battery than
the initial caleulations indicazed.)

What does it take to keep this battery
sufficiently charged? Here again, some
rufes of thumb help in the caleulations.

First, estimate the average number of
hours of sunshine per year in your area,
This infermation can be found in an
almanac. As a guide, average annual sun
exposure is approximately 3200 hours per
year in the Sunbelt, less elsewhere (down
to about 1920 hours per yeir in the far
northern parts of the US).

Your PV solar panel will most likely be
mounted ia a fixed position, but should be
al an aptmum angle with réspect o the
earth. This varies from about 307 in the
summer up to about 607 in the dead of
winter. Fized-mounted solar panels cannot
pick up maximum energy from the sun, for
ohvious reasons, OF course, you could build
some kind of solar-iracking mechanism 1o
circurmvent this obatacle, but thar's bevond
the scope ol this aiticle {and beyond the
ambition of most people 1 know), 1T you
need Lo collect more solar enerzy, it is much
easicr to simply add another solar panel! In
practice, you can only count on panel
exposure for abow 70% of the total sunlit
time, which is anywhere between 1340 and
2240 hours per year (between 26 and 43
hours per week), depending on where vou
live,

The remaining system plarning is easy.
Cwur earlier calculations showed that the
solar cells must replenish 35 Ah per week,
plus 10%s -0 compensate for losses, or aboul
38.5 Ah of batlery capacity. With solar
enerpy availahle in the Sunbel for 43 hours
per week, the required charge current is
38.5 Ah - 43 hours of sunshing = 0.9 A,
In the northern part of the US, this is 38,5
Ah = 253 hours = 1.5 A, Now, [ind a PV
panel that can deliver this current under
load.

In the 12-V system described here, the PY
piane] vpraates, with a tully charged battery,
at ahout 13.6 V, plus the voltage drop of
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Fig «—Cannecting panals in parallel is a
good way 1o increase oulput curren! from a
solarpanel array, A diode is connectad in
series with each pansl to protact the panels
fram the battery and from the aother panels.

a series diode. The basic hookup is shown
in Fig 3, With a fully lcaded panel voliage
of 14, a panel rated at 21 W {14 ¥V = 1.5 A)
is required in northern climes. In practice,
this power can be oblained from good-
quality solar panels with a surface arca as
small as 3§ square feet. If you live in the Sun-
belt, you necd only 126 W {14V = 0,9 A)
of PV enerey.

Using this basic method, vou can calcu-
late the clectrical and mechanical dimensions
of almost any solar installation; just substi-
tute your power needs into the equations
shown here. The sidebar, “*Calculating
Soler-Cell and Storage-Eattery Meeds,”" con-
veniently shows the required caleulmions in
rabular form.

same Practical Hints

FV panels can be wired in serics 1o
provide increased outpu. veliage. 11 the total
output of the cell array exceeds 20 V', wire
shunt diodes across each PV cell, Similarly,
I*V panels can be wired in parallel 1o vield
increased output-current capability. In this
case, use a series diode for cach panel, as
shown in Fig 4.

When hooking up PV panels to a storage
batery, always use a seies diode to prevent
discharge of the battery into the panels. A
Schottky diode can be uscd in applications
where it s important to maintain the lowest
volage drop (and minimum loss) of charge
current.

If wou live in an area where battery over-
charging may oceur, lake precautions 10 pre-
ven battery overcharging and related gas
discharge inside the battery. Several manu-
facturers supply simple charge repulator:
that serve this purpose by disconnecting the
PY panel from the battery when the battery
is fully charged. Some of these chargers
allow charging to resume when the battery
has reached a measurable level of discharge.
MNote: These values arc only valid for lead-
acid batteries; an entirely different set of
charge criteria exists for NiCds.*

Installing Solar Panels
I vou plan 1o permanently install PY




Sofar Cell
1) Current drain during receive:t

3) Mulliply (1) = {2):

7} Multiply (4) = (5) = [B):
B) Add (3) + (T} Ah

shown in line 10.

Storage Batery

in (4), whichever is larger.

Calculating Solar-Cell and Stcrage-Battery Needs

ICainulatiun of PV solar-cell and storage-batiery requirements is easy using
this form. See the text for additional information,

2) MNumber of hours of receiver operation per weak: h
Ah

4) Measurz paak current drain during transmit:+ A

5) For S5B, enter 0.2; for CW, 0.5; alse, 1.0

6) Mumber of hours of transmitter operation perwesk: ___ h
Ah

9) Number of hours of sunshine per week (see taxt): ____ h
10) Reguired solar-panel current [(B) = (9): A
The salar panel you select should have at least ag much currant eapability as

11) Maximum number of days o operation without sunfioht:
12) Daily power requirement [(8) = 7):
13) Stored-energy requirament [{11) = (12} AR
14) Maximum stored-snergy requirement [{(13) % 22 __ Ah

The battary you selant shoold have a capacity ot least as large as the total
storage requirement found in {14}, or the numerical current capacity of the
battery (in Ah) should be at least twice as large as the numerical value found

TThese values are usually given in the transceiver instruction manual,

A

Ah

panels, consider mounting them ar ground
level on a simple wooden or metal frame,
or mounting them on the roof, Roof mount-
ing is more app-opriate if you have a roof
that slopes at the correct angle (30 1o

"—see the tite photo), and in the right
direction (anvwhere between a little east of
sl and southwest is acceptable). The
easiest way to moumt panels permanzntly is
with a silicone adhesive, such as RTV. First,
mount series disdes on the back cf each
panel. Attach color-coded wires 10 the

panels’ negative terminal or wire, and to the
cathodes of the diodes. If vou're using more
than one panel, wire them in parallel so that
vou only need to run one set of leads from
the panels to the battery. Secure the wires
and diodes with small strips of tape and
apply a blob of silicone adhesive to each
diode anc solder joint.

If the solar panels are poing to be located
in an area where they might be subjected to
lightning, it is especially important 1o
ground the metal frames of the solar panels.
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Lise separate wire for this ground—do not
combine the panel-frame ground with one
af the power leads!

After yvou have determined where the
patels will be positiored, lay them upside
down and squeeze a bead of silicone adhe-
sive onto the back of each panel frame,
Turn each panel over, lay it on the roof, and
tape it down until the adhesive has dried.
If vou want to go the extra male, vou can
mount the panels on blocks so that air can
circulate under the panel. PV solar panels,
when cool, have slightly higher output than
hot panels,

Methods of securitg solar panels to
wooden or metal frames vary with frame
designs; panels may lay in the frame, or you
may elect 1o use brackess and/or bolts. The
advantage of a frame mount (as opposed 1o
a4 more permanent mouanting scheme, suck
as adhesive), is that vou can adjust the angle
of the panels with respect to the ground, so
that vou can align the panel: for maximum
efficiency.

Notes

1 usa provide rather than generale 10 describa the
process by which solar energy is transformed into
alectrical srargy. Of coursa, the energy is gener
aled by the sun; solar colk conven photon anargy
ima elecincal energy, and thus provige electricity

*For referance, maximum thooratical PV-aner
transfer afficlency is in tha 22 10 25% bracket
Tra optimum has not besn reached, but it is
pretty well approached (o within an order o
ragnituda),

Jampera-hour haltery ratings are not absolute: Yol
genarally cannot, for instance, use a battary with
a rating of 2 Ah to supply 10 A for 0.2 h (2 Al
= 10 A), or even & A for V3 h, Materials usec
in battery construction ar2 not mads to withstanc
tha haat generated durirg such oxtrame opara-
tian.—Ed.

2| irtend to describe a simple charge regulator for
lead-acid batteries in & ‘uture article. Drop me
an SASE for more informaticn about charge regu-
|&ors.




From November 1987 QST, p 41:

Free NiCd Cells

[0 Many cities and towns have an electric
razor repair shop tat replaces MNiCd bafteries

From March 1938 QST, p 41:

in rechargesble electric razors, The razors I've
seen contain two MiCd cells. Ofien, only one
of these cells has failed, but both cells are
replaced when repair time comes. [ talked a
razor repair person out of a box of such
rejects and zot 40 MiCd cells. Twenty of theze

charged perfectly on the first try! Brief
application of heavy overcharging current to
the rzst of them netted arother dozen usable
cells, Free NiCd cells? Check your friendly
electric razor repair shop.—fob Baird, W7CSD,
3740 Summers Ln, Klamath Falls, OR 97603

A Deep-Cycle Battery as an Emergency Power Source

1 After T acquired a size 27, deep-cycle
lead-acid battery as an cmergency power
souree for my 2-meter transceiver, hams on
the local repeater advised me on how to
keep the battery charged. “‘Connect a
variable de supply in parallel with the
battery and set its output voltage to 13.6,"
they said,

The current cipability of my power
supply is insufficient for such service. The
supply can source the 4.8 A required by the
rig during high-power transmit, but 15 rated
at only 3 A for continuous duty. Con-
necting the supply directly in parallel with
the battery and the transceiver would, at
times, result in cerrent drain exceeding the
supply’s continuous-duty rating.

Fig 2 shows my solution to this problem.
Charging current with this circuit is 1 A
or less, and the supply can still power
the transceiver, Installation of a jumper
across points A and B applies the full
battery voltage 1o the transceiver il this is
needed during an extended power failure.

—Gieorge Hopkins, KF6GL, 521 § Casterock
Ter, Surnnpvale, OA 24087

From June 1988 QST, p 47:

A One-Shot Timer for Battery Charging

] One of the problems associated with
rechargeable batteries is that of charging
duration. This is particularly evident when
the charging period is longer than the
interval between “home from work" and
“hack o work'! In such cases, anather
member of the family must rememter (o
unplug the charger at the appropriate time.
My solution to this problem is a one-shot
timer. Here's how to build such a timer for
around £10,

Two parts are required: a 120-¥ neon
lamp assembly and a motor-driven lamp
timer capable of a timing interval at least
as long as the charging period required by
your battery, (Bolh are available 1n several
forms from Radio Shack®.) The motor in
such timers vsually actuates a switch that
breaks the hot side of the ac line for
appliance control. Modify the timer as
shown in Fig-1. Cpen the timer and locate
the motor lead connected to the hot side
of the ac line {point A in Fig 1). Move this
lead to the appliance-socket side of the
timer switch, 51 (point B in Fig 1). Next,

ADJUST POWER SUPPLY
FOR 3.8 v HERE

FOWER
SUPPLY —

20 W

L

AUE

ECYR

| JUMPER

BT = 2Y

<Irn

Fig 2—KF&5L's power supply/charging circuit. In ths application, D1 and D2 are 6-A,
600 PIV diodes (Molorola MRT755, ECGS5815 or equivalent), A1 is a wirewound unit and
BT1 is a size 27, deep-cycle, lead-acid storage battery. The jumper is used only during
power failures (see lext), The powsr supply is normally turned on only while the station is
ottonded. In teilering thia circuit to your application, use conservatively raled components.

HPPLIANCE POWER
1]

TIMER
| apELIANCE
QUTLET

NEUTRAL

WEUTHAL

Fig 1=—Dennis Cripp's modified fimer turns itzelf and its associated battery charger off al
the end of the charging period. Modification of the timer consists of moving the hot motor
lead from point A to point B, and installation of a 123V neon lamp, D31, between hot and

neutral on the timar's appliance outlet.

mount the neon lamp assembly at any con-
venient place on the timer housing, and
connect it between the hot and neutral
terminals on the timer's appliance outlet.
Reassemble the timer,

Connect yvour battery charger to the
timer. Set the timer’s on and off actuators
to turn on the charger for the charging time
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required by your battery. To turn on the
timer motor and vour battery charger,
rotate the timer dial until DS1 lights. When
the set time has elapsed, vour charger and
the timer motor switch off. Result: a
charged battery that won't be overcharged
if forgotten.—Dennis Crigps, NIFIW, 218 N
Diltwen R, Newark, DE 1978}




From May 1976 QST, p 25:

Power Amplifier Development
with Your Transisitors

Simple test equipment and methods for making-do with
devices on hand, on frequencies you want to use.

By Adrian Weiss, WORSP

B33 Duke St 83
Vermillion, S0 57089

One of the more exciting phases of

ham radio today is the use of of power
transislors  in  transmitter  amplifier
stages. Solid-state design has obvious
weight and power-drain advantuges, es-
pecially i gear that may be used for
mobile or portable operation,
Development of  balanced-emitter  1f
power  ransisiors,  wvirtwally  blowoud
proof and superior to carlier types in
regard to stability, pave great impelus to
use of all-solidstate equipment in hoth
the hi and vhi rangcs.

For the smateur who wants to do
other than make exact copics aof de-
seribed cquipmznt,a problem has been
lack of understandable information that
will parmit him Lo work oul transinitter
designs for tramsistors he may have on

Salid-state 40.
author far us
and adjusted wsing 1

amplifier, built by the
is OAP rig, was tasted
ne methods he descrihas,

hand or e able to pick up at moderate
prices. Bven when good irformation is
availuble, it ay be for only the vhf
range, or the circuits described may not
necessarily  be the best available for
amateur-band use. Unlike vacuum tubes,
solidstate  devices may  exhibit wide
variations between individoal units of
the same type. This is in part the result
of applications design for top-quality
production runsintended for military o
space us:, whereas the amateur may
have to contend with second. or third-
level quality. There is also the matter of
the practical unreliability of mathemati-
cal caleulations used in solic-state ampli-
fier desisn. Johnson and Artigo have
noted that competent engneering can
produce “ball-park™ errors ranging from
-22 to +25 percent between caleulated
values and thuse thal acioally work."

Assumptions

The chjective here is to allow the
averape  wmaleur  to circumvent  the
above obstacles, by placing cmphasis on
the actual device on hand through in-
Circuit mezasurements made during am-
plifier  development. The method is
based on several general assumptions
which will hold in most cass. A reader
unfumilizr - with  solid-state  amplifier
basics is encouraged to study papers by
Franson. Hayward, Hejhall, and others.*

It is assumed that the base mput
impedance of the amplifier will be quite
low, in the range of 1 to 13 ohms. The
input matching network must be able to
transform this low impedance to what-
ever 15 present at the ouwlpul of the
driver stage. This could be 50 ohms, as
in using un amplifier with a separate

"This and all subsequent Tontnotes will

appear at the end of this artizle.
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exciter such as one described by the
author in an earlier erticle,® and shown
in the photograph, or some higher value
if the exciter is to be an integral part of
a complete transmitter. A reactive com.
potent will be presert in the base inpu:
impedance, 50 the interstage matching
network  must  tune the base inpul
circuit Lo resonance, 35 well. The ampli
fier will operate properly only when
buth conditions are satisfied.

Any  balanced-emwitter device  will
have an absolute minimum gain of about
& (B if operating properly, Efficiency
will be 435 to 65 percent. At least 841
gain is expected normally. On this basis,
the drive required for 10-watts output is
.25 watls. In practice, the writer has
found the 2ZN53320 can be driven to
about 12.5-watts output with 1 watt of
drive. In  anather application  the
INF590 delivered 5.5 watts of clean
outout with only 220 mW of drive —
about 14-dB gain, A word of caution is
in arder here: Maximum efficiency i
ohiainable only at th: collector valtaze
specified by the manufacturer. Do
expzct high efficiency il a 28.volt devies
is operated at 12 volis

Practical Circuit Details

Hayward discussed choosing values
for the base swamping resistor, colle
T choke, bypass capacitors, and other
corponents of the tysical Class-C amp-
lifizr. Bearing in mind that these criteiis
are not ofticial “dogma," the resds
advised to familiarze himsalf with the
There are several usable circunits, deser
tions of which can be found in the
references and in the RCA RF Power
Transivtor Manual. The author prefers
the input network shown in Fig 1
beciuse it will yield pracucal compo
neni values in nearly all cases.




2ZN5590
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Fig. 1 = Schematic dagram and parts infarmation for the KBEEG 40-meater amplifizr.

Capacitar values nor otherwise marked arme in pF.

Some parts aré numbared tar 1axe

refarencs only, All grounds should be made directly to the trensistar emitter strip. o [ o P
Final walues given; can be made varable &5 with C3-C4, for experimental purposes.

C4 — 400-pF minia:ure trimmer. Small
broadcast-type capacitors suitable far
fow-power applizations. See text.

L1 — 9 turns No. 22 enamel, closewound on
1/4-inch dia. slug-tuned form.

L2 — 2.5 turns Mo, 22 enamel, closawound
on Amidon | -5l torod core,

I the amplifier i to be used with a
separate exciter, as in this instance, the
input network it designed and adjusted
to match the low-base inpul mpedance
to 50 ohms, the usual output impedance
of such an exciter. Where the amplifier
is to be part of & transmitter, the
collector circuit of the driver can be
connected in place of 11. To provide for
matching the capacitors CI znd C2

o
IMPEDARLE

Fig. 2 — Simpie tes; equipment used in
aptimizing the solid-state amplifier inciudes

a wavemeter, A, 8 power-autput indicator,

B, and a variable irrpedance bridge, ©. Walues
of LT and C7 depend on the band baing
checked. Parts desianations are for 1ext
raferonce,

L3 — 13 turps, spaced 10 accupy entire core
of L2,

L4 — 4.5 tums, spaced over 1/3 of cara,

In wsing the targidal circuit for intersiage

coupling, make L1 1 to 2 twras for 10- 10

40-ohm callector load impedance, and 4

wrns for 2010 80 ohms.

should be made variable in this case, A
better way would be to make a toroidal
matching transformmer similar  to
L2-L3-L4, using slight alterations fu)
this application given unde:r Fig. 1. In
the first case there are two unknowns
present: The output capacitince of the
driver and the input imped:ince of the
amplifier base. This makes optimum
adjustment rather complicated, since the
putput capacitance of the driver stape
varies with its collector load impedance.
With the wned circuits in both stages,
the driver can be optimized for 30 vhms
and will work equally well when the
amplifier is installed,

There are additional adwvantages. The
twned network will provide at least
twice the harmonic rejection, ond there
will be much less loading of the previous
stages by the final amplifier The latter
is wvery important in simple VFO-

controlled transmitiers, where pulling of

the oscillator can result in considerable
difference in frequency between ihe
SPOT and OPERATE conditions.

Fhe circure used lor the output
network is a matter of persenal prefer-
ence, The doubledink tank shown
vielded an efficiency in excess of 50
percent at 7 MHz, so it was left in. Ina
20-meter pplication the cfficiency was
about 40 percent, Converson to the
network described by Havward (refer
ence 2) brought the efficiency up tn 62
percent.

Test Equipment

Three simple instruments, shown
schematically in Fig. 2, were used in the
development of the amplifier: A roughly
calibrated wavemeter capabl: of tuning
to the desired frequency and to ils
second hamonic, a power-cutput indi-
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cator, and an impedance bridee. The
wavemneter, Fig. 2A, was calibrated with
the aid of a multiband transmitter.

The power-output meter, Fig. 2B,
should be isolated from the transmitter
and dummy load by shielding and
RFC1. Actual output is obtained from
the formula:

rd

B, = ks
2R,

The meter is used to measure power
output from a driver or amplifier stage
during developmental work, Remember
that it is not frequency sensitive. It will
read combined fundamental and har
mone power, hence the need for the
wavermeler.

The variable inpedance bridge. Fig,
2C, is similar to one described by
Hayward (reference 2] except that the
diodz is connected to the arm of a
[000-ohm variable control, instead of to
the junction of two 470-chm resistors.
The contrel can be calibrated by con-
necting fixed resistors of known value
scross the output. Adjust the control for
null, and mark down the resistance value
used for that setting. When you want a
circuit Lo look like, sy, 70 vhms, you
set che control to 70 and adjust the
circuit for null. Parts placement is not
critical, but it is wise to use short
lengihs of coaxial line in connecting the
bridge into the circuit to be tested, and
to ground both braids at the same point,

Az

- /_"'I;m i
{B)
K= Ry
Xep - R (Qu24D)
B 0.

I. in _xcn
0. Ry
/1{1 @ +1D
:'5:1_-| = ]{| R]

Fig, & — Basic circuit for use with Tables 1, 2
and 3. Circuit A, for Tables 1 and 2, shows
the netwark far input matzhing. B is

used n matching the ampl fier 1o 50-ohm
output. The formulas are Tor operating
conditions other than those assumed in the
tables.




IT the bridge is to be vsed only »etween
50-chm circuits, coaxial connectors will
be suitable, asshown.

Construction ind Testing

Armed with the above sssumptions
and test equipment, we can monitor
several aspects of the circuit operation
in the process of getting the amplifier to
work properlv. This is a rough dup-
lication of the procedure followed in the
manufacturer’s  laboratory  in deter-
mining the perfonnance characteristics
of a device for given sets of corditions,
These appear later on a data sheet. Our
purpose is not quite the sane, in thal we
are noi fooking for @ set of “numbers,”
Rather, we seek (o take into sccount
automatically the actual charscteristics
of the devic: on “hand, in achieving
aptimum ope-ation for our application.

An experimental amplifier can be
bread-boarded or built on & circuil
board similar to the one shown, Tt s
recommended  that o single  sarallel-
tuned circoit he used lor the outout side
of the amplifier during developmental
work on the input matching. I can be
replaced when the wark is completed.
Calculated wvalues for both input net-
works, and the output network, Iig. 2A
and B, respectively, are mven below for
the hi bands.

Table 1
Input network, 31 =500, R2=5:;, 0 =6,
28
a5 s T 27 Ml
Xp1=250 125 063 029 02 018
MH
Xey=310T 1400 700 380 260 170
pF
Xpo =G40 780 370 180 150 85
nF
Table 2

Input network connected to driver stage
collector and loed impadance of 70 ohms
{1.25 watts =t 12 volts de), R1 =512, 2=5,

28

i 2T MHz

X1 40 023 02 018
Koz 21 SEO0 320 260
X1 o= 180 150 85

Table 3
Output network, final collecter impadance
Bil, (10 watts output at 13.6 salts del, 5012

load. (From Motorola AN-267.) 28

8 7 T4 21 MKz
Xpp 40 20 095 049 03 D23
¥pq G5 7200 380 175 136 90
¥po 889 530 260 4D 90 65

The formulas given in Fig. 3 can be
used fo caleulate approximate values,
should the driver stapge operate at @
different power level or load impedance.
Cl, €2 and L1 should be varable, to
allow [or initial adjustments. Inexpen-
sive broadeast-receiver cepacitors, 363
pF. are ideal for tuning. Where higher
capacitance i5 needed, lxed-avalue micas
can be connecled across the variables. A
d0-meter amplifier is shewn in Fig, |
with component values arrived st by
experiment, as described below.

Appy at least 500 mW of drive w
the network through  the impedance
bridge. The network is adjusted for
deepest null, first by €I, where the
indication will be broad, then by €2,
which gives & deeper null, and finally by
LI, Ths is done with te wavemeter
coupled to the Mnal-amplifier ok, and
e output meler connected to the tank
as an irdicating load. Mo de voltage is
applied to the amplifier thus far, 55 only
the feed-through energy will be mon-
itored at this point. With one watl of
drive there should be 7 to 15 mW
showing on the owtput meter, when the
lutter is tuned to the drive frequency.
Remove the impedance bridge and
repeak  slightly  for maximum  feed-
through indication.

Set the wavemeter to the second
harmonic frequency. If the drive is clean
and the circuits are properly  tuned,
there should be little or no outpot
detectable at the harmonic [requency.
Recheck tuning fur minimum harmonic
level, il any shows, Optmum adjust-
ment should give maximum funds-
mental outpul and rejection of har-
[MUnie EFILI[.

Apply  collector voltage, with no
drive. 10 the transistor is the balanced-
emitter lype, full collector voltage may
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bz used. With other types it is well to
siart with about 70 percent of tae
maximum. De-couple the wavemeter, in
anticipation of the 40-dB increase in
pawer Lo be expecled, and apply drive,
Readjust hoth input and ocutput net-
works for maximum output and mini-
mim harmonic power. The wavemeter
should be coupled to the lead going to
the output meter for the latter check, as
harmonic currents circulate in the out-
pit tank, and coupling to it will give an
erroneous  reading of harmonic level
when the amplifier is running nommally.
Measure the de input power and the of
output  power and compuatg the elfl-
ciency which should be at least 40
percent, Substitute the double-tuned
tank circuit for the simple parallel-tuned
one, if the output is low,

If an external exciter is to drive the
amplifier, no further adjustment is re-
quired, and the amplifier is ready
service, If you intend to connect the
input network directly to the driver
collector, the impedance bridps is set 1o
the desired collector load impedance
Figure (7002 for 1.25 W at 12 V), ard
acjustment is made for best match, Each
of these steps monitors some aspect of
cizeuil operation, using the actual comne
penents available, and mives assurance
that optimum results are being obtained

The amplifier stown in the photo.
graph was adjusted by these methods
and was ready for wse, in the last hours
hefore Field Day, in about a half hoor
after it was assemibled. Running at rz-
duced power, it gave a good account of
itzelf on 40 meters the following day,
using the exciter previously described by
the writer.
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From COctober 1978 QST, p 34:

Networks

= 1 would like o pass along some observi-
tions 1've made winch are ol imjerest 1o bailders
of solid-state Class € hf fransmtters.’ | have
frund that the use of such marching networks
as Lhe conuesdy esonnended Lol T.7 as
well as any other setwork with an inductor ar
series LO as the input element,’ will inevitably
result in improper circuit operaiion, Thecircuir
will exbirhit poor eollector elficiency, spurioms
output, or & high ransistor failure rae, unless
ane ol these cond tiens 15 met: (0 the sulput
transistor is very rugeed (in which ¢ase itwon't
tail, hm rhe ather conditinns will sommn
[2) the transistor cutpul capavitanee 15 (M pF
ar higher; {3) a Zener diode is connected across
the transistor {maore about this laterk: or [4) the
nerwork is maodificd oo manncr 1 owill
describe.

Let™s see whas causes the problem. Although
there 13 an optoium  resistive  impedance
for a transisior o *"sce”” {approximaely
2P0 Lhe transistar does nal present this
or any other impedance. Rather, it aces much
as a simple on-off switch. Ar the instane the
transistar 85 turncd  off, currem Fowing
through the of choie 15 dumped into the circuit
elemengs, The dominant ciccwil presenied 1o
this current s parallel resonant, with L baing
the netwark input mductor and © the traasisior
ourput capacitance, O, €, is in parallel with
stray circuit capacitance. This circuit "'rings™”
al s resopant  frequency, which s ool
mecessarily related 1o the operating frequency,

Fig, | shows the schematic ol a tvpical
dl-meter, I-watt-oatput amplificr, Fig. 24 15 a
phato of the oseillascope waveform @ the col-
lectar of i, The presence of 70-voly, S0-MH-
ringing at the collector may be readily seen. 1
wigs ahle 1o obiain thiv piciure only becaose the

Yoo~

Fig. 1 — Schamaticdiagram of the 7-MHz
Ciass Camplifier uted ta examine the oscilla-
tion preblem

T mMhg
L HETWORR
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¥ro+ Catar
ISEE TEXT)

=5 S L

EXEEPT &5 INDICATED, BECIMAL
WALUES OF -aPasITaktE ARE

W MICROFAFADS | uF 1) DTHERS
ARL N PeCIFAHARE C2F OF ppFi1g
NEMSTANGES AME (N GrME,
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particular fransistor was exceptionally regeed
— soveral devices were destroved in the ar-
empt, Alhough this condition. comld  be
detected with @ wavemerer coupled loosely 1o
the collecter citeulr, 11 can anly he obseryed
with the aid of g wide-bandwidih scope, The
instrumen) used o obrain these photos has a
250-AH e bandwideh.

A photo of the waveform o the load 1=
shown in Fie. 2B Destortion may be reduged
by filtering, but — assuming the transisior iy
not desirovad — collector efficicney will be Less
than aptirmnm . Tepical effiewemey will be on the
orcder of 400 60 percent, rather than the 7o
A percent oblained  from a well-designed
amiplifier sfage,

An advanced circuit-analvsis compuier pros
gram was used 1o investigate the circuit of Fig.
byoassumirg  perfect  mdociors, dapacitars,
source, load and o eaod model of the 2MNI8RA
Iransistor. “he grapbacal results of this analvsis
are shown in Fig, 3. Because of the use ol
perfect companents, frequendy end amplitude
of the simulated waveform vary slightly from
the real wareforms shown in Fig. 2. The strik-
ing similarity 10 Fig, 2 and the presence of ring-
ing in the  simulaton verity thar the
prhenormenon s mor a spurious oscillation in the

Fig. 2 — Photas af the actual wavelorms
antrned with the amplifier, Cperation was
abserved with @ high-speed pscilloscopa. At A,
collectar wavalorm; at B, waveform at the cut-
pul.

{Bj
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On Solid-State PA Matching
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Fig,3 — Whan thecircull of Fig. 1 was ana-
Ilyzec on a computer, the waveforms shawn
wergpradicied. The solid ling indicalas haw
the computer expected the wavelarm at the
collocior talook. Expeciod cutput wavelarm iz
shown by the dotied line

syl semae, nor is i due wostray capacilance or
industance or poor circeit lavou. Iv is inherent
in the use of this vpe of retwork!

A capacitor connectad rem the collector to
grouid or, prcl'\.'rn.hl_n.'. From eollegtor 1o gmmii-
ter, will salve the problem if 11 approsimalely
resanates  with the inpu anductaor @ the
operating freguency. The capacitar will reduce
collector-voltage swing 1o less than 30 volis
with a 12-volt supply, The cffect an the Q of
common networks will be negligible and only
slight readjustment of the variahle capaciton(s)
will restore the correct maleh.

A dener dicde connested across the callector
will spmetimes solve the problem, but not
becanse of Zener action! A typical 33-valt,
I-wait Zener diede bas a apacitance of 200 1o
A pF, depending on the amount of reverse
bias. This is gencrally sufficient 1o prevent the
rimg m the first place.

This lerter has been necessarily brief bun |
hapa it will enable the reader 1o 1ake advantage
of these matching networks without wondering
— as | did for a long fimz — why samerimes
they work and sometimes they don’t. — Roy
W. Lewallen, WJEL, 5470 5. W, J32 Ave,,
Reavarron, QR #7005

Footroles

stricily speaking. the Class C amplificrs wsed by
aepateurs rnay be betder deeribed ps Class D, as
they wre iypically driven o waturation. In fac,
this is the reason Tor the problem deseribed here.
Haowever, such aperation dees allow high coliecior
elfiziency. For a more detailed discussion of this
tepre, se Sokal and Sokal, "Class E — A MNew
Class of  High-Efficienmey  Tuned  Single-Ended
Switching Power Amphifien,'" FEEE Jovmal of
Salid-Steie Circidirs, Vol. SC-10, Mo, 3, Fune, 1975

'Hayward and DeMaw, Solid Siave Desipn for the
Raddiy Armatenr, ARRL, 1977, pp. 52-52

"The Radic Amarenr s Hordbood, Sdih Fdi
ARRL, p. 161,

*Hayward and DeMaw, p. 24




From January 1980 Q3T, p 55

More on Solid-State PA

Matching

I When | experimented with Class O tuncd
transistor PAs about @ decade ago | noticed the
same phepomenan thar WIEL repored in
Okctaber 1978 Q8T 1 also had the inpression

than the marching scetions derivad  from
shf/uhf circuine are ansufticicn for bl power
amplifiers.

The soluon 1 oadopied 1o cure this i

somewhat different, howeser. 1 also place a
capacitor (Cp) Tom collector o ground, but,
as a starring vahie, the reaviance (g1 of 1his
capacitor v about the same #s the collecior
load resistinee D;.;_-I, = Veedi2P ) gving 3
leaded O of 1.

10 muliband (rassmitters, cherelore, the col-
lectar ¢hobe remams the sgme and is cosen lor
the requiremens of the lowest bamd in wse
ftypically 80 wl for an 18-volt, 2-wist output
P The capawiter, Cp.is being switched Trom
band o bamd ogcthor withe the other 1ank-
circuit compononis.

The fowded @ = | will stop the “ringing”
phenomenom, v will also degrease the eie-
cioney o 3k oo o) percent, On the other hand,
the PA becomes very insensitive (o mismageh,
even ab full dove. For betler elfficiency and
slightly reduced mismateh salfery the loaded O
may be redoced to abows .7, 1o higher powqr

PAs whete transistiors with  high internal
capacitances : e 0 omay be reduced
even further an the effidency pb-
tainablc.

I purposzly place this capacitor (Cp) from
collec not to the emittzr. As an
addition romsssatch protection |

Smitter
3 de drep of about (05

FECOImMmC

d & umsa unbwnassed
rosistor, which causes

volt when the sz runed corregilv. Placing
Cp o the emater @ « case would fotm a
rEgENErannve i

When us o transestoss forhf PAs |
forther recommend redoang Voo to (LS
Vieoug, | or ks for fe aperatiodn.

becauce the breako o [ 1 s I

and lower frogeencies tha

kalf, one third, =e f th
¢y, Thiv i 21z

Networks

00 A
XCp

wig

O +voc

QuUTEUT

Loan
500 pF

bovec? aq XL, = 420 0L
a P

Fig, 2 — Details of the parallelsesenant circut

ponetworks gre 1o be used for hagh harmome
suppression, or i a low-pass L section is to he
added For amensa tesing.

Subha-muomic resonances myy he avoided by
incorporting & parallel-resomant circuit (g,
2hara series-resomant cireuit (Fig. 310 The com-
ponenls marked * are selecied by means of 1he
handd swich, 1 have been using the circag if
Fig. 2 in my portable $-band QR trapsmitter
{ANIERT PAY since 1969, [ owill mateh #il
random-eneth wires as well as coas-fed anten-
U HES

The circwit of Fig. 3 will kave samewhay bei-
ter harmonie  suppression, b the anienna
musl ¢ safely-grounded by mcans al @
separate choke. Therefore, this scheme will be
goad For coax-fed antennas and may take a
tather high SWER, up to 321, — Haws-doochin
Brawdr, DUER, Lokensteinsirasse 70h, Sk
Munich 80, Federal Kepublic of Germany

Fig. 3 — Gircuit ler the serigsyesanant condi
licn
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From May 7984 QET, p 26

Broadband and
Narrow-Band

Amplifiers

Narrow-band amplifiers have been

T AM A BRJAMBAND
AMPLIFIER AMD T
COVER A WIFE
FEEEUENCY THUNZE

around for many years, and most hams
know how to design them. But, the broadband RF amplifier did
not become popular until the semiconductor world bloomed. This
article covers some practical aspects of both types.

By Doug DeMaw.,* W1FB

ave yvou wondered what the dif-
H ference may be betwesn a narrow-

hand amplifier and 5 broadband
one? Are all broadband amplifiers linear?
Must they be linear? These are natural
guestions in the minds of most bepinners
¢ electronics, so we will try 1o provide
simple answers,

IT vou work with transistors and RF cir-
cuits, it is likely that you will need to know
sumnclling  sbout how a broadband
amplificr is designed, what 1o expect from
it and how to build one for the job you
have in mind. For the most part, these
amplifiers are less prone to self-oscillation
than are tuned, narrow-band styvles of
amplifier. The fundamental thought to
keep in mind however, is that we must
always trade some owerall gain for
increased bandwidth. If we can accept that
trade-off, the major barrier will have been
abolished,

MNarrow-Band verses Broadhand

The narrow-band amplifiers we use from
day to day in our VFOs, recaivers, con-
verters and transmitters are funed to same
particulat operating frequency. The {uned
zircuits are usually cesigned to vield a fairly
high loaded O (Q ). The greater the circuit
3, the narrower the frequency response of

'Contributing Editar, P.O. Box 250, Luthor, M)
49656

the amplifier. Many applications require
high @ and the attendant narrow band-
width. Examples are VFOs, receiver front
ends, transmitter tank ciecuits and filter cir-
cuits that contain an amplifier.

The narrow bandwidth is needed to re-
ject unwaneed signals above and below the
desired operating {requency, and to preveni
spurious energy from leaving the transmit-
ter and reaching the antenna system. When
broadband amplifiers are used i some of

‘these more critical circuirs, a filter of some

kind must bz used o obtain the desired
spectral purity. By way of simple explana-
tion, a broadband amplifier that has no
filtering elements is merely an watuned
amplifier, 1t will respond 1o a broad range
of frequencie; and, if designed well, should
have relatively constant gain across that fre-
quency range. An aodio amplifier is but
one example of a broadband amplifier,
Another advantage of the narrow-band
circuit over the broadband type is that some
circuils require minimum noise — as in the
case of a recever ascillator sirip — and the
high- tuned circuite greatly reduce the in
herent noise cutput of the oscillalor. High-
performance receivers require “‘quiet”’
local oscillalors in order o minimize
“reciprocal mixing'' in the mirer siage,
Transmitter local oscillators syould be
similarly clean if we are 1o avod broad-
casting prohihitive amounts of broadband
noise along with the desited signal output.
Some commercial early-day solid-state
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T CAMOMY
COVER A MARROW
FREQUENCY
RANTE.

[PAnSmItiers were very offensive in 1erms
of transmitted wideband noise.

Fig. 1 shows examples of narrow band
and breadband amplifiers in some
simplified circuits. Hlustration A shows a
conventional small-signal RF amplificr with
tuned circuits at the input and output. This
is typical of what we may “ind at the input
of a receiver. The high-0 juned circuits or
resonators restrict the frequency response
for a given settimg of U1 and C2. For this
reason we will call our circuit a narrow-
band amplifier.

Adthough the circuit at 3 of Fig. Lisan
ascillator, it is in reality a form of
amplifier. For an oscillator to work as such
it must be designed as an amplifier. Some
of the output energy is fed back o the input
terminal o cause oscillation. Again we
have a high-Q tuned circuit (C3, C4 and
L1}, which restricts the bandwidth of the
circult in accordance with the particular sel-
ting of C3. Owing to our use of some of
the output power as feedback, this type of
amplifier is not as efficient as is the circuit
in Fig, 1A.

Fig. I'C contains an example of a broad-
band zmplifier for REF uze. It operates
linearly because it i5 biased for class &, T
i5 a broadband transformer that can be
used to match the amplifier impedance to
that of the load by virtue of the ransformer
turns ratio. Mote that T1 iz untuned; hence
the bandwidih,

A eclass-A linear broadband amplifier
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Fig. 1 — The diagrams at A and B illustrate narrow-band amplitiers. The VFO cirzuit is stll a
form of amplitler, since Its owlput pawer (in part) I fed back ta the input for the purpose al
causing osclllaton. A simple Class-A broadband amplilior without feedback is sesn at C. 8 fad.
bzck Class-A broadband amplifier is shown at D. It uses 3 combination of shunt and

deganerative feedback {see text).

with feedback is shown at D of Fig, 1,
Here, we have intentionally introduced
feedback by means of resistive divider
R1/R2 and Cl1. Degenerative feedback is
provided by means of the unbypassed emit-
ter resistor, B3, Thiz tvpe of amplifier has
considerable sandwidth. The shunt feed-
back stabilizes the current gain of the stage

while decreasing the input and output
resistance of the amplifier, The emitter
degeneration helps stabilize the transistor
voltage gain, and it increaszs the input im-
pedance of the transistor. The increase is
approximately proportional to the tran
sistor beta. A specific trestment of [eed-
back applied to broadband amplifiers is

contained in Sofid State Design for the
Radio Amareur, available from ARRL.

Amplifiers with feedback are used not
only for low-power circoits, but are prac-
tically the order of the day for high-power
solid-state RF amplifiers, A circuit for a
broadband, fed-back linear amplifier is
provided in Fig. 2. Since this diagram is
purely for illustrative purposes, no compo-
nent values are assigned.

Assume that the cireuit is capable of
delivering 100 W of output from 1.8 to 29.9
MHz. Shunt feedbazk is made possible by
the networks that contain R1, R2, B3, Rd,
C1 and C2. Here, we are applying negat've
teedback berween the collectors and basas,
Were we 10 use positive feedback, as in the
case of oscillators, the amplifier would
“rake of "7 in a spasm of self-oscillation,
Fositive feedback is of the same phasc as
the input cnergy, whereas negative feed-
back is approximately 180 degrees out of
phase with the input signal. This relation-
ship is important to remember, An absoluie
180-degree phase shift is difficult to realze
when working with transistors, owing to
some inherent phase shift as the signal cur-
rent passes through the semiconductor
material,

TI and T2 of Fg. 2 are broadbaid
rransformers whose [Tequency response, if
tney are designed well, is reasonably flat
across the 1.8-30 MHz range. Generally,
farrite core material of BOO to 950 effective
permeability (pg) is vsed for high-
frequency broadband amplifiers, This is a
no. 43 material when ordering from
Amidon Associates or Fair-Rite Corp.'
Falomar Engineers and RadioKit alo
sapply cores of the no. 43 variety. Core
permeabilities of 125 and 40 are commorly
used for VHF broadband transformers,

Broadband transformers wark like this:
As the operating frequency is increased, the
care material becomes less and less effec-

"Hates appear at end cf aricle.

18=30 MMz
RF FONEA AMP

=1 R

amplifier output.

Flg. 2 — A simple examale of & push-pull broadband AF power
amplifier. T1 and T2 sarve as broadband transiormers. Shunt
feedback Is included to help level the amplifior pain over 2 wide
frequency range. A harmonic filter (FL11 is required at the

T
o0 50- 4
OUTPUT
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live in the circunt. At the low-frequency end
of our transformer range, the core does its
job and increases the inductance ol the
windings (necessary). At the high end of the
transformer performance range, the core
becomes essentially “‘not there™ as far as
the windings are concerned. This enables
us (o obtain a substantial bandwidth that
would be impessible with coreless
transformers. A saitable rule of thumb for
transformer design is to make the induc-
tive reactance of the smallest winding ap-
proximately four times the load impedance,
Henee, if the baseof a transistor amplifier
exhibited a 10-0hm impedance, the
Ly vadband=trans o mer winding thal we
connect to the base should have sufficient
inductance to have a reactance of 40 ohms
or slightly greater. If not, the low im-
pedance of the winding would shunt part
of the driving power to ground and could
cause an SWE condition.

Let's assume that our amplifier is
operating at 7.1 MHz, The base impedance
of the transistor with drive applied 5 12
ohms. How much winding inductance
would we need fo- the transformer secon-
dary? The standerd equation for induc-
tance would be used;

X
2ri(MHz)

5o, with an X of 4 times 12, we would
obtain the following answer:

48 _
6.28 % T.1

The required number of turns cai be
calculated from

100 JTH AL

where & is the number provided for zach
type of core by the vendor or manufac-
turer. Each core, relative 1o its cross-
sectional area and the core material, has a
specific Ay factor. The Amidon
Associates catalog contains such darta, as
does a book conczrning magnetic cores,’

| don’t want to mislead vou into think-
ing that broadband amplifier design is a
snap. Thére are many subtleries invalved,
and considerable study of the pertinent
literature is important before launching
onec's own project from scratch, Motarola
Semiconductor Company has a wealth of
useful data in its book on power semizon-
ductors, inclusive of application notes on
transformer and broadband amplifier
design.’

But, let's returnto Fig., 2 and learn a bit
more about what's gmng on. 12, the out-
put transformer, serves also as an
impedance-matching device. The induc-
tances in the traasformer windings are
based also on a' =4 rule, respective tc the
collector impedance. This impedance can
be calculated closely from Z = V_ 22 P,
ohms. Eqg. | is then applied. FL1 iz a har-
monic filter, and i5 a low-pass type. A

L{uH) = (Eg. 1}

LigH) = 107 {(Eg. 2)

Turns = (Eq. 3)
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Fig. 3 — E=xamples of convenliona and
transmissieniing transformers. See text for
additional information.

switch can be inserted at points X and Y
o permil band switching of the low-pass
filters, Thisis standard procedore in com-
mercial equipment, For single-band use, a
jumper can be placed across X and Y,

It is important in all broadband
amplifiers 1o minimize the stray capacitive
and inductive reactances. These parasitic
guantities of L and C have a marked ef-
fect on the amplifier performance as the
operating frequency is increased. In other
words, unwanted capacitive and inductive
reactance will it the upper lrequency
response o the circuit. An improperly
designed broadband transformer  will
degrade the performance in a li<e manner.

If we are to minimize the presence of
strav reactance, we must use large or very
short circuit-board strips. This will reduce
the effective inductance of the PC-board
finils. These copper strips should also be as
direct as powible, Similarly, the connecting
leads of resistors and capacitors must be
held to a minimum length. Many amplifiers
contain chip resistors and capacitors to
keep siray inductance and capacitance to
a minimum. These componenis are sup-
plied without leads or **pigtails.”” They are
solcdered dicectly to the PC-board foils.
They are practically a requisite £t the upper
end of the HF range and higher, but they
are more costly than are silver-mrica or disc-
ceramic capacitors.

Conventional or Transmission:Ling
Transformers?

["m sure you've heard designers speak of
“conventional'’ and “*transmizsion-line"
transformers. The so-called conventional
transformer is built along the lines of an
audio or power transformer. Thal is, it has
a core and separate windings, asin Fig. JA,
The transmission-line transformer, on the
other hand, has bifilar, trifilar or
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guadrifilar windings that are placed on the
core in parallel, or they mayv be twisted
togetier beforehand. In this case, each
winding conductor is thesame length, The
windings function as short lengths of
transmission line, and the impedance is
generally 25 ohms. Either style of
trans’ormer can he used in 2 broadband
amplifier, or as a matchiag transformer in
other types of circuits, such as antennas.

The conventional traysformer is con-
sidered less efficient than the other type,
but itenables us to obtain nearly any turns
ratio we desire. The transmission-line
transformer (Fig. 3B) vizlds only specific
integers Of ransformacion, such as 1, 91,
etc. Furthermore, we can find ourselves
rather frustrated when trving to hook up
a multiwire transmission-line transformer,
especially if the same sizeand color of wire
is used for the windings Many engineers
use enameled wire of varipus colors to
avoid this problem. Green, red and brown
wire is often used. You can solve the
problem by dipping the wires in different
colors of paint before using them. | have
had good results by spraying the wires with
fast-crying paint.

A Handy Broadband Amplifier

Mazny times we find ourselves in need of
a littlz extra “push'’ when working with a
spope or frequency counter, Perhaps the
sampling point in the circuit has insufficient
signal voltage 1o trigger our frequency
counler of cause ample deflection on the
face of the scope tube. A broadband
amplifier is useful at such times to give that
weak signal the needed boost.

Our workshop project this month is
shown schematically in Fig. 4. [t is
patterned along the lines of a broadband
amplifier designed by Hayward, W7Z01.
His design did not use transformers and
there was no high-level stage at the tail end
of the amplifier strip, hor the feedhack net-
works are similar to his. The particulars of
the general design are given in the text of
Solied State Design for the Radio Amateur,
referenced earlier in this article.

CATV transistors are used to ensure
good bandwidth (1.2 GHz f{) and
lineanty, Each stage is biased for linear
Class-A uperation. A combination of shuot
and degenerative feedback is wsed
throughout the circuit. The input of each
amplifier is roughly 50 ohms, and each
outpet is approximately 200 ohms with the
values given, Amplifier stability is excellent,
even when there is no termination at the
input and output ports. Circuit boards and
parts kits for this circuil are available.*

The bandwidth is flat from 400 kHz to
34 MHz (within 1 dB). | measured the
overall gain as 41 dB. The maximum .ac-
ceptanle output, in terms of distortion, is
0,25 W. The circuit draws 90 mA of cur-
rent with a supply voltaze of +13.

(haing to the linearity and handwidth of
the circuit in Fig. 4, it is ideal as a drop-in
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Fig. 4 — A practical elreult for a broadband linear-amplifler strip, This can be used as an instrument amplitier, a lowJevel AF strip In a transmitter
ar as pan of & receiving-loop preamplifier. Resistors are W carbon-compositicn unless otherwise neted. The polarized casacitor is tentalum or
elecirolyiic. All others are chip-style or disc-ceramic with chort lsads. T1 and T2 contain 15 primary twns of no. 28 enameled wirz on an Amidon
FT37-43 toreld zore. The secondary windings consiat of seven lurns of no. 28 erameled wire. T3 uses an Amidon FT50-43 toroid cors with 12
primary turns of no. 26 enamaled wirz, The secondary of T3 contalns six turns of no. 26 wire.
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=2 siching patiem for tha broadband amplifier of Fig. 4, The pattern is
o the foil sidze of e board, Black areas ropresent unetched copper fall,

Fig. € — Ssrs-oecessr puics for the broadband emplifler of Fig. 4.
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tnit for an HF-band CW or 35B transmit-
tzr. It can be used a; the low-level section
of such a transmitter. [ wish to caution vou,
Fowever, that it should not be used for
QRP operation unless a suitable harmonic
filter is placed between the amplifier output
and the antenna. A Falf-wave style of filer
should be suitable if you want to try your
hand at low-power operation,

Terminals X and ¥ on the circuit board
are available for useas a standby point, or
for CW kewing, If a {eving line is attached
at X and Y, be sure to include a shaping
network so that your signal won't sound
clicky.

This amplifier can be used also as a
preamplifier for loop antennas. A step at-
tenuator can be inserted at the output of
the amplifier to cortrol the gain. If you
choose to use this cirzuit in such a manmner,
a low-noise preamplifier should precede Q1
ol Fig. 4. 1 find that a JFET siage Is
suitable for this purpose. Owing to the
small signal that a receiving loop provides,
the preamplifier {even at 1.8 MHz) must
be a low-noise type. If not, you will enjoy
listening to “*pop-corn’ noise along with
the DX signals! Q1 does not have a low
exough noise flgure for satisfactory weak-
signal reception.

Construction

If you choose to make your own BFC
board for this project, try (o keep all stages
in a straight line. Keep the PC-board fols
short and direct. Minimize the lead length
of each capacitor and resistor, Make sure
the transistors arc seated close to the PC
baard in order to keep their leads as shart




Flg. 7 — The assembled broadband amplifler. Mote that in-ling layout |s used

as possible. A crown heat sink is needed on
(3, the 2N5109, A coating of silicone
grease should be applied to the transistor
cap before installing the heat sink. Double-
sided PC board is recommended in the in-
terest of stabilitv, Fig. & shows the parts
placement for the circuit board, as seen
from the component side. A scale template
of the PC board pattern is provided in

Fig. 5. Fig. 7 is a photograph of the
assembled amplifier,

Some Final Remarks

I hope you have learned the basics about
narrow-band and broadband amplifiers,
Certainly, we've only scratchec the outer
layer of the subject, A thorough treatment
would require several Q8T installments.
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Cur purpose this time is (o explain the dif-
ference between amplifisr tvpes, and to
provide a project that would enable you to
try your hand at broadband amplifier con-
struction and use,

A troadband amplifie- can be built for
Class A, B or C service, jusl as narrow-
band amplificrs can. Tie advantage of
broadband designs is, in retrospect, 10 ob-
tain a wide frequency response with
relatively flat gain. This helps us 1o design
circuils that do not require band-switching
provisions. In other words, it simplifies the
design of a multiband transmitter. But, as
an instrumentation amplifier, the circuit of
Fig. 4 has 4 great many advantages around
the workshop, Good luck with your
praject.
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From September 1984 QST, p 19:

Electronic Switching
and How It Works

I'WE BEEM

FUE TERRS!

hat could be more ordinary than
W a switch? True, they are not very
spectacular devices, but faw cir-
cuits can be made to function without some
type of switch — mechanical or electronic.
Electronic switching is not new, but the
state of the switching art has moved for-
ward in grand style since semiconductors
became as common as patent medicines.
Furthermore, the cost of a solid-state
switching device (diode, IC or transistor)
is generally less than that of 3 comparahle
mechanical unit, such as a toggle switch.
Substantial levels of ac and dc power can
now be switched by means of large diodes,
power FETs, Triacs, and the lite, Also,
relatively high potentials can bz accom-
modated safely by some rather small
semiconductor components, At the dawn-
ing of oui solid-slale era, we were able (o
switch low amounts of signal and de, and
at fairly low voltage levels. It seemed in
those days that the technology was not
going to offer much promise toward re-
placing cumbersome manual switches with
tiny diodes or transistors, but the trend
today iz clearly toward semiconductor
switches, Amatenrs can take advantage of
the many options presented by solid-state
switches, 5o let"s examine a few basic con-
cepts and se2 how we can develop practical
circuits that use diode znd transistor
switches. Firsl, in the interests of accuracy,
let’s lock at the shoricomings of electronic
switchsas

Some Limitstions

electronic-
, We can’t
mechanical
come close

SWITCHING CHRELITS

TIME TO RETIZE. 3.
OLP TIMER. I CAM
GO THE J02 BEvTTER'

to reslizing the concept of universal
replacement of mechanical switching com-
ponents. What are the trade-offs? First,
high-pawer RF switching is still a tough
assignment with present-day low-cost tran-
sistors or diodes. Second cn the list of not-
so-neql features is that large solid-state
switches need heat sinks of substantial size,
and they may also call for cooling fans.
This results in mass and expense that is not
acceptable for amateur projects. High-
power switches can become larper and
more costly when using semiconductors.
Number 3 on my list is th: inherent inter-
nal resistance of most solid-state switches:
It is seldom possible to have a zero
resistance through a semiconductor
switching device. Although the resistance
of such a semiconductor junction in the
on mode may be only a fraction of an
ohm, it can be encugh to cause a problem.
Some semiconductor switzhes have inter-
nal resistances greater than an ohm when
activatzd. This becomes a source of dif-
ficulty at high power (healing and voltage
drop by virtue of the 2R rule), and in cer-
tain tvpes of switching circuits it means that
complete switching is not possible. For ex-
ample, the internal resistance of a power
FET is specified as RDS (resistance from
drain to source) when it is switched to the
on state. This will vary with the device,
and can range from 0.5 ohm to a few ohms,
depending on the particular FET chosen.
Well-degigned mechanical switches, on the
other hand, will exhibit a nearly zero-
resistance condition betwesn the contacts.

How else might we vilify the solid-state
switch? Well, we should mention that
input-output isolation is seldom of the
magnitude that we can obtain with a
suitable mechanical switch, This is caused
by the semiconductor internal resistance
and capacitance. It is a concern mainly
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Replace those old-fashioned toggle
switches with up-to-date diodes
and transistors and you'll have
simpler, less expensive and

less curnbersome circuits.

By Doug DeMaw,* W1FB

when we wish to use a semiconductor (o
switch a signal ling; for dc applications it
is not a matter of importance. Finally, in
many circuits that contain  electronic
switches, we need to actuate them by means
of a mechanical switch. Howewer, it is often
practical to control dozens of electronic
switches simultaneously with a single SPST
mechanical switch, and therein lies the
advantage!

Some Basics

Fig. 1 illustrates the fundamental prin-
ciple of mechanical and solid-state
switching. Assume we wanted to apply dc
to a specific module, Example A shows the
mechanical means (o do this. Circuit B
relies on a bipolar transistor to switch the
de on and off. The dashed lines shaw that
the base of ()1 must be grounded to actuate
the circuit. This can be managed by the wse
of a mechanical switzh, or by triggering Q1
with another semiconductor switch
élsewhere in the system. The use of a PNP
transistor permits application of the
4+ 12 V to the emitter, and also enables us
o turn 1 on by grounding the base
through R1. If we used an NPN transisior
at Q1, we would ne=d to apply + 12 V at
Rl in order to saturate {switch) the tran-
sistor. Also, the + 12V of operating poten-
tial would have to be fed to the collecior
rather than to the emitter, as shown.

By prounding the PNP-transistor base,
¢r through applying | 12 V 1o R of an
NPM device, we are providing what is
called forward bias. This causes the tren-
sistor 1o conduct heavily, which makes it
perform the switching function. Too much
current, caused by excessive base-emitier
voltage, can destroy the transistor.
Therefore, a series resistor is used (Rl).
oo little Forward bias, conversely, will
prevent the transistor from saturating com-
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Fig. 1 — Comparison belween a simple
mechanical switch and an equivalent solid-
state lype.

pletely. This will result in partial operating
voltage reaching the module of Fig. |B.

A comparison between mechanical and
diode switching is offered for your stady
in Fig. 2. Circuit example A illustrates the
old way of selecting crystals in a multi-
frequency oscillator, This methed is acczpt-
able if the switch leads are very short or if
the crystals are mounted directly on the
switch, It is necessary to always keep RF
leads as short as possible to prevent impair-
ment of the performance.

Fig. 2B demonstrates the use of dicdes
in place of 51 of Fig. 2A. This enables us
to locate the selector switch a great distence
away from the crys:als, and the connecing
leads will carry de rather than RF, The
diodes offer a practical convenience, and
the same control switch may be used to ac-
tuate many solid-s:ate switches elsewhere
in the overall equipment when the crystals
are selected one by one. The 4.7-kil
resistors near D1, D2 and D3 limit the cur-
rent that flows through the diode junctions.
They also serve as RF chokes in the
swilching lines 1o 51. In this low-power cir-
enit, we can safely use inexpensive 1MN914
high-speed switching diodes. They are
suitable into the microwave region. When
de is routed to a diode through 51, it
becomes forward biased and conducts,
thereby completing the circuit between the
bottom end of the crystal and ground.
Diodes can be used in a similar manner to
vonnplete various R circuit paths. They arc
often used in serfes with signal lines.
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Fig. 4 — Varlous semiconductor swilches [see texi).

Examples of series diode switching are
given in Fig. 3. The circuit at A shows a
typical arrangement in which we might use
diveles o selest band-pass filters. The Input
and output erds of each filter are connected
to switching diodes to permit electronic in-
sertion or removal of the desired filter. This
circuit will function as shown, but it is a
simplification of diode switching, for the
purpose of making the example less dil-
ficult to understand. Each diode has a
4.7-k1 resistor in series with thke related
+12-¥ line 1o limit the junction current
and to function as an RF choke. I the
resistors were not used as chokes, the input
and cutput signal to and from the filters
would be lost 1o ground through the + 12-V
line. Each diode obtains its de ground
return through the tuned-circuit windings
(L1, L2, L3 and L4). Small diodes of the
IMN914 variety work well in this circuit.

A better way to employ diodes for series
switching is shown in Fig. 3B. Here we have
two diodes in a back-to-back arrangement.
This circuit would be used at each end of
FL1 and FLZ of Fig. 3A. The advantage
of using iwo diodes is better isclation of
the filters. Forward bias is applied to the
diode anode: via 51 when a filter is
selected. The unused filter (not shown) is
well isolated from the signal line because
reverse bias (+ 12 V applied to the diode
cathodes) is switched to the dormant diodes
to prevent any conduction caused by RF
energy that may be pretent. When S1 of
Fig. 3B is set for FL1 us=, DI and D2 are

turned on and the signal path is completed.
When 31 1s changed for use of FL2, D1 and
D2 are reverse biased to turn them off. Ad-
ditional ground and + 12-Y lines are also
connected to the contacts of FLI to con-
trol the remaining six diodes that would be
used for two filters of th type indicated
in Fig. 3A. One DPDT switch would be
used to control all eight diodes.

Here we see the advantage of solid-state
switching, lor il & mechanical switch were
used, it would require four poles with two
positions each. Also, the lead lengths from
the filters to the switch sections could be
prohibitive, and the input/output isolation
of the filters could be poor because of
signal leakage across the swirch sections,
RF chokes can be uwsed in place of the
reaiarors if desired, but there should still be
a current-limiting resizstor in the de line to
the diodes.

Basic Shunit Swilches

Fig. 4 vontains a number of examples
that show how we may use wvarious
semiconductor devices as shunt switches.
51 in zach case represents a mechanical
switch or CW key that turns on the elec-
tronic switch. As we learned earlier, turn-
on can be effected also by other electronic
switches in the overall circuit. For exam-
ple, AGC voltage or rectifizd speech energy
could be used to actuate & semiconductor
switch, depending on the application for
the switch; the possibilities are virtually
without limit.
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Fig. 5 — Practical circuit for an electronic
1and kay. The etchedfail grid at the laft is the
daying contact. Transmitler or code-practice

2scillator keying cccurs whan tha operator
slaces his or her finger on the copper grid.
The resistor i5 in ohms, and the capacitors ara
n microlarads.

Circuit A of Fig. 4is an NPN transistor
switch. A positive voltage is required at the
base of ()1 in order o turn it on. The 10-k0
resistor from the base to ground is used wo
minimize tranzistor leakage current when
lhe switch is in the oFF mode. This circuit
might be used (0 key a driver stage in a
solid-state OW tranemitter. If so, the col-
lector of Q1 would e hooked to the emit-
ter of the keved stage. 51 would be the CW
key, or the keying line from a kever.

Fig. 4B shows a similar circuit, but with
a power FET switeh. Since we have an
enhancement-mode FET in our circuit, the
iransistor reguires a forward gate bias to
lurn the device on and make it switch,

A simple diode switch is shown at Cof
Fig. 4. To the right is a8 PNP transistor
switch (D). The base must be grounded
through the 2.2-ki resistor to cause turn-
on. A 10-k resistor 1s connected from base
to the + 12-V line to help cut off the tran-
sistor in the oFF mode. This resistor can be
¢liminated in the circuits of Fig. 44, 4D
and 4E if two 1M9214 diodes are connected
in series with the emitter leads. The diode
junctions will reverse bias the transistors by
approximately 1.4 V. The resistor or bias-
ing diodes are especially important in the
circuit of Fig, 4E — 1 relay driver, Without
reverse bias, the ‘relay may remain
energized after the transistor is turned off.
This is because a small amount of leakage
or idling current will remain, and it may




be ample 1o keep the relay closed once it
has been energizec. DI of Fig. 4E is used
to clamp voltage spikes that occur when the
field coil of K1 collapses at turn-off. Such
spikes, if allowed to exist, could follow the
+12-V line and damage semiconductor
devices elsewhere in the circuit.

An Electronic Straight Key

So that we may understand how two
transistors can be arranged to work in con-
cert as de switches. let's look at Fig. 5. (1
iz made to turn on when we place our finger
on the circoit-board foil at the left, The
resistance of our skin completes the bias
crreit tor the base o1 Q1. Uhis actuates 1,
which in turn fires Q2, the keving tran-
sistor. When Q1 switches on, de voliage ap-
pears at the emitter. At this moment, the
positive potential also reaches the base of
(32, causing it to switch to the On state,
This closes the keving line to our
transmitter.

There is no curcent-limiting resistor at
the base of Q2 because there will not be a
prohibitive voltage level coming from Q1.
This is because the contact resistance of our
fingers is sufficiertly high to prevent Q1
from completely saturating. Hence, the
output voltage from the Q1 emitter wil be
low enough for scfe operation of Q2. A
huskier transistor can be used at Q2 if the
kev-line current warrants a transistor with
a dissipation rating greater than that of the
2N2222, A 2N2101 {or equiv.) would be a
good choice.

A photograph of a crude 1est model of
the hand key is presented in Fig. 6. The
copper grid is etched as shown, and
isolating pads are used to contain the tran-
sistors and related parts. A three-circuit key
plug is needed to accommodate the + 12-V,
keving and ground leads. This key will
operate satisfactorily from a 9-V transistor-
radio battery as well. Three bypass
capacitore are used to help keep unwanted
RF energy from affecting transistor
performance.

Fig. 7 shows thedriver and PA stages of
a simple QRP CW transmitter, The key
from Fig. 5 could be used to operate the
de switch, 03, of Fig. 7. When our finger
is placed on the copper grid of the key, Q3
will turn on. This action will permit the
flow of de to driver @1, thereby keying our
transmitter.

D1 and D2 of Fie. 7, 1M214 small-siznal
diodes, are used asa TR (transmit-receive)
switch. This circuit was introduced by Wes
Hayward, W7Z0I, and has been used for
QSK (full break-in) in many of his QRP
rigs. In this example, the diodes are tumed
on by RF energy from the collector of (32
when Q3 is actuated. Some of the RF
voltage is sampled by Cl and is routed 10
the diodes, During transmit, D1 and D2 are
shorted to ground, thereby protecting the
recetver input circuit, The diode conduction
threshold ie roughly 0.7 V. As a result,
there will be a 0.7-V RF potential appear-
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Fig. 7 — Example of a transistor keying switch {23) and twe diodes (D1 and D) used as TR

switches for OSK operatlan.

ing at the receiver input circuit. This is not
a great enough voltage to cause harm to the
receiver, I have applied that amount many
times to the input line of my FTIME,
FTIOID and FTI0Z transceives, and no
damage resulted. Greater details of this
type of TR drcuit are given in the League's
book, Solid State Design for the Radio
Amateur.

One of the penalties for using the simple
TR circuit of Fig. 7 is a loss in received
signal {about 6 dB, from my experience).
This is because C1 must be relatively small
in value to prevent it from affecting the
design of the output network of Q2. [ use
a capacitive reactance of 400 for C1. Thus,
at 7 MHz, we would have a 36-pF capacitor
at C1. The signal loss can be corrected by
inserting a low-gain BF amplifizr between
the TR switch and the recefver input line,
Fig. & shows how this might be done. A

grounded-gate JFET, such as an MPF102,
would serve nicely at Q5.

A More Elaborate Switching Circuil

Aar illustrative Lansuitler  circuwll s
preserted in Fig. 9. The arrangement for
Q4, Q5 and Q6 is one | developed for per-
sonal use with a few QRP rigsup to 3 W
in RF output. Q4 is a standard PNP key-
ing switch, as discussed earfier. It not only
actuates oscillator Q1, it also triggers dc
switch Q5, which in turn activates Q6.
When the key is closed, the signal energy
to the receiver is shorted (o ground by Q3.
At the same moment, the series diodes, D2
and 03, are turned off by virtue of tran-
sistor switch Q6 being in the OFF state.
This prevents signal energy from passing
through the diodes to the receiver. When
the key iz up, Qb conducts and provides a
dc ground return for the diodes, which
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enahles them to reach the o state. In ef-
fect, the action of Q3, D2 and D3 offer
added attenuation and double protection
for the receiver during transmit periods.
I'he use of 5 alone greatly reduces the
signal level to the receiver input, as com-
pared to the circuit of Fig. 7. [ have
measured only a few millivoles peak to peak
from the receive line 1o ground when using
a transistor shorting switch in place of TR
diodes. There is no parts lis. for the
transmitter f Fig. 9, since ir is purely an
example of how the switching technigues
might be used. If you like QSK cperation,
¥ou may wenl (o experiment with this
circuit.

In Conclusion

The intent of this primer on elecironic
switching is to stimulate thinking on vour
part, and Lo encourage you to work with
semiconductor switching circuits. Since [Cs
contain diodes and transistors, many of
them are applicable to cireuit switching. A
number of logic 1Cs are designed expressly
for switching use and fo- gating.

Cerainly, solid-state switches lend
themeelves well 1o use in compact cireuits.
The overall cost of a switching circuit may
be somewhat less than that of a similar cir-
cuit containing mechanical switches. Also,
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by replacing relays with semiconduztor
switches, we can greatly reduce the current
required by the overall circuit in our gear,

PIMN diodes are designed especially for
switching in RF volage lines. An excellent
example of PIN diode TR usage is given
in The Radio Amateur’s Handbook, See
the chapter on keying (in recent editions),

You should have no problems in ob-
taining suitable switching devices these
days. Ham radio flea markets and surplus
outlets offer a plethora of diodes and iran-
sistors for this job, and the unit prices are
often less than 10 cents! Perhaps it's tme
for vou to “switch' to solid state!




From Ociober 7287 QST, p 36:

Reducing AM Detection in Direct-Conversion Receivers

(] While building sguipment for the 40- and
0-meter bands, [ discovered that AM datec-
tion is a common problem in D-C receivers,
I nzed a singly halanced, fonr-diode detector
followed by 85 dB of audio gain and a con-
ventional RO active filver with additional
gain, When the receivers were completed,
both would detect any AM signals above
abour 200 gV in level. This is a problem
because there are many such signals in the
neighborhood of our 30- and 40-meter bands.

I went to some lengths to decouple and
shield each receiver's L0, and o provide KF

From July 1977 QST, p 51:

decoupling between the detector ard the audio
amplifier. Meither of these changes made any
improvemen:,

Oscilloseose display of the detected AM
signal showed an interesting peculiarity: At
the receiver input, most signal: exhibited
symmetrical noise—but the detecred AM
signals showed only nepative-going noisc.
This led me to suspect that the detection was
actually taking place in the audio amplifier.
Further, working with a receiver with no
front-end selectivity, | found tha: sensitivity
to AM detection decreased with increasing

separation between LO and AM signal fre-
guencies. This strengthensd my hunch.

I salved the problem by nstalling a passive
L-network filter, witha bandwidth of several
hundred hertz, between the detector and the
audio amplifier. T used a design similar to that
shown in Fig 12 on p 77 of Sofid Stare Design
Sor the Radino Amatewr with good resules,
With the filter installed, the modulation on
AM sipnals of szeveral thousand pV isg
inaudible with @ 10-kHz LO/signal spacing.
—Denton Bramwell, K7TOWS, 3139 Bovalton
Hewgh's K, S0 Joseph, M1 5083

Common-Mode Hum in Direct-Conversion Receivers

A diract-conversinn receiver may he virfuslly
impossible to use with ac-line operated power
supplies, owing fo excessive hun. Part of this
problem iz that a direct-conversion receiver
obtains mosi, i not all, af its min gt cudic
frequencies, Hence, the high audio gain makes
the system subject to the smallest ac hum on
the pawer supply. The cure for thas problem
is just bhetter regulation in the power supply,
which is easily resfived with an intcgmted-
circuit regulator.

A more subile Torm of hum is also
commaon and does not depend upon power-
supply regulation. This hum is not prasent
when no antenna s connected to the “'de”™
receiver, However, when an antonna 18 at-
tached, a very rough sounding Bem-like noise
is noted. The amplitude of this response peaks
us the antenny trimmes is tuned. There are o
number of possihle explanations, The most
realistic s that localascillutor energy from
the de receiver s coupled into (he powers-
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Using a taroid with bifilar winding ta reduce
hum,

supply Hres. This energy i5 transfeceed buick
throtgh the power supply where it 5 modo-
Breel hy the rectifiee dindes. T resulting
humemadulzted note is now coupled into the
ac line. This signal & radinred and picked up
by the nearby sidion antenms Only the
sidebands are detected

While dispnasis af 4his problems mav be
cubitle, 5 salution is deceptively simpls and is
shown in Fig. |. A large fersite toroid is
wound with a bifilar winding of reasnnably
larpe wire diameter. Ten furns of no. 18 are
usieally  sujtable, The core is not critical
although it should have a high permeability,
An Amiden FI-82-75 5 recommended. The
effect nf this balun-ike circuit is to present a
high impedance tor any 11 paths between the
receiver and the power supply. Only the de
difference voltage from the power supply s
apphied 1o the receiver,

In the writer’s station this methed was
applied with three diffesont direct=conversion
recoivers. Inotwo of the three vases the
receivers were previously useless except with
battery prwer souarces. With the toroid, no
differepees could be deteered when switching
from & battery pack 1o & well-regulated ac
supply — Wes Haovward, W7ZOI, 7700 SW Darielle
Ave, Seaverion, OR §7005

Series-Resonant Circuit Enhances Desired Signal

in QRP Rig

[J During cut-and-try construction of a
OQRP CW rig that uses push-push douhbling
to produce 14-MHz drive from a 7-MHz
VFO, I discovered thar the stages following
the doubler had output everywhere except
14 MHz! [ solved this problem by installing
a series-resonant tuned circuit berween the
doubler and its buffer stage (Fig 3). | have
also  successfully used series-resonant
circuits between the antenna and output
stages of monoband rigs to minimize TYI.
(By the way, I [irst submitted something
for Hints and Kinks in /932, but Q5T
didn't publish that hint. | have since
recovered from my feeling of rejection and
decided to try again!}—HBob Kuehn,
WeHKF, 1871 Sitver Bell Rd, Apt 313,
Eagan, MN 55122

+Y
19 MH: T Bulter
1a
\“ Drriver
|
fearn H C:\ T
Daubler

Fig 3—Bob <uehn addad this 1¢-MHz series-resonan! circuit (L1C1) 10 clean up the oul-
putl of & push-push doubler in his homemade QRP transmitter. L1 consists of 44 turms of
no. 24 gnameled wire on a T-68-2 powdered-iron toreidal core. C1 is a small air-dialactric
capacitor capable of being set to about 11.5 pF.
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