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Foreword

ARAL and Doug DoMew have ancouragsd ORP operallon and GRP opacators
or many years. Together, the League and DeMaw have published many artickes
ard books ol irderast to QAP arthugiasis. In July of 1991, tha Board of Cireclors
of ARAL voled unanimously o recognize and congramulate Dowg Dekaw, W1FH,
Ior hia many contibutions 1o Amalsur Radio. A brisl history of Doug’s caresr (3
prirked on the back cover of this boak,

Many of you, no doubl, purchased Lhe firsl adition of Ihe QAP Notabook. That
Bk wia the hiel in what was o become a zares of Hobsbioks prapiansd by
Doug at his home 0 Michigan. We are very pleased o publish this second,
camplaiply meviosd, edibon.

Whethar you are new to QAP or an old hend ar I, you should find circuits and
koas of inberest in this adition. In reading s loreword to the first edition, I've
decided that the finat wo paragrephs, repeated balow, arg az rpe todey as theny
wara than.

Exparimantaton and low-power operating go hand in hand. Construction of &
camlale modem banscavar B A majir undstaking, but zomes ol the circulls In
thiz boak can ba pul togethar n en ewvendng or & weskand [om A fes dollars'
worth of pane. Once bullt, the eguipmen can ba tested and improved as your
undarstanding and sklF grow, Mamy of the simpier clrculla can be used later ag
para of More Compleg projacts,

Wa hops Lhat Lhis book wiR ancourage you Lo piok up the solderng Iron and
gree one of the cincuita a try. Expanence Arsthend tha thnll of & contact with
squipmenl pou Bult.

Drald ZFumier, K1ZZ
ExacUtive Yics Prazident
Nawington, Connecticul
September 1891

Pleaz# rrate: The prices tor pans and other ifems mentioned in thie ook were accurala
when the back was publishad. Pleass check with the suppller belore serding money, ag
all prices are sublect tr change.,

Ermata
Fage Fig Mo,  Descrpran
o5 315 L1 zhouid bie labeslad L2
126 4-13 256 and G5 are shown backward; the flal side shoulkd e 1 1he right
211 ghould be lnbaled G113
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The Amateur’s Code

The Radlo Amateur is:

CONSIDERATE. . . naver knowingly operates in such a way as to lessen
the pleasure of others.

LOYAL. . .offers loyaly, ancouragement and support to other amateurs,
local clubs, and the American Radic Relay League, through which
Amateur Radio In the United States is represented nationally and
Internationally.

PROGRESSIVE. . . with knowledge abreast of sclence, a well-built and
efficient statlon and operation above reproach.

FRIENDLY . . . slow and patient operating when requested; frlendly
advice and counsel to the baginner; kindly assistance, cooperation and
consideration for the interests of others. These are the halimarks of the
amateur spirit,

BALANCED. . .radlo is an avocation, never interfering with duties owed
to family, Job, scheol, or community.

PATRIOTIC. . .statlon and sklll always ready for service to country and
community,

=—The original Amateur's Code was written by Paul M. Segal, WOEEA, in 1928, ..
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AUTHOR MESSAGE AND ACKNOWLEDGEMENTS

ag I prepare for my retiremant from article and book writing T
wizsh to epclose theze thoughts with what may bha my last eifart
at sharing with you the experiences and circuits that have made
my QRF adventures 50 memorabla. If I were =sked to offer a eingle
statement of encouragement to the body of amatenrs, worldwide,
it would be somathing like this: Make an gifort Lo avocid technical
complacency. Doo't rely on commercial eguipment whan aooembling
your amateur Sstation. Exparience the thrill of bullding trans-
mitters and receivers. and galn valueble axperience 1o the ProcaXs.
Half oi the fun assoclated with our grand pastime Iz based cn
communicatipg by radis with eguipment we have built.

puring my 41 years as a licensed amatewr I hawve built hundreds
of transmitterz, receivers and allied equipment. I confesa that
I did not always understand =some of the circuits I built, but
along with the frustration of making them percclate came a learning
exparience that was more than worth the agony of struggling to
obtain the expected performance. Later, after going to school
and working as an electronics engineer, it pecame aasy ta desigo
amateur gear that worked well, But, I ahall always Temember with
joy thoge early days when most circuits secemed like magic. even
though some of them were never honad to perfectign.

T+ has been satisfying to present beglinner t¥pees of articles,
series and books 1n the pages of ARRL pablicaticns. Many letterse
have been received from young engineers who attribute their caraers
to the inepiration provided by League publications and my work.
AS @ young persocn, you may have a career in electronics awalting
you, if you are willing to study the ARRL technical literaturs
and construct eguipment that can be used 1n your lak or ham shack.
amateur Radlo is & rescurce that ie yet to be tapped to its fulleet
measure by many licensed hamsg.

Certainly, my carser waould not have heen sufcessful without my
long-term asgociation with The ARRL and the many amateurs and
engineers I have known. I appreciate especially the many long.
wee-hour gab sessieons I had with such people as Wes Hayward (W72Z01}.
Byron Goodman (W1DX), Al Helfrick (K2?BLA), Rovy Lewallen (W7EL},
Harold Johnsen (W4ZTH) and Doug Blakeslas [N1iEM}, during which
we discussed circuits and technigues without respike. My owverall
knowledge has been greatly enhanced by exchanging ideaz with these
men. I wish to thank the many applicatione engineers who offered
gage advice over the years.- Notable among them are Helge Granberg
(KTES), Roy Hejhall (K7QWR), Ed Oxner [KBEF)} and Mike Metcalf
{WTUDM}. WMo emall measure of oredit for my sSuccess goes to my
enduring wife Jean, W1CKK, who encouraged e as I did research
and wrote rechnical papers and books.

vy 73, Doug DeMaw, WIFB [ex WBHHS)

———— e —— e ———




CHAPTER 1 1

INTRODUCTION TO QRP

What motivates the low-power (QRP) amatewur gperator? This guestion
does not have a simple answer, A wvasif number of OEPers are "turned
o by the relstive simplicity of most home-made (QRP equipment,
Simple gear is not only @asy t¢ construct and operate, but it is
fairly inexpensive to bwild. This has special appeal to those hama
who lack technical backgrounds and have yet te develop their =kills.
Furthermora, many of published QRP citcuits may be assemkled on
a PC {printed cirxcweit]) beoard that is avallable by mail from ooe
or more DMO-bpard wenders, The parts-placement guide for a given
project is generally published in the related article. Guesswork
is thus eliminated for the most parct.

Other amateors hawve the ability te design their own circwmita. QRFE
equipment offera a short=-term exercise in the wWorkshop berause
many of the projects ars simple. This enables an experimenter to
try new circuits in an evening or within a couple of davs. lle can
try new ideas and obtain faat results. He may continue teo work
with hia new circuit until it is perfecLedl, &t which time a final
madel can be built, housed in a cabinet and used in his station.

Other QRPers are captured by the nostalgia that cakes ihem back
to the early days of Amateur Radic, when hams, through necessity,
used only a few watts ol RF power for communicating. In other words,
they had te do thinge the hard way. Each succesaful 80 was logged
82 an achievement! Pride accompanied home-made gear and the ability
to he heard at greast distances.

I have spoken to a pnumber of QRPers who expressed boredom from
using atore-bought, high=power (QRO)] kransmitters. Worldwide oS08
via brute-force methods were ng longer stimulating to them. They
found relief when giving up the mayhem of DX pileoaps, taoght oerves
from battlipng phone-kand QEM and honsehold power hills that were
inflated from the uwse of high-power tranamitters. QREF offered a
new and exciting challenge as they worked for theiyr WAS {worked
all states} or DXCC (100 confirmed cocuntries) with less than &
watts of RF power. As pest contesters rthey were able to sacisfy
their competitive urges by taking part in the many QRP contests
that are offered =sach year.

Gtill another advantage associated with QRP cperation is the relat-
ive freedom from TVI and RFI. The fundamental overloading of 1TV
receiver front -ends iz seldom a factor at low levels ol RF powsar.
Also, the magnitude of the transmitter harmonics i= very low when
we pse RQRP transitters., Thnis @laoc minimiges potential interference
Lo entertainment Jdewices such as TV sets, FM repeivers, WVCOEs and
telephones.

In general, QRPers are a speclal bresd ot friendly operators, Yoo
have much to gain by dgetting involved in this growing movemenl.
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Home-Made versus Commercial Equipment

The aasy way to QRP operation ie via store-bought equipment. Most
100-W or greater transceivers can be operated at 5 watts or lass
by simply reducing the drive to the finel stage of the transmitter.
This may- be done by turning the DRIVE control fa the left, or by
detuning the PRESELECTOR circuit in some tigs. Of course, you wilkl
need an accutate EF wattmeter to ensure that the ocutput power 1B
less than 5 watte if you wish to use a high-power transceiver for
ORF work. Thersa can bhe no eatisfaction if we cheat on the power
amount! It would not be uwnlike going deer hunting, buying a freshly
killed desr From someone elpe, then boasting to youwr friends about
the deer you killed. Such things happenl

Commercial QRF eguipment is available from Ten-Tec Coxp. in TH.
The Ten-Tec Argonaut is designed specifically for multiband ORP
work. The Keath HW-9 transcelver falls into the same class, but
the latter unit is for CW only, whereas the "argo" enahles you
to use W and B5B.

A+ least wone meil-srder vender iz dedicated to selling cnly QEF
components and parts, The transmitters are for CW operation im
the HF bands. The owner is KEBKL apd his busingss name is (ak Hills
Resesrch (Blg Rapids, MI). QEP-related kits are avallable also
from ALth Engineering {(WBUCMY) in Anaheim, Ch.

You will feel greater pride if you build your own QRP gear. Half
the fun of QRPing comes from using homebrew transmitters, receivers,
antennas and associated equipment. [f you're a penpny pincher like
me, you will appreciate the monetary savings that come wlth parts
acrounglng and spparatus you built L[Xom scratch. But pethaps more
importantly, Yoo will "learn ky deoing.” This new knowledge will
help you to upgkade your license class and 1t may help lead you
inte a garveer in electronics.

QRP Communicaticon Distance

If you have not tried your hapd at QRFing you are probably curious
about the commuoications distances that are possible with law power.
This depends greatly upen the antenna you use, ¥oOur station leocat=
ion and your operating technigue. Let's compare a l00-watt gignal
tc = G-watt one. For example, if the other station gives you =&
eignal repect of 20 dB over 3% when you are using 109 watts, he
ehonld give you a report of 7 dB over 5% when you (QRF to 5 watts.
Mot = tremendous loge at all! Your signal should remain Q5 at the
-watt power level. Now, 1f you reduce your transmitter power te 1
watt, youtr report should be on the order of 53. You have last 20
4B when reducing the power frowm 100 watts to 1 wattl

Many OQFEPers have earned the WAS award. Dthers have garmered the
AREL DXCC awatd. In fackt, a favorite pastime of some QRP Operators
ig to see how many miles they can communicate per watt or milli-
watt. [t is not wouswal to find a QRP enthusisst using ouly 50
or 100 mW for contacts out to 500-1000 milem.



Antennas for QRF Work

We need to recogrize at the baginning » nead for effective antennas
whan wa are using low power. I have met JRPers who labkored under
the misbelieft that a simple antenma, such as an end-fed wire of
random length, close to the ground, 15 & proper accompanyment for
a OQRP riq. Aveid thie sltuatioen 1f wyou're unwilling to ifnfliet
migery npon yourself! Compunicating over great distances 1s tough
enough at the 5S5=watt or lower level, and 2 poor antenna worsens
the odds, ©On the other hand, I don't wish te suggest that your
kit of goodies contain a portable tower and a triband Yaegi. A full-
pize dipele, inverted-L, full-wave loop or gQuarter-wave wvertieal
iwith at least four radial wires) will yield many sclid QS0e. You
should strive to erect these simple antennas as high above ground
as practicable. They should installed away Ifrom nearby conductive
vbkijects, such as power lines, telephone lines and metal buildings.

I have alwavs had good luck when using inverted-¥Y dipesles for QRP
work, They reguire but one support polnt, and coffer good perform-
ance at modest heights abeve ground.

The ARRL publishes a number of good booke that describe simple wire
antennas that work well. The ARRL Antemna Book heads the li=t. Yon
will aleo want a copy of WlFB's Antanna Botebook. Both books contain
nageful information about antennas you can build ea=sily and at modest
cost. The lattar poblication is written in plain lanquaga that
beginnera can understand and there is oo nead for complex algebra.

You may want to construct portable sntennas for QEER junkets, such
a% camping ¢of hiking trips., There iz nothing wrong with ueing wire
of small gapge {no, 18 through 2&) in order to reduoce the weight
and hulk of the antenna., Tiny, lightweight insulaters may be used
with this type <of antenna te further winimigze bulk. I frequently
use heavy-duty rubber bands or mopofilamene fish line as inswlatera
for temporary antenmnas. A spin casting fiehing rod with a l/4-cunce
lead welight iz excellent for getting an antenna-support line over
@ tree. Miniature coaxial cabkle (RG-174) iz switabls for portable
HF antennas if the Feecder is not more than 50 feet long at the
upper end of the HF epectrum (17 through 10 meters) or no longer
than 100 feot for MF and the low end of the HF spectrum, from 16D
through 30 meteras. ERGE-174 is a very lasgey Iine, but it 18 small
and lightweight. This makes - it worth vconsidering for wse with
a dipale that you wish to carry in vour hip pocket ox tote bag.
BG-58 coax cable is a betrer choice if you can manage the extra
weight and bulk.

The "bottom lina" heare is to use the best, moet efficient antenna
gystem you can manage for ORP work. You npesd net he a masochilst
te anjoy low-power operation,

Operating Technlgue

You need tov apprvach ORP oaperatien with a different philoscphy
than when usitty higher power, Brute forge suyuccess, such as we may



experience with full legal amateor power, must be forgotten at
the G-watt power level., Our signals do net averwhelm the other
aperator's receiver. In & like manper, our peannt-whizstle pignal
does wot stand out in a DX pileup or amid ¢RN or QRM., Patlience
is a virtue we must all develop in order to succeed. At least a
modicum of operating skill 1s also @ reguirement for QRPers, To
this end. we need ta develop timing for <alling DX statione amid
a pileup. Calling slightly off freguency fout at the fringes of
a pileup) has been effective L[or me when chasing DX.

When calling CR it ies important to do it on a clear freguetcy,
well away fwhen posgible) from (SO0s that are nearby in frequency.
It may require saveral CRs before you obtain & responsg, but den't
be discouraged. I have experlenced this disappointment when using
B0f-600 watts of tranamitter oputput power. It ie & more commoh
event when I operate with less thap 5 watts.

I suggest that you aveoid responding to the CQ of a station which
has a wedak signal. The operator may be using full legal power and
an excellent zntenna, But, band conditions at the time may be very
poor, and hence his weak signal. In 4 reciprecal sende, your signal,
ander these bad conditions, may be inaudible at his end of the
circuit. Try to answer statione that have lowd or moderataly loud
signals, Your score will improve markedly if you adept this te¢h-
nigue.

ORP Bignal Quality

2 chirpy or buze-laden CW signal 1= hard to copy. Be sure you have
5 clean noke, This will aid your batting average. 38B signals that
have distorted audio are similarly hard to cepy. Etrive to have
high=guality audic. Heedless to =ay, & tranamitter that s=vwffers
from freguency drift is a force that worke against the GRPer. The
nkher station doss not enjoy "tracking™ a drifter. When we have
drift in a DQBF transmitter, the other operator may lose our gignal
guickly as if wanders inte a mesn of OFM en a nearlby fEreguency.

gther Sources of QRP Information

adrian Weise, WHRRSP, has written two good bosks on the aubiect
of QRP. Youw may want to contact him and abtain these books. The
ARRL has puklished an antheslogy of OQRP articles from past iesuas
of QST (ORP Clasaics). I recommend all of the above books for thea
dedicated ORPer. Another ARRL publicatien, Bolid State Deaign for
the Eadic amateur, may be considered & bible fer QRFP builders.
I+ has numercus GHRP receiver, transmittez, transceiver and related
circuitse that veou can build. The book treats theory in sipple terms
for the beginming technical experimenter.

ORP Soclities

The following pages <ontain leétters from key amateur organlzat-
inns that represent QRPers. I ptrangly recommend that if wou are
ant a member of The ARRL, you shauld join it to help suppoert the
couse of Amateur Radio. You will alse receive tha monthly journal

{turn to page B)




G—OQRF CLOB Rav. Gaeorpa Oobbs
QEYOTEDR TO LOW FOWER RADI¢ COMMUNICATION St, Alden's YicAaraga

498 Mgnchastar FEogad
GIRJV ROCHOALE,

LANCE. fL11 3JHE

E MG LAND

Phong: O708 1812

Dear Fellow gRFPers:

It is with great pleasipre that I writs & few worda to go Into
rhew secopd editiop of The WIFB ORP Notebook. I have commanded
the first edition of thke Pbeok to MALY rafios amatcurs in the UK,
For m&ny years we have appreciated and e foyed the work of Doug
DaMaw, WIFH.

Praditionaily, dim the UK, ORFP lInterest hag koen clcaely 1inked
with the building of one's own equipment. Most G-[RPar3 have Htat-
{ans whick are partly or wholly built bBo thmagszelvas, Liaten For
Furgpean QRF atatipns Adround 35&0, 7FAig, 16,106, 14,060, 21,060
and 28,06 kdz on CW. Some 558 activity cakes place on 36530, ToRa,
14,285 ana 28,885 Rz,

The G-pkP Clubk was rounded fir 1374 with sume 30 members. In 1383
we enrolled our 58060tk member. Although the ¢lub iz [k baxed.
it has members all over the world, incivpding geveral Ekondred in
the LEA. The eclubk exiszts to promote the interast and growth f[n
low power (5 watts or lega) radie communrication aepd fo eRcolrags
the boilding an@ operaticr of homa-made sgulpment, The club has
good Iinks with other {RF groups worldwlde. and easpeciallp with
the gRP ARCI In the [UEA. Our chief vehicle is & guarterly magazlne
mglled BPRAT. SPRAT has aiways been a coRsLructor's magazine and
hag a policy that regulres 2/ of Its pages Dbe devrobted to PEACE-
iral circuita the readers can holid.

Ir you wish to know more azbout the G-QRFP Ciuk and 13 work, weite
to me and I will send you = saople copy .ol ErRAT and detalls of
how ta join our clul.

on hehalf ©of the QRPers in the oK, May I .wish yon plessure in
building circuelts from this book, gnd success in &1l of your con-
srrucrion projects.

73 ~ EPE CU QRPFP,

George rtokba, GIRJV



The ARRL, Inc.
225 Malp S5treet
Newington, CT 061l

Phone: (203) 666-1541
Fax : (202) BE5=T753l

ear QRF Enthusiast,

¥You helong to & group of folks that understands that dB over 5%
are not necegsary when nolse and interference are absent. Youn
may very well build your own equipment. If not, you probably
make modificationz to your gear. Chances are that you place a
high value on cperating =skill and finessze. You may enjoy
competitve activitles like contests, chasing DX and earning
awards. You are involved in an interesting and satisfying aspact
of Amateur Radio, and 1t's great!

The Amperican Radio Relay League encourages QRF activity., We da
that by publishing books (like this one), and articles in the
afficial journal, Q8T. The popular Worked All States award can
be endorzed for QRP. The IARD award, Worked All Continents, is
alss endorzable for QRF. For morea than S0 years ARRL has
encouraged QRE operation ln the largest operating activity in the
world—-=-ARRL, Field Day. For several years the ARRL Internaktional
DY Contestr has featured a separate category, complete with
certificates and plagues for QRP operators. The Leagquea's VHF
contest=s benefit greatly from ORP portakhle oparations. Many
gther ARRL contests feature GRP competition categories.

As long. as hams enjoy and participate in QRP, ARRL will continue-
to support and encourage that interest.
With very 73,

Charles L. Hutchinecn, K2CH
Menbarship Servlces Manager




JRP ARCI

Faula Franke, President
F.O. Box 873

Beecher, IL 60401

It has Poan xafd apnd proven haky tiles Ehat “"Power 15 No spbsblibuts
For skili." Fhis phrase struck home durlng & 1988 DXpeditlon. LEETY
Maga, NUdE, and r operated XP2/0ORFP Iin & campgroupd on the island
of =t. John feor one week -in 188%8, one morning a8 voice halled oe
through the tent. ft belonged to a fellow camper who was lured
by the CK he w3 hearing., Xy wvisitor was & "big gun® BX rtype who
rogaled me with a laundry lisr of khis Amateur Radic accomplilish-
menia, Incliéding DPXCrC Honor REall. He commented wistfully thai there
watre no new Frontiers to explore. He had 1ocat the thrill For Ehe
chasa,

This won't happen to the average GRPer. We practice ham radde "limbor™
by pxperimenting with power toc BAae “"how low we can gol" Each QOREFP
cpergtlieon Includes the thrill of fhe pchase. QREP ARCY gupperts Itas
members in thizx pursuit, Members nposd not operate PRP 100% of the
timg. However, the clubl supports vhe interpaticnelly acoepted powel
Ievel of 5 W putput for CN and 10 W FEF for 558, respective Lo
contests and awarda, .

Various contests, ranging from Ffour-howrr Sprinls to weskahd raratloirs,
gre sporsored nearly wach monRkl. Alssa, & ORF nRet can bhe found glmoarl
daily. S0, {7 you're im the mReod for 8 QRF 30, anoy time of the
day or night, rcheck the QRP ARCI freguenciek: COCN == 3560, 7040,
14,060, 21,080 and 28,060 kHz. 558 =-- JIOES, 7F285, 14,285 and 28.
85 kfA:z. Noviceasx should try 3710, FlI1{, 21,110 and 28,110 kEFz.

CRE ARCI has awards for WAS, WAC amd DACC, plus WAS-MIlliwarlt.
A popular awerd Is our KM/SW (1000 mi. per wait). Tha Great Circle
dlatance ia divided by the ORFP power and musk sxceed 1000 ml. per
wattk.

Meaberghip 1a 312 H.5. (31ld foreigr). Nembers are aszxfagned a {DRP
ARSI numbar and recelve rour wearly fsgsues (guarteriyt of the club
Journal (The QRF Quarterly). The jourmal ceontains a rorum, cliroulrs
and Iftamx of OgRP [nterest,

QRF ARCI rvigorpusly promotres and defends the interasts of DRP oper-

ators worlidwlds., For aoore 1hforpacicon zend & large 5.8.52.&8. 1o
Publicity Chalrman Mike Fryce, WOEVGE, 2225 Nayflower NW, Naszillon,

OF 44647 .

Fope to mest you an the alr soon!

Paulla Franke, WNEBEITAU



of the League, Q85T. [t frequently contains QRP projects that you
can boild, and it keeps you abreast of changes in FCC rules, new
terhnical developments and operating news of interest.

EPRAT iz the QRP journal of the G-QRP Club. This fine organization
has members from many Europesan countries and the UGSA. The magazine
featnres =all manner of pimple GRP circoits, =long with news of
the growing QRP movement abroad. You will benefit from membership
in thiz club,

ORP BRCI (QRP Amateuwr Radio Club International) publishes a journal
called the DRP guarterly. This interesting megazine Eeatures nuamek-
pug circyites that are easy to conatruct, aleng with plenty of news
ahout ORP activities worldwide. The QBP ARCI group meets yearly
at the Dayton Hamvention in the QRP hoapitality suite. The club
alsc has a booth in the commercial exhibit area At HARR arena.
Representatives from QRP groups abroad, surh as from the G=QRF
Club, are usually present at the Deyton Hamvention. I recommend
that you joim ORP ARCI to keep informed and to help support the
nogvensnt .

m m g — mrmmm o i aom

5ti11 anocther QBRP organization is the Michigan QEF Club. Yon may
obtain, as a member, the monthly journal entitled The Plive Watter.
Contact Tom Root, WBBUDJ, for membership information.

the faregoing ORP organizations sponscr QRFE operating contests
from time t& time. ¥You can sharpen your operating skills ond meet
QRPers from all corners of the world 1f you participate in the
varlions conteste. Information about the times and ruwles foar thase
eyents are published in the journals of the JRPF elubs.

Fummary Remarke

Tha {JRP facet of Amateur Radio offers one of the most rewarding
challenges io our paptima. Owing to the relative simplicity and low
anet of QRP gear, the opportunity exists for hams from all walke of
life tc grasp the fundamentale of electronics through experimenting.
W1rp s Design Hotebocok [The ARRL, Inc.} is recommended reading if you
wigh to further your technical knowledge. It is another plain-
language book that ocffers basic theory along with nomerouss practical
circuite that appeal to QRPers.

The QRF workshop need meot contain complicated laboratory test gear.
A& VOM (volt-chmmeter), Some common hand teols and scldering aquip-
ment will allow you to get started in the homebrewing crafi. A
%D-MH2z oscilloscope and a signal generater can enhance your ahility
to test and troublesheot circuits, but these items are by no means
eggential to your success ap a builder.

I+ hae heen my observation that most OQRPers are gentle souls that
are willing to help beginners. Their on-the-air manners are a cuk
above what we find on some baods and freguencies in the HF apecttum,
I find this low-key method of gperating to be thersputie after-
the many vears of stress and mayhem I endured while chasing DX
and operating contests in "high power alley." I want to share these
pleasures with you.



The first editicen af this book was wriltten as an experiment in
198h. I did not know how well a GREP boock would be accepted, but
it turned wsuwt to be a3 popular publication, WHow, 1o 1990, it ia
time to wupdate and improve the book, All of the text is new, and
me=Et of the projects are new. This =econd sdition has been erxpanded
gqreatly in order to provide wou with more informatiom about thie
Fascinating hobby,
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CHAFPTER 2

QRP CONSTRUCTION METHODS

No piece of amateur equipwent needs to have a commersial look.
Many & would-be builder of ham gear has avoided contact with work-
chop tools, simply because he felt incapable of producing aclassy
unit that would elicit raves froem his ham colleagues. It should
go without saying that ecirecuit performance is far more important
than project appearance. Imparting the commercial look is generally
heyond the craft af most hame, and the shop equipment needsad for
5o lafty an objective would not bhe cost-effective. Certainly, we
should epdeaver to turn out the best lesking project poseikle, but
we need not be ashamed if it gualifies as an Ugly Duckling!

The word "ugly™ brings to miod an expression that was colned by
Wes Hayward, W7ZI0I, in a Q&T article that described cne of his QRP
transmitters. He used point-to-point clrewit wiring on a scrap of
PO Bboard, He referred to this method az "ugly conetruction.” His
finished work looked quite orderly ro me. It was far from ugly,
even though an eteched BC pattern was noet contained on the board
stack,

¥You will hear abkout "dead bug" conetruction alss, This entails the
placemant of trensisters and ICe onm & chassis or piece of circouir
beard with their leads or pins pointing upward (like a dead insect).
Various components are scldered in mid alr, &0 to s3peak, to the
pins =nd leads of the tranzistors and ICa, Certainly, this is a
gquick way to test a giccuit, An etched citouit beard can be designed
and made after the circumit is perfected. It i1z akin te putting the
cart hefore the horse when we etch a PC baard for an untried circuwit!
It represents @ waste of time and money more often than not.

Early day asmateurs built most of their eqguipment on wooden bases
called "breadboards.™ This name hbecame common because the weoden
pha=sis rezembled the boards that were used when slicing bread.
The =nds from orange Ccrates provided many breadboards f[or my projects
Wooden panels were comnmon also, as were panals made from Masonite
when that product was developed. It was rather nice to be able to
see the "works" of a receiver or transmitter after it was bullt
in this manner. {abinets were seldom nsed, which couszed ouk prajects
to gualify as dust catchers! Therse is no reasen why we can't build
many of our eclid-state projeces on wonden bazes, Wood 1s inexpens-
ive and readily aveilable.

Universal Breadboard

We can =avoid the tedium of laying out and etching custom PC hoards
for- many of our projecte. If we adopt a universal type of PC bread-
board it iz pessthle to enjoy rapid completion of the circult wiring,
and the finished product willl have a neat appearanca. An axample
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cf 2 workaeble board pattern is provided inm Fig 2-1. There ars many
iselated pads available for point-te-peint wiring., A Site eXis=Ls
for a léa-pin IC a3 well. This part of the beard may be used also
for twe B-pin ICs or a l4-pin unit. Biched and drilled hoards of
this design, plus others with more IC sites, are available frem
Fal Citcults, 18N460 Field Court, Dundee, IL 60118,

You may choose to make your own universal bkreadboard by using the
Bcale pattern in Fig 2-1. The fgil that extends along the ocuter
adga of the pattern, plus its branch foils, is used ap the cirecuit
greand. The long, single isclated conductor at the center of the
pattern servee ms the Veo bus. [ have built numergus QRP ecircuits
on boards made from this pakttern. They were neat and durable snough
tc gualify az permanent units after the cirewita were refined. and
in proper working order.

Fig 2-1 -- Sgalw atching leyout
for the wuniversal bremsdbosrd.
This pattarn WA E daveloped
N AT at tha suggestion af
WIFE., A lG-pin IC aite i
wigible =t the Llowsr right,

& S Humsrous isvlested pads permit
— 1 - the builder tc mount Ccompopants

'I'_ i and tranaiatora, Fads Moy
) . ke Jjolned with bus wire to
-l ll cxtend Ehe sleeuit sonductors.
.

Quick Circuit Boards

1 have constructed one-shet circuwit boards quickly by using & hobby
‘moter with a metal routing bit or small cone-shaped abrasive bit
to grind away the unwanted copper obh a pliece of unused PC boord.
A metal stralght edge can be used as a guide for the cutting bit,
thereby ensuring straight conductors, Various strips and isolsted
pads may be made in this manner if you have @ steady hand.

You can eonstruct a universal type of PC breadboard by using a hack=-
gaw te cut the copper surface whéen forming nomercus sgoare isolated
pads. The board material must be placed on a completely flat surface
when making the cuts. Warped PC board steck does not lend itself
to this proceas.

anather type of kreadkeard may be fashioned from an unused pisce
of PC-board stock by using epoxy cement or hot-melt glue ta affix
small eguares of PC-board material to the main boacrd. This creates
isolated pada toc which components can be solderad. I have found this
variety ¢f circuit board to be excellent for use in long-teTm gear,
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what Abount Cabinets and Chassis?

Commercially manufactured project boxes and aluminum chassis have
bacome too costly for many smoatenrs to consider. Cabinets often seem
to exceed the rwast of the ¢irenlt components by a huge margin, I
tend to rebel at purchasing an $8 box for a $2 circuir. Mo=t of my
boxes are made from PC-beard stock that I buy at hamfests where flea
marketing takes place. Pergain prices generally prevail at thease
eventa, J cgreate project boxes from this material by soldering the
walls together with a 1l00-wate iron. I cut the stock with a heavy
duty nffice paper cutter I bought at a wsed office sguipment outlet,
A saber saw may be used for cutting the board material, but it is.
difficuelt to ekiain strzight cuts when using a saw,

once the chassis or cabinet iz soldered, I ebrade the cuter surfacea
with medium grade- sandpaper to form tiny grooves in the copper. I
scrub the fipished work with hot eeap and water, rinse it with clear
watexr and dry it thoropghly, Wext, I apply & spray coating of anto-
motive primer paint. The finished coating of paint (your favorite
colox) may be sprayed on the wotk after the primer has dried, My
labels are added to the panel after the finish coat of paint is dry.
' final pretective coating of clear polyurethane varnish may ke added
to protect the palnt and the labels. Clear acrvlic spray may be ysed
in place of the wvarnish, but if will not offer the rugged protection
made pompeible by clear warnish. bbrading the ocuter walls of the
box helps the primer paint to adhere, ESpray painted anclosures mar
ea5ily if paint i3 applied to a completely smoonth surface,

Food Contalners as Chaszsails

I seldom phop for greceriep without ipspecting the cookwares for
potential chassis or project boxes. Cake pans, bread pans and other
crokware items are relatively inexpensive, and thay are guite suit-
akle for uwas as foundation unitas when we build eguipment. In a like
mannatr, aluominum coeokie sheets provide & good source for aluminum
stock,

I tend ko sScrutinize the food containers for ideas that can be used
in my¥ sheop. For example, rectangular sardine contalners serve nicely
az small chassis upon which to build OQRP gear. ¥ou get to eat the
cententa @3 a bonwns feature! 4 popular QBT QRP transmitter, called
"The Sardine Seander," was bullt opn such a can. I O e deser ibed
a 08T 40-meter QORPF transmitter that was called "The Tuna Tin Two."
Tt was built on a circular tuna-fish can., A clircular PC board was
mounted on the open end of the can, 1f there's a name for this
game, it'e called "sawvwing dellaras.”

Dther Sourcea for Project Boxes

Office supply stores contain 8 host of useful koxes that we may press
inte servies as equipment enclosures, EREecipe boxes -- plastic or
metal —-— make wonderful QEP project boxes. Bond beoxes are ideal for
thase larger projects, and they come squipped with a parryitng handle,
I recall a 2-meter AM trana-receiver 1 bkuilt for O8BT publication
in the 1%60s. It was enclosed in a bond box. The article was entitled
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. "Tha Connecticut Pond Box." The completed onit was well suited to
field applicationa because the bond box was rugged and had a durasble
finish (tam paint},

Metal project boxes may be constructed at low ceost if ¥ou make them
from galvanized lron furnace ducting. The material may be cut with
tin shears or a saber mpaw. The box walls can be Jjoined by means of
gnlder seams aleong the wmating edges. I have dabtalned f£ree seoraps
of this metal from plumbing and heating shops.

Hore Innovation

No one seems to manufacture coil forms these days. Gone are those
wonderful plug-in forms upon which we wound our coils. I have ueed
a pumber unrelated items as coll ferms, and with goed results, For
axample, an inexpenszive plug-in coil may be wound on the sleeve of
a PL-5%% phene plug. A three-circuit plug (such &z one for stereo
nee} provides three elestrieal circuits for the eoil. Onee the coil
is wound you can solder its leads te the terminals of the jark. The
threads inside the plastic =leeve are filed away so that the .pleeve
forms a press-f£it te the metsl plug. A couple drops of glue will
affix the sleeve to the metal plug after the cpil wires are dgldered
in place. A coating of polyetyrene § Dope may he placed on tha cail
te protect 1t from damage. This will also keep the wire turns in
placa.

Small prescription pill wials may be purchased from the pharmacy
at low cost, Thay serve nicely as small coil forms. ¥ou may also
uga PYC plumbing pipe for coil forms in low power RE circuits. PYC
pipe works fine also for antenna Insuiators. Flastic c¢oat hangers
are inexpensive, and one hanger yields many antenna insulators if
vou saw the ptock into Z-inch lengths. I have used cecat-hanger piegeaes
alen ag spreaders for open-wite feeders. '

Have vyou coansidered using videco cassette cazes =as enclosares for
ORP rigs? They are inexpensive and weatherproof, which makes them
ideal for housing portable QRP transceivers and Transmatches. I have
purchased these boxes foar as little a3 75 cents each when they were
on sale.

If I may return to the subjecet of coil forms, it ip worth mentioning
that expended shotgun shells are excallent for thiz purposs. 1'm
referring to the modern shalls that bhave rigid plastic bodies. You
way select the desired coil diameter in accordance with the gauge
of the shell. The smallest size is 410 gauge and the largest one
ig 12 gauge. The primer in the brass base may be driven out by means
of a hammer and metal punch. The resulting hole will allow the coil
form to be affixed to a chassis by way of £-32 hardwaze, WArning:
oo not attempt to Hnlead & live cartridge excepe in a guen which is
in good conditicon. Po not fry to remeve a primer that has not baen

fFired in a gun.

I have wound a number of VHF and UHF RF chokes and tuned-circuit
inductors on plastic drinking straws. The material is rigid and may
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ba cur eazily with & razer blade pr hobby knife. The plastic material
appears to Have good dielectrie guality asg noted by chacking varliouwa
straw—wound ipductors with a laboratory Q meterx,

In a simllar vein, you gan ¢onstruct your own WHF toroid forms £rom
=lear plastic or phenolic. There will be ne core permeability with
these home-made toreids, but the pelf-shielding property of toroida
will prevail, I have made many toroid cores of this type from poly-
styrene gheeting. Flexiglass is suitakle alee.

Sourcas for Low-Cozt Wire

Commoh hookup wire is relatively eripensive today. I try to use 3Ccrap
wire for my projecte in an =ffort te pave money. Multiconductor tele-
phone cable yields a great many single condoctors thabt are color-
coded. Thiz emall wire i1e ideal feor tioy projects, I have cohtained
scrap plecesa of phone cable from installers, and the cable wae free.

Be on the lookout for multiconductor cable that contains larger wiras
inside the sheath. Some TV stations dipcard the cabkle from viden
cameras when they becoms unrelliable, This type of wire is aleo folor-
eoaded and the individyal wires contain stranded conductors. I once
bonght a 10-foot length of 48-conduncter cakle at & ham radio flea
market for H2.5010

Ho. 12 or ng. lé4 stranded copper anteana wire is ecostly. I use a
cheap substitute that is strong, weatherproof and readily available.

1 purchase ne. 18 clear-plastic speaker wire (etranded conductor},

than pull the two conductors apart (easily Jdene)l. In this manmnec
I =an obtaln 240 fest of antenna wire from a 100-foot roll of cable.

The cest per foot at this writing 1s 2-3 cents. I have found the
rlaptic insulation te be UV resiatant over a four-year autdoor perloed
of nse. The insulation does not crack or change coloer from air pellut-
ants. The hkhonue festurs is that the plastic insvlation adds strength
to the wire. I+ alsoc prevents® the copper conductoer from oxidizing. I

have uged this wire =5 low-impedance feed line (raughly 70 ohms)

gt QRF DXpeditions in the West Indies, My dipoles and feeders were
made from & continuous piece of =2peaker cable. I pulled the wire
apart toa form the Jdipole elements, tied a knot at the fesd point,
then used the unseparated wire as a balanced feeder.

Don't overlook your farm-supply =Store as a source for ne. 18 Copper-
weld wire., This material 15 sold in l/4-mlle rolls for ag litele
ag 315, The =steel core of the wire provides strength, but it tends
to kink and twist easily as you work with it, owing to its spring-
like characterietic. Thie wire is intended for electric-fence use.

SBurplusa Toroidz, Rodas and 8lug-Tuned Coils

A few words of caution are in order at thiz time. Be cautiocus when
you purchase hargain-price torpids, rods and coi1l forms,. Thea core
material may be entirely unsuitakle for the application you have
in mind. Specifically, powdered-iren or ferrite cores are not all
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the same. Various permeabilities are available for beth types of
more materisl. Each core "recipa" is designed for a particular range
~of operating frequencies., Generally speaking, the higher the perm-
eability the lower the specified operating frequency In terms of
regonant-circuit o, The wrohy core material can speil the Q -of a
cirouit, of even woree —— prevent the circunit from Fanctioning. Broad-
band transformers that are wound on ferrite cores are a hbit more
tolerant of the core permeability, but an improper core oan alao
degrade the transformer performance. an excellent text om the =subject
of broadpand transformers was written by Jerry Sevick, WIFMI. Thig
ARRL book 15 entitled Transmission Line Transformers, 3Ind edition
1990. another upeful reference that is writtan in plain language
iz the W1FE boak by Prentice-Hall, Inc., Englewood Cliffs, NJ. The
title is Perromagnetic Core Deaign & Applications Bandbook. This
book 15 seold alee by Amidon Assoc., Inc., H. Hollyweood, Ch.

Thete is geldon & way te indentify the characteristies of an unmarked
surplus teroid or slug-tuned ceil when you examine thesa items at
a flea market or =2ee them listed in a surplus catalog. The wvendors
seldom know the core specifications. If the coren have standard color
ceding, such as Amidon and Micrometals C4ER. powderaed-iron cores.
vou will know what you're buying. Beware of other cores unisss the
cscller can provide the szpecificatiens. Youw wmay end up with an audio-
frequency core for that 20-meter project!

If you own a ¢ meter, you can test the toreids and ceoil forme at
home. I1f the O of the wound inductor is 100 or grester at the chosen
gperating fregueney, the core will be guitable. If you lack a § meter,
relative tests for O may ba done by coopling a dip meter to the coil
after resonating it with a suitable capacitance. If you can obtain
a deep dip in the reading, the tuned-circuit Q is high. The higher
the O the farther you can move the dipper probe from the coil while
still obaerving a dip.

Choosing the Right Fizxed-Valne Capacitor

Capacitors that are used for RF applicaticns sheould have minimum
unwanted indoctiwve reactance (XL). The greater tha stray Iinductance
of the leads and intermsl structure the less effective they become
as bypass and coupling capacitorz. The gituatinn worsens markedly

ap the operating freguency iz increaped.

Ceramic chip capacitors [leadless) exhibit the least XL, but they
are suited only for direct soldering to BC boards (from foil to Eoll).
Mext best ip the standard disc ceramic capacitor. The leads shonld
be kept ag short as practicable if they are ta functlien effectively.
NP0 I(zeroc temperarure coefficient) disc ceramics are eprellent for
yae im VPOB and other stability-dependent circuits. Beware af foreigo-
made MPO capacitors. I have had miserable results with some &f them
in VFD circuits. Drift was ag bad as when I used atandard nonr-HED

units!

Silver-mica capaciicts ensure good tuned-cireuit O, and they exhibit
Jow ¥L Lf the leads are kept sheort. The talerance is good with these
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capacitors. The marked value is generally very close to the actual
value. Some amateurs use silver micas in ¥FOQ circuits, and they =ay
that the freguency drift is minimai. I bhave had both geood and kad
luck with these unite in ¥FOs. Some exhibhit drift with heatitng while
sthers are gquite stakle. I have found it neceszary to hand pick the
silver micas I hawve used in stable VFOs. [t reduires a ewt-and-try
process to find a stable group of capacitors. [t i3 a time —ron=zuning
exercise because you mast allow the BC poard to cool down completely
aftar soldering in a new capacitor, If the compeonents ara not allowed
to coul, drift measurements are without meaning.

Palystyrene capacitors are scnewhat more stable and predictable than
silver micas. T have obtained good VEFO stability with them up to
10 MH2. They are good capacitorz for use also in KF filters, The
marked wvaluee are wvary cloee to the Actual capacitance values, much
like silver micas. Polystyrene capacitors have a negative drifk char-
acteristic. Thiz makes them useful in oscillater circuita that use
powdered-iron cores in the VPO tumed eireult. Powdered iron has a
popitive drift cheracteristic, and the polyatyrene caps Compensate-
faor the positive drift te enhance overall fregquency stabllity. These
capacitors are gquite inexpensive compared to HPED ceramic ones.

Tantalem. capacitors are better than electrolytic ones fox bypassing
in BEF ecirecite. This is because the former units have much lower
‘¥L than electrolytiec types exhibit. Tantalum capacitors are much-
smaller per u¥ than other types, and thiz makes thewm ideal for use
in =ompact ORP preojects,

Yariable Capacitors

It is essential that you choose the proper type of variable capaciter
for YFD and other freguency-critical toned circuoits. Wet only is
mechanical stability = wvital consideration, but heat-ralated changes
in capacitance must be taken inte ageount also. Althowgh T have had
pome acceptable results from NEO ceramic trimmers in VFOs, they can
be mechanically unstable: vibration and heat can cause changes in
capacitance {(abrupk or graduwal). I prefer to use gmall air trimmets
if aveilable space permits. Mica rcompression and plastic trimmexs
are entirely unsuitable in VFOs and similarly critieal circuits.

Avoid using air variables that have aluminum plates. These capacitors
are affected substantially by changes in heat, and this leads to
yFO drift. Capacltors with plated brasse vanes are the meost stable
of the available types. Wide plate spacing helps te minimize drift
from heating. The VF¢ tuning cepacitor should have a frea-running
bearing at- each end of the rotor. Those with ball bearinga =are bast,
cince they turn freely and stay put onece =et to the desired freg-
uency. Tuning ease can be ephanced if you use a wernler drive which
iz frae of backlash, Tha Jackson Brothersa ball drives are my favor-
ite wOits, Rim or friction-drive imported vernier mechanisms cieate
backlash problems, especially if the vacriable capacitor does not
turn freely.
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Beaistors 1n General

Reslstors can he highly inductive, espercially thozse that have 3 wire-
wound structure. Most power resistors fit this description, They
contain a <o0il of onichrome wire that establishes the resistanrce.
These units are not suitable for uwuse in RE circuwitsa., Owing to the
unwanted reactance of these components, a 50-ohm resistor might have
an affective resistance [combined inductive reactance and resistive
ity} eof, Bay, 120 phms a3t a particular freguency. The situation will
¥Worsen as the operating frequency is increased.

The best resister te use Iin an BF eirewit is one that ia composed
of carbon with a2 composition outer insulation. Carbon-compazition
tegistors are becoming scerce, and this is uonfortunate. They have
been replocad by carbon=-film resistors. The resistive element 1s
a layer of carbon that 1s formed into & gpiral over the dnner inanlat-
tng form. The coiled carbon deoeps introduce some reactance, but it

nead not be & concern at freqgquencies up to approrximately 30 MHz. The

effective HEL of these resistors can be reduced by using two or mdre
of them in parallel at crircical circuit peinta. For example, we might
glect to uge two 100-ohm carbon-film resisteor2 to obtain 50 ohms
nf resistance., Using these units in saries worsens the XL problem.

Monolithic leadless resistors are now available for direct soldering
te PC boarde. Thess componesnts sxhibit the least unwanted inductatnoc.
They are sometimea called "chip resistors." I recommend this, type
of registor in low-power VHFE and UHF eircuies where XL and XC must
be minimized. They are excellent alsq in step attenuatore.

¥ouu should be aware that resistor® also exhibit capacitive resctance.
and this has an effect mlso on the effective resistance of the unit,
There i3 a certain amount of distributed rcapacitatce ackoss the body
of a resistor. The longer the resistor bodvy the lower the unwanted
IC. In other words, a l-watt resistor may be & better choice in a
critieal RF cirecuit than would be the case if we uged a 17B- oxr l/A4=-
watt resister. I have seen a number of home-made 50-ochm dummy leads
that measurad &0, 70 or even 100 ohma at a specified freguency when
I tested them with a3 laboratery resctance [RX] meter.

Tranaigtor Selection and Use

You need not stock hundreds of ftraosisters in order ta have 8 working
supply of general-purpose devices. There are thousands of transistor
types ayailable today, but moet of them are 320 aimilar in performance
that we would =carcely observe a4 differsnce in circwit guality were
we top make pubstitutions with similar types ¢f tramscisctors, I like
ke - keep a2 limited inventary of spall-sgignal #ransistora on hand.
I find that the common 2H35%04 iz 3 acod device frem de toa the lower
end of the VHF spectrum, Likewise with the well known 2H2Z2228. 1
se 2ZN3906 transistors when & PHP device 1= reguired for low power
applications, such ap dc gwitchea. The 2M4401 is a slightly more
powerful verslon af the 2N22228, but otherwise =imilar in character-
latics. For VHF and DHF clrcocuits I like to ose -the 2M517%9 device.
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Thare are many audis pawer transistors that are capable of HF cand
RF power amplification. These are ygenerally much lower in copt than
comparable transisztors that are earmarked for RF service. MoEt hi =
fi audic power transilstors have an upper frequency limit (fT) that
is in the VHF range. The Motorela MP5-U02 and MPS-D05 are examples
of NPN audip transiztoras that perform well up to 30 MHz.

Here are some guidelines for selecting transistors for BF work.

(1} obtain a data sheet for the chesen device or ¢heck its specs
in the manufacturer’'s data book.

(2] Select & transistor that has at least twice the maximum VCE
{enllestor to emitter) rating of the supply wvoltage (VCC) you
plan to use in the cireuir. This ts necessary ln order to have
leeway for the sine-wave swing in a¢ or RF service. For example,
a OW amplifier that uses a +12-¥ VOC will develop an ac valtage
swing of roughly 24 ¥ at the collector. In AM service the volt-
age swinge to four times the VWOCO. hlsa, self-oscillatlen often
causes high peak wveltages at the transistor collector.

{31 Mransistor gain is important. This is specrified in dB. The great-
er the gain io 4B, the lower the driving power needed to obtain
the rated osutpot power. For oxample, @ transistor with 10 4B
of gain, and a rated output power of 10 watts at a spacified
operating fregquency, will reguire 1 wakt of drive. Thea same
transister weuld reguire oaly 315 mW of drive to provide 14
W of oontput power 1f it2 gain were 15 dB. The greater the rated
transister gain the greater the potential for uowanted =self-
ascillation. High gein temds to set the =stage for instability.

(4] The upper frequency liwmit of a transistor is an imporcant factor.
This is known as [T for a common [grounded) emitrer circuit.
The £7 is specified for the freguency at which the device gain
is wnity nor 1. For amplifier use the transistor should have
an fT that is five to ten times the highest proposed operating
frequency. This will ensure cptimem stage gain at the chosen
operating. freguency. OHF transistors that are used at HF axe quite
touchy to work with and should be avoided. This is becaunse the
device gain increases substantially as the operating freguency
in MHz is lewered. This phenomencon applies to all bipolar trana-
igtors, irrespeckive of the £T rvating. In theoary, the gain of
A Eransigtor inereases 3 4B per octave lawer. Thus, 1f a given
tranistor has 10 4B of gaim at 20 meters, the gain rizes to
13 B at 40 meters, and so on. The greater the transistor gain
the more prone the amplifier becomes toward self-oscillatlon.
Such a stage may be tamed by using resistive or rapacitive
leading at the input gireuik, but this generally affects the
input impedance and causes a loss of excitation power.

=3 Choose a transistor that hes a PD (power disgipation) rating
in milliwatts or watts somewhat gresater than the proposed

-
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de iunput power for the stage. I prefer to ug2e the rule of thumb
that calls for a PO rating of approximately twice the stage
dc input power. Thus, if my RF Jdriver stage runs at 5 watts
of de input power (VCE X collectoer current} I use a device
that is rated for a P cf 10 watts ak 25 degrees C (cBase tenp-
erature). In a real-1life szituation we cen use a3 trapsistoer
that has, say, an B-W PD rating when coperating with a de input
power of 5 W, but if this is dAone we need to pay close attent=-
ionm to kKeeping the dewice cool by means of an adeguate heat
gink.

¥Winding Toroidal Transformers

Numerous letters I receive from hams indicate a lack of knowledge
concerning the winding of tkeroidal transformers. Bome amatesurs are
aspecially perplexed about the meaning of the wordes bkifilaxr and
teifilar as they relate ko multiple wires on the transformer core.
The term "bifilar™ means simply that two wires of ldentical length
are wound on the core at the same time. In the case of a trifilac
winding, we wind three wites an the toroid core at one time. The
bifilar or trifilar windings may he laid on the core in parallel.
or they may first be twipted teogekther &nd placed oo the .core as
a single wire. A& svitable rule of thumb for twisting the wires is
ta have approximately =ight twists per inch of wire. This nmnay be
done easily by clamping one end of the moltifilar winding io the
jaws ©of a wvise and tightening the other end of the wires in the
churk of a hand drill. The d4rill is cranked slowly until the wires
are twisted together.

Kpeping Track of the Windings

1t 18 helpful to use enamel wires that are of diffsrent coleors.
Enamel wire is made with red, grgen anpd tan/brown insulation. It
i net an easy matter to find red and green wire in small-order
gquantity, In grder to solve this problem 1 often use spray paLlnt
to color the wiree before ] wind them onm a core. This make® indent-
ificarion & simple matter when [ connect the wires te the proper
peints in the clrcuit.

Trangformer Pelacrity or Phasing

Some experimenters are confused by the black dots that appear owver
the traneformer windings in Some schematic disgrams. These import-
ant dots signify the phase of the windings, which 15 wital to correct
clreuit performance. The dots let yow know which end of sach winding
cannects te 2 key terminal on the PC board. All transformer windings
have what i= known as a "atart" and "finish." The dJdets indigate
the start or finish ¢f esach of the windings, but never are the dotas
nged to signify both the start and finish ¢f windings on a2 =single
COIE. & transfarmer that is connected to & cireowit with the wrong
phase can cancel the signal rather -than pase it toe the laad.
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Protecting the Transformer or Inducter Windings

Most powdered-ironm toreide bhave been tumbled to provide smooth,
sounded edges. Perclte torcids are seldom made with smeooth edges,
In fact, many of them have sharp edqes that can <¢ut throuah the
enamel insulation of magnet wire. The transformer performance can
be spoiled when this happens hbecause shorted turns often result.
It is wise, therefore, to wrap a sharp-edge core with tape hefeore
adding the windings. I 1like te use Teflon pipe-thread tape (two
layers) for this purpeae, It is available from most plumbing supply
gkores. I have smoothed the sharp edges with a- half-round file or
sandpape¥, but it can be tedious work when workilng with ferrite
corep. They are wery hard and brittle -- similar to ceramie.

I like to cotat my conpleted transfarmer windings with a protective
laguer, such &g polyurathane warnish. A better agent is General
Cement Corp. Polyatyrene O-Dope. This protective eoating on the
windings helps to prevent abrading of the wire insulation. It =alsc
keeps the turne in place and keeps out meisture and ditt.

1 have used casting resin to encapaulate some of the transformers
1 have wound. Thit compound ie available at hobby stores. 1t is
suitable for use with breoadband transformers, such as balune. It
lze not = technigue 1 recommend for uwse witkh high-Q, narrow-band
transformere or inductors. Casting resin tends te lower the O of
the mail &and it increases the dietributed capacitance acrass the
winding. This gives the effect of increased inductance.

Physical kelaticnship of Windings

Angther frequent guestion is "Where do I place the secondary winding
with respect ta the primary winding?" Fox example, suppose We naed
to wind & teroidal transformer with a primery and a zecondary winding
The primary hbas 20 turne of wire and the secondary has 5 turne.
in this situation we will wind the larger winding firet. The smallar
winding is then wound over the larger aone. Normally, I close wind
the smaller winding over the low=-Z (ground or v{OC end} of the larger
winding., This wminimizes unwanted capacitive coupling between the
windings =nd belps prevent harmonie currents from passing from one
winding to the othexr by way of capacitive coupling. In sScme instances
the smaller winding is spread owver all of the larger winding area.
It depends largely on hew critical the circuit may bke. In general
terma, you may Use either winding technigume. Chances are that there
will he no ontward difference in circuit performance.

Calculating Transformer Wire Length

How snuch wire should you remove from the spool for a 3G-ftuon windingrw
That's a common question, since nobody wants to waste elpensive
copper wWirel Here's haw I do it: 1 wrap a turn of wire or string
thxough and arcund the core material to simulate pne torn. I measure
this wire, multiply it by the number of turnzs, and then add two
inches to the wire length te allow fox circuit connection.
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The subject of winding torcids is treated in grearer depth Iin WIFR's
Desfgn Motcesbaock by The ARRL. The book is & usefel adjunct te this
volume because it treats similar subjects and 1t embodias the ORFP
tople. I wish to recommend alsoc the Amidon Associates, Ine, cataleg,
which has many pages of wvaluvable information abeut toroids, balun
cores, pot cores and rods.

Home—Made Heat Sinks

A variety of common materials are spitable for uwuse A= heat-sink
gtock., It 1= Eeldem necessary te purchase a commercial heat asink
for transistors that operate at the QRP level. I often use sactions
of hardware stare alominum angle ar channel for my heat sinks.
Enother inexpensive type of heat sink can ke faghioned from 1/52-
of 3/4-Inch 1B copper pipe caps — the type used for household plumb-
ing. & TD-220 style of transistor can be kolted to the flat end
of the cap, The averall assembhly is then affixed to a PC board by
oeans of a 4-40 screw that is papsed throudgh the wall of the cap.

Larger heat psinks are made easily from alouminum channsls that you
can make from l6=-gauge sheeting. The lipe may be formed in a bench
vize, Progrecesively smaller channels may be added inside the largest
ona to increase the effective area of this kind of heat sink. A
thln layer of silicone heat-=ink compound showld be wzed bhetwaen
the mating surfaces of the channals to aid heat trensfer. The channel
pisces can be bolted together tightly with 6-32 secraws and nuats.
You may want te wse dull black =pray paint s a finlsh for the haat
gink after all grease and olil is removed.

Mest building—supply outlets stock a varlety of copper and aluninum
items= that lend themselves nlcely for use a= heat sinks. Let your
imaginatlon operate freely as you browse Iin these stores! Variety
stores contain many baking i{tems that are uwseful to hams. For example,
I buy aluminum ceokie sheets when I need sheet stock for heat sinks
and £mall chasgi=s or cabinets. Small cake tins and =such are fine
for use as chasels for QRFP dear.

Most heat-s5ink cenpeunds contaln zinc exide that is blended with
ail and =ilicone grease. This material is hessy and expensive. 1
like to use rclear silicone grease as heat~zink compound. It [@p less
costly and it ie cleaner to use, The effectlveness of this grease
can be snhanced by mixing it with zinc-oxide powder. You can oiten
obtain the latter sukstance f{rom your druggist.

kherce to Get Electronica Farts

Your workshep activities are sometimes hampered by a shortage of
parts for a particular preject. Thls frustration can be minimized
{f you keep saveral of the more common ltems on hand. Bread—-and-
butter item= such as disc~ceramic capaciters (0,001, €0.01 and 0.1
uF for example), 1/4-W registors and pepular small-signal transistars
(282222, N3G04, 2H3I206, 2H4400 and 2ZH3553) are essentlal to have
on hand for most JRP projsects. Likewise with 74) op amps, an assork-
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ment of enamel wire (gauges 20 throogh 307, small diameter stranded
hookup wilre, switches, jacks, =crews, nots and srnall variable cape.
¥au may be wondering where these things may be found and how much
monay yon heed to gpend Iin order to stock your shop. The answer
ic simple: Logk for bargalns at ham radioc Flea markets. Tf you sSee
a guantity of a particular ltem at gomeone's swep tabhle, ask the
price for the entire lot. Bager wvendors will sften make you an cffer
vou can't refusel Don't be bashful abeut price haggling, hecause
rhig iz part of the ritual for some cellers.,

nld radios and TV sets can be stripped af their cemponents for use
|atar on. 1 have purchased trade-in TV recelvers from appliance.
crores for as little as §5 each. Some dealers gave me twa or threse
Ty sets free of charge, just to ger them outl of thelr store rooma.
1f you have amceoess to a landfill, check thete for discarded radios
snd ather electrical gadgets that contaln useful paArts,

No dedicated experimenter should be without a library of surplus
alectronics catalegs. Freguent short-term =learance Eales by Soma
of these merchants enable us to stock up on mahy day-te~day ltems
wa need for our projects. Be sure To ~heck The ARRL Bandbonk Ffor
a list of electronics parts dealers that is keyed to the types of
irems they sell. A list of the mail=cgrder houses I deal with follows,

Al Electronics Cofp, Mousar ERCtrercs. Jameco Elschronics
P.O. Box 567 24071 Hwy, 2B7 M. 1355 Shoreway Rd.
Wan Muys, CA 91408 Mangfiaid, TX TEIGES Bedmort, A 94002
t-800-B2E- 5422 1-B00-3G-6873
Cigi-Key Corp. Fak Radir Saks Gircult Spacialists
7a1 Brooks Ave., 5. PO, Box 1105 P.O. Box 3047
P.Q. Box 877 Lima, QH 45802 Scottscale, AL B5ET1
Thiced River Falla, MM 56701 -08F7 1B00-520-1417
1-800-344 5530 Hozlait Electronlcs, Ine,

2700 Sunset Bhed, Quak Hiks Fesearch
Mariin P, Jorss & ASSOC. Sreubenvile, DH 430952 20870 Madizon Ava,
F.0. Box 12685 1-B00-524-004 Big Rapids, M 48307 .
Leka Park, FL 33403-0685 1-BD0-B42-37 48

A &% O Electronics QAP kity & parts.
Deean State Elctronics 1224 Progpect Ave,
P.O. Box 1458 Clevaland, OH 34115
6 Industrial Drive {2181621-1121
Wezierly, Al 02691
1.000-BEE-EE2G

Neyer forget the =sage expression "“Caveat Emptor" when dealing with
any surplus parts vendor. Thiz "let the buyer beware” expreszion
1z, fottunately, seldom applicable, 1 have enjoyed integrley with
all of the above wendors. If a wrong patrt was sent to me, 1 WwWas
always ahle to get the part exchanged or have my MNOD&Y refunded.
I nave not heen as lucky with some other dealers in the mail-corder
husiness.,.

1 wish to include- in this chapter a list of deglers that sell special
parte that we experimenters ofiten need, Metal parts, plastics and




amateur radio kite are provided by the foregoiny v2ndors.

ETCHELD & DRILLED PC BOARDS & KITS

& & A Engineening
2R3 WY, LaFalma Ave.
it K

Arahatm, Ca Era01
(F14 8622114

FAR Clroulis (HOATW!
10M840 Fiald Court
Dundee, L 60118
Cataiog aval.

TOROIDS, ROD3 & BALUN CORES

famkion Aseoc., ne.

F21e E, QAladwick 5L
Cominguez Hiks, CA D0220
{30 FEI-5770

Palamar Englrsers
Box 455
Esonndido, CA 92025

METAL TUBING, GEARS & RODS

Small Pans, Inc.

8341 N.E. Third Awe.
P., Box 31966
hkami, FL 352381965
(AN5)7E1-DBEH

PLASTICS

Unded Stales Plastic Corp.
1200 Naybwecnt Rd.

Lima, OH 45801

1 HO00-537-07 24
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Eead the O5T Ham Ade and display aids each month for informaticon on
new sources for small partas. The classified adse in C magazine and
in wvarious hobby electronics magazines aleo contain the names and
addresses of surplus dealers.

Workshop Reference Library

In addition to the catalogz available from the foregoing vendors I
wish to suggest the following pubklications as references that will
ke helpful during your experimental efforts.

Racdfia Cornrmurcations Handbonok
R3GaE Fublcation

ARAL Flecironics Data Boak

W1iFB's Design Notebook

Modmola BF Device Data
Molorole Semiconcuctors, ns,
PO, Bow 20812

GRP Chasscs Fhoenix, AL G506

Sold State Deskgn for the Radic Amateur

Tha AHRL Handbook

WiFB's Antenna Notabook
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More Technical! Referancas

Numerous semiconductor manufacturers offer lists of their applicatlen
notes and data books. Getwrally, the application notas are Ltas,
kut there is a charge for bocks. You may gend for literature llsts
At no charge. The follawing addresses may be helpful to. you.

RCA Lineor Lntegrated Circults ) Linear Integroted Clrocults

ACA Splid Stmte DivIelon fignetics Corp.
Zemarville, HJ QB&TH #11 E. Arguaes Ave.

Sunnyvola, CA Q4088
Matarola Powar MOSFET Transistor Data

Mogtarola Semiconductors HOSPOWER Design Catalog
P, Bex 20912 Eilisonlx. Ing,
Phoanls, AL BS0ME P.. Boxn 47177

Bapks Glopra, LA PSO0O51
Linaar Appliceations Datobook

Hational Semiconducter CLerp. IC Qp-Amp Cookbook

2900 Semicwonducteor Driva Aoward Sams & L., INc.

F.O, Bux >8090 indianapolfs, TH 48248

Sants Clarm, CA F305Z-50%20 by W. Jung

Hendbpok of Electronis GRartz, Hendbook of Elactronic Farfnhulas,
Graphs and Tablwa Symbols & Dafinitiens

by J. Lank by J. Brand

Frentice-Hell, Lnc. van Nostrand Reinhald Co.
fnglewosd GLLFfs, NI 07632 133 W. 50th 5t.

Hew Tork, WY 1003240

The zbove 1ist includes publications that are not produced by semi-
conduetor manufacturers, 1 feel they are worthy of mention in the
ganeral context.

¥You may request a list of application notes and books that are avall-
able, bnt net listed here, from the FEoregelng manufacturetrs. Each
of them publicshes many books that you may want to include in your
library.

Chapter Sumbary

I have attempted to provide in thig chaprer the bazic data you head
to get started in weotrkshop procedures. certainly, we have barely
covered the subject here, The ARRL Handbook has an excellent chaptet
on workshop practices, aleng with a wealth of informatien that yau
wiil find useful a= a QRPer, You may alse want to equlp yoursalf
with the Radle Handboock by Bill Orr, WGSAI. It 1= avallabhle from
Howard Sams & Co., Inc. (see above address)., If you are to "learn
by deing," it is essential that you read techpnlcal publications and
establish an astivity pregram in your workshop.
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CHAPTER 3

RECEIVERS FOR GRP

- The QRF enthusiast must decide which typa of receiver is best guited
ko hip needs, con=sistent with his technical ability and financial
meang. A wvariety of opticna are present: he may use the recelwver
perticn of an existing transceiver fopr (FEFP signal reception. Likewlse
when it comes to empleying a commercial receiver we may have aon hand.
. Although recefvers of this kind provide excellent weak-signal recept-
. lon, they are large and seldom in keeping with the gemeral theme
of DRAF gperaticen. Perhaps of greater concern io the fact that when
ye Uuse commercial QORP gear we are depriving curselvas of the complete
thtlll of QRP opetation. A completely home-made station can provide
a4 level of pride and accomplishment that is never experienced by
© those who =tart and finish thelr amateur careers wlth store-bought
‘aguipment. If yau have never built a heam receiver, perhaps thiszs is
the time for vou to gather some parta, heat vour soldering iron and
get with the pregraml

QRP Receivers in General

I have known QRPers whe believed that a QRP receiver need net cnly
be small, but it showld have minimal circeitry and not co3at much
meney, True, same wvary sSimple cldrouits offer acceptabie performance,
put mest de pet., Certalnly, I recommend that the rank beginner to
eguipment constructlien start with a few simple clreults. This enables
hi to learn by deing, and to become familiar with how receivers
gperate. A good starting point 5 the DC [direct conversion) LEype
of receiver. If you are a2 beginner I would like ko suggest you build
something 1ike "The Meophyte Receiver" that was described in QST
for February 1988, page l1l4. The circuit contains only two ICs and
it perfarme on 40 qr A0 meters. Clrenit boards and parks kits for
this receiver are awvailable {(=see article focorknote] for this WA3IRNC
project, Building a simple pontkit reeceiver can come later on,

DC recejvers have the same limjtat{one that are common to the older
regqenecatlive types of receiver. Eingle-=zignal reception is not avail=~
able to the user. In other words, these recelfveres rcespond egunally
te slgnal energy that is akove za2nd below center Ireguency. Thiz can
make ORM seem much worse than it would be if we were using a super-
heterodyne recelver with an IF filter, which rejects elither the upper
or lower sideband energy that may be present.

pC recelvers can radlate a signal at the frequency te which cthay
are tuned. This is because the VBEFD (varizble beast-freguency osSc=
illator} operates at the inceming signal freguency. If an RF ampliffer
iz uged betwsgen the detectot and the antenna, the problem 1= ositen
solved becauge of the lsclation afforded by the RF amplifler.
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A DC receiver consicts of a product detectsr. It replaces the [irst
mixer of a superhet receiver. In sffect, it functlions as a mixer,
wut preoduces audie energy at its output rather than IF {intermadiate
frequency} energy. The VRAFO provides an injection frequency for the
praduct detector that is nffget from the incoming signal by the amcunt
necegsAary to cause a beat nota for CW ot a sultable offszet for copyr
fng USE or LSE phone signals, In other Words. if you desire, S8Y,
s Fuob-Hz CW beat note for a 3550-khz zignal, the VBFU iz set for
3850.7 or 354%.3 kHz. The dlfferente frequenty aAPpeAaArs In the head-
phones or speaker as & T30-Hz audic tobne.

sinra the product detector in a DC reeelver may be only RF stage
in the recelver [except for the ¥BFOY, tha overall recelver gain
sust he develeped at andic freguency. fhe LF amplifiers in A& suparhet
accomplish this task. Good weak-signal reception 18 possible when
a OC recelver has an overall gain af 15 vo 100 48. Thls requires
a high~gain audic system after the detector. An unfortunate byproduct
of the high audio gain 1s receiver microphontcs and tum, The minute
movement =f electrical parts (variable capaciters and such) in the
receiver front end Appedar 4as audic energy and this neise is amplifled
many times. Bumplng @ DC receiver frequently results in & "clang”
in the earphones.

& condition known as compon-mode hum 15 feund in DC receivers., It
becomes Wore prevalent as the opérating frequency 1s increased. It
can be pevere at 14 MHz and higher. This malady occcurs when we Use
an ac—operated do powar gupply with a DC receiver. RF energy frem
the VEFO enters the power supply and reaches the rectifier diedes.
The diodes lz0=Hz “"humn modulate” the WBFD signal, and it enters the
recaiver at the listening Erequency fvle the antenna). This unwanted
srergy becomes manifest as A loud hum at the receiver output poTE.
Endrfed wire antennas make the problem worse, owing te the antenna
baing so clese to the POwWer supply leads, which radiate thiz enerdy.
Thisz zilment does nobt ocrur when We pse a battery for the power &oUree.

How might we eliminate the hum problem? The cure <an be managed easily
if we dg a few things to the power suppliy. Fig 3-1 shows the glrcult

for a typiecal 12+V de supply ‘that has beeh supprespad for CcommoRn= |
mode hum. Note that the rectifier digdes have 0.01=uF capacltors
scross them. This allews the stray RF energy to bypass the dicdes
rather than become rectifled. The 120-¥ ac inpwt line = also bypassed
far RF energy. This keeps the line cord grom tadiating or picking
up RF ensrgy. Finally, RF chokes are uwsed @t the dc gutput lines
of the power supply. Theze citcuits may be added eacily to existing
powar sopplies. In addition to the foregoing preventive measurcs,
a qguality, noninductive earth gtound showld be eannectead to the case |
gf the power supply and receivar. An antenna that is fed with coaxial
cable also minimizes the potential for commen—node huam.

pC Receiver Selectlvity

We have alrceady learned that single-=ignal recepiion 13 not poscsible |
for & DC recelver. But, ws can improve the overall selectivity by 4
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using a passive (coils and capacitors)] or RC actlive [(op amps, resist—
ors and capacitoers) audis fiiter, Examples af this tachnique are
provided later in this book. The term “"active" in electronics means
that the circult requires an operating wvoltage. Pasgive clrcults
do nat, RC active audlie filter= can be daesigned to yield a highre
pass, low-pass or band-pass response. There are elaborate wvearslons
f9f thase andio filter= that enable the u=ar to vary the response
frequency and the clreuit §, The grester the § the sharper tha filter
response. The common practical limit to the number of f{ilter peoles
{sections) is wsually four. These Fllters may be designed to provide
audioc galn, or the gain may be set for unlty (1). Excessive Q causes
a conditien known as "ringing,™ which can be anneying when listening
to weak signale. The best place to lorate the awdio [ilter is directly
after tha first audle amplifier 1in the recaivear. If the filter is
usad betweaan the receiver output and a speaker of headphones 1t can
exhibit impaired performanee, This is caused by 1t being overloadad
By high levels of audic energy.
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Fig 3=1 == Exmmple of how to trasmt s power supply for copmon-nods hues slim-

inptian, €1 through C8, inclusive. Bre oddad toc the clircult. They ore 0. 01-
uF disc ceromic units, €1 and €2 muat have & 1000-¥ rating, The ather unita
necsd hava only & 190-¥ rpting, RFC1 a&aad RFC2 for output currants up to 1 A
may conzist aof 20 turne of no. 20 enam. wire con an AEidan Apsoc. FT-82-432
farrlte torold core (850 py), Larger wire diaseter is nesded for higphar adtput
current, The an-aff switch 18 not shown for thilsy circuit exaaple.

I am het attsampting te villify DC receivers in this discusslon. It
iz important, howewver, that youw understand thelir limitations and person-
ality krmit=. Certainly, thay play an important role {n the QRP pastime,
They are easy and 1lnexpenslve teo <onstruct. DO recelvers -are small
and lightwelght, This makes them ideal for use in portable gear, They

can be desiygned for leow-current drain, and thls is an important facet
of field -nperation when batteries supply the cperating power.

I wish to mention finally that DC receivers often succumb to over-
loading from loud commercial &AM broadcast statleons that are nearby
in fregquency. This results from the usa of sinple prodect detectars,
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zich ag those that -employ & single dual-gate MOSFET (type 40673 or !
IN212y. Circuits of this cype wark 311 too well as AM detactors. The |
esnlution te the. problem is to use a balanced product detector, sich |
as a palr of JFETs, a CA3ID28A IC or @ flada—ring doubly balanced type
of detegter. An RF attenuator {(varlable) at the recelver antenna input
point 15 helpful alse. It c¢an reduce the ©estrength ¢f the offending
signal and minimize the overloading effect. It wlll alse teduce the
strength of the desired slgnal, Thie ls celdom a problem unless we
are trying to copy a wvery weak signal. Fig 3-2 iz a kleck diagram !
of a typlcal DT receiver. ;

i
RF AMP BALANCED AUTI IO
LIF USED} FROD DET PRE AME AIDIO FILTER
: 2 AF Y
GAIN H
YAFD
ARRONS INDIGATE THE

NIRECTION OF STEMAL AF AMP 3
FLOW :
el MAIN ' |
TUNIMNG )
EPKR i
'i
Fig 3=2 -- Simpls block dlagram of & OO receiver, Q3 cparatez al the spus L
treguency fapproxlmote, sme text! as tha iagoming sigrnal. Tha ditterence frag- !
vancy ot the autput of Ul is at pudio fraquency. 92 iz & low-polae suvdlo pre- !
amplifimr. FLI way be & ppssiva or AC ackive audie tilter L3ae text), U2 booatis !
the audio sigeal to apsaker or headphons volume. '

Superheteradyne Recelivers

Reception can be improved grestly when we use a superhetersdyne receiver
instead of a D cone, Tha majer benefit 1& inproved selectivity, the
elimination of receiver microphonics and single-signal receptlon. This
style of receivar is practically immune to common-mode hum. Alse, 1t
bersmes easier te include AGC {automatiec gain control) and an 5 mater.

There are faw negative features attendant to a well designed superhet.
Hotable among them i= increased cost and complexity for a superhet
that (5 designed for high performance, Also, the heterodyne scheme |
can cause "hirdies" (spuricus signals) teo appear across the tuning
range, This can becoms a majer problem if the recelver iz a double
or triple conversien type: Many oscillator freguencies come inte play.
Their harmonics and resultant mixing products can appaar a5 unmodulated
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carriere a5 we tune through a particular amateur band. Even the best
gf the commercial receivers have birdies somewhere in the tuning range.
Theze may be detected by disconneciing the antenna, advancing the audio
gain and tuning from band edge to band edge. Some of these unwanted
respanses are quite weak, while others may register 568 or higher on
the & meter. I recall testing &8 speciflic high-priced commearcial receiver
that exXhibited 46 epurlous responses from 1.8 to 292.7 HMHz (ham band
anly trecelyer). Fortunately, most of these spurs aren't noticeable
when atoemspheric noise and gignals are present.

Use caution if vyou design your own superheterodyne recelver. Try to
analyze the frequency relaticnships of -the hetercdyne escillators,
the lacal oscillator and the BFD with respect fo the receiving frequency
and the frequency converters of the Bystem. Check to Bee where the
harmonics of the warious pscillators fall, Even the BF) harmonics can
appear Iin the receiver tuning range.

Suparhatxs Nasd Hobt Be Complex
A typical noncomplex superheteradyne racelver 12 shown belew In black

diagram form, Tha differences arce many wheh You conpace this systam
ta that shown in Fig 3=2.

14 .0=-14 .4 MHHE O MHE O MHE
9 MHz
EE——
B.0-%.4 MH2 FIL
h o
EW - 2.4 WHz
N
AMP
(] [
ALK s3> 518 N B3 4 ho1s om
TUHING METER 3. 9965 MEz WV
I
DPERATING YOLTAGES I AF
NOT SHOWN SPLR s
ARROWS INDICATE ZIENAL AF
AND CURREHT FLOW DIRECTION GAIMN

Fig 3-3 -- Blech dimgram of 8 single-converalon superheteradynes recalvar. FPaseivae
ar actjve devicer may be wsed for the mixer and product detecter. The two freg-
usncise far ¥l pecrwmit UWSE and LS8 rwc#ptian, Fraguancias listed ara to zhow
juat one pooslbls arrangesmnant for 20-mater reception. Multipla IF fillters may
b vewd to provide wvarious degrees of salectivity., 4 panval galn contral may
B used for varying the gutput level of the EF amplifiar.
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The feoregoing block diagram suggests that a superhet can contain a
minimum number of stages and still offer good performance, Actually,
we may ramove some pf the circuits in Fig 23-3 and stiil obtain goad
resulty. For example, no rule has been written thatk S3Y8 wWe must usa.
IF amplifiers, AGC, an RF amplifier or an 5 meter. It is important,
however, to ensure sufficient overall recelver gain if we are to copy
weak signals, Fer example, a Dbare-bones supsarhet may contain only a
mixer, an IF filter, a product detector, BF0D and a stage of audio amp-
lification. Qf course, we also need a ¥FD ar LD {local oecillatort.
We may elect to eliminate the IF fllter If we are willing to use an
active audie filtar after the first audic =stage.

—_——

& practical QRP superhet might have an active mixer [to pravide convers—
ion gain}, an active product detector (more gain]l and one or twe highs-
gain audio anplifiers., We still need our ¥FO and BFD with this so-¢alled
"gutlass wonder."™ In the simplest sxample wea may develocp this type
of receiver around only five ar =i% transistors or twe or thres ICs,
Dasign challenges of this kind have stinpglated many haws toward getting
the mest for the least when building equipment., Heedless to pay, the
absance pf an AGC circuit regquires the operator to "ride herd“ on the
recaiver gailn by means of the audic gein contral. The anheyance of
tunlng across a2 very strong signal can become an ear-shattering event
when there L& ne AGC. The same iz true when we uge a DT receiver. For
the most part, & meters are usuvally "guess meters,” so they cerve no
vital porpeose in QRF work, Eliminating them simplifies the circuir,
When we =strlp a superhet circuit te the bare essentlals we need to
keep 1n mipnd the need to hava 75 tea 100 4B of overall receiver gain
if we are deing weak-sglgnal weork. If not, the audic gain may bhe fully
advanced and the weak signal may still not be loud encugh to copy.

IF sufficiant overall gain is avalilable we need not use am RF amplifier
ahead of the miger for operation frem 160 thyough 3¢ meters. Thiz is
becavse atmospheric and man-made noise from the antenna 1s of greater
amplitude than the neoisa generated within a3 typical mixer. We do need
an RF amplifier abova, say, 10 Mz in order to provide a noise Elgure
that i=2 lower than that of the mixer alone. This calls for an RF amp-
lifier that has sufficient galn t¢ owvetride the mixer noise, The RF
amplifier must exhibit & low noise figure in order te reach this cbject-
fve. In other words, the incoming noise frem the antenn@ at 10 MHAz
and higher iz wveually le=s than the mixer noise. Current flow within
an amplifier generates nolse. Hence, it i= werthwhile to experiment
Wwith the biasing {total current) of the RF amplifier in order o shtain
a low noise figure. Amplifier instability cen alse generate nolse.

Front+End Selectivity

In addition to introducing selectkivity at the IF (IF filter} we npeed |
te provide front-end selectivity where the aptenna connects to the
receiver. The input tuned circelts for RF amplifiers and mixers shouwld
have reasqnably high § in order te achiewe this goal. Double- or tripla-
tuned LC clrcuits may be used to narrow- the respense of the input tuned
clgcult. Front-end selectivity helps prevent strong, unwanted signals
within or outside the freguency of interest from overlosding the receiver.

IIlllllIF!-ll!I!IIIIIIl---------------L______________________j-
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Local Osclllatory Consliderations

The local eoscillator must be frequency-stable, especially If we use
narrow IF filtearc, A drifting VFO can cause the =ignal of intetrast
te vanish gquickly Erom the passhand of the IF system. fThis ic true
ezpacially whet we wuse I[F filters that heve a 250— or BiD-Hz baodwidth.
More on this subject when we get lnte YFO design.

The mixer injection power or wveltage that is sopplied by the VFO is
alse wviltal to proper receiver performance. Each type of mixer we use
regquires a specific Ievel of LD indection in order to ensure optimam
nixer conversion gain and dynamic range (ability to withstand very
strong signals without overloading). Therefore, I urga You to learn
the L0 requirenents of the mixer you employ. Most dicde mixers call
far +7 dBm of injection power (approximately B.5 mW). Dual-gate MOSFET
mixers, such as the 40873, need rouwghly 5 wvolts P-F of LO injection
on gate no, 2 for top performance. Most IC mixers or blpolar transistor:
mixers reguire 3 to 4 wvoles P-P from the LO, Bear in mnind that these
are rules of thumb for the bedglnner.

The cutput waveform frem the LO should be ceasonably free of harmeonics
or other spurleus anergy, If the waveform ie unsanitary. so to speak,
various unwanted  indjectleon frequencies reach the mixer, along with
the deslred frequency., This ¢an cause the reception of signals from
freguancies other than the intended one. I like to use a3 hapmonle £ilter
at the output of my LO chain te provide a clean sine wave at the injeci-
ion frequenty. A simple half-wave low-pass filter with a igpaded Q of
l iz usualiy ample,

It is wise ko iselate the LO circuitry Erom the rest of the receiver.
& =hield compartment and deccupling networks in the dc =upply lines
te the VPO will help iselate the LQ system. Unprotected oscillator
circuits ecan pick up stray RF energy from othar pares ofF the circuit,
and thls can sericusly affect the ViD stability. L0 igolation is rathsr
impartant when the VFD is used within the cablnet of a transcefiver,
Ideally, the VFO clrcouilt wpuld be contained in a separate boX, excernal
t¢ the transccelver, Thi= general rule applies to OC receivers also,

IF Bystem Hotes

You may use pne or two IF amplifiers in your superhet, or none at all,
45 discussed earlier. Two IF amplifiers offer better AGC action than
dees a single anplifiar, Alsc, the averall recelver gain will be much
gramter when we utilize two IF amplifiers. Contrary to a miscenceptiaon
that existe, high-gain IF ampliflers do not regulpe tuned ipput and
eutput transfermers, Fer example, IC amplifierz such as the MC1350F
or CA30Z28A work nicely when an RF choke or broadband trensformer is
usad 1n place of & rconventional IF transformer, Capacitive coupling
iz used between the stages when RF chokes are used. This method aids
amplifier stability by providing low-Q input and ocuwtpot cltcults. Trans-
formers are useful, however, to provide an Iimpedance match between
the IF anplifiers and theltr inpot and cutput leoads to ensure maximum
gain. Most IC typas of RF/IF amplifilers exhibit a 2000-chm input and
B000=ohm output characterictie (base to base and collector-to-collecter,
respactively) .,
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A well deslgned AGL system will yield up te B) 48 of gain control whan
tws IC ampliffers are used in the IF system, Examples of high-performance
ARGC amplifiers. and coentrol ciccuits are described in Golild State Dealgn
for the Radio Amateaur. 5 meters are used with these svstens.

IF Filtering

We must exercise carea when wsing a mechanical or crystal-lattice IF
filter, All {ilters reguire a specified tarminatisn impedanecs if they
are to function as the dezign specificaticns are atated. An improper
load impedance csan cauze the filter response te be azsymmesrical, and
the ripple (dips and peaks acress the nose of the response curvel may
become prohibitive, Be pure toe check the manwufactirer's data sheet
when you use one of these filters, Alsg, gocme filters call for resonat—
ing capacitors at the filter input and output termlnals. These are
pssential if we are to obtain correct fillter performance.

Home-made IF filtars are inexpensive and fairly easy to design, Ladder
filter design, based on low-cost, surplus arystals is treated in depth
in WlFR's Dbesign Notehook (ARRL). The book contains two articles an

the subject by Was Hayward, W7ZOI. The procedure is =inpla ensugh to

follaw for even the most rank beqlnnet.

—_———— e —m
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Evltable crystals for home—made ladder fllters are available far as |

little as 51 each. Most of these crystals are serplus unlts for computer
ugse. Check your elegtroanics surplus catalogs for 1i=eings, I have made
some excellent 250-Hz ladder filters from TV color-burst ecystals that
I beught for 75 cents apiece. Fllters of this wvariety can often.
be built for less than 55, whereas a cowmparahle commercial fililter can
cost as much as §75.

Foat IF Filtering

A typiral puperhet receiver has the IF filter ketween the mixar and
the first IF amplifler. Some amateurs have cascaded IF filtere at this
clrcult point in order to improve the filter skirt zelectivity. Others
prefer. to use & "tall end" filter. This method calls for using the
pecond filter immediately after the last IF amplifier. A second filter
used in this manner reduces receiver noise by rejecting wide-band neoise
that comes from within the IF ampliflers. The reswlts can be dramatic
when dolng weak-signal work. It is important to make supe both filters
have the same center frequency. The tail-end filter {5 chosen far
a wlder bandwidth than the first filter, PFor example, a 250=-Hz filter
might be uged Just sfter the mixer, but a 500-Hz filter i used after
the lact JF amplifler. This helps assure that the passband of the flrat
filter falls within the passband of the tail-end filter.

Receiver Aundie System

It 1s net wpusuval ko E£ind receivers that have inferior audieo, even
though the remainder of the circuit performs nicely. This 1s true with
some expensive commercial receivars as well, The ¢zuse may often ba
attributed to a miserly designer who tried te cut oost by uging an

D N ——— e —————
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lnadequate of low—coest output ampliifier, It 18 true that we seldom
need more than 0.5 W of audioc power to excite a speaker to comFortable
teom level, But, if tha ourput amplifier I{s rated for a maximom ocutput
power of 0.4 or 0.5 watt, it is producing distortion at that power
level, Alsec, some avdio=-cutput ICs have inherent cross-over distoertion.
WeAk signals take sn a "fuzzy® Sscund in the presence of this distortion,

It ig better to uge zan ocutput audio amplifier than can produce 5 or
mare watts of power. ¥You will never use agl) of those watte, but at
nocmal listening levels you will net hear distortion, This phllesophy
ran be equated to that which applies to HI-F1 system=, where it is
hak unbsuak to find a "golden ears®™ person using & 100-W amplifier,

Distortlon 1s alee caused by & loudspeaker that is incapable of handling
the avallable audlo power. Manufacturers tend to use speakers that
have small magnets. This limits the handling power of the speaker. It Is
abgurd to have a l-watt aoudio anmplifier and a J44D0«-mW speaker, but I
have phserved thisz shertcoming in a number of commercial prodoctse.
Audio guality can be Iimproved markedly ifF we use & 10-W =speaker with
addlo systems that produce up to 5 watts of output power. When in doubt,
select @ Bpeaker with a very large magnet. Although it may co=st more
than & Pkargain-price smaller unit, the rewmrds are worth the added
PAPENSE .

Audis response shaping {8 weorth consliderving when you design & receiver.
We seldom need the freagquencies below approxlmately 400 Hz, and those
dbove 2500 Hz are not necessary for communications work. The audie
reaponae at the low frequency end of the spectrum <an be rolled off
by =electing coupling capacitors that pass thea highs while rejecting
the lows. To achieve this effect ywou may have to use O.l=oF coupling
capacltors instead of 2.2~ ot 10=uF eghes. Responge at the upper end
nf the communications sudio range can be limited by using bypass cap-
agitnrs from the ootput ports of the audic amplliffiers to ground, I
use capaciters with wvalues frem Q.002 te ¢.1 wF For thi= purpose, The
effective ORM can be reduced markedly if vyou adopt this technigue for
your recelver, Low-pitched tumble and nolse tends te wvanlsh, and so
do thos¢ high-pitched heterodynes and 55B menkey chatter,

Zingle Conversion varsns Donble Conversion

Which 1= bhest? Bingle converslon or dguble cgnversien In a superhet
receiver? It is =said that "beauty i= in the eayes of the beholder.”
This philosaphy probably applles to the ohoiee pf receiver plroulits,
Simplicity iz the keynote of a zingle-convar=ion receiver. This circuit
is relativaly inexpensive to bulild, A double-cgnversien receiver needs
additicnal stsges and a cellection of hetereodyne crystals. Alsoc, the
chance for birdles is greater when the double-converszion method s
used. Careful gain distributien is meandatory In any recelvar 1f we
are to reallze high dynamic range. It becomes more critical in a dooble-
convearslon setup, malnly because there 1z more potentlal galn to control,
tn the other hand, dooble conversion is beneficial when we want to
minimize Iimage responges, For example, the receiver may have & first
IF of 40 MHz, This energy is well away from the receive freguendy,
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which discourages the develepment of image responzes. The 40-MHz energy
is then converted (second mixer and LO) to some lower frequency, such
ac 3.3 MHz or perhbaps 435 kHz. Therefcre, we are dealing with two IF
zystems, twe or more IF fllters, two mixers and two LO chalne. The
pleture becomes even more complex when a dasigner elects to build a
triple=conversion receiver. Personally, I prefer to work with single-
converslisn schemes. I encounter fewer perforcmance problems when I follow
thiz course! :

———————— A

Minimize the Prills i

You will be happier and spend less meney If yeu aveid the po-ecalled
bells and whistles we find on modern amatsur receivers. The QRPer does
not npeed AGC, an 2 meter, RF gain contrel, digital frequency display
or passband tuming In order to have fun and success, Notch filters,
IF chift, computer Intarface, noise bhlankers and the like are also
unnecessary for routine communications. Good dynamlc range and freguency
stability are, howsver, essentlal, The subject of dynamic range and
how to achieve it {£ covered in Solid State Design for the Radic Amateur.

similarly, we do not nead to use ICE, just because they are available., |
PC board laysut can become a nightmare with some ICs, Discrete devices,
sucrh as bipolar transisters and FPETs can provide good performance.
tircuit-board laysut is simple and there is plenty of cpportunity te
experiment with operatlng parameters when we use Jdiscrete davices. .
many iCs prohibit ewternal changes that change the perfermance. Unstable
operation freguently plagues a high-gain IC, This 1is bevause there :
is mo much gain in a small package. For the sSame raazon it can be 2
chore te design a8 PC-board pattern that does not enccouragea inatability,.
I* iz not alwayc easy to lovate the recommended IC bypass capacitors
at the pine of tha IC, and this iz essential for ensuring stable oper—
atien. Long FPC=board foils are inductive, and this centributes alao
to instability. Although most ICs are of modest cost (51 to 53), we
zah buy popular bipolar transisters for as llttle as i cents eadch. Many
FET= are available for as little a= 50 cents apleca.

FPRACTICAL RECETVER DESIGH

We will begin this sectlon by reviewing wvariocus comtioh circuits that
yvou will use when you build recelvers. Working parts valued ape az=ligned
ks these tested circuits, This will take the guesgs werk out of your
design exercises. Generally speaking, substitute transistors are =zuit-
abla for these circuits, provided the substituted transistor or diede
has simlilar electrical traits, For example, types 2N3I904, 2N2222 and
IN4400 or 2H4401 may hbe interchanged in many circuitz with no great
dlfference in performance. Try to select a csubstitute device that has |
approximately the same maximum voltage, current, 4qain and fT (upper |
frequency gain limit). The T, where gain fg wnity, may rated fer a
higher frequency than the transister for which a suhstitute 1= chosen,
and performance will be ockay. A workable rule of thumb for fT fi= to
choose a trapsietsr or IC that has an wpper freguency lbimit that is
five times or greater the desired operating frequency. This epsures

I 1
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maximum avallable galn (hfe} at the clrcuit operating freguency.
Oscillators, on the other hand, can ke made to Work at or even slighe-
ly above the transister £7, but sutput power will be low. Oscillators
ara, In effact, amplifiers that use feedback to make them oscillate,

Variatiohse Iin resistor wvalues as 4reat a= 20 percent are acceptabie
-for the practical circuits in thies book. The same iz true of bypass
and coupling capacitors. ¥You sheould adhere to the capacitor types
and values called for in tumad clrouvitz, YFOs, filter=z and crystal
pscillatora. If vou do not have ths exact walue specified you may
use combinations of sarles or parallel capaciters to obtain the wvalue
p8llad eut in the parts list. In this centext, if the circult regulras
a 50-pF HPD capacitor, yeu =an uze twa 100-pF MWPO units in series
te sbtain the specified value.

Air wariable tuning capacitors may be modlfied easily to arrive &t
a spacified maximum capapltance (plates fully meshedl value. You can
use a pair of needle nose pliers to remove wvanes from the rotor or
ctater to reduee the total capacitance. It is wsually 3 simple matter
convert, for example, a 00-pF alr wariable to a 50— or 75-pF unit
through this procedures.

Crystal Oscillators

The practicel ecircults In this section may be weed [n recelvers or
transmitters. We will examine only tha more popular oscillator types
here, A plethora of oscillater circuits has been developed and named
atter the inventors. Each breed of osclllarar has its salient
Features, but in all cases the key to proper performance 1s the fesd-
‘back power used in the circuelt. Feedback consists of a poertian of
the ceeillator output power which 15 fed back te the input circuit.
Thiz Iz callad pesitive feedback. Megative feedback 1s used in amp-
l1fier clrewits to prevent them from escillating. This is called
heutralization,

Foor oscillater perfoermance can result from the use gf too little
or toe much feedback weltage or power, An oescillater with a low value
nf faedback may not oscillate at all, or it may be a sluggish starter
when power 1s applled, Excessive feadback, conversely, c&n cauvse
the oscillator to generate spuricus frequencies, cause the transistor
to draw excessive current and lead to freguency drift. In & worst
case 8ituation the crystal can be damaged by ewxcessive Ffeaedback.
Thiz 1= most likely te ocour when we use solid state power osclllators
.or tube types of oescillators.

Pogitive feedback {5 of the same phase as the sascillatar input signal.
Negative feedback i 180 degrees cut of phase with the inpout =ignal.
This I important to remember when you use a-link on the ocutput tuned
circuit teo obtain feedback. If clreocult £alls to osclllate, reverse
the feedback winding to obtain the proper phase.

A suitable ballpark wvalue for the fesdback 18 0,35 the wescillator
output power. This clearly illustrates that the efficiency of an
pselllater 15 muelh lower than 1f the zZame transistocr were used as

I
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a class € amplifler, The feedback power 15 subtracted froem the out-
put power. Typical crystal osclllater efficiency is on the order
of 30 percent, 3 polid state eclass C amplifier c<an ptevide an
efficiency as= great as 75 percent if the operating conditions are
optinized,
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The commen osclllators in Fig 3-4 are shown with wvelues for the
¢ of oritical capacitors. You may obtain the capacitance value
from these mumbers by using 2 pi times XC times the freguency in
MHz ., Capacitance is in uF. Hence,

1 Egq 3-1
L = g
uF M F XC

whare KC is in ohms and 2 pi is B.Z5.

Please bear in mind that the XAC values expresssd in Fig 3-4 are
approximate. ‘The absclute wvaluss depand upon the traneieter gain
and the activity of the crystal. Optimization of the feedback wvalues
may be accomplished by observing the cecillater output waveform
with a scope and selecting tha level of feedback that provides the
least waveform distortion, consistent with reliable oscillator start-
ing. Experimentation with the transistor bias value will alsoc help
to provide waveform imprevament.

Fig 3-4A illustrates a Plerce ogcillator. This untuned oscillator
relies primarily on CZ2 and €3 to establizsh the feedback. RFCL im
combination with stray circult capacitance (1% to 15 pF typleally),
must be resonant below the corystal freguency in order ta obtain
ogcillation. The walus of blocking capaciteor C1 can be varied in
the interest of tha purest output waveferm. Its wvalue, in any avent,
aharld be the =mallezt one that parmits2 relizble escillation and
acceptable powar output. A bipolar transistor may be subatitutred
for the JFET in Fig 3-4A. If this iz done you may vee the basea and
emitter resistance values shown at C and I of Fig 3-4.

An overtone osclllator is depicted at B of Fig 3-4. Note tha similar-
ity of thie circuit to that at A. The feedback capacitors have been
deleted and a tuned eircuit (T1 and C2) has bmen subatituted for
RF]l at 4. This tuned circuit is resonant near the frequency of
the degired crystal overtone {3rd, 5th, etc.}. The tuned circult
wust be resonant juet slightly above the degired fregquency in order
to ensuare oscillatien. High-impedance output from thies circuit may
e taken from the FET drain throudgh a swmall value couwpling capacitor
(X = 450 ohms}. The owntput link winding of T1 provides low-
impedance coupling to the load -- 50 to 600 ohme, dependisg upon
the number of turns uzed for the link.

A Colpitts oscillator is presented in Fig 3-40, Cl and CI1 are the
feedback capacitors. €l may sometimes be eliminated 1f the traneistor
veed for Ql has ralatively high base-emitter [internal) capacitancae.
This may be determined through experimentation. A JFET or MOSFET
can be uged for Ql at ¢ of Fig 3-4. The 15K-ohm bias resistor is
remaved atnd the 5.6KE-ohm resistor is replaced by a 100K-ohm unit
if this i done. Output fram the Colpitts escillator is low,
owing ta the takeoff point being the emitter. An amplifier is need-
ed after Ol to develop cutput power that is similar to that at A,
B and D of Fig 3-4.
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A2 tuned cgllecter oecillator 12 shown et I of Fig J-4. Cl ie the
feadback capacitor for this fundamental oscillater. Tt works in
comblnation with the internal base-emitter capacitance of 1. Thie
type of opsgillator may be operated also at the harmonlcs of the
crystal if C2 and Tl are tuned to the desired harmonic. IfF  thise
iz done it may be necessary to use a feadback divider of the kind
shown at C in Filg 3-4. Harmonic operation: of thils c<ircuit is not
ggpecially desirabhle bDecause the agutput energy contalng fundamental
crystal anergy. plus unwanted harmonics ©of the crystal frequency.
An pwvertone oscillator (circuit Bl is free of fundamental output
Snarygy .

All of the Flg 3-4 oscillators may be used as the heart of a QREP
transmitter or as heterodyne gecillators in a sSuperhat recaiver
or converter, The clrcuit at € in Fig 3-4 may be uweed by iteslf
as # milliwatt QRP transmitter. You may key the +12-¥ supply line
or disconnect the 470-ghm emitter resistor from ground and key the
rircuit at that point.

Variable Cryetal Oacillators

& variable crystal cscillator {(VEQ) offerse relief from being locked
to one cry=tal frequency. Inductive reactance (XL} and capacitive
reactance (XC) are intraduced in series with the crystal to shift .
its fregquency of oscilliation. The ¥XCQ or XL can be made variable
te allow shifting the operating freguency.

Fundamental cgrystals are used in VED ¢ircuits, although you may
use an overtone ¢rystal at ita fundamental freguency for ¥VXO operat-
ion. Flated AT-cut guartz crystalas are the best for VED aircuits.
I prefer the onea that are contained in the larger HC-6/U metal
holders. These crystale appear to provide the greatest f£raguency
shift Iin a ¥XO. Surplus FT-243 crystals and cother clder crystale
in nonmetallic holderse dg not shift freguancy too well., In fact,
thevy may be difficult to make oscillate in gome gscillator circuits.
These orystals are freguently reloarred to as being "sluggish." Tt may
be helpful te ask your favorite cryetal manufacturer if he can supply
you with a crystal that ise ground especially for VED sircuits. At
ane time, at least, International Crystal Mfg. Co. made a <crystal
of this kind. It was a bit mgre "rubbery" than standard AT-cut madals

You may he wondering how many kHz 38 crystal may be pulled or shifted
in a VX&,. This depends upon many factoras. The nature of the cryastal
you uae playe & Tole in this matter. The amount of stray circalt
capacitance iz part of the picture. The wvalues for the XC and XL
dictate to a large measure Lhe maximum shift in fregquency. Most
importantly. however, is the crystal operating freguency. The lower
the crystal fregquency the smaller the freguency changs. If you use,
go¥., @ d.5=-MHz gryetsl in a VED you will do well to shift the freqg-
unancy mors than 1.9 kHz. Conversely, a 14-MHz crystal can usually
be pulled some 15 kHz. A& freguency change of 7 to B kHz is typical
at 40 meters 1n a well designed ¥XO. I have succesafully shifted
a 20-MHz crw¥stal 3¢ kHz.
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NC1 = 110 ohaxs XCt = 110 ahwna

L1 = 1K ciwera XL1 = 'K ohime

C1, G2, C3F = Sama aa Fig 3-aC C1 i) = 450 olves

RFC1 {X;) = 1268 ohine RFC1 L} = 123K ohms
Fig %-% -- Twa préactical azanplas of Y30a, Clrecult A teollews tha Celpltts
deaaign «ofF Fig 3-4C, Tha VX0 at B 1eg patterned after the Plerce escilimtar
in Flg 3-4&, XL1 in both sxpmpleas is sppproxiaately 1% od at 14 MHz, At i.8

MHr XL1 1a approsinataly 100 wH, XC1 in bBoth chirculte ia mn slfr verlabls
capacitor that 15 penel scunted for smesy adjustmant, XEGI At B muztk hava
itz roktar and stmator insulated from ground,

The values of the ¢ritical components are approximate. adgain, thers
1a plenty of leeway for exparimentation toward optimizing the osc-
1llatar performancea. Be aware that all VXOs ield nonlinear rasponse
when XC1 i adjusted. Maximum freguency change occursd toward the
minimum=-capacitance gnd of the XCl rotatign. Increasing the maximpm
capacitancae of XC1 providas diminicshing raturne with reagard to freg-
uency change.

The tempiation uysually existe to enhance the frequency Tange of a
YEO by increasing the 1nductance of XLl in Fig 3-5. Again, a polnt
of diminishing retwrne i3 reached, respective to truse VIO operat-
ion. Too great an inductance leads to regular Y¥rPe operation, and
the oselllator stability decreases. A VXD is normally as astable as
a straight crystal cecillater at a constant room temperatura.

Too mech stray circuit capacitance limits the wuwpper range of YXO
adjustment. In fact, it can cause the highest operating fregquency
te occur slightly below the marked crystal frequency. A good VIO
ehould enakle you to shift the crystal freguency slightly ahove the
marked frequency (1.5 kHz at 14 MHz, for sexample}. The circuit at
B of Fig 3-5 is capable of thiz function, whereas circuit A is not.
This is because Cl anpd C2 provide a set minimum capacitance. This
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can ba overcoms by lacating a small-valus coupling capacitor betwean
thae Ol gate and ¥1l. Caution: Too small a capacitor value here will
prevent the cilrcuit from oscillating.

¥Li in both circuits can be a minieture EF choke. Tha nearest stand-
ard walue to that which you compute from the XL aguation will be
okay in these circuits. I use a 15-uH choke at 14 MHz and a 22 uH
unit for 7 MHz. '

If you employ the circuit of Fig 3-5B it will be necessary to keep
tha XC1 Totor and etator above ground. An insulated shaft coupler
will prevent hand capacitance frem shifting the ocescillator freguency-
You MAY uUse a trimmer capaciter for XC1 if you do not contemplate
numercus fregquency changes during a single {54,

Best V¥O stability is had by using a buffer-amplifier etage after
the oacillator. This helps to isclate the VIO from lozd changes that
can cause freguency shifts.

Trangistors other than 2M4d1l6 are =uiltable in these clrcults. You
may wish to use, for example., an MPF102 or a dual-gate MOSFET, wuch
as & 40673 or 3N?21l, The gates of a dual-gate MOSFET can be tied
together to allow tha device to serve as a single-gate FET. This
eliminates the need to apply forward bias to gate no., 2, Thare i=s
no reason why you can't use bipolar transistors far the circuite
in Fig 3-5. If you do, follow the biasing procedure set ferth in
Fig %-4. The 2N441é JFET has a better pinchoff characteristic
than does an MPF102. 7This characteristic gllows the transister teo
produce greater cutput power than if a low-pinchoff device 1s used.

Standard LT VFOE

Frequency stability i1s the £irst conslderation when we bulld VFOB.
Thers are two kindes of drift to coneider: (1) Bhort-term drift and
(2] long-tarm drift. The former phenpcmenan takas place during the
firgt two or threa minutes after operating voltage ie applied. Long-
texm drift may continue far many minutes, or even for hours.

Short-term drift is caused by the heating of Lhe tranaistor junction,
plus heating wf the other VFO components by RF currents that flow
through them. Long-term drift may be caused by an extaension of short-
term dArift which is compounded by changes 1n ambient temperature
within the ¥FO compartment. Changes in humidity contribute aleo to
long-term drift.

abrupt freguency changes can also ocour in & VRO, This is uwsually
caused by mechanical devices. such as trimmer capacitor=, that cause
changes in walue from vibration. Changes in ecperating voltage may
also caonse freguency jumping.

Minimizing Drift

all LC eypes of VFOs exhiblt some drift. Normally, in a well-designed
VFG, this drift practically caases after 30 minutes of operatiaon.

et —— el
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I have gesn ¥FOs that sertle Jown withipn 10 minutes aftar turth-on.
Typically, a =stabilized VFO will ramp up and down in freguency by
10 pr 15 Hz, even aftar a complete warmup. But, thisg does not ocadse
a problem, gince we deon't notice any owvtward effects from 3o =mall
a freguency change. In a worskt case example, I have built VFOs that
never stopped drifting. It was not uncommon to observe a 15-kHz drift
at 7 MHz during a l-hour periopd! Hera are some drift-preventive
measures that I find helpful:

(1] Use a regqulated low operating wvoltage for the oscilllator. The
lost owutput power can he racouped by adding a3 clase A amplifier
after the ogcillator. Try an operating voltage of & to 8. Use

a Zener dinde to regqulate this voltage.

[Z} Use wery light coupling between the transistor and the tuned
circuit. This helps to isclate the transiztor Ffrom the tuped Sircuilr.
Minimige the coupling frem the oscillator ta the load by again wsing
a amall-value capacitor.

(3] Utilize temperature-stable capacitores in the c¢ritical parts
of the pecillator circuit. NPO [ zero temperature coafficient) ceramic
capacitors are excellent. Polystyrene capacitors ara nearly as goed
as NPls up to approximately 10 MHz. Silver micas are the woret of
the lot. Tha¥y may exhibit positive or negative drift traits with
.changes in temperature.

{4} Uge & high-0 tuned circuit in your ¥FO. This minimizes wide-band
noige ocutput.

{5} Ingtall & small-signal silicon dicde (Fig 3-5) betwesn the FET
ascillator gate and ground. The dicde cperates a&s a bias stabilizer,
and thiz reduces potential drift. Harmenic ocutput is lower when using
this digda, and this iz also a benefit. This technigue iwm not
applicable ftoc bipolar-transistor osgcillators.

(&) 311 trimmar capacitore should be smell air variables or RFO
-ceramic unita. Aveild ueing mica trimmerz or low oost plastic trimmers.

(7] Rir wvariables ueed for the main-tuning eentroal in a VO nead
to bBa the double-bearing type [(bearing at each end af tha rotor].
Avoid using capacitors -with aluminum plates, since they expand and
contract with changes in temperature. Plated brass vanse are best,
The main tuning wapacitor should turn easily with minimam tforgus.
{8) Don't skimp on the number of buffer stages after the cecillatar.
The greater the nuomber (up to three] the better the isclation {rom
varying loads that cause frequency changes.

[ Enclose your ¥FO in irs own shield compartment and decouple
the dc leads that -enter the box. This prevents =tray RF energy from
entering the VFO circuit and causing freguency shifta. Best resulte
will ba had if the VFO module is used owtboard from the main pizea
of equipment {not always practical).
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(10) Do not uee double-sided PC boards for ViOsE. The PC conductors
form capacitors with the ground-plane side of the board, and tha
bhoard insulating material serves as the dielectric. Capacitors thus
formed ara wvery unsrable with changez in temperatura. Aleo, stress
ot the PC board changes these unwanted capacitances. Use single-
sided. glasg-gpoxy board material for VFOs.

(11} Avoid using long Fo-bpard traces (conductors) in critical
parte of the Y¥FD circuit, especially around the tuned circuit. Long
conductkors -- sgpacially veary narraow ones =- introduce atray induct-
ance that becomes part of the ftuned circuit. This can not only lower
the tuned-cireouit Q, but leads ta freqguency instability if the PC
board expands and contracts from heat. Abrupt freguency changas
may result if the PC board is atressed.

(12} WUse at least two coats of Polyatyrense O Dope {TM) on the tuned
circult coll after it has been wound in final form. Thiz will keep
the coil turns in a fixed position, which minimizes freguency shifta.
The protective coating alec keeps moisture and dirt from effecting
the cail. :

{13} Avoid, if practicable, the use of any magnetic core inductor
in the Y¥FO tuned circuit. Rigid ajir-wound coilz will yvield the best
atability traite. Fowdered-iron and ferrite cores change permeability
with temperaiure changee, and this causes drift. I you must use
g cora [toroid or coil slug):. try to uwtilize ne. & (yellow caode}
powdered iron. It is relatively stable with regard to heating. This
material is carbonyl SF. When u=2ling =lug-tfuned colls try to have
g little of the s5lug within the ¢oill winding as posaible. This
lessans the heaAt-caused frequensy Arift. Alese, the core should enter
the high-impedance and of the inductor.

{14] Whenever practicable, do not remove the operating wvoltage
from wyour VO, even during standby peripds. This will eliminate
the short-term d4Arift that occurs when the cegillator ies Tirst turned
on. IF the VPO creates an interfering signal during raceive, add
a VFQ ecffset circuit that will shift the VFQ freguency during the
receive perigd. This is illuetrated in the universal VPG that appears
later in this chapter,

{15) Beware of some of the imported NPU capacitors. I have used
a number of them that sxhibit considerable capacitancea change f£rom
heating. I have not experienced thiz problem with American NPO units.

The foraogoing is a recipe bock approach to WFQ stability. You should
have Tew problems 1f you adhere to thege general "Band Aids"™ {(TM]).

Cammon VYFO Cirmaita

Fig 3-6 shows various popolar LC-gscillator circuits, along with
mathods far tuaing them. It should be atressed that merhanical tuning
{with air wariable capacitor=} is superior to ¥WC (voltage variabla
capacitance) dipde tuning. These VWC or wvarartor dicdes contribute

[
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frequency instability. This is because addifional semicanductor
junctions are intraduced to the circuit, and the junction capacitance
changes with temperature. Thie iz by no means an indictment of ¥WC
dinde tuning. It is merely an advisory. Certainly. VWO dilodes have
their place in amateur design., and are far less expenzive (and mare
compact!) than most guality alr variables. When these digdes are
ucad for VFO tuning,. make certain that you use a high-guality carbon
composition potentiometer for warying the VVC coperating wvoltage.
I prefer a 2-watt Allen Bradley or eguivalent control for this job.
Muet imported, leow-cost contrela are mechanically inferior, and
the carbon element wears out guickly.

HAIN TUME ¥FO )
= THAA LG
1

L

L + E:1 H::ENGE

I:-T =
—-TUHED 1 1 1
“‘ﬂv:H t +
ca 46 7

ZHd41 6
100K ! B.1 180

+12¢

ce

Ac1 = 1700 GHMS
c3 IHE1d XCI = =300 DHMI
RE3, XC4 ~ 3480 OHMS

RF
A O ¥CS = 860 GHME

& ouT ¥C&, XC7 = 90 OHHS
ca K1 = ¢ DHMS

Fig =& =- Expmplaz of <Oomman VEOs, Clrcuits A and C uwse & Lappad <cail
{L1} ra provide teedback. The kap 13 ©.2% tha totpl L1 turns obove the graund=
ad wnd of Li. Machanlcal tunlmg iC1) 13 used for frequency control, Gate
bisng is stabilized by wmaane of the iH014 diods, In @ll wxamplas abowve, TI.
£3, C4 apd C% are WPO coraplce. Circolt B shows C6 mnd CF rather than B ¢oil
top tor obtalning teedback., L6 and ©F ars polystyresna. WYY tunlng 15 uvsed
at © ta changs fFreguency. MY104 ar aimiler ¥VC dicdaz may be wred, RI is
an iodustrial grada, "2-W carbon-compodition coatral, A werniar mechanizm
tor R provides & 3low tuning rats, C* In all =irewltes 1= an MWPR trimnegr.
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The Hartley WVFD circuit appears to be the most popular gne snoong
amateur bullders. Therefore, 1 have [Eeatured this circuit in Fig
3-6. Each of the clrcuits needs to be followed by at least twe buffer
amplifiers in order to provide isclation from the overall ¥PO load.
Fower ootput from {the spurce terminal of the ogeillators 1s low.
The huffer/amplifiers increase this power to usable levels. You may
obtaln the capacitor wvalues in uwF by using the formula in Eq 3-1.
These wvalues are given in XC on the diagram (Fig 3-6) and reprasant
gtarting point=s for VFQO design. The wvalue of €1 at A and B muet be
chosen to provide the tuning range you desire. Depending upon your
individual needs, C1 may need to have more or leses total capacitance
than the XC walue indicatas. In & like mannar, the vvo diodeas you
gelect for DYl and D of Fig 3-60 will determine the owerall tuning
range aof the VFO. Thes: dipdes are available from Motorola and others
with wvarious capacitance minimum and maximum values.

Ql in each example ir & 2N44le JFET. You may use other FETe., such
as the MPFI02, but output will be lower than with a 2AN4416, owing
ta the superior pinchoff characterlistic of the latter type. Thes=e
circuite can ke built arpcund bipolar transistors &5 well. Forward-
blas networks and emitter blas muse be added when using bipolar tran-
istor=. I recommend a fairly "hot" bipolar traneistor for VFD pervice.
The 2N5179 and others with an £T in the UHF region are suitabla.
On the other hand, I have had good results with s=such traneistorse
as the 2M3I904, 2N2222 and 2N4400 in VFQD circuits. Drift will be
minimized if you use bipolar transistors with the least "input and
gutput capacltance, hence the recommendetion for the 2ZNWN517Y device.

FETe with high transconductance are best for uge in VFOe. Certainly.
dual-gate MOSFETs are excellent devices for VPO gservige. Among tThem
are the RCA 40673, 3IN211 and 3WIlZ translstors. A typical JFET

or MOSFET has an input capacitance of approximately & pF. This must
be added tg the overall ftuned circuit capacitancse when calculating
the .inductance of L1 in Figq 3-6. allow 10 pF {average) for stray
circuit capacitance arcound the VPO toned clrcult.

The vFOs described in thls chapter are sultable for receivers and
tranamitters. Thie information will not be repeated later.

Euffaring tha VFO

I mentioned earllier that buffering provides isolaticon bpetween the
oscillator and the leoad. Waricus circuits may be used: bui narcow-
pband clrcults (resonant tuned clrcuits) are best avoided. They may
encouraae VPO freguency "pulling® and tend to limit the overall band-
width of the VFO frequency randge. The exception to the foregoling
philosophy ie when we choose tao add a harmanic filter at the output
of the last buffer amplifier. & low-pass type of filter iz most often
uged. It Jdoes not restrict the VPO gverall baonpdwildth.

The buffer-amplifier svstem is used also itoc increase the ocutput power
aof the pecillater. You muet determine how much logal-cecillator power
is required for the mlxer or transmitter lnput stage when deslgning
your buffer-amplifiers. Rhdditionally, knowledge of the input imped-
ance of the mlxer or transmitter stage is important. The output of

|
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the last buffer, ideally, ls tailored to match this impedance. Max-
imum power transfer occurs only whan & matched condition exiate.
Most bipolar transistor clags A transistor emplifiers present an
input impedance of approximately 600 obms. A dicde balanced miXer,
on the other hapnd, has a 5%-ohm input impedance. The gates of FETe
have = high impedance (megobms). The gate resistor eztablishes tho
effective gate impedance. Thus, if the gats resistor is 100,000 ochms,
that 1s the effective gate impedance. Filg -7 illustrates how &
buffer-amplifier chain may be strustursed.

HUFFER HUF FER
2da401

SOURCE FOLLODMWER

WPF103
ci oF LT
nr‘c}____fiﬁ e 0.1 RF
1H 1t oY
' 50 QMMS
100K RFC1 ||
1 wH
i1
12V ) P gt S—
33

Fig 327 == Twe axmmples of WFO buffar/ssplifier circulits. & direst-coupiled
systam 1p ahown at A, Tranzistees sveh ap FHZZZZA ond ZH3S04 may alac be
uasd For 91 and 2 st A, Thie aystems has o far dBE of voltege gain and hasz
an putput Impmdance allghtly less then 470 ahma, Circuit B has good 1salset-
iwh by wvirture of FET {1, which praesats high Z to xhe VFOG, Q1 has B gain
af 0.9, QZ hpgy gpproximately 15 gB of gain. T1 hes 16 turns of no. 28 anan.
on mn Amidap FT-37-43 fearrlite toroid. Secondary hae B turns.
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A direct-coupled buffer pection ie illustrated at & pf Fig 3-7. This
gimple, inexpenpive appreacrh to bufifering a4 VPO is preferrad by many
builders, especially whepn a cotpact layont is reagquired. It is broad-
bhand and may be weed from 500 kHz to 30 MHz with no clrcuit- changes.

Fig %-7B showe the circuit I prefer for post-VYFO usa. FET Ql, hecauaa
of its 100K-ahm input impedance presents light 1loading of the VFO
output rcircoit, Cutput taken from the source of Ol is routed to a
broadband class-A amplifier {Q2) that exhibits a 50-ohm jinput impad-
anae. This amplifier uses shunt and degenerative feedback to ensure
stability and a flat freguency respeonse from LF into tha VHF spectrum.
Harmanic output i=s= low because 2 operates linesarly. A low-pase
filter may be uapd at the output of TI if further harmoenic atten-
vatign iz desired. Additiconal information about VPO bufferfamplifier
sygstems is presented in W1FB's Design MNotebook and Solid State Design
far the Radis Amateur (bath ARRL books).

Requiated de voltage iz sometimes used for Q1 at A and B in Fig 23-
7. Thig helps to ensure a constant leoad at the YVFO gutput: Even small
variations in 01 aperating woltage can lead to phase shifte that
are reflactad to the VFQ, and these changes cause shifts in freguency.

The Heterodyne YFO

Greater stability and higher cost are conditionse that go with the
more elaborate hetercdyne type of VFO. These circuits require a VPO,
mixar and heterodyne-oscillator eystem, Since two fregquencias ars
involved in this estyle of VPO, we MUIt use care o avoid paasiog
spuriouwne freguenciee to the receivar or transmitter. Bandpasz [ilter-
ing 1= generally required after the mixer. We face graatar axpense
bacause oryestals are uwused in the heterodvne osclllator.

A practical circuwit for a hetargdyne YFO is shown in Fig 3-8. Design
information Ifor the tunable c¢=scillateor may be obtained elsewhere
in this chapter. Am RCA CAJ0OZER IC is used A8 A singly balanced mixer..
Rl and Q2 are clasg & broadband linear amplifiers. Fierce gacillatnor
Q3 provides the hetercdyne freguency which, when mixed with tha VPO
frequency, vields Ul output from 7.0 to 7.3 MHz. Q1 amplifies thim
energy.- It 1 filtered by bandpoass filter FL1, then further amplified
by J2. A 7V-MHz =ine wave appears at the output port of T3,

You way modify this circuit £ar ocltibacd uwse by having additional
heterodyne oscillators and harmonic filters. These extra oircuite
may be band-switched by mechanical or elactronie means. Fig 3-9 shows
how the circ¢eits can bhe switched with. IN914 diedes.

I mentigned esprlier that this wvariety of VFD is more stabhle than
the mora comngn stratght VPO, 1 need to gualify the statement by
saying that any YFPFD is only- a® stable as its tonable oscillator.
The improved atability comes from not using a sitnple VFO at freg-
uancias above, say, T MHz. Maet vFUs that operate below 7 MHz can
be made to operate with minimum drift. A l14- oxr Z21-MHz VFO, usually
does, in contrast, drift appreciably unleses great cara ie taken.

o
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Fig 3-9 -- Twe axamplss ol diade ewitched RF eircuits, Filtar awltch-

ing is shown At A. QPEcillators mey be swibtehed as shown at B. A1l dindasg
ara types 1HI14. RF chohes ere 1 aH, Additicnel Filters and oselllators
may be oddad By merely duplicating tha sobawve clrecuits amd adding switch
paolex, All awitching 1 done at law ifpedance.
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1t is important whenm using the ecireuits in Fig 3-9 to ensura ample
dc current through the gwitching diodes. 1f this is not done, the
divdes do not turn on cempletely. Thie results in a signal lpsz which
can ke a8 great as 3-4 dB. By utilizing back-toc-back dicdes at each
awitching puint we obtain better f£ilter isoclaticn than if only coe
diode were used for each switch, Tha RF chokes specified at each
Ewitch locaticon are used in place of resistors in order to minimize
the dc resistance in the clrcuits. Miniature molded chokes are avail-
able from Mouser Electronics and Oak Hills Rezearch.

You may inelude as many filters and ascillatora necessary to achieve
multiband heterodyne cosacillator zervice, The diode switching methods
shown In Fig 3-5 are, of rcoursze, suitable for many other types of
HF circults. It is much easier to switech d¢ lines than it is to use
& mechanical switeh for selecting the numerans RF circuites in a mulei-
band system. When using diodes we can aveid long runs of RG-174 coax
line between the affected circults and the switch terminals. It is
entirely practical to use diodes for switching multiple IF £ilters
inte and out of a recaivaer IF eircuit.

Freguency Synthesizsrs

Although esynthesizers and digqital freguency display reprezent tha
madern way of life with expenaive commercial ham gear, we QORPars
geldom wse these technigues. They centribute to bulky eguipment and
the aesociated circuitry consumes substantial power. Neither trait
is in keeping with the {RP theme. It i= for these ressons that I
have chogen to exclude fregueancy synthesiz Erom thiz book. You can
learn about synthesizers and Irequency countars by consulting The
ARRL Handbonk.

A Univaraal VR

The VFO described in this pection iz =table and aeasy to bBeild., It
wtay be uged in any circuit that salls for a variable-freguency osc-
illater. It u=2es A tapped-goil Hartley arrangement. High- and low-
power output ports are avallable to acoommodate a wvariety of circuit
requiraments. The additional amplifier [ for high power) ¢an be dis-
abled by removing twe jumper wires from the PC board. The circuit
is presantad in Fig 3-10, Although a 2NH4416é FET is specified for
Ql, you may use an HMPF10Z or many other JFETE that are earmarked
Tor operation at VHF.

Fig 3-10 =shows a diode switch {D3 and D4) that sarve as a frequency-
offeat control. Thie iz a necessary addition when we use the VRO
in a transceiver and need to establish a 700-Hz offset for CW during
tranemit pericds. C4 is adjusted for the desired freguency offset
whan D3 and ™M are turned on. The operating fregquency will then shift
lower by the reguired amount.

U2 provides isolation betweer 01 and class-A linear amplifier 3.
Cutput may be taken directly from 03 for many applications. Cl2 _ig
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are dlac ceranic. Reslistars are 1,/4-KW carbon tLhkm or carboen compoeltien.
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Fig 3-11 -- Etched side of the Univerzal ¥FO PG board,
Tha pattarn isx shown ta =cmla, Driligd boards are
avellabla from FAR Clrculte {@ea taxt),

fig 3-1% == Expanded X-ray vimw at the YFQ PC board as vwiewed trom Eha
cemponant alde &f the BoArd., This pattern i shown at 1.% tlmes scemle.
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chosan for the rzeguired value of LO injection that is suppliesd to
a mixer or othear type of circuwit. Cl2 1s used only when the mating
circuit has an impedance greater than 50 chme. The <ollector of Q3
has an impedance of gpproximately 200 chme.

When greater ¥FO output power is needed you can activate Q4 by means
of componente C20 and Wl.Tha additiconal gutput powar may bDe reguired
when the ¥FO feede a diocde-ring mixer, for example. Harmoniec f£ilter-
ing can be used after Q3 or (4, depending upon which stage 18 used
as the ocutput one. brilled and plated eirecuit boards for this project
are available from FAR Circuits, 1BNE4D Field Court. Dundee, IL 80118,
Price: £3.85 plus $1.50 shipping fee.

Congtruction Notes

This ¥FO should be contalned in a shielded box. €2 is alsoc in the
encleosure. A suitable box for the agzsembly can be fashicned Irom
gections of double-sided PC board. The mating walls of the entlosure
are ealdered together inside the box. A wvernier drive 1g attached
ro the ghaft of C2 1in the intereat of smeoth tuning., CZ should be
the doublie-bearing type, and it must turn easily in order to prevent
backlash.

NPD capacitors ate bBest for wse at €1, €3, €4, C5 and Y. These units
enhance the ¥FO stehility. Try to avaeid using silver micaes &t these
gircuit peinte. Likewise with polystyrene capacitors.

after vou finish testing the ¥FO and establish the desired tuning
range.. apply a coating of polystyrene @ Dope (THM) or =imllar low-
losg cement to Ll. add a second coat of cement 24 howrs latar. This
will aid VFO stability by affixing the turns to the core. The sealant
alsoc prevents moisture from cauging freguency changes. Finally, use
a genercus blob of epoxy cement to affix L1 to the PC board. Use care
to avold getting the epoxy glue on the coil turns. Affix the toroid
at the gap batwean the ends of the winding.

When vou tap L1 make certain that you do not end up with shortad
coil turns. This can be accomplished by slipping a somall pleace of
paper under the tapped turn to prevent the bare wire from reating
ggainst the adjacent coil torna. A physical description of how to
tap coils 18 given in W1FB"s Dasign Notebook.

A =zrale etching templake for this project is shown in Fig i-11, along
with @ parts-placement guide. Do not use double-sided PC board far
this ¢ircuit. Glass epeoxy board material should be used in preference
to phenolic baard.

YFO Sumsparcy

In the event you have a pet circuit for use in place af Q@1 in Fig
=10, you may =tlll want to wtilize the 02, Q3 and 4 circuits. Thay
provide excellent VFDO buffaring and provide twe power-gutput aptions.
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Table 31-1)

C2{pF) C5, CH{pF} L1

100 100 24 vnH. 71 turns of
no,. 30 epam. on A
TeB=8 tarcid core.
Tap at 18 turnos.

50 &8 9.5 uH. 44 turns of
no. <% enam. on a

T&EB-& torelid core.

Tap at Il turne.

4] 47 & yH. 33 turns of
no. 4 enam. on &
THd=6 toroid core.
Tap at 8 torns.

25 47T 3.8 uE. 27 turns of
no. 24 enam. on a
Tol-& toroid core.
Tap at 7 turng.

Gemponent intformetien for the unilversal ¥FQ dio Fig 3-10. C} is
m ?%-pF HPD carsmic trimmer. C4 ix & T=-pF NPD trimuwer, Ths total
capacltance af &2 wmey be raduced teo restrict tha VFD tuning reonpge,
Cl, £% pad CF arse HPD ceramilc.

A Series-Tuned S5tabla VYFO

Tha circuit in Fig 3-13 1e one I developed in the 1370a. I have used
it many times in circuits that reguire exceptional stabllity with
regard to short- and long-term drift. It takes advantage of the once
popular series-tuned Colpitts oseillator that provided excellent
stability in vacuum-tube cilrcuits during the 1540= and 1950s.

The high capacitance used in the feedback circuit {C4 and C5) helps
to minimize short-term drift cauwveed by changes in junetion capacit-
ance when Ol is turned on. ©4 and C5 are part of the overall capacit-
anca for the tuned eirecuit. Polystyrena capacitors are used in the
feedback cilvcuit to help compensate for the positive drift intro-
duced by the powdered-iren core in Ll. NBE0 ceramic capacitors are
used for €2 and C3 to enhapnce the stability.

Ll ie a J. W. Miller Co. high-{ 43-sarfies slug-tunsd &oil. Although
this inductor iz £ bit expensive. it is a good cholce 1in this type
of ecireuit. A solenoidal-wound coil of eguivalant inductance, if
wound on a ceramie form., would work egually well, but it would be
subgtantially larger than the Miller coil. L1 has considerably great-
s+ ipductance thapn would be regquired when using a parallel-tuned
Colpitte oscillater. This offers the advantage of masking the stray
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inductance that exists im the circuit-board conductors and leads
that connect to L1 and Cl. This paragitic inductance ran raduce the
effective O of the enil and may causa freguency changes when the
pC board iz flexed or expands from heating. The parasitic inductance
iz a very amall part of the L1 inductance in this circuit.

Coupling bhetween Q1 and source follower 22 is light (CB) to minimize
oafillator ioading. Q3 amplifies the oscillator anergy, which is
filtered by the 03 collector tuned circuit. This circuit is designed
£ transform the 1000-ghm collector impedance to a 500=ohm output
impedance for interfacing a hipolar-transistor amplifier or the LO
port of an IC mixer. The network has a loaded © of 4. You may wish
to change the tuned circuit ta provide a 50-chm output impedance.
Dutput woltage at 500 ohms is 9 volts P-F (3.2 V RMS). The outrput
energy 1s A sine wave.

Q8

ZnBa 85

2. 158_2 955 MHz cHA416
11 L

r &m

L1 1
28 uyi V190K
L MO}
)
c1 ()
100 |
106G
MAIH N - A
TUNLHG SILVER WIL
Fig 3=13 -- LILrcalt far the gerles-tuned

YFO. The fraquancy 15 for use with Lha
{60-mgter tunabla 1F racalyvar that Appaars

lotar Ln this chapter. Tha clroult wmay ) 7l 1u .30 fr
be madifisd for wuse up te 10 MHZ By using oM - 17
the remctancs valuas for ©C1, €2, O3, r =60

ca, C5, C#&, €18, G17, Ll and LE to learn

the new conponent walues topproxlmatel,
C1 iz m- doubla-bearlng air veriohle, L1 1s g J.W. Hillar so. A54F350CBYL or
sguivealant, LI has Z1° turns of no, 26 gnan, wirg oo an Amidon Asace. FT-
50-61 #arrite tarold {125 wmal, RFG1. RFGZ and RECT are minimture Houssr
Elwmetronics chokap. Fivad-ymluw capacitors mra J00-¥V digc carauice unless
otherwite indlceted, Rezistar: ara 1/4-W sarbon Film or cErbon compasltisn,
The YFO putput impadence i3 509 ohms, Oubput waltage 15 & P=P. Totel clrcuit
current 4z 3% mA. & PC bomrd is svailgkls from FAR Circults., 1BME40 Fleld
Coutt, QOundee, IL &Q118,
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The Fig 3-13 circuit is arranged for operation from 2.155 to 2.555
MHz. This range 1is reguired for the leU-meter tunable IF recaiver
that we =hall discuss later in the chapter. The IF for the receiver
iz 455 kHz and the tuning range is 1.7-2.1 MHz.

The output f£ilter (Cl53, <17 and L2} 1= baged on pi-network equations
that are publishad in Motorola RF Device Data. Thiz book 18 avail-
ahle from Motoralz Semiconductor Pred., Ine., Box 20912, Phoanlx,
A% H5036. The equations appear on page 6-29 (natwork B). The sama
dnta ie availahle in Motorela Application Note AN-I67. This RF data
book iz a waluable tasl for these of us wha design our OWn QJRP trangs-
mittere.

o1 ip Fig 3-13 should be a high transconductance JFET with a 400-
MHz upper frequency rating. Although an MPF1Q2 FET can be used in
this circuit, mutput will be somewhat below that of the hotter FETB.
_ This is because the 2N4dlé or ZN5485 davices have a bettar pinchofi

characteristic, which allows higher output before the FET channel
pinches off.

Conatruction Information

The Fig 3-13 VFQ will perform hbest it it is enclesed in a shield
boex. I used double-sided PC board marerial to form my enclosure.
1 is mounted on the front panel of the box. Ll is mounted an one
of the gide walle [near €2 and CTI}. Tha leads fram the coil to the
PC board shouwld be short and direct. & phora jack is used for the
RF output connector. & 0.00l-uF feedthrough capacitor serves asg the
+12-V terminal. A U-shaped aluminum cover is attached to the box
walle by means of focur no. 4 ghest-metal screws, The VPO hoard is
gnldered directly to the inner walls of the box and is eslevared above
the Dottom of the box approximately 3/8 inch. The assembled module
may he attachad fo the chassis by MAAns aof four no. & sSpade bholte,
or a pair of metal L brackets can be attached to the lower edges
of two of the box walls. These brackets are then sarewed to the main
chassis.

& vernier drive mechanism should be used with €1 to ensure smooth
tuning at a reduced rate. The largsar of the imported vernier drives
is. suitable for this application. Japanese wvarnier mechanigms that
hawvea a 0-100 ralibration scale are gvailable from Mauser Electronicsa.

Fig 3-14 contains a =scale etching template for this VFQ., A parts
pvarlay is offared in Fig 3-15.

VFO Srcap-Up

I mantioned warlier that thiz VFO can be tailered for output imped-
ances orther than 500 ohms. The desired output & ie merely cranked
inte the eguations referenced above. Be pura to zelect a cuteff freg-
uwency that is pomewhat above the operating freguency. ERlZ im Fig
1-13 ig used te hroaden the response of the output network and to
prevent Q32 f£rom gelf-ascillating. VPO ogutput may be decrsazed by
using a larger resistance value at R4.
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If you obeerve a spurious [(buzzy) signal in the recsiver wheéen you
tune the Fig 3-13 ¥FG, it 4is likely that @3 is self-oscillating
near the YFO operating freguency. It will depend upon how close
the ¥FO lpoad i=s to 300 ohms. A guick cure is to bridge a 470- or
560-ohm 1/4-W resistor from +he WVFO putput (Cl7)] to ground. This
will provide a constant load for the (93 amplifier with minimun loss
a¢f outpot signal.

Ag iz the sitruation with the Universsl V¥FOD in Fig 3-10, thizs VPO
capn be mpdifipd for wse on other fregquencies up to 14 MHz, Simply
determine tha XC and XL values for 0} and apply them to the desired
operating freqguency. The new values -will get you olose to the range
of interest., Plates may be romoved from Cl1 in Fig 3-131 to reduce
the tuning range of the VRO, Tha output filter {93 LC network)
will need to be altered for the new oparating frequency (Bee page
56, sacond paragraphl.

IF Amplifiere and Such

Yarious IF amplifier aystems, AGC oircuvits and audio amplifiers
are desgcribed in detail ip W1FBE'=E Design Notebook and in Solid State
Dasign for the Radlo Amateur. These bogks are part of the QRPers
technical likrary and provide information that is not repeated here.
In this book we will concentrate more o practical clrculits you
can build and use, such as complete receivers and modules that may
e used with them.

Ao Mudic-Dexrived S5 Meter

An 5 meter may be added to a DT pr superhaterodyne recelver that
has no AGC eirsuit. Thies ie done by sgampling audic energy after
tha product detector, amplifying and Tectifying it, then applying
the resultant deo voltage to a matar. A practical circuit feor an
apdin-darived & meter 1 presented in Fig 3-16,

BUFFER

MPF102 AE AMP C5 1H914

a1 . ol ZN3904 | wF D2

Flg 3-16 -- Fracticel auvdia 3 meter. R0 1 & PC-mpunt gontral, Folarized
capacitora are tantalum orf electrolytic., 16 ¥ ar pgrestar, Sas text for Ml
datas,
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0l of Fig 3-1% functions as & source follower isolatlon stage between
tha audio pick-off point and amplifier Q¥. The l-megohm Q1 gate does
not lcad the output of the audic =tage being sampled. 27 amplifies
the audioc energy, which iz rectified by wvoltage dpoulbtler D1 and D2.
E9 and Ch& asatahlish a time constant for Ml. The decay time for thie
gircuit may be adjusted to your liking by changing the wvalue of Ch.
Greater capacitance increases the decay time. Without this network
the neadie in the meter would gyrate wildly as the audio lewel changed.
R10 iz adjuweted for the dezired amount £f meter defiection. I eet
mine to read 5% for U u¥V of receiver Iinput signal. A calibrated
gignal generator iz required for rcalibration. Alternatively. you
may abgerve the 5 meter on your traneceiver while monitoring = =ignal
of medium strength. Npte the reading., then attach the 'antenna to
your homa-made recelver and adjust RLI0 for the same signal-strength
reading. It ie important to bear in mind that all 5 meters provide
relative signal-strength readings. Few of them track accurately owver
a wide range of the scale. Ideally, an & metar would read 32 on all
bande for an antenna input signal of 50 uV¥. EBach 5 unit below 59
would equats to & ABE and the dB scale above 59 would be accurats,
Factually, mopgt 5 meters give different raadinags aon differant bands
for a given esignal strength. This iz because the gain distribution
in a receiver is often different from band to band, 5 meters are
useful, however, for gbserving signal levels when A& friend wants
to compare aAntennas, etc. & calibrated etep attenuator at the receivar
input enables you to tell fthe other amateur eaxactly how many 4B his
signal has increased or decreased during antenna tesis, This assumas
that O05B is npt present!

The circuit in Fig 3-16 may be used with a regenerative, DC or super-
het receiver. The audio sampling point for the clrcuif muet be located
ahead of (before} the audio gain control. If not, the & meter readding
will change with the setting ¢f the gain ceontrol.

Ml in Fig 3-16 ip a micrpammneter. Many of thea low-cost esdgewise signal-
level meters found on the surplus market will do the job. Some are

available with calibrated scalas. Mast of these meters have movementis

that are from 100 to 500 uA. Any meter with a sensitivity of up to

500 14 may be used. You may need to draft your own S5-meter scale

if wou use an instrument with a numbered, linear 9cale. Fig 3=17

shows the PC=bpard pattern and parte-placement guide.

There is no reaassn why you can't use the Fig 3-16 circuilt in an RF-
derived S-metexr application. This would reguire that you sample the
output of the receiver last IF amplifier. In this situvation you must
change Cl, €3 and ¢S5 to unite of lawer capacitance. Cl becomes a
100=-pF component. ©3 and €5 would be changed ta 0.1 ul. ¥ou may want
to increase the 2 amplifier gain by replacing BR7? with & [-mH RF
choke, ar you may elect to replace this resistor with a tuned ciccoit
for the appropriate IF. If a tuned circelt is used., change C5 to
a value batwesn 10 and 56 pF. with the larger value baing used for
tha lower IFs, sueh as 455 kHz, C4 and £7 should be changed ta 0.1
uF. Likewipe with (C2. No other modification iB necessary. You may
aubstitute a 2M2222, 2N4400 or simllar device for the 2ZN3904 (2],

I |
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EFCHED SIOE CONMINENT SIDE

Fig 5-17 -- BScole wetching templete (A] tor the 5 wmster
board as 3aan frodm the stched side. The artwork at B is
an X-ray wviaw af tha atched =ide of the board ghowing
tha plocement of the componenta. This clrcult board in
avallable trom FAR Clreultes LIn Dundea, 1L for 33 ples
E1.50 ehipping.

AGC circuite that vse op amps and jingclude S-meifer circuwits are present-
ad in Balid Btate Design for the EBadlio Awateur and in W1FB'a [Deaign
Notehook. Both bogks are available from The ARRL, Inc.

Digital Readout for QEPF Receivars

It is a dedicated undertakiog to builld ohe's own fregquency counter
for uae for raeading the frequency of a receiver. Complete construct-
ion data for such a&n instrument is presented on page 25-13 of The
ARRL. Handbook, 1990 editicn. A PC board for this project is availabie
from FAR Circulte for $8.95 plus $1.50 ghipping.

1 have used a pice aiternative to the more expensive countsrs. It is
& Bsmall circuit that i85 wall suited to ORF gear, This circuit was
desjgned by NPHPE and MNIFB. It appeared io 08T for February of 19489.
It features a 4-digit display and is suitable for use from 1 to 40
MHz with 100 Hz of resolution. A completa kit of parts for thizs low-
Cost counter 18 availabkle from A& & A Epgineering, 2521 W, La FPalma,
Upit K, Anaheim, Ch 92801. The price i= 539.9% plus 52.50 for shipp-
ing. Order nga. 165 kit. A2 & A aileo offere 2 low coet LED bar-graph
kit that dis puitable for S-meter or relatrive RF power indication.
This visual voltmeter hags a 20 LED readout. It esalls for 51%.950 in
kit farm.

In order to usa a fredquency cpounter as 3 digital fregquency display
in receiverse it i necessary to include a mixer circuilt and a post-
mixer low-powar EF amplifier. Diract readoyt is made poessible by mix-
ing the receiver local osclllator output with the BFQ fraguency in
a aingle-band, single-conversion receiver. This combination yielde
the raceivad signal frequency. When working with multiband receivers
¥ou may elect to uss the local-oecillator freguency and beat it with
the frequenciee of crystal-contreolled pEcillators to indicate on the
digsplay the receiva frequency for geveral bands, The mixer module
needs to be well shielded and izolated in order to prevent the ecircuit
from producing an interfaring signal at the recaive fredguency.



6

The Subject of Praamps

Does your receiver need a preamp? Some amateurs believe that adding
an outboard RF preamplifier will enable them to hear weak pBignals
that might not otherwisze be copied. Is this true? The answer can bke
"ves” or "no," depending upon the receiver with which the preamp is
wzed., Certainly, a preamplifier contriputes to the pwvarall gain of
a receiver. Typical gains are 10 %o 25 dB. This is dependant upon
the transistor or MMIC {monolithic microwave integrated cilrcuit)] uweed.
Performance ig baced also on the type of preanp circuit you adopt.
For example, & common (grounded) gate JFET can yvield 10-12 dB &f gain.
whereas the same FET could provide 2% dE of gain in a commoen-gsouboe
circulit.

The fact of the matter is that a preamp can actually ruin receivar
performance, If the r=celver already has a gain stage ahead of the
mixer, a preamp can degrade the receiver dynamic range and cauge BRUT-
ious preducts te appear when strong signals are present. Also, a noligy
preamp c<an degrade the BHNE (signal-te-noize ratic} of a recelver.
It i= avident, thearefors. that graat care must be Laken when we Ccon-
pider adding a preamplifier. Elevated 5-meter readings occur when
praamps are used, but that waik zignal may be ao more readable than
it was hefore the preamp was turned on.

When to Use a Freamp

The primary purpose of & preamp is to override the mixer noima. Most
mixers have a poor NF. For example, if you are uging a CAIQZBA IC
as 8 mixer it may provide up to 15 4B of conversion gain. But, the
noise figure may be B dBE. This can be complicated by losses in the
runed circuit or filter that is used between the mixer and the antanna.
In this &ituation we gain an advantage by adding a low-noise preamp.
Nat only have we enhanced the BNR of the receiver, bot we have the
required gain to overcome the input-cilrsuit losses. BY #ay gf example.,
I built a puperhet that used a balanced active mixer with no EF amp-
lifier ahead of it. Two-pole bandpass filters were uzad between the
antenna and mixer. On 40 and 830 meters the waakest digcernible signal
from my generator was £ u¥ -- dreadful. I added a broadband HMMIC type
of preamp (Motorola MWALL0} ahead of the Tiltars. It previded 15 4B
of gain with a 4-dB NF. Upon adding the prsamp I could easily digCcern
g D.l-u¥ =ignal.

It is impprtant to recognize that very low noise figures are not reg-
uired below, smy, 14 MHz, HNeormally, atmospheric and man-made noioe
that is plcked up by tha antenna tends to negate the benefits of a
| ew-noige raceiver., aAn effective NF of 6 dB is well below tha noige
from your antenna. As the operating Iregquency i3 ipcreased above 10
MHz we need ta be more dedicated te ensuring a low NF. This is a par-
ticnlarly eritical matter at VH¥Y and UHF.

It ieg important te provide YoUr RIEIng with the praper lpad lmpedancai.
Typically, the input circult 1is designed for 50 ohms. Likewise for
the cutput eircuit unless the load is a mixer that prasents & differ-
ant load impedance. Mismatching at the preamp reduceas tha effectivae
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gain and 1t can cause the preamp to self-nscillate. There are not
many preamp circuits that asre "unconditionally stable.® YHF para-
sitic suppression is sometimes necessary for an HF preamp. Loog leads
may act as VHF indoctances and cavEe the amplifier to "take off"
at VHF pr UHF. This generally appearas as hash in the reseiver output.
A ferrite bead gr a l1l5-ghm resistor can be located ar the device
iaput or putput terminal to discourage parasitics. These components
act as "de-0ing" elements at VHF but have negligikle =ffect at HF.

ANT RF
ﬂﬁ$ AMP
Zmddth
L1 ANT i
L4 [
CASE L2
~rT
GAIN - {2 4B [ |
0.1
+12 ¥
A
GAIN — 20 AB
BROADDAND 12 ¥
RF AMF
MuMAITD B
3
1 0.1 RF
ETCHEG-
ant O—) 0O our FOIL-510E YIEW
2 L1 1)
an
s O e X OHMS i Qo @ oo
ANT (O} —() FF QUT
GAIN = 15 4B | ] Ll v -
a1
C FASS=THRU —
1z v WIiRE “ﬂhﬂtE“Th
o
12 v
Fig %-18E -- Ewanples of practical RF premoplifiars, & comeaon-gate amplifier

ls skown at A. Marinun gain iz approvimataly 12 d0, L2 is tmpppad akbaur 174
the tetal tourme zbeve the geconded and. The ceharackteristisc input lopedance
ot A comman gate or =ource-foliowar JFET is roupghly 209 ohws, depesding
upan the FET tranecenductance. & conmoa-sgource RF prplifigr 1= shown at
B. Rl inmn bath fircpits serves az p WYHF paresitic seppressor, Acthar FETa,
such as tha HPF10?, nwy be wsed. A brosdbend RF anplilisr i3 eaen a8kt L.
It uses & Motorcle HWALID device. Minimum parts ere wsed. Rl drope the Yoo
of UM tao 2.9 wolts., This dewvlece Lta good o 400 MHz., For YHF wse the 9.1-
uF cppacitors are reaplacaed by Q.0 -uF unize. €1, C2 and 03 arg nonglithic
ceraric cAapacitorys, Tha drawing at D iz a =calms reprasafntakian of the daovbla-
alded PL board for ecircult G, The derk arese ahow whers the coppar has baen
renavad .
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Fig 3-13 contains examples of RF praamplifiers that are suitable
for wze in receiver front ends. Example A shows a common-gate JFET
with tuned input and output circuite. This amplifier is known for
its mtability which is dependent in part upoen keeping the gate lead
vary short. The relatively low gain of this amplifier alsoc aids the
stability. Rl at A and B functions as & VHF paracltic supprassor.
A miniature 850-mu ferrite bead may be used in place of Rl.

The circuit at B in Fig 3-18 can produce 20 dBE or. greatmr gain. It
is, tharefore, more prone to instabllity than is the cireuit at A
Care muskt bhe taken to keep the input and output tuped circults ahiald-
ed freom one another to minimize rmutual <epupling, which ancourages
zalf-pecillation. The gate may be tapped down on L2 to digconrage
gelf-asciliation. In a like meoner you can tap the drain dJdown on
L3 to aid etability. Hormally, we would not tap the JFET elaments
below the coil mid pgipts. The coill taps way be determingd by exper-
fmant 1f inetability becomes a problem. .

The broadband amplifier at € and D in Fig 3-18 is easy to bulld and

is stable when it is terminated at each end with a 50-chm load. A
ferrite head can be added at the amplifier input {0} %Yo di=courage

VHF self-opcillation if the loed is not 50 ohms. Tha innards of Ul

coneist of a bipolar transistor and bias resistors. The Mwalld draws

10 mA when used as ghown. Monolithir ceramic capacitors are used

ta minimize stray inductance. Thesa chips are goldered directly to

the PC-board ceonductors as shown. Double-sided PC o board material

is regquired to ensura that the inpur and output PC foils form a3 50~

ohm strip line., Line width 13 approximately 1/8 inch. Glaas epoxy

board material is used. Ul iz inetalled on the ground-plane side

of the board. It is pushed snugly againet the ground plane to causa

the case to be grounded. A small dab of solder may be added to ensure

positive contact betwesen the case and the ground plane. Three 1/8-

inch holes are bared through the board., A pass-through wire is soldered
to the board on each side of each hole to make the ground conductors

on each side of the PC board common to one another.

s oware that the Fig 3-18C amplifier has no gelectivity. It can
produce a f£lat 15 dB of gain from 100 kHz to 400 MHz if built as
gshown in drawing D. This means that antenna energy across that freg-
wency range is amplified by Ul. A 50-ghm bhandpassg filtar may be used
at the ampllifier input to provide selectivity. Good performance may
be had with no input filtering 1f & tuned circult or bandpass filter
is used between this preamp and the mixer input., The 4-dB NF of the
MWAll0 makea it =suitable for preamp use at HF, Other units in the
MWA geries have higher noise figuras. I do not recommend them ae
recaiver preamps. It will be necessary to use band awltched input
filters at Ul if you desire filtering ahead of this preamp for multi-
band use. Bandpass filter tables are provided in the ARAL Electronica
Data Book. The tables were developed by W7/ZIO0I.

I made the PC board illustrated in Fig 3-18D by removing the necessary
copper with a hobby metor and a small cone-phaped carborunduwmn bit.
A neater job will result if you eteh your board.
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Introducing IF Salectivity

Standard procedure calls for including a selectiva filter in the
IF eysctem of a seperhetercdyne receiver. Commercislly made filters
gre entirely predictable in terms of performance, but they are costly.
1t geems a bit azbeurd to install a 3100 IF filter in a home-mads
superhet that cost 13 to build. Low-cget alternatives are worth
congidering, We can make our own Eilters By wyeing surplus computer
crystals, which often sell for as little as $1 each. The -appendix
gsection in WIPBE's Design HNotebook contains twe excellent articles
that describe how to construct crystal ladder filterse. They were
writren by WTEDI. I hnave made 250-Hz bendwidth ladder filters from
Radic 3Shack 7TV colpor-buret crystals., My four-pole W filter eost
512l The design was based on the above-referenced articles. Fig 3-1%
containe examples of IF filtars yau can bpild without spending an
inordinate amount of money.

1F AMP
- MIXER 5 WHx
2 LI ZHzzzza | B MHz
BIG B MHE : T
In 1
1 1F ouT
100 L1 B
b1 19K
LO IM LxAD
5.8 to &.45% MHz AASA 1Y
t¥eor 10K S&R /3;0.!
]
, HIXER % HHr ¥l
3.000 WHr
L IF AMP
- D o.01 3 MHE
IF auT
& D Rl
r 10K
o e 2 Y2
3.0015%
MHz LOAD ADJ
L FEEQ = 4.0 to 4.7 HH=z
B
Fig 3-1% -- Expmples ol two simple crystal filters. Circuit A hN&E twe crystmls
of the soms fraqusancy, wherpas circuit B hos cryatals that ara 3aparated
py 1.5 kHz In & half-lattice arranpehant. Two fregquancy gxanpliesr ars given,
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The circuit at A in Fig 3=1% is perhaps the eaziest to build becauvse
it uses two crystals that are on the same frequency. This makes it
practical to employ low-cogt Computer crystals. YI allows I1F energy
to pass at only the crystal freguency. Tha available selesctivity is
dependent upon the @ of the particular crystal you use. The @ factar
iz datermined by the internal series resistance of the crystal., The
ladder=filter articles in W1FR's Design Notebook show how to meaasure
the series rezistance and daterminge the U of a ervatal.

Rl in Fig 3=19A may be adjusted while listening te a strong signal.
The control is adjusted for minimum ringing. which ie an annaving
"walnging"” sound on eignal peaks. Noise burste will alsa caonse the
circuit to Ting. Once you find the best getting for Rl you may replace
the control with a fized-value resistor of the appropriate wvalue.

¥2? in Fig 3-19&% prevents the IF amplifier from producing gain at any
fregquency cother than that of Y. At g.0 MHz this crystal acts as a
bypass capacitor for the emitter resistor, and this allows the amplif-
ier to provide gain at & MHz. At other freguencies the IF amplifier
has degenerative feedback {unhypapsed emitter resistor] and the gain
falls off markedly. Ll and T1 ftor this circult can be 10,7-MHz IF
transformers. Add sufficient extermal capacitance to respnate them
at 3 MHz.

fFig 3-1%B shows a half-lattrice crystal filter. This circuit raqulres
crystals that are offset by 1.3 o 1.5 kHz. This provides a fairly
symmetrical bandpass response 1f the glectrical and physical symmetry
of the circuit arcund the filter iz goed. Tl is a tuned trifilar trang-
former that has an inductance of 15 uH, Tha inset drawing shows Now
the Tl windings (three} relate to the circuit. Tha black dnta indicata
the polarity of phasing of the windings -- an important factor. Tl
ig wound on an Amidon aAssoc. or edquivalent T68-2 powdered-iraon toroid.

El Iin Fig 3-1%E is adjueted for minimum ripple acroes the nose of
the f[ilter razponse. Ripple can be explained easily by imagining a
dip in signal strength as yoon fune ACIORS 4 gignal. Therse will be
a peak, thep a dip which ie followed by another peak. Multipole filters,
utless terminated properly,., may have many dips over the nose of the
Tesponse curve. They may be a great as & df with = poorly terminated
£ilter. Tune across a steady, unmodulated eignal while obeerving your
4% meter. There should be but cne dip for a half-lattice filter. Adjust
k1l and repeat the test. Set Rl for the least amount of dip between
the two peak responses, then replace Rl with a fixed-value resistor
of equivalent walue.

The freguencies listed in Fig 3-19% are simply rTandem choices on my
part to illustrate the frequency relationships for two popular surplus
computer crystals. These are listed in the Digi-Key no. 906 cataloq
which you may request by phoning 1-800-344-453%.

Crystals from 450 kHz to 10 MHz may be used in tha Fig 3-1% circuits.
The lower the crystal frequency the greater the circuit @, and hence
the sharper the fllter response. Pandwidths for thase rpircults are
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sufficiently wide to allow 55B and W reception., Moviag the Y1-¥2
crystal freguencies cloger together in circuit B of Fig 3-19 will
narrow the response and make the filter more desirable for OW recept-
len. I Buggest a Y1l-Y2 ageparation of 700 Hz to 1 kHz for CW uce.

L& filters are practical at low IFs, such as 455 kHz. It in poasible
to cascade transistor IF trancformers to create an LC filter that
is puitable for 55B reception. Fig 3-20 illustrates how this is done.

433 Wz POST F1L AMP

FL1 . 458 KHz
T4
TO M
HIX 1 S5 o1 g I?
ZR39CA W

500

OHM R

T2 D.1
) 10K
0.1

TO
,q;{h'l

&K
M, e De vy
a7
Fig 3-20 -- Exgpmple of m #tllter that uwses three troensistor-rodlie 1F frans-

torasres to provide 556 bendwldth, #Ae many &s four trangtormers may be uBed
for FL1 befora insertion tosF bhecowes prohibitive. The Filtar jinput mnd aupt-
put impadmance 1s 00 ohmes. Q1 compeansates for Lthe loxs iptrodwced By FLI,

The shield rane for the IF tranaformers ara graunded to provide isolat-
ion betwean the thrae fllter peles. If vou observe ochjectional ripple
with FLL, reduce the value of the twe top-¢coupling capacitore. Select
values that sliminate the dips in filter noge response, T1, T2 and
T will need readjuvetment if wou change the top-coupling capacitors.
Faak all four transformerc at 455 kHe.
*

The input wf FL1L in Filg 3-20 should be terminated in 600 chms. For
exampla, if your mixer 15 a dugl-gate MOSFET. simply use a 620-chm
resistor for the mixer drain leoad. Mo tuned mixer output circuit is
reeded owing to the selsctivity provided by the fiitar. You may use
the IF transformers from a discarded translstor radio. They are design-
ed for a 10,000-plhm primary and a 600-chm secoadary impadance. The
exception 18 the last IF transformer, which looks into the veual digde
&M detector. It hags a differant transformation rarleo, usoally. Usa
that traneformer for T4, )

Mogt IF transformers in treneistor AM radice have the same pinout and
characteristic impedance. Therefore, if you buy new units they ghould
work aa wall A% those in a transistor radio. Thase LF tranaformers
have built-in capacitors. You nead not add axternal capacitance to
regonate the tranaformers. A 455-kHz BFO can be made by uaing & 455~
kHz IF transformer with a JFET or bWbipoalar tramsistor. A practical
circuit for this type of circult is pregented in the diagram for the
gimple superhet that appears later in the chapter.
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Apdic-Framuency Seloctivity

audio filters provide a means to obtain W and S5B sslectivity whan
the use of IF filters is not posaible or practical. An audio filter
may rconeist of inductors and cepacitors {passive filter) or it may
Ba srructured from capacitors, resistores. and transisters or ICe. The
latter type is called an active filter., The term "active”™ means that
an operating voltage is necessary. BY compariscn, most pascive filters
are physically larger than active onea, and they introduce cireuit
ilpss {(insertion loas). Active filters, on the pther hand, are capable
of providing gain 1f they are designed for greater than uwnity gain.
Aan example of a simple tunable RC active bkapdpasa filter 1z given
in Fig 3-21.

e

2013
2,015
Ch

AF
O ouT

Fig 3=-21 == Practicsel eaxemple of & fraguency-variable RE mctive CW +tiltar,
It has a bendpaszs raszponisz vhich rejects frequancias abopve and below tha freq-
vency of Intgrest. A1 15 edjusted for the Jdagired CW boet-note Freaguancy.
21 mand CT are polvetyrensd cepacitora that need to be closely mateshad {141
in valya, Althaugh ¢ 141 cp aep may b ysed In thix clrewit without chanpes,
the TLO meriws LIiFET op asps are lasas pnaizy and ars & bettar cholea far low-
level ppplicetions in the recelver audic systam.

Bandpaess audia filters are the most popular for CW work because they
reject QBM above and below the frequency of cholcea. Low-pass activa
Eilters gare preferable for ES5B reception because they eliminate high-
pitched "chatter" while allowing the desired low-£fregquency audic £
pass to the phones aor speaker. Although high-pass RC active filters
are practical, they find little application for aignal reception.
A bandpazs filter is a combination of high- and low-pasa filter ERC
active filters. Explicit deeign data for RC actiwe filters is prowvided
in The ARRL Handbook and in Slid State Deaign for the Radic amateur.

Advantages of Audio Filtering
Audio filters have the ability to 1lift weak =2ignals above thea atmos-

pheric and man-made noise that arrives via the antenna. An unreadable
CW silgnal cean become a 9% signal when & selective esudle filter is
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used., Thie 1is especially important tao those af us «who oparate OEF,
gince many «of the zlgnals we deal with are rather weak. Alsoc, a DC
receiver requires overall selectivity that does noet exist without
gome type of audip filter, Bandwidths as narrow as 200 Hz may be used
for dedicated weak-signal reception, but the narrower responses tend
t0 cavee gqperatpr fatigue after an extended period of operating. This
may D& relieved somewhit by changing the CW note pitch from time to
time. The Fig 3-21 cir¥cuit makes this possible. Fixed-tuned BC active
filters do not make this psychological "fix™ posgible.

When an audio £1llter 1s wszed late in the receiver circuit (near the
gudio output circuitry) it greatly reduces wide-band receiver noise.
This form of noise often originates in the IF-amplifter section of
# superhet. It may become manifesl alsa in the a&audioco preamplifier
gtages. The effect of the filter 1s an improvement in the signal-to-
noise ratic of the receiver.

Operator fatigue can result alsp from exressive filter ringing {explain-
ed earlier in this chapter}. The mnarrower the {filter bangdwidth and
the greater the asumber of filter polas, the greater the chance fgar
ringing. Thie idirritating pinging socund 15 aspaclally difficuit fto
endure over long operating pericds when we wear headphones.

Creater pelectivity (sgharper filter respoase skirts] may be obtained

from the Fig 3-21 circuit if vyowu cagcade two of the filters. This

-reguires the pse of 4 dual L000-ohm control at Rl. Lare must be

tcken to ensure that all of the polystyrens capacitors are clossly

matched in value. If not, the £ilter responsa will ba broadened because

the filter responze peaks will be offset from one another. It is import-
ant alac to use high-Q capacitore in audig filters. Folvyetyrana and
high=guality mylar capacitors are good cholces. I have found it eagler
to select closely matched capacitors from a growp of polystyrena unlts

than when sorting through other eypes of capacitors.

A Switched Variable-Belactivity AF Filtar

Fig 3-22 containe the circuit for a practical RBC active CW filter
that has four bandwidtha from which to choose. This is an adaptation
of a filter that was produced by Tan-Tec Corp. Some y¥ears dgo. & PO
‘board for this filter is available from FAR Circuits.

The filter, az shown, has four selectivity positicns. The 31-dB band-
width for each position is listed 1n Filg 3-22,., A gecond awitch may
be added tgo permit bypassing the filter during S5B reception. The
gudioc energy is then routed around the filter. A second switch cection
would be uwsed to remove the operating voltage From the circuit. IF
this is done I racaommend that you use shiaelded audic cable or RG-174
coaxial line for the audic cables that go to and from the switch.

Blthough 747 op ampa are specified in Fig 3-22, the filter noise {called
"popecorn”) will be aubstantially leax 1f you use TLOBZs for U1 and O2.
It ia wepecially important to use matched capacitors and reaistors in
this filtar, because the four filter-pole frequencies must be the sane.
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Fig 3=22 -- Fractical circulit for a awlitched four-peole RG ackive CN filtwe

thpt may be used withn DC or Buperhat recalyers. The 2ZQ0-pF cappcitara in
the Frequensy-detersining clrcuite are motched polystyrens wunits, The 2ZZK-
and 4T70K-ohw resigters sheuld slycs be closmly natched in valus. A gingle-
pole, tour poeitien rotary ewltch is uged tor 51. The Filter center frequency
mny be changed by galectipg component valuss that ean ba Jdaternined from
the sguatlons provided in The AREL Mandbook.

Perhaps youw are wondering how filters such ag thase shown in Fig 3-
2? ronpare in performance to crystal or mechanical IF filters that
have narrow bandwidths. It ie difficult for a peraon with an untrained
ear to discern the difference betwsen the two types gf filtering.
An IF filter has the advantage of filtering oaut nowantad adjacent-
frequency energy bhefore it reaches tTha 1F amplifiers. This providea
a cleaner sigpal at the raceiver output, but it does not "launder”
the overall energy to reduce wide-band noise that iz generated after
an IF filter. Some modern receivers esmploy a technique that is koows
ag "taill-end" filtering of the IF. A second IF filter is uged in the
1F =yvstem. It follows the last IF amplifier and tha center fradquency
is the same as the first IF filter. However, the effective bandwidth
of the second filter is slightly greater than that of the first filter.
Tail-end Eiltars alsc reduce wide-band noice. Owing to the high cost
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of factory made arystal filters, it is mora practical te use a
let IF filter with 5S5E bandwidth and employ a CW-bandwidth BT active
filter after the let auwdic amplifier. This =arrangement is. pf course.
not poessiblea for a DO recelver. Audico filtering is fthe only option
we have.

Beat RC active filter performance results when we inatall the filter
near the start of the avdic-amplifier section. Strong-signal over-
logding of the filter can result when we ingert it at the receiver
gutput or just shesad of the sudico powear amplifier. Fig 3-42 contains
a ecale etching remplate for the Fig 2-22 filter, along with a parts

placement guide.

RCTIVE LW FILTER

ros 2 FOS 1
‘Flg 5-2F ~-- A acale stehlnp pattern §5 shown at A, An Xrey view of thes board
Ay aseen from the comMponant side 13 1lluetrated at B, PC baards mre oavellable
trom FAR Circults for 55 plus 31,90 shipping.
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Regenerative Recaivers

I feel it is warth digging into the past to briefly discuss the metter
of regeperative receivers. They still have a place in wome areaa of
QRPF operation. If they serve no other purpose, they repre=zent a Eine
starting peint for an experimenter. Regenerative receivers are similar
to DC receivers in many ways. The major difference is that the ragan
detector serves alao as the oecillator. The overall circwit is some-
what simpler than that of a DU rereiver. which means the parts count
ig smaller and tha unit can be constructed in a rather compact manner.

4 Tegeneration control i= necessary to permit us to bring the detactor
to the point of self-gpscillatiom. This provides the required beat
note for CW reception and the necessary carrier for 55H reception-
You may also receive &AM pignals by adjusting the regeneration control
oo that the detector is on the edge or fringe of oscillation. Regen-
sTation oocurs whan sufficient feedback ensergy is introduced to cause
oscillation.

Ag is the situatisn with DC receivers, single-signal reception - 18
not pogsible with a regen receiver. In other words, energy that ie
present either side of the desired freguency can be heard. This has
the effect of introducing QRM that weould not be present in an 53D
type of receiver. Fig 3-23 shows the circuit for a simple regenerative
receiver. Hothing has been included for providing audic selectivaity-
The Flg 3-22 circuit, or twoe poles of that Filter, may be added to
enhance CW reception.

DET AUD 1O ARP

HMPF1O2Z
o 0.0t 1 uwF 4 TOK

BAND
1. MHz 100
ANT
[
L1 l,ﬁnl
BAHD R1 10K 100
SET REGEN ,1;
(- {1
o o
4" "
50
TAaP

Fig 3%=22 -- Schamatic disgram of & =impls regenerative AD-sstsrc recalver.
Polarized capacitors are 16-% or graatar tentslus of @lectrelytic, 1 oand
C2? are minlmture air varlabla capacltors Por panel wounting. RASLIEYOCE OrE
1/4-w carbon film or ¢arben conpoeltlen. excapt tor Rl and RZ whieh sra carbon
coppasition cantrols {(panwk wmounteds, L¥ is @ S-uH toroidel lpductor, Uae
i% turne of no. P& enge, wire on B0 Anidan THI-Z2 roreld. Tep L2 at 8 turns
above the graundad and, L1 has 3 turns of no. 2& #nae. wlra, Other YHF JFETs
nay be uzad Bt 1, auch as tha ZHA441G,
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The little receiver in Fig 3-42 covers a wide frequency range. The
band-pet capacitor (C2), which you may think of as a coarse tuning
control, provides coverage from 6.5 to 17 MHz, Thie enables you to
receive the 44, 30 and 20 meter bands Ty setting 2 to the proper
part of the szpectrem, then spreading the amateur band by means of
€l. You may think of Cl ag the fine tuning control.

adjust Rl {elockwise) until fthe CW pignale have a beat note. They
will sound muehy until the detector begins to oscillate. Use no more
regenaration than is needed to proeduce a clear gignal. Yon will find
it nacassary to readjust Rl when you tune the receiver to a new freg-
uency -- especially when the new freguency lis well removed Irom the
original one.

Excessive loading by the antenna can prevent @l Irom ocecillating.
Usa the least number of L1 turns that provide good reception. The
greater the number of L1 turns the tighter the -amtenna coupling and
hence the greater the leoading effect.

Regenerative recalvers and L0 receivers radiate a signal at the freq-
uency to which they are tuned. Addition of an RF amplifier stage will
greatly reduce the radiatlon by virtue of isolation. Your nearby DX
pperator may have problems with "that carrier oo the freguancy” if
you monitor hie operaticmns!l It ie geood to be aware that you can cause
QM with these receivers if you live near ancther amatsur.

Yan can use the Fig 3-22 receiver on other band® by changing the value
of the LZ inductance. For example, double the inductance for BC meters
ar halva 1t for reception on 1%, 21, 24 and ZB8 MH=. Maintain the
game turns ratic for L1 apd L2 if yoau changa the inductance.

Eome Practical Aspects of DC Regeivers

The beginning QRPer who is not endowed with a strong technical back-
ground is wise to build a faw DO recelvers before launching into a
suparhst project. Generally speaking, DC receivars work well and are
easy to make operate. A DC racwiver that percolates properly axhibits
vary ¢lean audio ocutput, especially when it is operataed from 8 battery.
1 have heard many DI receiver owners comment about the crystal clarity
of the signale fram their receivers. Thie jie due in part to the gadn
digtributicen throughout the system. Numercus stages are not cascaded
to cause overdriving of any one stage- Thisa minimizeg distortion that
might otherwise be present.

A major problem we encounter when using simple DT receivers is unwant-
ed AM detection. Thie shows up 28 a blanketing of the receiver by
strong in-band or out-cf-band commercial short-wave gstations. This
malady iz most likaly to occur in & DO receiver that wsesa a singlae-
ended detector, such as an MPF102 or 40673, & singly balanced detector
of the TA3028A IC type, or push-pull MPFlidZs or =similar, helps to
rasplva the probleam, but 8 doubly balanced detector will usually work
the best with regard to AM rejecticn. The KES02, MC1496 and similar
mixer ICe are good choices. Boubly balanced diasde detectors are good
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parformers as well, but they reguire substantially more LO injection
than do the IC types of detector. Approximately +7 d4Bm of LO powar
is needed for dipde mixers and produst detectors. This egquates Lo
roughly 6 oW of LO power, eince 0 dBm is 1 mW at 30 cohma.

If we use a high aorder of tuned-circuit selectivity ahead of the det-
BotOY We can mimimize tie AM detection problem for out-of-band broad-
cast wignals. A double toned ivput cirenit 1 helpful in this case.
The AM bhlanketing prablem 1= the most severe on 30 and 40 meters.
I have seldom experiencaed thesge problems when ligtening to B0 or 20
metare with a I receiver.

A practical circuit for a =imple DC receiver is shown in Fig 3-23.
It used a dual-gate MHOSFET as the product detector. Devices such as
the RCA 40673 or Texas Instruments 3N21l. or 32N212 are suitable at
01. Best performance occurs when the peak-to-peak Lo Ilnjection at
gate no. 2 is 5 to & volis. Values greater than that can damage the

PRED DET
40873

AF PREANF
ZHE004

O +;J:| AF EAIN

Fig 3=23 -- Practical eircult for a 2Q-metar DG racaelvar that uses & Elngle-
andmegd product detmctor, Fixagd-wvplus capacitars arg diic ceremic esxcept thoss
with polearity wmarksd, which are 146-¥ eloectrolvtle or tantalum. Flxed-vmloes
reslstars arw 1/4-W carbopn film gfF composition, C1 15 @ 108 pF cerpmic ar
fiica trimmer, C? iz & winimture mir werisble fuse B wArnisr drive), L2 in
A Z2.9%=uH toroidal inductor. Uee 25 turmas of no, 26 enam, wirse om an Amldon
T30-4 terold., L1 has 2 turps of ng, 260 L3 15 & 1.2-uH dnductaor. Wlnd 17
tutns aft no, 2?4 anage, wire on & TS50-5 torgig. Rl is an audfo teper carban
compasbtian ccatral, DF is m O.1-%¥, 40d-oW FTanwr dioda, HNPE mmens zere tasp-
arature cogfficiant.
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gate insulation and cause the MOSFET to develop a short circuit.

The Pig 3-22 can can be uged on any freguency from 1.8 te 14 MHz hy
meraly e¢hanging the inductance wvalues of LZ and L3, WFBO stability
may become a challenge at 18 MHz and higher, &dlthough the receliver
isz entirely capable of good performance above 14 MHz, When yau change
the L2 and L3 inductance be sure to maintain the same L1-L2 turns ratio.
The tape on L3 ghould always be located at a point that is 1/4 the
tatal number pf turne. Thie will ensure adeguate feedback for tha VEBO
{variable fregquency beat cocillator).

Some of the circuit featurese are pertinent to all DU recaivers. For
example, reguleted dco is supplied to Q3. Thies prevents freguency changes
when there 18 a wariatien in supply woltage, sSuch as accurs during
mobile ogperation. A& low noise audico preamplifier ghoonld follow the
product detector. The output o0f the praduct detector (Rl drain) is
bypasged to remowe VFBO anargy that would otherwiae reach the first
sudic amplifier. The bypass capacritor alds alse in atteouating high-
frequency hizs noize and high-pitched heterodynes. The 0.1-uF bypass
capacitor at tha cellector of @2 (Fig 3-23) alsc bypasses high-Treg-
wency -awdio. The walue is chosen to guit the listening needs of the
uger. Larger or smaller valués may be used.

Mote that the svurce nf Ol i= bypassed for RF and audic. Since this
atage invelves both types of energy it lg important te ensurée maximum
conversion gain at awdioc. The 22-uF capacitor is . included for audiao
pUrpOSEes .

Cl in Fig 3-23 may be replaced with a small panel-mounted air variable
for operation on 160 or A0 meters. At fregquenciea higher than 4 MHz
the trimmer can be set for mid band without a need for further adjust-
ment. The tuned-circuit ©Q a2t 4 MHz and lower is such that peaking is
neceasary when making frequency changes greater than 15-25 kHz. As
Cl is adjusted thare will be =ome Ifrequency shift (pulling) of Q3.
This is because both tuned circuits are on approximately the sams freg-
uency and the VFBC tank s coupled directly teo Gl and 0J. This could
ba resolved by adding a buffer after {3 and taking the LO injaction

from it {=see section oo VFOg).

fou can recognize guickly that the Fig 2-23 cirruit ias anything but
fomplex. It represents & good starting point for your first effort
Bt building a Treceiver. Improved performance can be had fram circuits
that ara somewhat "buszier.” Netably., a doubly kalanced product detector
will mimimize or prevent AM dataction. A VBFD with twoe atages of buffer-
ing and amplificaticn will provide greater cecillator estability. An
e acitive apdic filter between Q2 and the succesding awdio amplifier
will provide CW eelactivity and .improve the overall receiver SNE. Also,
an audin-derived 5 meter [(Fig 3-16) <an he connected to the collector

of 92, if desired.

The audin level for this receiver is dependeant upon the circuit you
add after Rl. A 741 or TLD sariss op amp Ll=2ee Fig 3=-22) is adequate
for headphone use. The op amp can bha followed by an LMIB6 IC to provide -
sufficient volume for a laud apaakar.
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Fig 3-24 -- Practicel circuit tor a dowrbly balanced deatectar thet utaeax two JFETE,

Tt 4§35 o trifiler-wound tarcidel indyctoc, For 49 smatarcrs uaw 5 pgH (29 turnxs of
ne. 248 enam. wire on en Amidon: TOO-3 toroldl. Tep the primery et ¥ turns abpove
ground. C1 may te & triomer or pooel-mounted pir varlable,. T2 15 ogn oudic-gutput
tranzfarnar (1008 ochmha, <t, to 8 ohEsl, A 1d¥-ohm ta ZR-ohm intervatapgs trana-
former may Blsg be used at T2, T may be removed from o Junk tronsistor radie.

Fig 3-24 phows an improved product detector. It is effective for rTedus-
ing AM° detection. T1 may be wound for ather amateur fraguenciaes. It
containg & trifilar winding (three wirgs in parallel, twisted 6-8 timees
per inchl. D1 and Q2 may bhe MPFlOZ3, hut better performance will result
if 2KH4416=s aArea uged. The mors closely 01 and Q2 are meatched the better
the performance. An alternative VFBO injection meathoad is to ground
the bottom of the T1 gecondary windinge, 1ift the 0.1-u¥F spurce capag
tora above ground (then Jjoin them) and apply the ¥FBO injection to
the parallsled 21, 02 sources. This mathad ia preferred by some design-
ers. The conversion gain of this detector i= about 10 dB.

Poubly Balanced Detectors

L doubly balanced mixer, modulator or detector does not offer greater
conversion gain than we can obtain from simpler mixers. In fact, &
Aicde type of balanced product detector exhibite a gain loss { known
a3 cogversisn loss). For a Aouhly balanced diode-ring mixer or detectar
the lass iz approximately 8 AB. The VYFBQ injection needs to be  +7
ABm for = doubly balanced diode detector. The principal advantage of
g doubly balanced detectar i1s that it offers the best port-to-port
iamlation of the common types. Specifically, very little energy that
reaches one port appears at the &thar two ports. The dynamic range
nf A balanced diode mixer or detector is exgellent compared to other
kindse of mixers or darectors. A low-ngeice RF preamplifier is usually
necesaary ahead of a dicde detector to enhance the recelver NF. This
is seldom necessary when we usae doubly balanced active detectors below
14 MHz. '
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Practical examples of passive and active doubly balanced detectors
are prazantad in Fig 3-25. HMatrhed dicdes are peceéssary in the circuit
at A 1f you construct a doubly balanced mixer or dsatector. Also,
gelectricel symmetry of the overall detector circuit is essential.

DHIUBLT BALANCED
FROD DET
0,01
b1
)
L'
[
VFBO 220 ¢ . L!ﬁﬂ
IN ) 3 | . Ui
{300 my RM4) p.oD1 21 wciesss T 0047
) - O ar our
516 O ' .
™ [ 1 uF TO_AF
p
:I; O,.047 FREAM
Galn - +10 4B
PUELY BALAMCED PROD DET 7 a8
. +
Ti g' LK VFBO
516 O y
IN L a.53y
50 DHMI 30 OHMS RME
1.55¥
F-PF
Galn = =8 4B 2.2 vF
+
f{j AF QUT
o2 1K
P, 02, D3, D4 - HPZBHO Q.01 10K e.0
& BHALING /:J;- ;Fr
B
.Filg 3~35 ~=- Prectical wxgmples of & deubly balanced active product dstactaor
LAl mmd A pamgsive doubly bmlanced ring-dieds dJetectaor LB}, ¥FBO lnjection
lavals mre indicoted., Eoth datectore ars fuites immune to AM detactian, O
thraugh D4, 1nsl., shoold be matched diodes, THE14 disdes may be used in
place of the HPZAOD hot-carriar diedse Lf the forward resistopce (B-T14 ohes
typleally) of tha diodes is matched with an chametsr, Y1 and T at B ore
trifiler-wound bropdband tramsfarmars, Uae 15 trifllar turns of #na, 2B anam,
wlre on an Amiden FYT-37-43 tarrvite -toreld (&30 #Aul. Sympetricat leyosut La
vital to balanced parformance for toth of these product getestars, Lang leeds
ghould ba avalded,




7o

Singly Balanced Product Detector

Trapsistor-array ICe, esuch as the low-cost RCA CA3044 or Motorola
MC3246P, are excellent devices for uvee as doubkly belanced detectors.
They may be used &8 DT receiver front ends or as product dstectors
in superhet receivers. & practical ecircuit is shown an Fig 3-26. The
circuit uses three +transistors as the detectar (arranged like the
inner workings of the CA3028A). A fourth traneietor serves a8 an audic
preamplifier and the fifth transistor iz used as a dc switch for muting
the recaiver.

T MHz
PEAK (13 +12Y
100 _l T MUTE
 H4 T1 U1 1 I -E-I:‘
c1 4 z '
FROOUCT GETECTOR MUTE OuT
15
! GAMIAS —0 ar out
; MZ3TAGP
C1&
ANT
NnyG.
I-4 ¥ YEEO "5 100 +12V%
P-F IR (7 MHz} .| re too
1 5 11 [7—‘-)
C& 14 uF
¥
Capacitance iz in pF,
2 14 Decinml valuws ara in uF.
) . Registars ara 14 W
6 INNER carvhan Film or compoglition.
SANC T

Tra 9 19 12 12

Fig 3-286 -+ SHSchematisc dimgram ofF an IC product detecter for ucwe
8 & DL roecelver or supewrhet product detector, IF used 1in & Supar-
heat, Tl 1% changed ftar rosaneace at the LF, The BFD 1a ted fo
4, h ecerambie ar plastie trimmear ks wasd ter L2, Flxed-valupwe
capmaclitors mre disc ceranic. Palarlzad wuwunitg aes tamEalum ar
slectralytic, T1 has 36 primary turne af mno. 30 enam. on s T30~
2 toroid. Bitiler=wound secondary hase 8§ turns of ne. 28 enom.
wira. T2 18 & IQK-gohp to Z2K-ghnp PC moumnt mudic treaasformer favall.,
fron Meouegwr Elwctranlesh.




77

The Fig 3-26 circuit may be used on other frequenciss by simply chang-
ing the Tl inductance and the ¥FBO injecticn frequency. The T1 turns
ratic must be maintained as specified for all frequencies. The 1lnset
drawing of Fig 3-26 shows the inner workings and plonout for the trans-
iptor-array IC. Various other applications hecome apparent as we study
the inner oircuit, This chip is suitable for the basis of an entire
regenecative receiver. It woeld be a fine basis for a QRPE transmitter
az well.

When working with a CA3046 or MC3I346F we must be sure that pin 13
is grounded directly. This is WBecause pin 13 is connectad to the IC
subetrata. Elevating this part of the circuit above ground can destroy
the IC,

A PC board or complete parts kit for this project may be ohtained
from B & A Engineering {(W&UCM), 2521 Ww. La Palma Blwvd., Unit K, Anaheim.
Can 92501, I obtained excellant performance from my original circult,
and found the A & A version to ba very good in both performance and
guality.

2 complete DC receiver can be boilt arcund this circuit. 1 suggest
that a 2M3%04 audip preamp ba used after Ul. It can be followed hy
an BC active OW audic filter and an LM3IEE auvdic powar amplifier.
oneg of the VFOp desgcribed earlier in this chapter will perve as the
VFBO. Unwanted AM detection is minimal with this circuit. With raspect
to overazll pensmitivity, I was able to clearly diszcern a 0.l-u¥ signal
from my URM-2% generator.

Orivarzal IN Receliver

Fig 3-27 contains the circuit for a high-perfermance DC receiver that
has a low parts eount. It usez the popular WNEB0Z doubly balanced mixer
Ic. 01 is a low-noise audis preamp. It is followed by a single-pole
RC active low-pasg audio filter. This helpe eliminate audic energy
above 70¢ Hz for improved CW reception. A 741 op amp (U2] provides
robust cutput for a pair of headphones. You may add an LM3Ed or other
audic power IC after U2 if you dezlre londspeaker operation.

The VFBO ig contained on the -PC board, Although an MPFl02 is indicated
for Q2 in Fig 3-27. a 2M4416 is puggested for better cverall perform-
anca. The device transconductance iz more predictable and it has a
better pinchoff characteristic.

Jumpar wire W1 may be removed to provide receiver muting during trana-
mit periods. An external relay or PNP transistor ewitech can be used
to complete the circult during receive. Orly the sudio amplifier,
U3, 1ie turned off during transmit. This ensures that the $Z oscillator
remaina operational at all times. This eliminates sheort-tarm drift
when changing from transmit to receive.

A PC board for this project is available from FAR Clrcuits for §6
plus 51.50 for shipping. Fig 3-28 has a =cale etching template for
those who wish to make their own PO board.
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R1% in Fig 3=27 is an audio taper carbon compozition contral. RFCI
and RFC2 are miniarture RF chokes, such as thosze sald by Mouser Elect-
ronics [no. 43LR103). Audic transformer T2 has s 4000-chm primazy
and a &00-chm secondary (Mouser no, 43TLOZ1}. The secondary center
tap 1= not used. Qther interstage transformers will werk in this
circuit, such as wne with a 10KE-ohm primary and a lK-chm or ZEK-ohm
gecondary.

Tha cparating wveltage for Ul ie lowered to €.8 by wvirtoe of Zeper
dicde D1, A 1H914 dinde (D2) 12 used to stabilize the VWFPO bias at
G2, HPD capacitors are used at C%, C28 and C31. Palystyrene capacitors
ara suitably stable for you to use at C26 and C27. Silver micag may
uged at C26 and CT27, but they may not be as temperature stable as
the polystyrene units. Table 2-2 contains the component values for
the Eraguency-determining circuita, '

TAHLE 3-21

BAND {ml cZ2s5,CF7 (i il I = [V ) | L1 L2,L3

a0 o,am1 100 14} 190 4 t ng. 26 8 uH, 41 t npo. 26
sno=, an o ToA-5
torolid.

a4 110 " 5 Y. 3t no. 26 2.8 uH, 3 t nou
25 onak, on &
T56-8 torald.

30 560 56 2% L] ) 21 no. 24 1.8 yH, 21 t aa,
24 snam. on &
Ta0-& tormid,

20 220 7 11 b ¥1] 2 %t pp. M 1.4 uwH, 18 £ no.
24 anas. on a
TeB-6 teorald.

Thaeea walues provide full coVveroge of #ach band specified. The dwcissl walue

capacitors are in uF, Dthaet ara 1n pF. Toreldd cores are Anldan Apsoc. or

equiv. Micromstpls Caorp, unita. Ho. & has & ysllow celar cede. L} should be

coatod with two mpplicetlans aof palyityrans § Dope or &n sgquivalesnt high-Q

coj!l camgnt, C1 can Be a2 trisger capacitor for 50, 40 and 20 meters. It o

trimmaer i5 used. adjust 1t for paak respongs At the cemter ot thwe band.

If you wish te add a brute-force type of RF gain control to the Fig
1-27 rarceivar you can inetall & 500-ochm carbon composition control
betweenr the antenna and Ll. The antenna connects to the arm of the
control. L1 is attached to the high end of the ¢ontrol and the bottom
end of the potentiometer is grounded. An ®F gain control is helpful
when very strong signals tend to overleoad the receiver. This style
of control circuit does, of coerse, create a mismatched input imped-
ance, A S0-ohm sfrep attenuator iz a better device to use for this

purposs.
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PC board, sp aean from the compenent elde, la zasn at B
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Performance Hints

Op -amp U2 tend= to latch up without =ome bias applied to pin 3. Latch
up oocuIe in some op amp circuita if gertain precantions are not takan.
The phanomenon causes the aop amp Lo saturate, This can happen instant-
vy, or it can build up over sgeronds or minutes. The sztage gain wahes
uneil there 1s no output. Turning off the operating woltage and return-
ing it restores performance untll saturation occurs again. R% 1n Fig
1-27 prevents U2 latch up. BiFET op &ampe are mor:e prans to latch
up than are 741 types of ampliflers, @t least 1in certain kinds of
circuitrs.

tyerall receiver gain for the Fig 3=27 circult i= datermined mainly
by the wvalues used ar ClZ2, R2Z2 and RZ21. Greater U3l gain i=s possikle
by increasing RZ1 from 4¥0k-ohms to, 3ay, 1 megehm. The highear gains
may ternd to make the op amp uwastable, which can cause it o self-
pgoillate -at audie frequency. The gain of 01 can be reduced by using
a2 swaller gapacitance value at Cld or a larger resistance value &t
R2.

The cutoff freguency for low-paes filter T2 can be changed by using
dlfferent component wvalues for €15, Clé:. R% and RLI0. Eguation= for
component aelection are provided in The ARRL Handbook (ses active
filters sectionl}.

Make certain that the VFBC injection voltage o pin 6 of Ul does not
exceed 3 velts P-F. Bxeoessive injection power can cause strong harm-
onic currents fto develep within the HNE&U2 detector. This gives rlse
to 2ll manner of spuripus signal responsss in the receiver tuning
ratge. Too little injection power, on the other hand, redures the
ronversion gain of the chip-

I measured the sensitivity of the Fig 3=-27 rgoeiver at 7 MHz. 1| was
able to inject a 0.2-uV¥ signal at .1 and locete it by tuning across
the 40=-meter band. A 0=-u¥V sigmal from oy UEM-25% generater gquieted
the receiver background noise completely. The apnsitiwvity may be somce-
what lower at 14 MH=z.

I detected a slight ftrace of unwanted AM detcection when nearhy osut-
oE-band cotmercial silgnals woere aguivalent to 20 4B owver 59 an oy
FT-102 5 meter-. The MM signal was wvery =subliminal and 4id not cause
a prablem. The audiv cutput from the DIC receciver is very <lean. except
when R15S (gain control) is fully advanced foar an 5%+ signal. Very
strong slgnals cause U3 to overload when R15 is set for maximum gaio.
All teste were made with B-ohm earphones.

Althaugh U2 rells off the audio response at 700 Hz. SSP signals scund
gqood, owing ko the relleff being gradual with only one section of
filtering. High-pitch heterodynes are, however, greatly attenuated.

YFRO frequency stability 1= excellent. I measured only 5 Hz of shori-
term drift (1 minute) after each turp-pn pf the receiver at 40 meters.
Long-term drift waa less than 100 Hz over a gne-hour period al a coom
tamperature of 79 degrees F. I mounted L3 vertically on the PC board
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after applying two coate of Gensral Cement polystyrense Q@ Dope. A dab
of epoxy cement was used to £irmly affix the bottom on the L3 toroid
te the PC board. I al=se cemented C26 and C2F to the PC board to keep
the capacitors from moving about and causing fregquency changes.

¥ou can abtain better bandspread by using smaller valwves of capacit-
ance for the main tuning capaciter, C2%. A 15-pF air wariable permits
covarage from 6.9 MHz to 7,38 MHz {(including CHU) on 40 meters. In any
event, you will wapt to use a vernier drive with €29 to make tuning
stacther .

Loudspeaker operation ls possible by merely adding an outboard LM386
ar similar auwdiec IC after U3, Alternatively, you can buy a Radio Shack
no. 2¥7-1008 wini audio amplifier with its built-in speaker. The unit
aperates from a %-¥ battery and cozte undar 515.

A MO FRILLS SUFERHET

Circuit simplicity is an objective of most of uz who build QRP gear.
Not only are uncamplicated circuits easy to build and get working,
but the fewer the active stage= the lower the current drain. Kesping
the parte count lew reduces the coat of such a project. The receiver
degcribed hare was designed with those objectives in mind. Admittedly,
fewer parts means & tradecff in performance and not as many operating
frills or convenlences, but adeguate service can usually be obtained
from a minimum-parts receiver.

Fig 3-29 contains the schematic diagremn of a simple guperhat I design-
ed espacially for this book. It serves as a tuonable IF with which
converters may be used to obtain coverage of the HE bandg. LIt tunes -
from 1.7 +to 2.1 MHz, therebhy allowing & 400-kHz tuning range in the
chosen HF band when a down-converter ic used.

The receivar acan be ufed as it stands for reception of the 160-meter
MF hand. The LO tuning range can ba reduced for lol-meter-only use
(1800 +o 2000 kHz). This may be done by weing an L tuning capacltor
that has the appropriate maximum capacitance.

No RF amplifiar iz reguired for the opecifiad tuning range in Fig
3-29. The nolse figure of the CA3INIBA active balanced mixer is more
than adequate for MF reception. The effective noise figures of +the
outhoard down-converters establishes the overall receiver HNF during
HF raception.

You will observe that thare is put oone IF amplifier, and there is
no AGC. A 455-kHz Collins-Rockwall mechanical filter is specified
in Fig 3-29 for obtaining IF selectivity. I chose a weed filter that
has an 5B bandwidth of 2.7 kHz. 1 bought my filter at 3 flea markat
for $10. My filter has a center freguency of 450 kHz {an vpper side-
band filter) and the part number is F450Z-7F. A goed filter for thia
regeiver is the F455FD-25, no. 526-~9692-010, which ls a low-¢qst unit
offered by Collins., It has a 2-4dB bandwidth of 2.% kiz. You may wish
te congider one of the latest Colling laow-mass filters. These ara

{continued on page 853)




&3

THR &'z - ©7y
*1INT4TY FFYE INOQF USTIENISLUT

J@ylo pu@ TAATeA 93080 acy g abed sAg . . 0Bz L o0EL
*leaTEd@) JT ATdRUNI JB19M={G| @1duwie hﬁL ;h\ tNZ2 rh1
P41 4o w9 Berp o13eweyag -- pF-g B4 0og
172 e AZE | 57 v
L
AR oOFfALTE I_I nn:M
d . -
170, Legagy HN L5 Z%4 WO B|°E
ol fTiza
SN 221 l 309
A Bl LA iy @ 1108
GOFFNT 0 * LD
m“ L 0 0L g .
L 1
1*0 1l . r , .
EHHD 24 ilH %l . L1008
2 020 T 9ZH
1no
¥ (3 L : in *Zn 81
* WOl G2H
AGCS4N QZT T
ADLS 40 al
ot el
oEn H+
AT L+

THN T QL L'}
ONI WY 1d




H4

Fig 3-29%, continued -- Fixed-value capacitors are dis® ceramic. Fixed-
value 7Tesistors are l7/4-W carhon film or composition. Decimal valpe
capacitore are in uF. Others are pF. Polarized capacitors are electro-
lytic or tantalum, 16 ¥V or greater.

Cl =- Miniature air wariable, panel mounted.

29 —— NP} cpramic.
c27, €28 -- Palystyrene capaciter.
ol, D2 -- Small-gignal silicen diode, type 1H914 or eguivalént.

O3 -~ 9.1-v, 400-mW Zener dipde.

I, D5 == ¥vC tuning diode, Motprola type MVZ10% (availlable from
Hosfelt Electronice in Steubenville, OH}. Range APPTOX . 15-50
pF with wvoltage change from 1 to 2 volts de.

FL1 == IF filter {see text}.

L1 -- Input 1l1link, 5 turne no. 28 enam. wire over grounded end of
L2,

L2 -- 24 uH inductor. Use &5 turns of oo. 28 enam. wire on an Amidon
T6E-2 toreid (red code), If tap is usad, locate at & turne above
ground=d e&nd of LZ.

13 -- Primary winding of a 455-kHz tranzistor IF transformer [zes
text). J.W Miller €o. no. 2067 or equivalent. Secandary not used.

EFC1 -- Miniature 1-mH RF choka (Mouser Elsctronics no. 43LE103).
RFC2 - HPFC4, incl. -= Miniature 10-mH RF choke [(Mouser Electronics
na. ME434=-1120-104K}).

R12 -- Audic taper, lO0K-ohm carbon composition potenticmeter, panel
mounted.

Tl .- Intermediate stage ([(white core) 455-kHz transistor IF trans-
former (30K fo 500 olma). Mouser Electronics no.-. 42IF102 ar J.W.
Miller 2067, or egquivalent.

Ul == ROA or Motorola differential amplifier mixer IC, TO-3 capeg.

U2 == Motorola B-pin DIP IF gmplifier IC. Mount in Socket.

Ul -- HNatignal Semiconductor LM3ISE audico power IO, 8-pin DIP. Mount
in an IC socket.

Wl -~ Jumper wire on PC board.

R25 -- Linear taper 100K-ohm potentiometer, panel mounted.

Trangigtors Gl and Q02 need not be ZH$d400s., You may use ZN4401 devices
or 281221 pr 2N2222A transistorse withput making circult changes.
Other transistors with similar characteristics may alsc be used.

Many of the small parts used in this circuit may be taken from a junked
broadeacst band transistor radio. For example, tha ocacillator eaction
of an AM transispktor radic tuning capacitor caen be used for 1. The
ceramic and electrolytic capacitors may be taken from the same radic
For use in this receiver. Tha specified wvalues for the electrolytic
capaciters in Fig 31-2% are not critical. Variations as great as 30%
will ba okay. The tuned circuit and FLZ capacitor valuaes are critical.
These values phould be maintained. Collins Rockwell 455-kHz IF filtere
are sulitable for obtaining selectivity at FL1. These components are
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available with bandwidths of 2.5 kHz [(nn. 526-8635-010) for S5H and
500 Hz (no. 526-8634-010} for CW. These rectangular mechanical filters
have a volume of 2.¥ cubic inches and are listed as low-copt filters.

Altamative 455-kH2 IF Filters

If you are unable to lacate a bargain-price mechanical filter and
are unwilling to pay the price for a new unit, you may wish to employ
8 home-made half-lattice crystal filter. Twn 4535-kHz-range cryestals
with a frequency spacing of 1.5 or 1.8 kHz would be suitable [or S55B
and CHW reception. Use a spacing of T00-800 Hz for a CW lattice filter.
¥You may want to consider bueilding a 455-kHz ladder filter for the
Fig 3-219% recelver. Complete design details for this are given in the
appendix of W1FB'r Deaign Notebook [(AERL).

Apother method for conetructing a 455-kKHz IF filter ie to uzse thrae
455-kHz IF transformers 1in series or cascade with very light capacit-
ive tap coupling betweesn them. ¥You can create an S8P-bandwilidth band-
pass filter by adppting this technigque.

5till another consideration 1= to change the receiver IF {o some pther
frequency, such as 9 MHz, and alter the LO frequency accoerdingly.
"By thanging the IF it becomes necessary to change the U2 IF transform-
gr frequancy, plus make similar medificationz to the BFO, Q2.

Mmora aboutr the Eeceiver Design

0l and D2 in Fig 31-29 funetion aan a passive product detector. Qurpot
Irom the detectar iz routed te auvdio amplifier U3d. It provides ample
cutput for haadphone operation, but is= not adeguate for driving a
speaker, except for moderately sirong signals. A 2H3904 audic preamp
may be inserted befween ERl12 and the input of Ul to boost the audio
lpvel pufficiently for weak-signal speaker reception. I added a little
preamp of this type to my version of tha receivar. It is bullt on
a srrap of PC board {ugly constructicn) and iz mopnted near 03.

The BFQ circuitry may appear groszsly overcomplicated at first glance.
Truge, & palr of 455-kHz prystals coold have been used with a single
2N3904 beat ascillator, but I waated to have my BFO wvariable in order
te simulate IF-ghift tuning., The wvyaractor or VWO diedes, D4 and D5,
allow the beat freguency to be shifted plus and minus 4 kHz, Alsg,
naw 455-kHz cryestals are rather expensive! Braadband amplifier Ol
bopsts the BFQ level to 5 vaolis P-P before it is injacted at the prod-
uct detector. L3I i= a 455-%kHz traneistor radio IF transformer, Lika-
wise for Tl in Fiq 3-29.

¥You will see & half-wave, low-pass filter at the lower left in Fig
3-29. It may be used at the input (terminal i) of L1fLZ to provide
-additional front-end =electivity. This filter will help to reject
stray LD energy from the down-converters you slect to use,

LY injection to pin 2 of Ul should be restricted to 2-Y FP-F. Excegaive
Lo injection to the CA3I0ZBA wilill cause all manner of spuriocus HF-band
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Tegponges in the receiver tuning range, owing to the generation of
harmonie currents within: tha mixer chip.

an L2 coil tap is shown in Fig 3-29 £gr use as an alternative antenna
input, should you prefer this method to winding the L1 link, If the
tap is used it should be located near the grounded end of L2 at 10%
of ths total coil turns.

A common problam that occurs when a receiver has no AGC is that very
lond signals spund distorted. This is bacause the ratico of the IF
signal te that of the BFO is tao great. This may he solved by using
a 500-ghm ¢ontrel at the input to Bl, monnected as an RF gain control.
It is adjusted sc that a strang signal sounda narmal. I meodified the
Fig 3-29 IF gircuit as shown in Fig 23-30. Rl functione aes an IF gain
control., The recelver is operatad at maximum or neaAr-tiadimum audio
gain and the IF gain control is used ta set the receiver gain for
a comfortabla listening level. This technigue is the one wa uzed many
yeare ago when copying ©W or 588 with a commercial AM/CH type of ham
receiver that 4id not have a product detactor.

w2 OF FIE 3-29 AUDTQ PREAMP 1 uF
N
2H3504 L
; PIH 3
OF ul
" & C14
10K
FIG 529
B1 - MEW PART
RS - MNEWN VALUE
r 1 )
RS — -~ 3T D2.RB.CE
JUNCTION, FIG 3-16.
INa14 IF AGC 15 DESIRED +12 ¥
+F Y {+3 ta +8Y)
FIg 3-30 -- Circwit 4 Bhows hew to add aan IF goin contrel to the Fig 5-2%
reaceivear., The audlc preamplitiar dizevssad sarlier in the text 1s Bhown &b
B, 1t ia added Latwesen the product detactor and audio-sotput IC,

An enterprising experimenter can add an AGC Circuit tp this recaiver
by sampling and rectifying some of the audioc energy ahead aof the AF
gain centrel. then applying it to pin 5 of U2 in accordance with the
Motorola specificatione for the MC1350P, Thie will eliminate the need
for Rl in Fig 3=30. Maximum IC gain occurs when there is +53 volts
on pin 5 of UZ. Minimum stage gain takes place when +12 wvolts is fed
to pin 3.

Wl in Fig 3+29 may be opered to allow an axternal contral eircult
to mute the receiver during transmit perivds. If & CW sidetone signal
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i supplied to pin 3 of U3, Wl im kept in place. Muting may then ha
done by opaning the +1Z=-wvopli feed to Ul and UL.

Receiver Local Oscillator

The sgstable VFQ in Fig 3-13 18 sat up to be uvesed with the Fig 3-2%
recelver. '"No circuit changes are required other than =hunting a 560-
chm, l/4-watt resistor from the ¥FO output port to ground. The VFO
cutput network is designed to loock into A S500-ahm load. The reaistor
provides a constant load for the YFD {which C5% and pin 2 of U2, in the
series arrangement, do not). 03 in PFig 2-13 may otherwise break inte
gelf-pecillation for lack of a correct leoad.

Check to make certain there is no more than 3 wvolkte P-P at pin 2 of
the mixer (U2) when the VPO is connected to the receiver. If there
is too high an injection level, reduce the capacitance of C5 in Fig
1-39 to obtain 2 volts P-F. If there is too little injection voltage,
inocvreaca the 5 capacitance. Thea P-P wvaltage may be measured by
meang of a scope. If you usa an RF probe and YVTVM to read the RMS
voltage at pin 4 of Ul., adjuat the injection for 0.7 to 1 ¥ EMS,

Some Final Thoughts

The 3sensltivity of the Fig 3-29 receivyer iz good, & §.1-u¥ =ignal
from a generater ig audible in the headphones when the front end of
the receiver is peaked by means of Cl. Any signal that ig 1 u¥ or
graater can be copied D5 if band ncise on 160 metars is law.

The local oscillator s=hould be in a shielded box for best stability.
I mada a box for my ¥FO by =2oldering together some sactione af double-
gided PC board. I mounted the VFD on the main chaseis with two no.
& gpade bolts.

PL board artwork for this praject is prowvided in Fig 2-31, Circuit
hoards are availlable from FAR Circuilts (sae marlier refersncez) for
$7.25 plus $1.50 shipping.

The audic-derived S-meter amplifier in Fig 3-16 may be used with this
Ieceliver. It connects to the cpllector of Ql in Fig 3-30 B. The audio
preamp provides more than ample drive for tha 5§ meter. However, it
ghould be pogsible to connect the S-meter amplifiser to RFCZ and C15
in Fig 3-29 and etill obtain sufficient output voltage for the S-meter
girguit, if the preamp is not includad.

The pinout for mopt tranelstor radio 455-kHz IF transformere is the
game. Usa transformers {hat have white-coded cores. You can obtain
Tl and L3 from a junk radic, or you may buy the transformer= new from
one of many surplus .dealars.

If you use a mechanical filter at FL1, find out what the correct valua
C9 apd ClO capacitors 1s. R4 ehould bhe chosen for the characteristic
impedance f the filter. The wvalue=z listed 1n Fig 3-29 are ecorrect
for my filter, but may not be for octher filter numbhers .
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GHI

c1
STATOR

+12v

c#o g2 R21
o C27 ciz aF ME
R23 out

Fig 3-31 == A scale stehing pettern {stched aidel 15 shawkn at A. Ililustration
B ia Bn 4ray wview of the PC hoard ms viewsd froé the component sida. MOTE:
To conferm to the 1nput twned sircuit tLl. b2y in Flg 3-29, mowe L2 tran
the L? goil teap ine. 4} to cwil laad oo, 2.
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THE MATTER OF CONVERTERS

HF-band converters may be used to cover ameteur bandes that are not
inzluded in the tuning range of a receiver. A converter can be used
ahead of almost any amateur receiver, and it may be B2t up to work
over varlous rereiver tuning ranges or bands. The converter LO freg-
uency is selected for the raceiver tuning range over which the desir-
ed converter coverage range iz =2preed. FPor axample. the 20-meter
band may be heard by weing a 20-meter converter and tuning tha main
raceiver from, spay. 2,5 to 3.9 MHz, the convertar LU should gperate
at 17.2 MHz {(l4 + 2.9 = 17.9 MHz and 14,4 +» 3.5 = 17.9 MHz). It can
be geen from the foregoing axample that the 20-metar bapnd tunes back-
ward from the 75/80 wmeter band. If the converter L0 was made to oper-
ate at 10.5 MHz {also acceptable), the 20-meter band wonld tune from
the low to the high end in accordance with the tuning on 75/80 meters.
Thus, wyau have two choices . when sgelecting the LO fraguenocy for a
converter.

SBimple converters are often useed for receiving 160, &0, 40, 30 or
20 meters. It is not necessary te uwuee an RF preamplifier ahead of
an active mixar (one with conversion gain) for thesa bhands, although
& preamplifier usgally resulta in improved 20-meter performance;
owing to improved NF. A low-noise preamp is necessary above 14 MHz
for good waak-signal reception.

A Simpla but Practical HF Converter

Fig 3-32 contains a circuit for a simple converter that is capable
of good performance when uged ahead of a receiver that has reaspnable
overdaill sensitivity. It may be used with the Fig 3-2% =uperhet rec-
afivar.

2u312 5w
1.85 NMHz
FPEAK 40673
9.1 T
RCYR
5&? Far ume wlth & tunable
IF et 1.7 to 2.1 HHr,
|
Fig 3-32 -- Diagran of

z sifplw HF=band converier.
Swmam the table an page
90 for Key pArts walues,
This circwiy s ratas
on &0, 49 wor 20 metercs.
$pw Fig 3=-33} for gpte
mbout prpmratian Bhaya
14 MHE,
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There i png PC artwork for the eircuit in Filig 3-32. It can be built
eazily an a FAR Circuits universal breadboard or you may use the WTZOI
"ngly construecticn” technigue.

3l is a single-ended mixer, which doee not provide “"world beater”
patrformance with respect te high Aynamic range, but it works fine
otherwise. Any VHF dual-gate MOSFET can be used at Ql. If you prafer
an anteénna input olyeouit that uwses a link rather than the coil tap
shown, uge 10% of the totel L]l gpil turne whan winding thea input link
aver the grounded and of LI,

A low-pass f£ilter 1s used at the mixer output to minimize the papsage
of the L0 frequency to the main receiver. A Filerce gecillator is used
at Q0. ¢ and 5 are the {fesdback capacitors. The 10-ohm resistor
at the drain of Ql is a YHF parasitic suppressor. ¥l ie a [undamental
crystal, 30 pF load capacitance. FFCl and RFCZ are miniature Mouser
Electronies RF phakes. U1 ig a 100-pF miniature air variable. A 10O0-
pF trimmer may ke ussd if you are interestad in & small portion of
tha 80 or 40 meter band. Repeaking is necessary for large changes
in frequency, except for 20-meter cperation.

TABLE 31-2
BAME (n) . Ca, G ¢pF) Y1 (MHz) L L2
SBG 144 G0 22 uH. Z0 turmns 21 oH. 1% fturne
no, 28 enam. on ne. 26 wnam. an
an Amidan FT-37- an FT=3%=81 tar-
G1 ferrite torgld. oid.
40 ' a? 5.1  ut, 35 turds so, SAME
28 mpEpm, on BT
Anldon T30=-3% tor-
oid corda.
bl 27 14,1 3,9 uH, 25 turns SAME
ne, <4 enam. on &
TRO-6 torcld.
Lxil mnd cepacitor data far the HF convertes in Fig 3=-3%2, The tesp an L1 13 10
percent of the tatal L1 turme. Locats tap near the grounded &#nd of L1, CZ2 and
3 gre allivar mica por palystyrena, C4 and C¥ ars MPG dise esramlc.

Converter Opexation Above 14 MHx

Third-overtone crysztals are necessary for converter operation asbowve
14.0 MHg, This reguiree changing the ¢ circuit in Fig 3-32, The
putput of 02 mu=t be tuned to the desired cryetal pvertome. Alag,
an RF preamplifier is uvsed aghead of the 41 mixer in order to provide
a low noise figure. The RF amplifier is a grounded-gate JFET that
has a low ncise fiqure and a gain of approxzimately 10 dB. Make cerctain
that gate no. 2 of Q1 in Fig 3-32 has approximately 3 wolte P=P of
injection. If there is teo little LO wvoltage., change the 27-pF gate
2 coupling capacitor to an appropriately larger value,
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3rd 0T 05C
100 RF ANP oy E L)
] 470
i [ B —o T
RF Q1 NIL
ouT €@ 27 62
ANT L) L4 g
L} MNPFLGZ 77 B0 1
. J:u.m 150K
100
INO14
oD a,81
& +12¥ o ;1:
+1EV

Fig >=33% -« The circult at & iF m groundad gats RF asmpliifiar +or use zhead
at the wmixer imn Fig 3=3F tor speratiam pbove 14 MMz, The LZ coll tmp 18 1,4
the totel coll turna, aesave the grounded end. L1 and L4 contaim 10% eRa Aumbar
et LI or LY turns end ere wound ower the lowWar ande of L2 aad LS. C! and CZ
are caramic or plextics trimagre. Tha gate lasd of Q1 asust be kept shart to
enAaUra £ircuit stablllty. The cecillator at B ia tfor usa in place af the 02
cireguir inp Fig 3-32 for operatisn above 14 MHE, Y1 operates at the 1te owar-
tone. C1 anad L1 ars ratonent st the deeired overtona. A ceramic or plastic
teitimdr iy uswd at CV1. Componrenkt valuas for theasa circuits are provided in

Table -4,
TABLE 1-4
BHAMND {m} L1,Ld [A) LZ,L% (A L1 (8} ¥1 (MH2}
17 3 tournx no., 2 uH, 2% t&. 1.5 uH, 22 2o 140
28 enam, ng. I8 anom. t§. ne. I8
Tap L2 at & tx, mnam,
15 2 turns na. 1.5 uH, 22 ta. 1.2 uwH, 20 FE,10
28 wnam. na, 28 snwn, Toap 5., no 28
L2 #«t & ta. BRLAN,
12 Z turne no, 1.1 uH. 1§ ta, G.% uH, 17 24,90
28 mnogm. no, 28 ensn, Tep ks, no, 28
L mt 5 tw5. BNEM.
10 2 turns ne. A.7% uH, 16 t=%, 0_.6% pH, 15 30.10
i% snam, ne, 26 apam. Tap ta. no. IB
L2 mt -l fa. ERAD,
CGoil winding and eryttal freguancy dats far tha circalts in Fig 3-33, all
colle Bre wound on Amidon Assoc. T3T7-8 (yallew] torgld cores. L1, Ld and tha
tep on L2 mra locatsd namr the bottom ends of the ralated coils. L1 and L4
are wiound over the maln windinps of L? gond L3,




Diode-Switched Two-Band Converter

Although the two-band converter in Fig 3-34 may seem rather *busy”
with regard to circwit details, it is a fairly gsimple example of
how band-pass filtere may be used. Dicdes are uweed to pBelect the
twa filters far the band of ocperation. This eliminates the need to
ufe a mechanical switch and long RF leadz o and from the switech.,
Switching in this example is dene only at de, so the switch laads
can be any convenient length.

The Figq 3=-34 gppnverter ig designed for use on 40 and 75 meters. It
is configured to operate wirh the tunable IF receiver in Fig 3-2%.
additional bhands can be added if the band switech contains additional
contacte to accommodate the extra filters and oscillators. I chose
to use separate peacillatora in order to avoid the complication of
dicde switching the cry=stals and tuned clrcuits for a =2ingle trans-
lstor carillataor.

The bandpass filter de=sign wag establlzshed by WYZOL 30ome years adqo.
Data for theese filterse are presented in The ARRL Electryonics Data
Faok [(all aditionz). Forward bilas (dc)] is applied to the various
switching diodes by means gf 51 to furn on the digades that are aseoc-
lated with rFLl or FLZ. When blagz iz applied the desired dicdes conduct
and act ae 5witches, When they are not turned on they present a high
resistance to the RF energy and are effectively open-circuited.

A singly balanced JFET mixer, Ql and Q2. is coupled to the filters
by way of broadband, trifilar-wound transformer T3, Another trifilar,
broadband transformer {Té) couples tha mixer to the 50-obhm recefivar
input circuit. Although MPF10Z transistors are epecified for Q1 and
02, elightly bhetter performance can he expected from a pair of ZN4416
FETe. Dnval-gate MOSFETe such as the 3INZ12 or 40673 may also be usad
in the mixer by tying gatez no. 1 and 2 together and - treating the
FET as a single-gate devica. Ho othar circuit changes are necezsary
if this 1a donea.

The band-pass filtars reguire high-0, stable capacitors in the tunad
circuits. SJSilver mica or polyetyrena capacitors are good cholces
in this part of the circuit. Miniature Murata trimmer capacitors
are ueed at C3, €7, Cll, <15, C20 and C26,

Q3 and Qd din ¥Fig 3-34 are fundamental gecillators. The fesdback for
these parillators is regulated by means of CZ21 and C27. You may find
it necasgary to eXperiment with the capacitar wvalues in ordar to
ensure rapid etarting of the cecillators., The walues listed should
be fine for crystals of normal gquallty and activity. Some crystals
may requiré more feedback to make them oscillate. The colleactor tuned

circuits must be tuned to resonance in grder to make the crystals
paciliate, You can add 40-pF trimmers in paraliel or in series with

Tl‘and Td 1f youw wish to move the freguency slightly for dial the
purpoae of receiver dial callbraticn. The =eries connection raises
the operating frequency. PFarallel use lowers the frequency.
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Fig »-54, continued,

Fixgd-voplue capoacltors pea distc ceramic unless othervlae noted. The resleters are
carbon film or composltian, 14 watt, ascept #tor KR8, which 15 & I-W unlt. Trimmer
capacitoreg are minfature H0-pF Murate types or equlvalent.

DI-0t2, incl, -- Bilicon swell-signal diosdes, type THA148 or THE14,

RFC1-RFC11, 1imel, == HWInimture 1=-nH RF choka. Moussr Electronies no. 43LRIOES or
mquilv.,
51 == Four=pele, three-poeltiem phenmeliec or cerpmic wapfar gwiteh, Mookar fic,

10TX043 wr mquiv.

T1, T2 -- Link wEindings have 2 turpe of no. 26 anam. over grownded ends of mailnp
windinga, Main windings contain 16 turne of no. 26 epam. an Amidan FT-340-&3 ferrita
tarpld corms.

T, Td == Links have 2 turns of no. 26 enan. wirv over grounded endf of the maln
windimga. Wain wlndings contein 23} turnzs of no, 16 snem,. wirs on Amidon Axaos,
TSO0-& poudérad-iran toralds,

TS5, T8 -- HBrasdhend transForfsss, Use 10 trEFiler-wound turmea ofF no. 26 enEm. wire
on an Amidon FT=-37-43 farrite torold.

T! -- 1% uH primary, 28 turna of no. 26 enam. wire on, en FT-50-G3 tertite toroid.
Link has 5 turns of ne. 26 wnem. wire.

TR -- £.3-yH primary, 56 turns of oo, 28 waenan, wira on & T50-2 torold. Link hms
& turns of ne. 24 anam. wire.

¥1, f} == Fundamenta!l cryetal, Z0 pF load coppsitance.

Lozggeg occur in the diode gwitches and the band-pacs filters. Thie
degqrades the recelver NF. Az a rTepult, the ¢l, 02 mixer noisse 1a
egrassiva. A low-noise preamplifier is necespary ahead of the filteras
to compenaate for the cireult lossas and to improve the NF. Fig 3-
l1BC and [ shows the MWAL1LY preamplifier I use at tha input of the
the Fig 3-34 rcoenverter. It has a gain of 15 dB and a2 NF of 4 dB.
You may prafer to use a different type of preamp, but tha HMHALLD
unit is breoadband and requires no tuned circuita, and hence my choice.
With the preamp inztalled ahead of the Fig 3-34 convertar, and with
the convarter used with the Fig 23-29 receiver, a 0.1-u¥V signal from
my generator is audible in the sapeaker. Without the preamp & 1-u¥
input signdal 18 necesgary to hear it in the speaker.

Adjustment gf FL1 and FLZ2 ims accodplizhed by applying a signhnal from
a generator at midband. The trimmers are adjusted for & peak signal
regponge. Repeat the procese three times to compensate for interact-
icn of the filter esections. I bypass the MWALLD preamp when the system
ig used for l&é0-meter reception.

In an ideal situation the preamp would be located betwaen the output
of the filters and the input to TS5 in Fig 3-34. This can be done
bv opening the PC-beoard ¥oll at terminal 1 of Th.
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Fig #~35 =~ A scels etchipg template (akched side) is shown at A, The draw-
img mt B 18 an Xray wisw af the PC board os wviawed frof the componeant side,
Thiy circuit board 1e mvallable from FAR GChircuwlte for $7.25 plus $1.5%0 ftor
shipping., RF chokmy ond Jdicdes mt B are not ldentiflad becEuss ®m11 units

of amch mra the some type. Obeorve dlods polerity. Y1 and ¥7 hole spacing
it For Internmtfonal Cryekal Co. PL cey=tml 2ochets,
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Alternative Brosdband Preamp

ICOM Company uses an interepting bhroadband preamp in aome of ite HF
tranecetvera, The circuit uyses two JFETs in push pull. Broadband input
and putput tranzformers couple the amplifier to the input and output
lgads. Thiz preamp is switched in and ont of +he recelver circuit
at the will of the operator. Effective gain is approximately 19 dB
and it has a lpow WF. Fig 3-386 sghows the circuit. I have supplied the
data for the devices and the traneformers. That inforomation was not
available to ma as thig wAs writtan.

BREADHANME PREAMP

ITHA4A 1S
'L T2
* | 50 - HM
50.-OHM » UTPUT
INFUT ‘ : :
A

¥ PAASING ZH4416
GAIN - 10 4B 22 O 0aY 22 JJ; o.047

«12Y
1] —O auT
| 000 1000
B ¢ .0068 D15
LZ
a£.7 L 3.9
i uH

HEEH-FASI FILTER

Fig 2=34 == Schematle diagram of the ICOM broadband raceiver preasp [A}. Tha
drawing at B la the ICOH high-pass Fllter thet (s psed batwasn tha satanas
end tht prasmp or receiver input circuibt fawitchablel. It prevents commercial
proadcmat band energy from atfectlng recelver performance. It moy ba waed
with any recelver that heas o S0-ghm inpet impedance, T1 and T2 at A contailn
12 tyrns bifijlar turng of no, 26 esnam, wira on an Ambidon FT-37-1% territa
toraid core (B0 mu, 2/8 Inch OGD). The input and cutput links Ffar T1 and T2
hava 4 turns ot npo. 26 wire for T1 end 2 ternz: of Ao, 28 wire fer T2, L1
st B haz 31 turnx of Ao, 26 whaw, wita an an Asidenr T99-2 taraid and L2 nae
28 turnz ot na, 28 enan, wira an & TH9G-2 tarold,
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CHAFTER SUMMARY

Certainly, this chapter ig not all-incluzive. I have tried to present
a pufficient number of practical circuit ideas and design auggesticne
te gnable you to "learn by daing,”™ in the event you are a newcamer
to circult construction, If you are experlenced at deaigning and build-
ing QRF eguipment, chances are that you will find =ome new ideas here.

But most importantly, try your hand at eguipment construction. Don't
be afraid to experimeant!

A vast number of othar ressiver designs for ORP enthusiazts are present-
ed in The ARRL's Solid Gtate Design for the Radio Amateur and in W1FBR'm

Degign Motebook. I recommend that you add those wolumes to your QRE
library.




CHAPTER 4

GRP TRANSMITTERS & TECHNIQUES

The trenod in OQRP trapsmitter design and coastruction is generally
taward eguipment for CW operation. This may be due in part to the
relative simplicity of a CW transmitter. plus the affectiveness of
O communications {at low power) compared to the succese of 58B operat-
ion. In the latter eitvation we must contend with heavy phone QRM
and high-power signals, whersas band ocGupancy and eslgnal bkandwidths
are lasz trousblesome in the CW bands. another advantage asoociated
with CW QRF transmitters iz reduced current drain over a similar trans-
mitter for SSB use. Thiz goes hand in hand with battery operatieon,
where currant drain neesds to be minimlzed. :

QRP phone operation begins to make sense when we operate a 5- or l0-
W S3B rig en 19 or 15 meters. The QRM, however intenze at times, 13
more Enlerable than on 20, 40 and 75 metars. Aleo. propagation on
10 snd 15 maters is puch that a low-powsr Bignal will get through,
aven when simple antennas are uged. These cpnsidarations make these
two bands ideal for (RP voice operation. The same is generally trua
of S5B eperation on 12 end 17 meters, whers QRM is veually at the
lowast level for the HF hande, collectively. :

I would like to again take this occagion to encourage you Lto build
your gwn (RFP gear. Nat only will you save a lot of money by not buoy-
ing cemmercial eguipment, you will experience the incomparable joy
of communieating over wvast distances with eguipment that you bullt
and perfected. The learning experience 13, by itself, a reward that
iz worthy of tha effort. ¥ou won't have to send this kind af gear
hack to the factory for repairs. ¥You can service it youreelfl

Transmittar Output Powexr

We (RPers often think ian terme nf "miles per watt.”™ This is part of
the overall QRP challenge. The rguestion becomes one of deciding how
much ocutput power is necessary to achieve our objectives. Many things
influsnce watts werpus miles. Certainly. band conditions at a given
time ara a primary factor. The fraquency of operation alsoc determines
how far our signal will travel and be Copied. The antenna guality
must alss be plugged into the egquation. It goes without gaying that
a gain type of antenna that 1s high above ground (and matched to the
feed line) is capable of meking your QRP signal ecund like & QRO pna.
This doez not mean that a dipele that is not high above ground can't
open the door to DX contacts when conditions are good: It doss mean
that ¥o9u may have to work harder to attract attention when you <all
co, amd your signal report may not cauze you to strut te and EFre in
vour ham shack. The real name of the game is "being copled Q5. " Thare
is no reason why you should not be as proud of am RST 559 report as
one that comas back ag RST 599, '
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¥ou can have endlezs fun with power levelz as low a8 50 mW. Many
of us enjoy building ene-transistor crystal-controlled CW transmittera
that emit fles power. Rigs of this wvariety praoavide a delightful kind
of pperation that is filled with challanges. Imagina earning your
Was award on 15, 20 or 10 meters with 2 batterv-powered 50-mW trans-
mitterl Certalinly, this i3 a pasaibility if you are a dedicated ham.
WAG, WAC and even DACC achievements are entirely poesibkle when using
d transmitter in the 1~ to S5-watt power class. In this contewxt I
recall working 42 countriee in 30 days with a 2-watt QRP TW rig an
4] meters. My antenna was a sgquare 40-metar loop that was aracted
veértically. The bottom Iide of the loop was only & Eeet above ground.
Operation from MKewington, CT netted many zreports of BRST 569 to RET
5949, Reports as low as RST 349 were received also.

Your rchoice of transmitter power level will need o be founded on
acrcaptable power consumption. tranemitter complexity and the expense
gf the project., I recommend that newcomeare start with, say, a opna-
transistor mW-class transmitter. HNext, add an amplifier atage and
raise the sutput power to 0.5 watt. Later on you can uwge this system
to drive a 5-watt power amplifier. in other words, build the Erans-
mitfter in stagef and enjoy oparating as you procead.

Your QREF transmitter need not be a work of art. Spme smateure sehy
away from eguipment ¢onstruction because they feel that the end pred-
wtt should resemble a commercially manufactured uwoit. Some of  us
tend to place too much emphasis on aesthetice. An ugly transmitter
pr recelver 13 capable aof working as wall as or better than a unit
to which vyouw impart the commercial look. Many of my transmitters
are =imply tacked tagether on a gcrap piece of PC board while using
the W7Z0I "ugly constructioan™ method.

TRANSMITTER PERFORMANCE

The on-the-alr character of your QRFP trangmitter is jyour finger print,
o to speak. You should ptrive to egqual the performance of a properly
operating commercial rig when you commit your signal to the airways.
There i no juatification for having a chirpy or clicky CW signal.
Although these are common maladies, they can be resclved. We should
be mindful also of tha spectral purity of our tramsmitter ewmissicons.
aome designers of QRP tranamitters ignore the harmonic ocurrents in
the output of the rransmlitter. In an effort to minimize the parts
count and zave monsy, they skimp on the harmgnic suppression cirguit.
A 3ingle pi-netwark ocutput gircuit geldom offerse ample harmonic supp-
regeion te enable the equipment to comply with FOU regulaticns. Hot
poly that. excessive hamhanic output leade tp TWI and RFI problems.
Your QRF transmitter should be designed to ensure that all spurious
emicsiong are 40 dB or greater below peak output power.

Some builders attempt to use vacuam-tube design principles when they
canstiruct polid-state tranemitters. Not only does thie approach reselt
in dreadful efficiency, it can cauge self-oscilisatiocns and destruct-
ion of the transietors. Trangistors are low-impedance devices. Tubas

have high-impedance input and ocutput characteri=tics. It is worth
saying gagain that maximum power fransfer occurs only when unlike




1430

impedances ara matched. We need to remember also that transistors
amplify current while vacuum tubes amplify wvoltage. Low impedances
asgociated with transisters are the result of rcelatively low operat-
ing wvaltage and moderate to high device currents. Tubes, on the other
hand, operate at high voltages {comparitive} and low current.

An ideal CW output waveform has slightly rounded leading- and trail-
ing edae corners. A rige and fall time of 5 me will yield a clickless
note. Examination of the keyed output waveform can be agcamplished
with a =cope. You can wvary the =haping-compeonant values uptil vyoo
ghtain a click-free waveform.

Chirp generally zresults fram oscillator keying or keying a buffar
ztage that presents a widely changing lecad characteristie te the
pEcillator. Incorrect oscillator feedback alse casuses chirp. You
may experience chirp also 1f your crystal ies sluggish. If wnwanted RF
gets into the gaeillator elrcuit {such as from the PA . stage) it can
cause the keyed signal to be chirpy. S5tage isolation is, therefaore,
an important consideration. Thig does not mean that each otage
needs to be in its own shielded compartment. Rather, it suggests
that care must be exerciasd in the layout [(straight-line layout iz
best} of the P board and each stage shoyld have aan RC or LT decoupl-
ing netwerk in its Voo lead. This prevente stray EFY from migrating
from stage to stage along the +V supply line.

Preveniing Self-Cacillation and Device DamaAge

High-2Q circuits contribute to transistor self-oscillation. We can
pravent this condition in some circuits by applying de-Qing tech-
nigques. For example, spomathing as simple as a 10- or 1l3-ohm non-
inductive resistor, when placed in & collector lead near the trans-
iatmr, can prevent YHF parasitic oscillatione. A miniatura farrite
bead will oftemn resalve the same problem. These components ruin the
circuit ¢ at VYHF and UHF while allowing HF energy to pags unimpeded.
Thia tachnigue is illustrated in Fig d4-1A.

The Voo decoupling method discussed above may alse be employed. Fig
4-10 shows the details for this preventive or corractive measure.
The decoupling components need to be located &8s close to the ftrana-
mitter as practicable. Likewisse for parasitic-suppression components

It iz wital that the input and output parte of a transistor emplifier
pireuit be physically digolated from one ancther, within practical
congtructioen congtrainrs. When ths input and output circulits are
cloge to one anocther there can ba unwanted mutual coupling, which
allows posltive feedback to ocrur, and thies causes oscillation. In  a
worsk casze example we may nead to install a shield baffle or divider
across the transistor to help isclate the input circuit from the
ontput one. This is often reguired in order to etabilize VYHF and
UHF small-gignal amplifiers. It may be necessary even at 21 oxr 28
MHz. The greater the amplifier gain the more pronounced the likelihood
of =elf-oscililation.

Fig 4-1C illuvstrates a common mathod for taming an RF power amplifier
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that usges broadband input and cutput transformers. & capacitor that
i8 connected from collector to ground will help prevent VHF parasitic
pacillations while supprassing VHF harmonic currente. This capacitor
gshould have a capacitive reactance that is four to five timeeE greater
than the collector impedance in order to prevent signal loBzs at
the operating freguency. For axample, if the collector impedancs
ia 15 ohms (€ = VCE2 divided by 2Pg) the wcapacitor XC should he
no less than 50 ohme. P iz tha amplifier ocutput power and VCE im
tha collector to emitter dc voltage. Thus, for opesraticon at 7 MHz
the collector shuant capacitor must be 3BO pF or less.

RF AMP FD1 oar ™ RF AMP

Fig d-1 == Gircult A shows suvppreastion ofF YHF and UHF parpsltics. FEI is
m mpini B50-wp farrita beed, Abtternative compenent RI, which [a & 1/4-W carben
cenpssition reslstor, may hHe used in place af FB1. Cirgult B Illustrates
hoew m Yoo decoupling aatwark 061, CZ and R1} is uisd, R1 Lla typically 33
to 100 ohms #or smell-sipgnal ampllfiers thot drow up to approximately 27
mA. Eircult © shews how & 1f4-W raelastor may be used tw lawar the Q of the
broadband Enput trasstormer, Altarnstlvely, = mini farrite bead may be used
cvar tha pgraundsd-and lemd of the T! sacondary, lUss the largest valua of
reaintance that prevents amplitiar Enatabllity. R1 dows conizohe sons of
the RF Input poawsr, Clreult [ shows B decoupling cireult for power Lypes
ot RF anmpllfierse. RFGY (5 tg 10 yH) is usead in place of & reslstaor to pravant
wvoltege drop te Q1. 01 protects §1 from dangerous peak RF and 4o voltages.
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Fig 4-1n pravides 1nformaticon akout decoupling the Vee line when
the transistor draws a subsetantial ampunt of current. A resistor
in place of RFC1 would cause & prohibitive woltage drop in the Voo
tine to Q1. An RF choke £or this circuit can be made from an 850-
mu 1/Z-inch OD ferrite teoreid by winding five or six turns of heavy
gauge magnet wire on the core, The wire gauge chosen must be capable
of passing the Q1 currenl without causing a significant woltage drop.
Fhrese valopea of decpupling capacitor are llsted. The G.001-uF onit
provides effective VWHF bypassing and the D.1-uF capaviteor is aeffact-
ive at HF and MF. The 22-uF capaclitor works effecfively as an audio,
VLF and LF bypass. Thase capacllors help toc prevent amplifier eelf-
o3jcillation from audioe f£o VHE.

gener dicde Dl in Fig 4-10 may be added to protect @1 from damage
in the event of gelf-gecillatipo or high SWE, a4t which time peak-
tao-pezak callector wveltage can exceed the maximum sate device valusa,
Dl alens pratecls ithe transistor from dangercus spikes that may appaar
ot the Vac line. The D1 internal capacitange acts a5 a callector
bypase capacitor. Its wvalue i minimal and dees not affect the amp-
lifier performance at H¥. D1 does not conduct wuntil its barrier volt-
aga is reached by RF oar doc veltage. A suwitable rule of thumb whan
gelecting this 8Sener diecde is to select a conductlon woltage that
is roaughly three times the YCE. Remember that the sine-wave axcursian
at the Q1 collector. when it is amplifyipg EF enargy¥. can swing to
twice the s=supply wvoltage. Hence, & 24-V Zener diode would not be
cuitable in this cicrcuit.

Transmitter Gain Distribmtion

The design of a multistage tranemitter is not a ¢asual matter. All
tos offen an amateur will "marry" circuite from a aoocllection of pube-
lished articles, only Lo find that the tranamitter percformes poorly.
Excessive drive iz as bad an event with tranesistore az it ig with
tubern,., Tgo little RF excitatian, on the other hand, resulte iIn low
output power. Ideally, we would atudy the transistor data sheets
and learn how much input poewer {(Fin) is needed to obtain the rated
output power (Po). If the driving power to a particular RF amplifier
iga too great we rcan drive the device into saturation (the point at
which no further output power is awvailable no matter how much we
increase the driving power). Excespive cpllector ocurrent can rasult
and the stage becomes prone to the generation of excessive harmonic
currents. The transistor can becoma daestroyed lmmedlately in & worst-
cage zituation.

A viable method for gptimizing your transmitter is to test 1t stage
by stage. Cbserve the ocutput power of the stage under test by using
a scope or RF probhe and WTVM, Terminate the stage with a resistor
that matches 1te normal in-clrcuit load impedance. Adjust the ocutput
power of the preceeding stage until no further incereasze pf putput
power is noted for the stage under test. Now, reduce the drive glight-
ly below the saturation point. Proceed with this method until ail
atages of the transmitcter have been =et just below the saturation
point. Thie will ensure a cleaner ocutput =ignal from esach stage and
it will protect the tranzlstor from damage.
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Broadband versps Narrpw-Band Amplifiers

¥You may question the usefulness of broadband amplifiers with respect
to narrow-band ones. Each has ite peositive gqualities. It is necessary
to realize that when we use a broadband amplifier we must trade gain
for handwidth, Thersfore, the gain for a narrow-band amplifier might
be 12 dB. The same transistor, if used in a brosdband amplifier for
the same frequency, might yield only 8 4B of gain. A& narrow-band
amplifier 1 one that has a tuned circuit at the input, output or
boti.

Narrow-~-band RF amplifiers are more prone to inetability than broad-
band ones. This iz because they have greater gain and because they
may not be matched properly teo their ipput and putput laads. This
migmateh condition is the result of haphazard cilrcuit design. This
is one reason why we <an't apply wvacuum-tube design technigues to
transistors.

Broadband amplifiers enable we to have transmitter stages that do
not need to be band swltched. The exception 1 when the broadband
ampllifier has harxmonlic filters that need to be switched., Fig 4a-2
showz A broadband and a anarrow=-band EF amplifier.

14 MHz
— BROADEAND AMP 14 gy HARADN -BAND AMP
z ouT
n T2 " 14 MHz
N o . '
T
ouT
F .1
¥
Her o
LERIYER)
Fig 4-2 -- Exampler of orosdband [A) end narrow-band (B) RF ampliflers.

Tl mand T2 at A #are wntunad, T1 pt B and the suwtput pl networkh are recanant
#at the aperating fregquaency,., The bromdband and tuned tranafoarnars and networhs
must be dasigned to nastch Eha Eransistor input and cutput parts ta the input
And ocUutput losad Empedancas,

The &ireuit dn Fig 4-2h uses broadband transformeres at the input
and oputput ports of Ql, Generally, thesa are farrite-core devices
{torocid or halun core). For MF and HF operation the ceorae ghonld
have an initial {u,) permeability of BOOQ tp 900. A u, of 125 is zuit-
for YHF amplifiers. Powdered-iron cores are not duitable for use
in broadband transformers becauvese of their low permeability. The low
permeability dictates that an excessive pumber of wire turns be used
in order to obtain suitable performance at the low frequency end
of the transformer gperating range.
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The amplifiers in Filg 4-2 are configured for class C operation. In
practice, either of them may b= biased for class AE operatien by
applying approximately +0.7 ¥V of forward bias the the transistor
base wia the input transformer (Tl} secandary winding-

Linear broadband amplifiers {class & or AB) produce less harmonic
cutput than is generated in a class C amplifier. If the linear smplif-
isry 1= not driven into diptortisn, we can often use it without a
harmopic £ilter at the output port. Thise assumes that the input wave-
form i= essentially free of distortion., Clase C BRF amplifiera, on
the othar hand, generate a congiderable amount of harmonic current.
It i3 not unwsual ta find the =econd- and third-harmonic energy only
10 to 15 4B below the fundamental freguency at the colleactor of 3
clagg C amplifier. It 1= for this reason that TVI and EREFI can be
a protlem, even though the tranemitter has an cutput power of one
or two watts. This can oceour when the output network is not capakle
of suppressing the harmonic currente. Under no circumstances should
you exclude an effective harmonic filter at the output of the last
trangmittar stage. This applies to linear and class C types of amp-
lifiers.

Transietor Operating Temparature

Heat is the enemy of many slectronics components. This ie particular-
ly true of semiconductors. The gquestion becomes one of deciding how
hot a particular transister or diade can become before damaga OCCurs.
It is the device junction temperature that determines the safe operat-
ing power diseipsation. Since we have no convenient way to monitaor
the I1nternal temperature of a semiconductor, we naad to pay heed
to the case temparature. Even through some devices are designed to
operate at very high temparaturez, I prefer to follow my own rule
af thumb when in doubt. If the caze of 3 traneistoer is 80 hot that
it is uncomfprtable t& the touch, I take measuras to cool 1t down.
This requires the use of a heat gink or a larger sink than I am using.
I don’'t worry if the transistor feels gquite warm te the touch if
it is being oparated within the manufacturer's safe limits. I do,
however, feel better about the matter if the device iz only 2lightly
warm to the touch. It provides a comfortakle margin of safety when
sufficient heat-sink area provides cool or warm operation.

The trangi=tor that has a heat sink should have the best thermal
pond ¥ou can manage. The mating surfaces of the transiator and itse
#ink =hould be reasonably flat and smooth in order to assure good
bonding. Also. a thie layar of heat-sink compound (a wixture of zinc
oxide and silicone grease) should be applied to the mating surfacea
before tha device i= bolted to the mink.

Small plasiic transiators, such as 2N2222g pr PN:i21Z2i, ean ba cooled
by using a thin laver of epoxy cement to affix a tab of copper, braes
or aluminum material to the transistor case. The tab should be ¢clamp-
ed pecurely to the device case until the cement hardens. I have used
short pleces of ropper or brass tublng as heat sinks for the smaller
transiagtors. I glued thenm to tha devicea hody with epoxy cement.
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Selecting an RF Power Transister

Rlthough we tend to buy transistors that are designed for RF power
amplification., and pften pay a premium price for them, we can uge
almopt any transistor that has a gufficiently high fT rating. Many
audie power transietors work well as RFE amplifiers. Thase with {7
ratings of 100 MHz or higher can provide excellent performance at
tha MF and HF freguencies, A3 a rough rule ¥vou a8y use any trans-
isetor that has an fT which iz five times higher tham the proposed
operating fregquency. In practice, lower f£fTs can -be acoeptahle at
the risk of reduced transistor gain. The £7 is the frequency at which
the transistor gain is unity er I. At fregquencies above the T, the
trancistor exhibite a zignal loss rathar than a gain.

Bome trancistors are gpecified as high-speed switeches, This generally
implies that the transisetor is suitable for RF service if tha f£T
iz sufficiantly high., In order for a&a transistor tao be a good high-
gpasd =zwitch or RF amplifier it must have low internal capacltance
and resiptance, =2lnce these components eatablish a time constant.
The greater the R and C the longer the time constant amd hence the
lower the effectiive operating frequency. This applies egqually to
diocdes.

We need to bBe cognizant alsc of tha maximum Vee {(eollector to emitter
voltage) and PD [(power dissipation] set by the manufacturer. For
RF amplifier opsration from a +12-¥ pupply, Eelect a transistor that
has & 30-V or greater maximum safe Vee. This allows for the RF volt-
age sSwing at the gollector, which will be up to twice tha VWece. PD
concernge the operating curtent wversus the gperating wvoltage, and
it i= expressed in watte at 25 degrees . There is alsc a maximam
steady-state cellector-current rating. This should not he sxceeded
under any clrcumstances.

The maximum PO poses a common guestion: If a transistor iz rated
at 100 watts maximum FD, how much dc input power may we have in an
RF amplifier? I like to stay on the asafe side of thinge by restrict-
ing the dc input power to 0.7% or less the PFD rating. Thersfore,
in the cape of a 10-W transistor I would restrict the de input power
to no more than 7.5 W, Transistor efficiency being what it is in
an RF amplifier, we would erpect to obtain approximately 3.5 W of
EF pufput pawer under thiz condition. Most transistor EF amplifiers
are 20-60 percant efficient. although 1 have szesn efficiencies as
high ae T70% for clasge © transistor amplifiers that were optimized.
I have cobtained even greater efficiency when using & class O power
MOBFET FF amplifier,

GWE-proterted transistors are available for RF service., These are
referred to by some manuyfacturers as BETsE [ballasted-emitter trans-
istar). In effect: numercous kipelar transistors are formed on a
common &ilicon pubstrate. The Erancistor bapes and collectore are
epnnected in parallel, ioternally. The emitters =ach have an internal
l-obm resister and the ands of the resi=tors oppasite the pmitters
are Jjoined t¢ form a single emitter terminal aon the case. These
registors equalize the currents of the transistors and prevent any
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gane transistor from heogging the current. BETs are excellent trane-
istors for us to use faor RF power amplifiers if we are willing to
pay the price for tham. Technically speaking, they are capable of
withetanding open or shorted load conditicnes without being damaged.
But aE we learned earlier in the chapter [(Fig 4-1D), a2 Zener diode
may be hridged from ceollector to ground to protect the device when
the SWE is high. Thisz permmits us to safely use nonballasted trane-
istora in aur EF amplifiers.

hs an exparimantar it 1z worth wour while to obtain tranelastor data
hbooke from the gemiconductor manufacturers. This will enable wou
to look up the base diagrams and learn what the device ratings ara.
Twe bocks that I find invaluable are the Motorola BF Device Data
Boaok and the Motorela Small-Signal Transistor Data Book. Thesa are
available from Motorola Semiconductor Corp-. P.O. Box 209212, Phoenix,
AZ 85036. Booke of this type are availabla aleso from other sami-
conductor manufacturers, such as National Semiconductor Corp. and
Siliconix, Inc.

Many small-signal transistors, such as tha INZZ2EYE and ZN4400 devices,
are excellent for use @s QORP RF power amplifiers. A ZHN4400 op 2N4401,
faor axample, is capable aof producing up teo 0.5 W of cutput power
when operated at +12 ¥ dc. Additipmal power oiay be ghtained by using
two or more of thesa transistors 1o parallel. If you plan to use
them in thi= manner, ingtall a 1l-ohm, 1/4-W resiptor between each
emitter and ground. This will help to sgualize the current in each
transistor. These emitter resistors need not be bypasgsed becsuss
the flpating resistors oraate wvery littla degenerative feedback.
Excesgiva degeneration would cause reduced transisteor gain and could
engourags unsetable gperatipn. A push-pull pair of 2ZN4400s reaunlt
in a8 vervy nice 1-W EF emplifier. Thi= provides a bargain-price amp-
lifier because these translstors can be purchased for ag little as
17 cents aplece. I have actually extracted 1-1/4 watte of output
powar from a single 2ZN4401 traneietor at 7 MHE. This represents
an unsafe output power for the devige. I hava, howaver, operated
a gingle 2N4400 or 2N4401 at 0.75 W of cutput after affixing a amall
heat sink to the plastic case. I wused a 3/8 1nch piece of 1/4-inch
ID brase tubing as the sink. 1 flattened the tubing slightly to
provide a asnug fit between it and the transister. The space within
the heat sink wase then filled with epoxy cement and allowed to set.
This brings up the subject that follows.

Thermal Runaway

The phenomencon of thezrmal runaway can bast bhe equated to the well
known "doming effect.” The affected transimteor destroys itcalf quick-
ly from excessive internal heat. Thizs effect is caused by allawing
a transistor to draw excesgive current or permitring it to cperate
without an adequate heat sink. In elther situation. the culprit is
heat. As the transistor heat increases, o does ite galn. The greater
the gain the greater the corrent taken by the transistor, and the
greater the internal hest., This procees continues until the device
iz destroyed. Excessive heat melts a semiconductor Jjunction and
cauaad an open <condition., Excessive waltage, ar the ofther hand,
can puncture a zamiconductor junction and cavee a shaortad condition.
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Analysls of a defective dimde or transistor can be ¢arried our by
measuring the zesiptance {or absence of it) between the elements
of the deviece. This provides a clue concerning the ¢ause of a failure.
Adegquate haat-gink area and safe operating current prevents thermal
YUNAWAY .

A Prohlam with Traneistor Gain

We ne=d to bhe aware that the power gain af an RF transistor is spacif-
ied at a particular fraquency -- generally the upper desiqn freqg-
uency for the device. For example, a epecified 10-W EF power trans-
istor may be characterized in part by a gain of 13 4B at 3] MH=.
At same frequency above 30 MHz the gain will begin to tall off.
Further increase in operating fregquency will eventually bring the
device to ite unity-gain point {(£T). This is not the caze when we
decreasa the operating frequency. This results in escalating gain
gbove the 13-4dB example point. The greater the amplifiar gain the
more likely the occasign for (1) thermal runaway and {2} instability.
In theory. the gain of & bipslar RF powar translstor increases 6
dB for each actave the operating frequency is lowared. Thus, iF
a device is specifisd to provide 13 4dE of gain at 30 MHz, the gain
at 1% MHz could be 19 dbh, and at 7.5 MHz it might be as greal as
2% wB! Although the gain does increase as the operating freguency
ig lowered, it does not equal the theoretical amount. However, there
iz & =ignificant g2in increase and this <an cause all manner of
problems. Fortunately, this phenomenon daes not occur when we use
power FETs. The simple cure for the gain-increase problem 1s to
progreesively reduce the P;, {driving power] 1o the amplifier as
the operating frequency is lowered, thereby kseping the collector
current within the =afe Tating for the dévice. A better technigue
is to apply negative feedback, as described in W1FB'z2 Design Mote-
book. This serves ar @ gain-lavaling network, and the driving power
can remain essaeatially the same £for any operating freguency helow
the trancistor fT. Sowe designers use lossy networks at the input
of the power amplifier in order to cause a zTeductien in driving
power at the lower end of the operating epectrum. Theze networks
rongist of components of inductive and capacitive reactapce. At
the higher end of the operating specktrum these parts tend to beacome
"invisibhle® to tha driver stage and amplifier.

Transigtor Input and Cutput Capacitance

The published curves for bipular RT power amplifiers show clearly
that the input and output capacitances wf the devicez change with
the operating freguency. What does this mean to ug? It poses a koolly
deasign proklem if we attempt ro include a3 negative-feedback netweork
that is effective from., say. 1.8 to 2% MHz. These capacitances must
not ke ignered also when we usce LC matching networks at the input
and owtput of the amplifier. 5Specifically, we wust absorb these
capaciteances intos Lhe matching network in order to Aavoid having
them present unwanted IC, which can apoil the matching network.
Spome devices present very high input capacitances (1000 pF and great-
er). Generally, the output capacitances are mueh lower at a given
freuency.

_



loa

Input and gutput C alsp afferts the performance of broadband RF
transformers, especially at the high-fredquency and of the operating
range. The unwanted X{ can cae=e prohibitive ioput and ocutput EWR
at the baae and collector of the transistor. Again, thiz phenomenon
i5 not epcdountered in large meagure when wae use power FETs A5 ERF
power amplifiers.

Using FPower FETe az RF Amplifiers

There are some diztinct advantages sezociated with the use of power
FETs. 4z I mentioned in the foregolng text, FETs axhibit a ralatively
vanstant input and gutput capacitance, irrespective of the operat-
ing frequency. Furthermore, power FET=2 are seldom prona to desstruct-
ive tharmal runaway.

Anecther plus feature aseociated with power FFETs is the low driving
power they regquirsa in grder to produce respectable output power.
Alsa, the high-grder dJdistertion products are lower in amplitude
than 1is the =situation with bipolar devices, ezpeclally when the
FET ie biased far linear gparatidn. From & purely academic point
of view we may think of a power FET as an alacrrical matchipg trans-
formar that producres gain. Thnie philosophy h3s been expreseed
to me a number of times by Siliconix applications engineer, Ed Oxner,
EBG(I .

EF voltage is used ta exXclte a power FET, whereas RF powar is reaguir-
gd to excite a bipelar-tranasistor amplifier., The gate current of
da power FET can be measured in microamperes, and this makez it =some-
what fragile with respect to device damage. Owing to thie low gate
current, the input impedance of a power FET 1s wery high [(greater
than 1 megohm if nothing iz attached to the gate). Tha output imped-
ance, on the ather hand, is the zsame (low)] a8 for & bBipolar trans-
istor. Output impedance is a functian of drain current and vds ({E
= ¥ds2 /2P0, whersa Fo is the devire putput power in watts).

All iz not peaches and orgam whén we use power FETe. Firet, they
are especially prone to WHF self-oscillation. Some type aof de-Qing
circuit or parasitic guppressor is gensrally reguired at the FET
gate terminal in order to discguraga VHF opscillation, A 10- gr 13-
ahm, 1/4-W nponinductive resisfor may be installed at the FET gate
te discourage these oBrillations.

Power-FET gates are gensgitive to excepeive P-F voltage. Maximum
gwing should be rastricted to less that 30 ¥ F=P. Tog great a voltage
can perforate the gate ineulation and cauee an internal sghort clrowlt.
Protective built-in dener 4dilodes are found 1n 2ome pawar FETE&. They
are bridged between the gate and the source. Other power FETs have
fener diodes (internal) betwean the drain and the apurce to provide
protection from exceszive drain-source voltages. These Zener diocdes
tend to limit the useful wvpper freguency of the FET. Some designers
use external gate-source and drain-source Eener diodes to preclode
device damage. These external gate Zener dicdes are used in pairs,
and they are connected in parallel fpr opposite polarity to provide
clamping on both the positive and negative sipe-wave peaks. It is
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common practice to use 13-¥, 400-mW Eener diodes for this purpose
{Bee Fig 4-3).

Typically, the external Zener diodse that 1s bridged from the drain
to the sBource is rated at twice the Vdd. Thus, if the power FET
ia gperated from a3 +24-¥ supply, the Zener diode i Tated for 44
or 50 wolte. aAlthough it adds its junction capacitance to the dxain
circult, it does not conduct until its barrier wvoltage is reached.
This protects the FET from excessive drain-scource voltage peaksa,
such Aas those encountered when the S5WR is high or the transistor
breaks into self-ocscillation.

POMER MOSFET Te FALTER
RF ANP S6Y Fig 4-3 -- Exenpgle ot 8 power
g 460 ww T! FET RF amplifier. The dnput impad-
arca is debtsrmined by the walpa
R 50 chosgn for RZ2. The lowar tha
F

1H DS | po wmlue tha graatar the drlvimg
powar raquired te provida L e
{50 OHMS) . necazsary RF pate  ¥oltaga, D1
12¥ RFL1 end DZ mey ha adfded fte provide
400 =N ‘J; 10 uH protaction Egainst 8xGaEE1vE
' pata woltega. D3I cam ha used
D,,li a_1 ta protest 1) | from suragalve
/q:; dreim-saurce wvobtpge {sem tExtl,
o R4 iz amlacted fo obtelm tha
10K dealrsd forward gats waleange
+24 TO +IBY thias). Bias itz typlealiy 11
te +& ¥, T} iuw & broadbend match-
lng transformar, R1 is = YHF

paresitic sSuppreasegor.

Fig 4-3 shows & practical circunit for a powsr FET amplifier, The
kias vou apply to the Q1 gate determines the £lass of ocperation.
Ma forward bias is used for class C ampliflers. Forward biase is need-
gd for linear aoperation (class &, ABE or B). Gate-hias regulation
15 not regquired for FETs, owing to the small gate current. A resist-
ive divider (RY and R4), along with the 22-uF capacitor, ensures
a gufficiently =stiff bkias voltaqge. D1, ¥ and D3 shouwld not be used
in well designed, stable circuits that exist in a controlled electric-
Al environment. Howewver, they are wueetul for inexpearlepnced designers
to provide go-no-gQo device protection. They may he removed cnce the
circuit ie optimized,

The input itmpedance for Gl in I'ig 4-3 can be eleveted by using a
resistar of higher wvalue at R1l. The higher the rTesistance the lower
tha Ariving power reguired to provide a given gate-voltage swing.
However, the potential for amplitfier instabhility Aincroases as the
| effective input impedance is elevated. 1 do not recommend 3 resist-
ance greater than 300 ohms for Hl.

Many nen-BEF power FETs work well at MF and HF. The TIRF511, which

is a low-cost switching transistor, performe efficiently up Lo 10
MHz. & nwmber of audio types of power FETS are suirtable up to 30

l
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MHz. Experimentation 1s necessary in order to learn hew well a apacif-
ied FET can perform at RF., Power FETe are available and meant e¥press-
1y for RF amplificarion, but they are costly.

Power FETs are designed mainly for operation at +24 wvolts and higher.
Although you may use them with & +12-V power supply, the efficiency
will be poor. It becomes neceEsary, when using 4 low ¥Vdd ta stand
considerable current in the transistor in erder to obtain acceptabla
output power., Thiz i3 not in keeping with the thama of QRP operation.
pespite thie limitation I would not rule out the use of power FETR
at +12 V. If you are willing to accept reduced gutput power, You
can operate the transistors at normal gate-pias levels.

when you saelect a power FET for RF service, study the dewvice char-
asteristics. The lower the rated RS, (drain-sourceresistamnce) the
better the high-frequency performance or high-speed ewitching trait.
values less thap 1 ohm are best, and RDS numbars below 0.15 ghm are
bettar. RDS iz the effective junction resistance when the FET 1=
turned on. An MTM25H10, for example, has an RDS of only 0.0Y ohm.

Tranamitter Layout

Many of the common ills that we experimenters contend with cen be
agsociated with poor layout and construction practices. Long REF leads
and ground conductarz are indoctive. Thess unwanted inductance invite
YHF ascillations and alsoe become part of the inductance in matching
networke and transformer leads. Inductive reactances of this type
change the impedance of circuits, egpecially at the upper end of
the HF spectrum.

Cfirenit-board conductors need to be as short as practicable, The
greater the ceiaductor width the lower the stray inductance. Try to
have your main PC board ground-foil Ares as large as you can make
it. Thiz will discownrage the formation of BF "ground loopps.”

Double-sided PC heard aids overall cirguit stability 1in amplifiers.
The <«opper on the component gide of the board actg ag & ground plane
and forms numerocus law-value capacitors in combination wilth the &tch-
ad foils on the opposite side of the board. These capacitors bypAcs
VHF wcurrents and aid etability. The ground conductor on the etched
sids of the PC board should be connected to the ground plane oo the
component side of the board at several points. Small U-shaped sStrips
af coppar or brass may be goldered to the ground conductors around
the edges of the board.

Double-sided PC board is not suitsble forx YFO circuite. The =mall
capacitors that are formed by tha 7 conductors change value with
changes in temperature. This causexs VPO freguency drift.

Make an effort to lay out your transmitter PO board eo that the
stage=s are in a straight line. 1f, for example, the third stage ia
wrapped arcund so that it is close to the first stage, RF mutual
coupling can cause ong or both stages to salf-oscillate.
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PRACTICAL TEAHNSMITTERS

In this saction wa will discuss wvarious practical transmitterz from
the milliwatt to the H-watt powar-output leval. Parte-placement
quides and PC-board patterne arm included for most of the projects.
Erchad, drilled and plated boarde for thess projects are available
Exrom FAR Circuits, LSN640 Field Court, [undee, IL &011H.

If von are not experieaced at boullding circwite I highly racommend
that vou commence with the gimpla circuits in this chapter. The exper-
ience ¥ou gain will 2nable you to handle the more complax clrcults
I shall describe. A1l of the circuits have been proof-built and made
to work as speacifiad. Varlatlons in pexformance can result Erom
the inherent differences in transister gain and departures from
the parts wvalues lieted. Generally. the change in performance will
reault in moare or lese trangmitter gutput power.

Build a "Mighty Mita®

A proper starting point for beginnerz is a8 one-traneietor, orystal-
contralled mW transwmitter. Your signal from a 25- or 50-mW trans-
mitter iz capable of being heard hundreds of miles away 1f you use
a good antenna. The 40-metar band iz perhaps the best one to try
with this type of transmitter. Greater distancaz can bhe covered with
low power on 10- and 13-meters when band conditions are geood, bmt
moEt one-transistor transmitteras for those bands would put out very
little powar, and they would produce chirpy signals. This is becaure
the erystal would have to operate on its 3rd overtone. Therefore,
wa will consider the 40-meter "Mighty Mite® in Fig 4-4. The output
power is on tha order of 30 mW. Some QRPers refer to this general
power level as QRP,- 1 can asgure you that there's no greater thrill
than to receiva an RST 569 signal report from a atation 300 miles
away when your tranemitter output power is 30 mW! The "miles per
watt" game becomes a wonderful challenge that you should snjoy for
weeka on end. You may use your ragqular station reaceiver with this
transmitkar.
1

0.1 T NHz

CB E
K ZHa401

N o g1 (A0 DHMS )
T

;1;1?ﬂ

1 [ Fig 4=4 == [Dilagram of the Mighty
Mite mW Ch trenemlitter, 1 and

180 | ©5 ares mica conpraszlon Erinmers,

1 e 7t 4038 umy nes 36 tuens af o,
FREQ o ! F 3

SHIFT 4.7 uf é} 28 gnam, wire gn &mn Amnldon T9O-

15 ¥ LET 2 torold core. RFU1 i A& niniaturs

RF chuke (Mowser Elect. part ne.

$3LRZ2%:, ¥1 ix @ fundamental

crystal, 30 pF  lead cepacitancs.
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Simplicity is the keynote for the Fig 4-4 circuit. Cl enables you
te shift the cryetal Erequency some 4 kHz, Thie component can be
a trimmer or an air varisabhla. Tha amount of shift at 40 meters
will depend ypan the nature of the corystal you use at Y1, Platad
AT-cut crystale yield the greatest f{requency c<hange. The leant
suitable crystalz are surplus units in FT-243 holders, You can
eliminate €1 and ground the lowar end of ¥1 1f you do not wish
to shift the crystal freguency.

C4 controls the oscillator feedback. You may nheed to experiment
with the wvalus of thig capacitor in order to make your particular
crystal ogeoillate reliably. Values between 100 and 560 pF may be
tried if the 150-p¥F wvalue listed ie not suitahle for your cryetal.

£2 in Fig 4-40 is used to shape the keyed waveform in order to
minimiza key clicks. It roundes off the cgorners of the waveform
trailing edge. Increased capacitance at C2 esoftens the wavefozm
and less capacitance hardens it.

C3 tuwpes the output pi natwork to rescnance. It should be adjusted
For maximum 1 power output, congistent with a nonchirpy CW note.
The output tunad ecireclt has a lecaded @ of 4. It is iwportant to
engure that the antenna you use has a low SWE. The pl network is
designed to look into & 50-ghm load. A 10-ohm resistor is used
at the base +terminal of 01 for the prevention of VHF parasitice.

Owing te the sinmplicity of the circult in Fig 4-4, no cirguit-board
pattern or parte-placement guide is provided. Ypu can taeck this
circuit together on & small breadboard. You mway sSubstitute other
transistors for the 2H4401, Such devices as tha 2N221ZA may be
used at ©l.

A more powarful one-trangistor ftransmitter (1.3 W) dis dascribad
on page 157 of WIFR'E Dm=ign HNateahook. It i3 capable of providing
up to 5 watts of output power, depending upon the trangister Used.

Tha "Challenger Two™ Transmitter

Another practical example of a low-power CW transmitter is shown
in Fig 4-%. The Challeager Two may be used as a stepping stone
to greater cgnstruction experience. This 1little tranamitter has
an output power of 60 mW. A Plierce ogs8cillator, Ql, drives a class
C amplifier, QZ. This circuilt canm be tailored for use from &0
through 20 meters by changing the wvalnese af Cl1, €&, CBE and T1.

You may uveEe 2Z2H4400s, 2H4401s oar 2NZZ2Z2A=s for 01 and 02 without
changing the circuit wvalues. C1 and €2 are feedback capacitore.
The wvalueas of these capacitore way be changed to suit the cryetal
you plug into the oscillatkor. Tha procedure we discussed for the
Mighty Mite transmitter may be followed.

Tuned transformer Tl matches the collector of Q2 to a 50-ochm load.
The number of turns for the secpndary winding, L2, may be altered
for matching loads other than 50 ohme.
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Fig #=5% == Schematic dipgrem of the Cheolleagar Twa QRP transmittar. Fixad-
valye copacltors are dise coaramle. Resiegtors are 1/4-W carbaon tile ar cal-
pealitlom. RFET and RFC2 are minigturea Maysar Elactrenles ar Gak Hills Research
RF chokes, &1 and €2 ara uveed only 1If they are nesded to mniurs ¥l sacillak-
1an. Ysluers betwean 10 mnd 190 pF are typleel if additisnel teedback contrel
ip necwasAry. Thg highatr tha oparating Ffraguansy the lower tha capacltenca
volua. CB isx 220 pF +or BO mstare, 133 pF for 40 metars, 100 pF for 30 meteras
and 38 pF tor 20 metera. L2 has Z29% the turst weed tor L1, For 30 meters
use 39 turnxs of no. 28 snam, wWire (7.0 uaH) on an Amidon T350-2 toroid core,
For 40 metere ufEs 2% turn=z of na, 26 arnan, wire [3 uH) om & TO0-2 torcid.
L1 has I0 tgrny of fe, 24 anaw, wire (1.7 uHY on & TH0-9 torold. At Z0 malsrs
uge 18 turnz of ng, 24 gnom, wira on a TH0-& torald (1.3 aHl for LT. CW iF
a 1080 pF caranle trimmar (Moveer Electronlics neo, Z4AMQS4), A mica Erimmer
nay be aubstituied at <D,

The Challenger Two 1 keved by groending the junction of %, El and
R3i. If an electronice kKeyer is used it ghould be sat for positive
kaying.

The Fig 4-5% circuit may be used fto excite polid-otate amplifiers that
provide greater oputput power. This circult may ke uwsed ag 2 basic
building block for other tranamitter projacts. I was aAble to obtailn
75 mW (0.075 W) of output from my model of the Challenger Two when
operating it intc a 50-ohm resistive load. The beta of the particular
transistors installed at Ql and Q2 will determine the net ocutput power.
The greater the transistor gain the higher the powsar-output level.

Maximum powear outpot colncides with the dip in 922 collectnr current
when C% is adjusted for circuit regonance. A 50- or 100-mA dc meter
can ba instAalled in the +12-Y lead to Q2 for obEerving the collector
currant. A no. 49 pilet lamp {Mouser no. 35NDO14), which is a 60-ma
lamp, may be used in plage <of a meter faor wisusal tuning of 3. Tone
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X1.5% SCALE GHD

Fig 4-% -~- Tha P templote at A& iz shown Froad tha ebehed aside oF the bomrd.
Illustraklan B 13 an Xray vwiew of tha PC boprd a5 wviewsd freom the comRponsnt
side, Circuit boardes for this project are avellabhle freom FAR GCircuits far
$3.75, plus 31.50 shipping.

for minimun lamp brilliance. The pilet lamp shouvld ke removed [from
the circuit after C9 adjustment by shorting acroes it with a switch,
Fig 4-6 containe artwork for the BC board on which this project is
assembled,

The "PFebhle Crusher Two"

Sogarcely a well known "gravel grinder,”™ the Pebble Crusher Two offers
greater output power than the previous two units, amd it provides
an additional exercise in the “how to's" of trapnsmitter building.
This little widget is desigoned to provide 0.5 W of REF power. All of
the parts are inexpensive and vou should be able to construct thie
unit in twp hours or less.

The circuit in Fig 4-7 is actually an exteneion of the milliwatter
in Fig 4-4, Design data are provided for operation on 40 metera. You
can &cale the cirtouwit for operation on 160, B0, 30 and 20 meters hy
uaing the XC and XL waluwuaes af the tuned-cireuit components shown 1n
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DSC1LLATOR A.78 uH :
ZH4LDO CK TS5 n. JG-80 w¥
Z = 30 DHMS

T MHz
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100 ?i
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Fig 4-7 -+ Scheastlc dimgrom gf the 40-setar Pebble Crusher transeltter, Filxad
value ceapaciters ore disc cerawlc exeespt for {3, which 15 tantalum or slecteo-
lytig. ©I £& & trimmsr or aisf warlable, C5 iz & Mouzar Eleckranica cersmlce
trimnar, no. 24AM3. Resietors arg 1 d4-W carbop film ar compoaltion. RFCH
and RFCZ arv minloturs mncapsuletad Mousar o Oak HElls Repsarch RF chokas.
LZ consiata af 31 turag of no. 26 eanam. wira on an Amidon TS50-& toraid, TI
in = broadbiend 4:1 ilbpwmdance retio toroidal trafpatormer. Use 33 turns ef no.
26 gnpa, wire itprimary) an an Amiden FT=-27=-43 ferrite torold., The =zsaandary
hnmg & turne of na. 26 wlre. LI hex 30 turn: of no, 26 aenam. wire on a T50-6
torald, FEi 13 m winleotore Amjdon ferrlite Lead, B50 w=u,

Fig 4-7 to learn the € and L values for gther amateur bands. The values
uf Cc4, €6, €10, <11, L1, L2 and ¥1 must be changed for other bands
of operatigon. No other changes are reguired.

An advantage in the Fig 4-7 gircuit is that tha driving powar to Q2
ig relatlvely clean with regard to harmonic currents. This masns that
42 is not supplied with unwanted anergy that would ctherwise be amplif-
ied with the desired signal energy. This enables (2 to operate more
efficiently and its harmonic output is Teduted aignificantiy. The {1
collestor tuned gircult e a low-pases filter. T1 matches the outpuet
of 0l to the input of ¢2 (S0 ohms to 12 ohme). FBl prevents VHF opsac-
1llation at Q2 and suppresses VHF harmonics from Q1.

5% should be adijusted for a chirp-frese CW note and for a transmitter
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maximum current of 85 mA. This represgsents 0.3 W of autput power. At
ane time during the testing pericd for thie eircult 1 obsarved 1.250
watts of output power -- a bit much for a AMAL00] Q2 zuns Just slightly
warm to the touch when 1t 13 delivering 0.5 W pf gutput power. As &
safety measure I added a small heat sink to Q2. It is a 3/8-inch piece
of 174-inpch ID brass tublng that is cemented to the 002 case, as ie
discussed on page 106&.

It should not e @ifficult to work some DX on 40 meters with the Pebble
Crygher. A good antenna is needed, of course, along with normal bpand
conditione for the time of night when you oparata. My f[irst GOS0 with
thie circuit wase on 7015 kHz. I called a gstatian in Hawaeli and received
an answer to Ny call. My signal report was RST 359, I was using a 40-
mater inverted V¥V antenna with the center at 50 feet. I was in MI when
I worked the HKHO.

CHD Cé 1.5 SCALE

Fig 4-B == A& Ecale stching tamplates, ax swan from the etched aldas, 1a Bhawn
at A, Illuptraktlom B ix m 1,5 timws scalwe Xroy view of the PC bomrd as saen

tram the conponant sida, PC boards far this projact are svall, from FAR Chireculta
for 353,75, plus ¥1.50 shipping.
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A VX0 Tranemitter/Exciter for 30 M

The CW tranemitter in Fig 4-9 is callad the "EX-1" and it may be alter-
ed for use on other HF bands from 160 to 29 meters by making a few
changes in C and L wvalues at key points in the circuit. This practical
example ie epecified for use on 30 meters.

The Fig 4-9% transmitter may be u=zed by itself, or it can serve as
an exciter for the 5-W amplifier described later in thisz chapter.
The c¢irenit has some Featurss that are not found in the previous three
trapemitters, A VX0 with greater freguen¢y range has been added. &
power-cutput control, Rl16, bas been added. Alsa, & PNP keying awitch,
g3, is used tn shape the output wavefpzm and eliminate clicks. Bath
the leading and trailing edges of tha keyed waveform are rounded off
because of the capacitor and resictor wvalues chosen for use at Q3.
This keying switch may be used to trigger athear c¢ircuite. such &6
a sidetone ocacillator ar braak-in delay or QSK TR cirouit.

01 iz a Pierce pacillator that is keyed with amplifier Q2. The CW
nate has nn discernible chirp. ©2 and RFC1 form a reactance network
that allipws Y1 to pe sghifted up to 10 kHz at 10.1 MHz. €2 ls a panel-
mounted and isolated miniature sir wvariable capacitor. Cl1 and T4 in
Flg 4-9 are feedback capacitors. Their wvalugsz sre selected tc ensura
reliable cecillator starting and minimum chirp. GSome experimentarion
with these valuss may be neceszary, depending upen the fraite of the
crystal used at ¥1.

02 1= an untuned amplifier. Output for 04 i= taken fLrom the CE-C3
capacitive divider, The ratic of these capacitors may be changed to
increass or decrease the drive to Q4. R1E6 ig a2 panel-mounted contral
that regqulates the drive to 04, and hence the trancmitter ocutput power.
Thig is useful when the EX-1 ia used ag an exciter for an outhoard
. FF powar amplifier.

04 can handily produce up to 0.5 W of power cutput. Addition of a
amall haat eink at 04 will permit output powar up to 0.75 W. The FA
stage, {4, operates clase C for maximum efficiency. A fixed-tuned
pl network with a loaded O of 4 18 used to match the Q4 coliector
to A& 50=-ohm load. A sScaope may be used to measure the output power.
A peak-peak voltage of 14 i equal to 0.5 W, If you use an RF probe
and VTVM to read the RMS voltage at the transmitter output, the meter
phipuld ipdicate 4.9 V. Meagurements are taken with & 5l-ohm, 1/2-W
reeietor as a dummy lpad,

The Q1 VX0 e¢ircuit will shift the crystal approximately 1 kHz abowve
the marked freguency and up to 9 kHz belgw the marked frequency for
plated fundamental crystals that are made for a 30 pF load capacitance,
AT-cut crystals in HC=-6/0 style holders yisld the greaatest fraguency
Ewing..

Complete kits for this circuit (B0, 44, 30 or 20 meters} are available
from OQak Hille Research, 20879 Madisan 5t., Big Rapids, HMI 49307,
Bend £1 for a parts and kit cataleg (Ph, 616-796-00.10).
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Fig 4-10 -~ Illugcration A is o scole tesplote for the £X=1 gxolier a3 viewsd
trom the satchad 51d9 of the PG board, An enlargad Ervey view of the board (B)
ahowa parts pleceassept on the component slde of thoe Board, LEircuait boards tor
thie projact area aveilable from FAR Circulte for .22 plues $1.%0 zhipping,
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The 10- and l5-MHetexr "Lil' Slugger”

Excellant DX resulte can be had on 10U and 157 meters with low power.
& beam antenna pravides better results than we rcan expact from & dipole
or wertical ground plane, but DX is not difficnlt to work with any
<+f these antennas.

Fig 4-11 gontains a practical circuit for a three-stage, 1-W CW trana-
mitter that you can builld for 1¢ or 15 meters. Circuit beoarde and
¥ patterns are not available for this project. I did build and teat
it an a breadboard, using the familiar W7Z0I "ugly construction' method
In fact, it went togather #asily on one of the FAR Clrcults Universal
Breadhoards. Numerous Q508 were garnered with the Lil' Slugger while
using my l60-meter horizental loop with tuned feeders. I worked 14
countries on 15 meters the first day I fired up the transmitter.

hn svertone oscillater is used at Q1 in kig 4-11. The 33-pF emitter
bypase capacitor is critical with regard to proper feedback for the
cacillator. You may want to experiment with this walue if wou have
trouble making your oscillator atart in & relisable manner. The valoe
lizted was fine for all crystals that I used from my colleaction nof
plated units in HC=E6/T heolders., ! and L1 are twuned to the degired
overtone (3rd) of the crystal, Y1l. Oscillation does not occur until
this rircuit is twuned to resocnance. The oscillator is not keyed ino
order to prevent chirp. Backwave from the transmitter {(key-up output
at the operating freguency) is down 40 4B from peak carrier level.
This is entirely adequate. The other station will oot hear your back-
wave, unless he lives very near to youl

Link coupliag frem L1 is used to route RF energy to the broadband
buffer/amplifier, 2. €2 at Q2 bypasses unwanted YHF harmonlc currants.
It should hgve an XC that iz 400 ohms or greater in ordar to praveost
1os33 of the fundamental enargy. & 10= or 15-pF capaciter L8 aokay
for 1% meters and a 5=-pF capacitor ig suitable for 10 maters. I sSudggest
you eliminate C2 alltogether if vou do not shoerve TVI Erom this trans-
mitter.

The final amplifier, 3, operates class ¢ for meximum efficiency.
Three transi=tors are apecified, and eagch of them iz fine Ffoar thias
part of the transmitter. The MPSUR2 is a discontinued Motorola device,
but they are available as surplus for as little as 50 cents apiece.
This audic device has an f£I in the VHF spectrum. It has high gain,
which makes it easy to drive at HF. A S-element low=-pase harmonic
filter ig used at the transmitter output to suppress all harmonics
by 40 4B or greater from peak carrier value.

A FHP bipolar de pwitch, Q4, iz uzed to key 02 for CW servige, The
base capacitors and resistors were chosen to provide a cligk-free
CW note. Yoo can wuee almost any PNP transister for the keying switch.
A Sidetone osclllator can be triggered from the collector of Q2. Like-
wise if wyou decide to use the QSK TR circuit described later in the
cvhapter, The break-in delay TRE module {alsc later in the chapter)

cin e actuated by coneecting itz input to the key jack in Fig 4=-11,
J1l.
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A Deluxe 5=-W OQRF Transnjitibar

The transmitters we have diecussed earlier in this chapter are relativ-
ely simple. We wshall next examine a prectical CW trapsmitter that
has certain convenience circuite which are not found in the previous
designs. Tha Deluxe QRF Transmitter has a weidetene oscillator,
a spotting circuit. frequency range and a 5-W power amplifier.
It may be configured for B0, 40, 30 or 20 meters by changing the parts
values in the EC networks. S5ome additiconal minor changep are necassary
in order to alter the operating freguency.

The practical circuwit for this transmitter ie presented in Fig 4-132.
0l i= a JFET ViQ that has provisions for two crystals. More crystals
may be added by changing 51 to a mulitpmsitvion unit. Stray capacitance
muet be keapt at minimum in this part of the cireuit 2o that the ehift
range of the crystals will not be compromized at the wpper end of
the ¢rystal operating range. Select a switch that has & low capacitance
between econtacte and ground. The leads from the ecryetals to 51 must
be as short as practicable. The @i ¥XO can “"rubber® the fraguancy
approximately 15 kHz per crystal at 14 MHz, 10 kHz at 10.1 MHz, T
kHz at 7 MHz and 1.5 kHz at 3.5 MHz. C4, a panel-mounted air variablsa.
ig used to shift tha orystal frequency. It should have a low minimum
capacitance (10 pF or less)] in order to avpid restricting the upper
frequency range of the VXO. This VHO is as stable a= 3 straight crystal
oscillator, which makes the cirewit ideal for peortable work where
wide temperature excursigns AXs COMMON .

VX0 output energy ie taken from the {1 gate clocult via C5. Waveform
purity is best at the gate, as opposed to the usual =ocurce takeoff
point for Colpitts FET oscillators. By starting with a clean waveform
we aid the owverall spactral purity of the transmitter output energy.

02 is a tuned class A anplifler. Its linearity, along with the tuned
epllector tank, helps to insure waveform purity. The driver, {3, is
also a linear amplifier. A pi-natwork output circuit is used at Q3
to reduce harmonic currents and to provide a match betws2en 03 and
the input of Q4.

The final amplifier, {4, cdn be a Motorola MRFA75, a NEC 2301909 or
a 2502092, All three devives have the =ame lead arrangement and caoe
Btyle [T0O-220}. El4 is chosen to ensure amplifier atability. Use the
highest resistance wvalue that permita 04 to operate stably. The lowar
the R14 wvalue the greater the driving power needead to obtain 5 watte
of output power from Q4. This base resistor permits some of the driwving
power ta be digglpated within it.

Negative feedback is used at Q4 to provide gain leveling and to aid
amplifier =tability. A one-turn winding in T2 gamples the oputput FRF
energy and feade it back to the (4 base wvia the 1nductive reactance
farmed by PFBl and FE2. R15 [(with winding 1,2 of T2) sets the fesdback
value. Higher resistance at R15 resultzs in leps feedback and wvise
versa. The greater the negative feedback the lower the transmittfer
output power. TZ matches the Q4 collector to the input of the half-
wave ocutput filter (L3, Li)., which is 50 ghms.
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Effective Voo decoupling is provided by means of <23, C24, CI5, €26,
RFCA and RFCH. The rigorous decoupling is necessary to prevent (M
EF currents from reaching the earlier stagez of the transmitter via
the +12-¥ PC-board bus. Without this precaution the transmittexr would
break into self-oscillation when it is keyed. Wl may be opened by
way ©f a second switch =ection at 52, The +12-V faed to 04 would be
cpened when 52 18 in the SPOT mode. Thi= will help to reduce the leval
of the spotting signal in the receiver.

Transistors U5 and Q6 function a5 a gidetone oscillator to permit
menitoring your sending during transmit, Cutput from this oegillator
is routed to the auwdio-output amplifier in your receivar, R2Z0 pets
the audic level for comfortable listening. Thie circuit was developed
by W7201 for use in some of hizs QRP tranemitters. It is a simple
and inexpensive meltivibrator,

A PNP keying awitch, QV, i85 used to turn on and off the VX0 and amplif-
lers O and Q3. Gating diode D2 allows the current to flow to <1 and
02 during tranemit, but it blocks dc to 93 when 52 ig in the SPOT
mode. This minimizes the strength of the SPOT signal in the reaceivar,
which would otharwise be a trifle overwhelming.

c3g., C32, ©33, R20 and R21 ghape the keyed cutput waveform from 4.
increasing the resistance of R21 will further soften tha kayed wave-
farm by rounding off and elongating the trailing edge of the waveform.

SWR protection for (4 ainm Fig 4-12 18 provided by Zener diode D3. It
conducts when the dc or RF voltage reaches +33 wvolte, 19, which 1s
in payallel with D3, reduces VHF harmonie currents that are present
at the collesctor of Q4. C1% has minimal effect on the amplifier HP-
band performance. The C1% value 18 different for each band of operatian.
It hae an XC of 4& chims or greater.

You can operaite mxterpal convenience circuits with the Deluoxe oRP
Iranamitter. For msxample,. the break-in delay TR circult ({later in
the chapter) can be actuated by connecting its input circuit to the
junetion of C32 and R21., The 95K TR eircuit {later 1in the chapter)
can ba triggered by connacting its +12-V terminal to the collector
of ©7. It iE neceesary to keep track of the current taken by exterior
modules in order to avold exceeding the maximum current rating of
U7. Larger transistore, auch as the TIPFII-C, may be pubstituted at
Q¥ to increage the keysd-current capability of the PNP switch.

If ¥ou wish to include a DRIVE control inm the Fig 4-17 circuit, you
can 1ift the grounded end of R5 and insert a 1K-ohm control between
the bottom end of RS and ground. Bypase the junction of RS and the
contrel with a 0.1-uF ceramic capacitor, Cutput power from Q3 may
be increased by using a lowes resistance value at R2, Do not use less
than 22 ohm=. A lower value for R1Z will increase the collector current
for Q3. This may raguire the additicn of a push-on crown typs of heat
e¢ink for Q3, Do not increase the RF aontput from Q3 beyond the point
vhere no further cutput can be cbtained from Q4 ([eaturation}. Do not
ingcrease the capacitance of €5 in an effort to bpost the tranamitter
output power. Thie will cause chirgp and may prevent {1l nscillatiocn.




ESTM4PYlO FFSTUN Uy jTacducs JO WTrj) wWOQawa M-, S48 z=aQ
-15[98Y capidyoiiaed 40 unyejue) alw qialIoddel EAZTL4NTRd

sorwkieg Y9TR BJIE sJoyjaedes mh|RA-pRETd CJEIITRIUEL]D dH
I [ F| B yEERYS -- |-t BT3
prnTag JA3EM-gy PY3 O WRABETE T3 L B
aasg u.un\.H\nnuH " ._” L=O
.__nu H 9z AZIH
g 5l 7 .
. ¥a4d L 0
e L
nILYe Z ZL
D b2 AN
Hm 2L0*1) HISY
r17¢1 o Hd @
. FLEMI rﬂ
orc {—” 096G * orZ 4n
Ze LI
T Z2| HEd e
1MWV *1
e L] 0ZH
THM 8%L = °7) T rs
AM 0OF ALS AN0LIAIS m
H LS dd
<L 1°0 WL L e 43477 nq LCONNE
oL LI gL
AZ/L B (4] -_ Ly
HhEL  ZD4A 1 LoOFML t. o
1"
Li0H @
ol ad Eh
o 4 “H\ !
o8
L oL LITZNT
GOgENE L’ pOFTNZ .ﬂ“n 1
1-a
1y
THHN
1 Bl
9% Iy & L104d
ax

124




125

Fig 4-12, continued,

B4 == Hinlature 190-pF air variabls, panel nounted,

L14, €15, C1%, €20, O3, C32 -- Sllver mles or polyatyrana.

C2G., C29 ~- Polystyrane or mylar high-Q capaciter.

Bl == 5111ean high-speéad switching dicoda, tyvps THRIA,

DX -- 1-A, 31-PRY rectifler digda.

BY «= %5%5- oy EE-V, d00D-mW Zmrer dioda,

Ll == HWimlatura 27=-uH RF chnoke {Mouser aor Qak Hills Hegearchl,

L? -- Targidel ioductoer, 1,1% uwH, Uza 19 turna of no. 2% enmm. wire on an AmRldon
- TH1-4 {vallawl taroid,

L}, L4 -+-= Toroidsl itnductor, 1.12 wH. Uae 17 turne of no. 24 anEm. wira on s THO-
b corm.

RFC1 -- Miniature Hoousar ar Oak Hille encapsulated RF chahe.

RFEZ2=RF3%, Inel. == 15-uH torocidsal RF chokw. Use 1% turps of no, 28 anam,. wire on
art Amidon FT-24-43 Farrite torcid (B0 aul.

B1, 82 —-- Mipnlaturwe 5PDT toggla or watwr zswitch, 52 way bea & wohantarcy typs  for
sdded convenlence.

™M == Tuned toreidal transformer. Primery 13 3} uH, with 27 turng of no. 28 gnam,
wire on an Amlden T37-7 {rad care}l trtoroid. Sacondary hes & turne &f no. 28 wire.
T? -+« Broadband *franasforesr, 1°:1.8% turne ratloe. Core 18 an Amidon S90-mu territe
balup type, np, BH-43-202, Winding 1,2 ix 1 turn of ne, 26 anasm, wire, Windimg 3,4
haa 3 turna of ne, 246 anam, wilre, Winding 5,6 uwuses & turns of ne. 20 emam. wire.
Inatall on P& boerd (varticallyl with lead end ef corw toward bHonrd, AFTla o haprd
with g faw drops 41t spoxy cmmgnt,

Wl ~= Jumper wire.

Y. Y2 -- Fundamental platsd erystel. HGC-6fU holder., 3 pF loed capecitanca,

FE1, fE1 -- Ministure Amidon ferrite bead., FR-A3-301,

Construction Thowghts

Fig 4-13 centaine 2 scale etching template and a partg placement guida
for the Deluxe QRF Transmitter. The assembled PC board should be mount-
et in ite case with the L1, ¥]l and Y2 end of the board near the front
penel. Thig will help to keep the 21 leads shert and diract. Metal
standoff posts are uvaed Lo attach the PC board to the chassis or bottom
aurface of the box. This aids In providing effective grounding, which
minimizes the formation of RF ground loops.

LZd, L3, L4, Tl and TZ are mounted wvertically rather than flat on the
PC board. Secure them to the PC boerd with & couple of drope of apoxy
glue after you have finished checking the ¢irewit for proper perform-
ante,. Thig will eliminate gtress on the wire leads if thera ieg vibrat-
ion. Such strass, over & paried of time, can cawvse the foil and trans-
former l=sada to break.

Operaticen of this transmitter on 80, 30 or 20 meters may ke achieved
by making suitable changes in the tuned circuits. C3 iz 56 pF for 3.5
MHz, 22 pF for 10.1 MHz and 1% pF for 14 MHAz. Ll is 100 uwH for 3.5
MHz, 22 ul for 10.1 MHz and 15 uwH for 14 MHz, Caloculate the reactances
of C1, C3, €%, Cl4, C1l5, Cl9, 20, C21 and (12 for converting thesm
parts to other operating frequenciea. Likewise for TI, L2, L2 and Ld4.
Mo othar changes are necespary.
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g4 in Fig 4-12 reguires a heat sink. The ftrangietor 1s attached to
g U-shapead home-made aluminum oar brass heat =ink. This assembly ia
mounted wertically on the PC board af indicated at B jin Fig 4-13 at
the right side of the drawing. The heat slnk 1s 1-3/8 1lnches wide and
iz 1-3/4 inche= high. The "wings"™ of the U channel are 1/2 inch wide.
Hp. 6 spade bolts are used to affix the heat sink ta the PC hoard.
The heat sink 12 common to the 04 collector, which makes if mandatory
to keep it insulated from ground. Ho. 16 gauge or thicker steck ashaouwld
ba uged for the beat sink.

RF POWER AMPLIFIERS

Braadband c¢lase C RF power amplifiers =sem ta be the rchoiece of most
PRPergs. This is because this type of amplifier is easy to build and
make operate. Clase-C operation yields the best overall efficiency
for bipolar trangistors. As we learnaed earlier, wa must trade gain
for bandwidth when the broadband mode ie chosen. Typical claps-C amp-
lifier efficiency for broadband circuits is on the prder of 50=-60 par-
cent. Mogt class AR linear amplifiers fall inte the pame efficiency
clagg.

Clags-C wfficiancies are a8 gresat as 73 percent for narrow-bhandg RF
amplifiers in which bipolar transiptors are vsed. Efficisncies approach-
ing 90 percent hava hkean reported to mea by Ed Oxner. KBSQJ, whe is
an applications engineer at Siliconix, Inc., respective to class C
power FET amplifiers. I have observed 80 percent efficiency with a
40-watt, 40-meter power FET narrow-band class € amplifier I developad.

Although narrow-band RF amplifiers operate in an efficient manner,
they are tricky to use. This is becausse impedance matching becomes
difficult, stability is not easy to achieve, and transistor destruction
happenF quickly if self-oscillation occure. Those who akttempt to apply
vacuum-tube design principles when building =olid-state amplifiers
learn guickly that transistor destruction can happen instantlyl

Push-pull transistor amplifiers are preferred at power levels above
five or ten watts. Single-onded amplifiers may be uzsed for meoderately
high power amounts, but the collector impedance becomes &0 low that
matehing ta the load becomes an insyrmountabhle task unless high-voltags,
low-current amplifiers are employed. For example, a single-ended 50-
W emplifier that operates from a lZ2=V pawer source has a colliector
impedance of 1.34 ohmgl Not only wowld matching the amplifier to a
50-chm 1024 be next to imposszible, the inductance of the PC-board cond-
vetora in the collector circult would be significant, and this would
tend to seriously compromise the matching network.

Fush-pull operation results in higher collector impedances. There 1ie
ancther advantage associated with push-pull amplifiers: They cancel
evan harmonice, and this makes hatmonic filtering a less difficult
task.

Finally, it is much ¢asier to band switch a brocadband amplifier than
it i to change hands in a narrow-band circuit. Typically. we need
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only switch the harmonic filters in a broadband RF ampliiier. This
becomes an easy assigument because the filters are designed for =&
S50-ohm input and output impedance. A mechanical switclh or relay sSystem
can he used for awitching low-impedance circwits, and small coaxial
cable ip puitable for the leads between the filters and the switch.

Claze AE versus Claes C Operation

Clags C amplifiers are ideal for CW and FM transmlssions. However,
wea need to employ linear amplifiers for the amplification of AM and
23BE signal energy. Moet sclid-state linear ampliflers are blased for
AR operation, at least for power levels above approximately 1 watt.
Class & amplifiers are generally used in low-level linear-amplifier
circuits, since the resting eollector current is low and heat sioks
are not reguired.

Bilaging for linear service reguired the application of positive voliage
to2 the transistor bhase or gate, depending upon the type of device
uzed. This iz called "forward hiase.”™ The bias valtage causes the Erans-
ietor to draw standing or resting collector o©r drain current whan
ne gignal is present. This affects the overall afficiency of the trana-
mitrar (redeces 1t) and causes the transistore to operats warmer than
for class C service. A g¢lazg C amplifier has the opportunity to cool
down during key-up periods, whereas this iz not true of linear amp-
lifiarz. Subsrantially larger heat sinks are reguired for lingsar power
amplifiers, owing to the intreased heat buildup. Fig 4-14 1llustrates
a gimple method for applying forward bias to a bipolar transistor
linear amplifier. D1 has a thrashold voltage of +0.7, which causes
the 91 collector current to flow when no signal is préesent. Dl providas
3 stable hKiass source by funcilionlng elsc as a reference or regulater
dicde. The 22Z=-uF capaciter stores do voltage and aids bias stabiliz-
ation. Many commercial amplifiers employ bias circulits that are mora
gophlsticated. They wee rtegulator ICe and dicdes. Alse, voltages great-
er than +0.7 are often uwsed to improve the amplifier linearity. Much
depends upon the particular transistor used and the design objective.
The method shown in Fig 4-14 is adequate for amateur service at the
OEPF power level.

TO
R P
LINEAR AM T2 FILTER Fig 4-14 ~-- Exenple of =

30 OHNS single-anded <lass AE linemr
EF  mmplifier, o 1= % T 1
a ragelstor and sstablishes
a +0.7-%¥ forward Biax far
1, C1 thelpe etablilize ctha
bims woltege. R1  is chosan
te mllow D1 ko draw S0 ma,
+H12¥ D1 fa & IN4OOT  rectitiasr
digda.
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The 1l10-ohm bage resistor in Fig 4-14 1s for de-Qing the input clrcuit.
Its wvalue may differ from that specified, as discussed earlier in
this chaptar, T2 ig wound to ansure an impedance match between the
3l collector and a S0-phm load. RFC1 can be a l0-uyH choke that ie
capable of accommodating the surrent taken by QL. Thie amplifier
may be squipped with anm MRF473 or 25C2092 for uwse in a DSSC or 55bB
gxgiter. A DSBC generator iz described later im this chaptar.

A 5-Watt Clags C ORP Amplifier

Fig 4-15 contains a schematic diagram for a class C amplifier that
may be uzed from 1,8 to 30 MHz as a pingle-band device. A separate
harmonic filter is reguired for each band of cperation. You can use
this cireuit for coverage from 160 through 10 meters by band-switching
the harmonic filters. If you elect to do this it will be necessary
tor assemble the filterse on a separate PC board. This board chould
be lgcated olose to the amplifier board in order te minimize the
length of the lead from T2 to the filter board. A twe pole, multi-
pogition wafar ewitch [(located near the filter PC board} may e uzed
for switching the filters. This switch should be 3 two-weafer type
tao permit iaclating the filter input ecircuit from its oubput circuoit.
Thiz will help to minimize leakage that could atherwise compromisa
the effectivenecss of the filters, especially at the high end of the
amplifier gperating range, A grounded matal shield plate, if installed
between the switch wafers,  will further aid thizs cause. RG-174 mini
30-chm coaxial cable is gnitable for connecting the filterz tom the
Rand switch, The shield braid of each lead must be grounded at each
end of the cable.

Power input for the Fig 4-15 amplifier iz .5 W maximum. Under these
conditions Ql iz saturated., The effective driving power that reaches
the base of Ql is on the order of 0.25 W, owling to loeses in T1 and
the dissipation of RF power in the 10-ohm base repistor. amplifier
gain 4is 13 dB when the hase is driven by 0,25 W, This circult may
be modified for linear service by adopting the techoigue shown in
Fig 4-14,

The component pumbering does not cammence at 1 because this module
was weged as part af a complete transmitter I once deavelppad. C26
should be eliminated or set for 10-meter operation if youv choose
to band switch this amplifier,

Tl 15 a broadkband toraidal transformer. C20 is I reactanca-compencat-
ing capacitor for the upper end of the operating range., C21, <22
and C22 provide effective bypassing from LF through the HF spectrum,

Negative fesdback is used to stabilize the amplifier and ensura that
the gain 1s essentially constant from 1.8 to 30 MHz, Qutput anergy
iz pampled by a one-turn winding, leads 1 and 2, in T2, FBl and FB2Z
act as inductive reactances to lessen the feedback at the upper end
of the HF ppectrum. The wvalue of RL7? determines the feedback power,

A five-element harmonic filter, FL1, ensures that =11 Bpurious output
anargy ie 40 dP or greater beleow peak cutput power. It haz a low-
PasE ragpanse,
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T2 matches the 14.4-chm collector impedance to 50 chms for matching
the amglifier to the harmonic f£ilter. €25 and C25 are silver mica
or polystyrems capacitors. Disc ceramic capacitors are genserally
unsuitable, owing teo their wide capacitance wariations with respect

o the marked wvalues,

RF ANF

Lid
ANT

czs 30 CMMS

Pap = W
R1 £21
a7 J;; p.ol * HEAT 5IHE REQUIRED
GAIN = 13 dB E—
BAND R18 {chmal L1 Og
c22
e :3 0.1 23 91 | FRONT
27 uF zsczugz
0 22 23V MRF476
11 22 251909
20 35 1 2¥ BCE
19 53 5
1% -1 LS.
Fig 4-1% -- Sehamatis diagram of tha PAJ-HF B-%W clapa € amplifier. Flxwd-valumw

capasltars othar than C25, C24 and C2% are diac caranlc,. U244 eod C2% are sllver

mice of polystyrensd (589 taxi}. C2} i tontolym al alectrolytic, Resistors are
1/4= ar 1f2-W carban f1lm or compositiaon, FE1 and FBRZ are sinlatura ASS-mu

Anlden farrite beade. L1 1a 15 wH {18 turps no., 24 anam, wira on an Amidon
FT-37-43 +#wrrite toraidl. T1 haa 12 primery terns af neo. 26 enpEm. wire an
an FT=-37-43 territes torcid. WUse 5 secondory tuena &t ne, Z6 anam, wirs, T2
hee aone twurn for winding 1.2. Wioding 5.4 haz 5 turme and winding B.6 hae
A turns, All wipding: uze ne, 28 enam. wlre looped throwgh ma Anmldon BLW-43-
20X ferrlte balun cora,

Table 4-1 contains component data for the 5-W amplifier, Honstandard
capacitor valgezs may be obtained by paralleling standard values.

TABLE 4-1
BEAND CZa, G299 LpF} CZ8 (pF) L3 L?.LA
1500 1800 13840 B.% uH. 3% ta ne. 2.7T0 wH. 23 k39,
28 woam, onp m TH0- 26 ompm, con @
2 teoraid, TE0-2 tarold,
BOn 1D 410 Z.89 oH, 24 ta. no. | 1.5 wH. 17 ts.
26 mnom. pn TS5O-I, o, 6 oan TEO-2,
d0m 50 470 1.7 uH. 23 ta. no, 1,906 wH, 19 Ea,
4 an A T3I7T-8 corae. | noe, 28 on T37-6,

continued an page 131
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TABLE 4-1, continued,

HAND 24, 25 (pF) C25( pF) L2 L2.Ld

50m 425 AMD G.EE uH. 17 ta. no. 1.3 wH, 27 ts.
2 om & T3T=4% core. na. Z8 an a
TiT-0 core.

20m bl = 15 20 .41 uwuH. 11 ta. no. | 0.86 wH, 17 t5.
25 wngm. gn Ti7-6, na. 26 ap TAT-6.

1¥m 28 180 0.5 puH, 19 t%5,. no, 0,68 uH, 17 t=&,
24 gn g T27-§ core. | no. 26 on &
T3T-5 corer.,

15m 198 150 ¢.41 uH. 11 ta. mg, | O.71 uH, 15 t=,
id anam. on T37=0. no. 4% on a
Ti¥=8% core.

12ZM 1467 130 0.3% uH, 17 ta. na, | 0.8 uH., 14 te.
. 24 pnam,., an T37-4. ne. 25 on a
T3T7T-6 corae,

10m 124 16040 0,28 uUuH, © ¢z, no, .44 aH. 12
2% mpam. gn Ti7-§. ts5. no. ¥ oan
A TE27=8 £are,

Componant wvaluss for FLY in Fig 4-15, Hgnstandard capacltor velues may be
chtaiped by paralleling ctandard waluas, & 10 percent variation from the listaed
valugs i3 mocceptabla.

A heat sink is necepsary for ©1. It must be 1nzulated from ground
because thea tab on Ql isa common to the collector. Alternatively., yon
can insulate 1l from the sink by means of a TO-2Z20 mice insulator
and a 4-40 nylon screw and nut. With either arrangement be =sure to
uge a thin layer of heat-gink compound between the transistor and
the heat sink. ¥Your home-made heat sink can be made £from LE-gaugo
or heavier aluminum or brass sheeting. It is U-shaped and measures
1-3/4 ¥ 2-1/4 inches. The lips of the U arm 1 inch high.

Although the component is not shown in Fig 4=15, you caAn add a 33%-
ar J36=%, 400-mW or 1-W fener diode for SWE protection aof Q1. The diode
Bhould be bridged betwaen the aellacter foail and ground with the shart-
ast span practicable, The diode may cause some loss of output power
at the upper end of the HF range (15, 12 and 10 meters), depending
upon the internal capacitance and resigtance of the dicde used,. Ino
an ideal pituation the EFener diocde ig not used on any band. It ie
not neaded if you make certain that the 8WE is no greater thanm 1.5:1.
If you're in doubt, wuee a Transmatch between the amplifier and the
feed 1line to emsure a lil SWE.

Use RG-«174 goaxial line to connect the exciter to the PAS-HF amplifisr.
Likewiga hatwean the amplifier and the antenna relay. You may usea
gperating voltages from 11 to 13.84 with this circuit. Greater power
cutput occurs at the higher sgupply voltages. HRegulated wvoltage is
necezsary if you do not operate from a car battery.




ETCHED S5IDE TO SCALE

-

INPUT  gup
B
PCH MTE
HOLE
INSULATED
HEAT I LMK
MIE HOLE
HEAT SINK
AREA
. - GHD
GND ; +12¥
ART

Fig 4-1% -=- Artwork far the S-uatt PA3=-HF clmae € amplifier. Illustration
A 15 m pcale atehing pottearn B viwwed From the mtehad fide 4F bha Board,
Drawing B 1s egn Xray wview (to scale] of the bosrd., &% se8n from tha conponsnt
side. PC banrds mre pvolloble from FAR Circults far 34 .50, pluz 31,390 ghipp-
ing, Complets kits dey béa purchaswd frenm Osk HIlle Aecsarch, Big Rapide., HWI

43307 {catalog 11,
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You may convert the Fig 4-1% amplifier for linear operaticon by lifting
lead no. 4 of T1 abowe ground {R1& remains connected to lead no. 4)
and applying forward bias dn the manner shown in Fig 4-14, & heftier
heat sink will be needed if you make this change. The lips of the U-
ghaped heat =2ink can be extended to a helght of 3 inches if the circult
iz used as a linear amplifier.

Tl, TZ, Li, LZ, L3 and L4 are mounted vertically on the FC board. They
may be affixed to the board by means of epoxy qglue after the amplifier
ig checked out and gperating.

Motorola's 20-Watt HF-Band Linsar Amplifier

although an amplifier that delivers I0 watts of EF power to a 50-ohm
load 18 not in keeaping with true ORP operation, it hazs value when the
band cenditions are poor, ot when greater cutput power is neadad for
emergency communicatione. The circult in Fig 4-17 wag degigned by Helge
Granberg, KVES, who 1is an applications endalneer at Motorocla in Fhoenix,
AZ. Complete data are provided in Motorola's AN-779 application note.
Thizs material appears aleo in Mpotorola's RF Davice Data book.

The amplifier wutilizes four low-cost plastic transistore in To=-220
gtyle cases. The push-pull class AB driver uszes two MRF4TeEs and the
push-pull PA has two MREF475a. Operating voltage is +12 to +13.6. The
driver and PA transistorg are configured for negative feedback of the
type found in the Fig 4-15% amplifier. Broadband transformers are used
in the amplifier to match impedance= and couple the driver to the P,

Outboard harmonic filtering 15 mandatory. Do not use this amplifier
of the air without inclouding low-pass filtering at the output port.
Filter data may ke obtalned from the asrmalirsed tablas in Tha AERL
Handdhxik. all recent editicne. I recommend a 5- or 7-element Chebyshew
low-paas [ilter of the pi type (Fig B0, page Z2-531 in the 1990 Handbook}.
All vou need do i3 choose a filter cutoff fraguency that i= 10 *to 13
percent abowve tha highesat pperating freguency in MHz, then divide this
number into the normalized numbers in the tables to obtain the filter
capacitance in pF and the {ilter inductance in uH. The procedure ie
very simple. Various filter ripple fagctors are listed in the tables.
1 ganerally design for a 0.01 ripple factor, but good performance will
regult with any of the factors listed.

Thae P board for the 20-watrt amplifier is double sided. This provides
a ground plane that aids etability. The amplifier input and putput
impedance is 50 ohme. The amplifier operating range i® 1.6 through
30 MHz. Input powar is on the arder of 1/4 watt [Z50 o) for 20 watts
of cutput power. This eguates to an overall gain of 25 dB.

Bataile for the broadband transformers are presented clearly in AN-
719. PC boards for this amplifier are available from FAR Circuits for
£10.60 plus 51.50 shipping. Complete kits for this project are avatil-
able from Communicationg Conceapts. Ing., 508 Mill=ztone Dr., Xenia,
OH 45385 {cataleg available}. CCI sells numerous amplifier kits for
higher output power levels as well.
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Fig 4-17 -- Schamatic diegrem of the 1,86- to F0-MHz linaar
Z0-wptt ampliflisr. This is & roeprodustiom of tha diegrom
1n AM-779 igourtesy of Motorala, 1lnc.)l., Tharafera, fthe
aymbology diffears trom that used el3swnera in thisz book,
sea text Ffor inforsstion about <ircwit beoards and perts
klte for this ampliltier.

A General-Purpass Broadband Amplifier Strip

Ergadband linear amplifiers are useful as
golid=state transmitters. A principal advantags

amateur

30 MHz ar higher without reguiring tunsd circults.

low-level power =trips in

asgsociated
with their wuvae 413 that they can be designed to cover a wide rangs
of fraguencies without the nDeed to empley hand switching.
a glven broadband amplifier might provide 40 4B of gain frem 1.8 to

That

i,

A circuit of this

kind can be psed sasily between an oscillator and an BEF power amplifier.

Ercadband amplifiers are useful alsa as

ipstrumentation amplifiers

when we attampt to measure low-power signals wikh & frequency meter

ur SCOpES.

Fig 4-18 contains a practical circuwit for a 40-4B broadband amplifier
that provides relatively constant output power from 1 MHz to 40 MHz,
The gain slumps gradusally above and below those freguencies.

Fed-back clase A amplifiers are used throughout the circult. Convention-
al 4:1 impedance ratio broadband transformers are used between
stages., MNegative and degenerative feedhack is used to level the gain,
enhance stability and ensure that each stage has a Z0-ohm input 2.

the
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—

AMFPLIFIER AMPLIFIER
B 3.3 R 3Z.IR

a.1 /l

Fig 418 - Schematic diagram of 4 practicel broadband praamplifier tor usa from 1.0 10 40 Mhe
Capackors are dise ceramic, GB, C14 and C18 are shown only a3 optiorsdl urits If @ 1 desied 1o ol of
tha high-fredquency respansa far a special application. Resistors are 1/3-W carbon 1ilm typaes. 01, QZ and
3 are CATVY high gain, high 1, transistors 10 ermue SO0 uoper-Tregusicy rasponts, Oither iransators,
ah an ANIE0, ZMZEFRA or 2M4400, may be subgtiuted, bl the uvpper fregquency gain end resporse
will b somewhat dagracked. A pusi-on crowm heat sink 18 needed on Q4. T1, T2 and T3 have 12 primany
urms of no. 26 enam, wirg on Amidon FT-37-43 et (850 mu) oroids. Tha sacondanes e 6 lums
of na. 26 snam. wire. T4 has 12 ms of o, 24 enanm, wirs an an Amickon FT-50-43 taroid, Tha sacondary
has & turrm OF G, 35 enam. wira, R13 s a panel mourkad carbon composition contral, Inear1aper. Tha
clrouit constants ara based on an eariier design by Was Hayward, W720l,
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ETGHED SIDE TO SGALE

GHD  +12¥% RS

ﬂl
2 TI-T4, Lnel.

Fig 4-19 -- A zcale etching templaka For tha brosdbesd smplifier it thewn
at A, This 1 & double=-aided P{ board. An sray view ot the board, L[o scale,
i% dmap mt B, It ix =hown from tha conponant side ot the beosrd. PC boerds
tor thla project are available From FAR Clrecwits,

A +35 dE MMIC Type of Broadhand Amplifier

h pair of NEC uPCl631lGC MMICe are shown in cascade in Fig 4-20. The
input and output impedance is 50 phme, Stability is achieved by using
monolithic ceramic capacitors, wwhich are saldered directly to the
FC board conductors, as =hown at A in Filg 4=-20. The conductors that
carry the pignal energy are 530-ohbm strip lines. The board pattern

ig phown at 2X =scale in Fig 4-20. This amplifisr ia flat from 1.8
ta 500 MHz,
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- - . ——rrmrm e meme = s = e = e AP P -V N ASETE CETTEr—

DOUBLE - SIDE D
oL BLARD

JUMPE R

A == SHORTING CLI1PS
Ta 2918 SRAUND
PLAME TO ETUHED
SIDE GROUND FOTL

IN {}______;

u, uz
NEC uPCI G518

Ay = 35 4B K 500 MHz
Pg = +5 dBm MAX

INPMIT-OUTFUT ISOLATIOM
M dB § 50D MHzx

Fig 4-20 ~-- PC board pattersn LA] and sehematic diagram (B) of the HMIC
bromdbend amplitiar, Doubla-sided board materisl is reguired in ardsr
to form tha %0-chn strip lines thet carry $ignal ansrgy. Coppar or braas
U=shapsd clips Jjeoin the ground conductors on both s$idez of the board,
mnd are Imbeled "A." Surfoce-mgunt ceromle gepaciters ares usad for soupl-
ing ond bypasiing, RB1 and RZ are 1/4-W carbon Hilm or compositlon. Thia
givenit and genesral layasut waz davelopad by H, Jfohnasn, W4ZCB,
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DPSSC Gepnerator for QRFP Vaica Communications

You mAY entertain & ootion that QRF phone operation would be fun to
try. A double Bideband, suppressed-rcarrier [DSSC) transmitter is easasy
and inexpensive to construct. Although puch a eystem transmite upper
and lower sideband energy at tha same time, ths carrier can bhe nulled
to 40 or mare dB. The abeence of & carrier greatly reduces interfierence
to others who may be operating on nearby freguencies. In pther words,
they will not be annoyed with a hetercdyne from your rig. 58B ip, of
couree, the beat road to travel in the interest of spectrun conservat-
lon, but a 5S-watt DS5C gignal is seldom offengive in pour bands whare
most cperators use 100 to 1.5 kW of peak output power. A 3-watt signal
ig 23 4B weaker than a 1080-watt signal.

One aAdvantage associated with DS5C tranemitters 1 that the VRO is
cn the same freguency as the {tramamitter output signal. No expensive
crystal filter is needed, and the parts coont 18 =small. A practical
DS58 generator is shown in Fig 4-21. The microphone amplifier is a
741 op amp. Thea audioc gain control sets the power output level of the
generator. In order to suppress the carrier it is neacessary to use
a balanced modulator (Pl and D2}, just as we must d¢ when we build
an 5SB generator. Diode balance is assgured by (1) using matched diodes
for Dl and D2, {2) employing a trifilar-wound transformer (T1) and
gdjusting the balance controel [(RB)] for suppressing the carrier. It
should ke possibla to obtaln 40 AdB of carrier =suppression with the
Fig 4-21 circuit, assuming that symmetrical layout im usad.

A claas A broadoand amplifier, QZ, booste the putput from the balanced
modylator. This stage may be couplad to tha broadband amplifier in
Fig 4-1B to obtain approximately 0.5 watt of DS5C powear. It is than
a aimple matter tp add a linear amplifier, such as that in Fig 4-15
(modified as described for class AB serwvice) to okhtadin 5 watta of sut-
put power. The VFOs. described earlisr 1n this chapter may be used to
generate the desired gperating freguency.

The Flg 4-21 cilrcuit 1s arranged for push-to-talk operation. Thie helps
to simplify the c¢ircuit by avoiding the use of a VOxX ¢ircult. CW cperat-
ion is possible by placing the mic amplifier, Ul, in standby by means
of S51. PNF switch Q1 keys amplifier Q2 during CW operation. If you
wiah to have the CW feature it will be necossary to unbalanca Dl aAnd
DZ in arder to produce a carrier. This may be done by connecting an
EF choke (1 mH) to either end of R8 and feeding +1% wolte to the cheks
through a %.6k-ohm resistor. aAn SPST switch can be added to actuate
the CW-mode components. This applied do voltage dieturbe the balance
af the modulateor by allowing de te flaw threoeugh one of thae dicdas.

The circuit in Fig 4-21 can be used also as the core of an 5B exciter.
A arystal or mechanical filter is added at the output of Q2 and the
LO input 1s supplied with energy from a crystal pacillator that uaes
upper- and lower-sideband corystals that ara sulitable for uce with thas
crystal filter youw seleci. The filter bandwidth should be in the range
af 2.0 to 2.4 kHz. Circuits for SSB transmitters are precented in The
ARRL Handbook and Solid Stata Design for the Radio Asateunr.
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LIHE o INaa0d 2.2 uF -
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s 4, 7K cia wT
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Fig 4-21 -- ESchematic diagram ot a practical QS5EC penerstor. Cppacitars Amre
disc ceraEic axcapt thope wlth palarity morked, which ars *antalum or wlecstro-
1ytie. Flaued-value rasisters ore 1/4-W carbaon film orf compoxitian, RTY 15 an
audig-tapar, panal-pountied carbon compesltlen coantrol. BB 1z & PC-mount =arban
conposition cantral, Ol mnd D2 should be watched For equal forward registonce
by mwans ot an chaweter. HFGC1 and RFCE ara miniature Mapaar Electronica ar Dak
WM1l1l9 Raesamrch RF chokes, T1 is & brosdband, trifiler-wound transtormar, Use
19 trifilar turns of no. 2B anan, wire on on Amiden FT-27-43 (B30 mul ferrite
toroid (obterve winding phase, indiceted by the dotsl, 5t i3 2 SP5T toggle and
J1 can ba & thres-clrsuit nic jmck of your sholoe. Ouiput ispedance of Q2 i3
200 ahmr.




The PIT circult in Flg 4-21 keyzs Q2 on and off between the transmit
and reg¢eive modes. Other circuits in your complete DSSC transmitter
may aleo be controlled from thiz PTT line,

Fig 4-22 provides a scale etching pattern and parts-placemant guide
for the D55C generator. S5ingle-gided board material is usmed for
thip project.

ETCHED SIlc TO SCALE

Fig 4-22 -- Scgle stching templata iz shown mt A, Drawing B is an Xray wiew
of tha PC hoprd 38 asan froam tha casponent side. G0, G153 and R17 ars not number=
ad st B, owing te Ilmikted spaces, R&, R11 and other regiptors shown  in thet
Raansr are maunted wvartically, PC boards for thie project pre svailacle Fram
FAR Circuits for $4.50 plus 51.59 ghipplng.

TRANSMIT-RECEIVE CIRCUITS

Various methods are used by JQRPers to ewitch the antenna betwesn the
receiver and transmitter, Some of these circuite have provisions also
for miuting the receiver during the tranemit period. The question arises
whether to wee full break-in [(QS5K) or to use break-in delay of the
type found in VOX circuits. It iz purely an operator's cholce. Many
CW operators prefer full QSK, which is beneficial sspacially when hand-
ling traffic or doing emergency work. Braak-in daélsy circuite trigger
a changegver relay, and the time c¢onstant is ueually adjustahle in
crder to control the drop-out time of the relay. A l-zacond drop-out
time 1s the cholece of many for a break-in delay TR circuit. Ths main
disadvantage of the latter system is that the operator may mizs tha
first letter or two of the other person's message if he comes back
too quickly. This is not true of full break-in.

Bath ftypee of TR circuits are pregented hera. Yoo will need to consider
the pros and cone of these circuits before making a choice,




l41

ON- TRANSHIT
OFF-RECE I¥E
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Fig 4-23 == Schematic diagram of the WIFR full Q5K TR gcircuit. Capoacitars
pra dide saranlc, Ratiztors pré 'Il.l'-ﬂ-—'l' chrban film aor coswpotibtion axcapt theza
with wattage Indicated. D1 threugh Od are 2-8, 30- or 100=-PRY rectiflar diades,
D% amd {3E aArea THOIL ar aguivalent Jdiodwsx. Q1 may ba gny PHP transietor that
con ypfely poas MMM ph or greater dc current. Omta for the RF chohas 13 lEiaked
mbave.

Full Q5K Diode TR Cirguit

Fig 4-23 fhows a circuit I developed for full Q5K, It can handle up
to & watte of RF power., Ordinary rectifier diodes are used for the
Bwitches. As i true of any passive circuit, some insertion loss will
geeur, This switch has a 0.7-dB loas=. Tharafors, if we apply 5 watts
of RF energy at the input of Dl, we will have about 4.75 watts at
the output of DZ. This 1= an acceptable tradecff for the benefits
of the ¢irewit. The phyeically smallar the disdes the better the input-
cutput isolation of the awiteh. Thie iz becausee the smaller rectifier
diodag have smaller junctiona, and hence less juncticon capacitance.
The applicaticon of reverse biae {(+12 ¥ to the DL, DZ cathodes) when
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Dl and D2 are in the OFF mode would further enhance the input-gutput
igolation. I find that 38 4B of isclation is ample for oy naeds.

It is necassary to biag the diodes sa that they are fully turned oob.
1f npt, the switch will be gquite leessy. There 13 approximately 30
mt of dc flowing through esach switching diede in the circuit cf Fig
4-23. This &D-mA current drain does not make the circuit attractive
For battery-operated QRF gear, unless you plan to use your car hattery
A% A DOWEDI SQUTCE.

The EF chokes need to have ap XL gf 00 ofms minimum in order to ensure
that the 50=-phm anteanna line i not affected by the rchokas. 5inca
thrae REF chokez are effectively in parallel when the diodes are turned
.on, the resultant overall XL is 200 ophns (4 X 50 ohms), which is
the least acceptabla XL valua for a 50-chm line. The de rezistance
onf the RF chokes must be low in order to assure proper turn-on for
the digdes.

2l neesded to be included in order to provide the correct TR logic
for thies circuit. In the TRANSMIT mode Ql 13 turned off Ly the poeitive
forward bilas supplied to its base. In the RECEI¥E mode, R4 causes
Ol to turn on and pass de current toe D3 and D4,

D5 and D6 are protective diodes for the receiver input circuit. This
gafety measure is included in the event 03 and D4 should become defact-
ive.

The peries ewitching diodes do ant cause TVI when they are Efully turned
on. The cutput waveform, during tests, was ae clean as the ionput wave-
form when weing the circwit wvalues listed in Flig 4-23,

ETCHED 310E TO SCALE

Fig 4-24 -- Scele wetching template swen from atched
gide {A}. XZ parts placement Xray viaw from copponmnt
alode 15 swap at B, Bearda avell FfFroa FAR Clroults for
£5.79 pluma %1.30 Bhipplng.

GHD ANT
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A Hreak-In-Dalay THK Circuit

Fig 4-315 gontains a wcircuit diagram for a practical delay type of
TR circuit. @1 ig a PNP dc switch and Q2 i3 an NPN relay-drjiver switch.
Whan fthe Jjunction of Rl and Cl 1= grounded, 9% conducts and forward
iz applied to the base of Q2, cauwsing it to conduct. When Q7 conducts
it allows current to flow thtough K1, theraby causing ite contacts
to clage. This iz tha TERANSMIT mode. When the REl-Cl junction ie opened,
Q1 ceasesd to conduct, but the charge in 03 keeps Q2 turpged on until
the charge decays, at which time K1 opens. R3 and Rd  datermine the
discharge rate for <3, adjustment of R4 set= the drop-out time for
Kl.

Il prevents positive voltage transients from harming Ob. DZ establish-
es a D.7-¥ bias for Q2. Withouwt B2 the relay does not relassza, owing
te leakage current in Q2. D3 clips do voltage peaks that poounr whan
the field &4f K1l collapses.

Kt isg 12-V DIF relay of the DPDT type. One =#at of contacts may be
uged Ior receiver muoting. The remaining contacts are used for antenna
switching. The relay i=® mot =uiltable for full break-in keying. eveén
though R4 can bs adjusted to permit full QEEK, Not only would relay
contact bounce cause the kevyed wavaform to ba poor, the relay would
wear out quickly if it were cycled in accordance with the seghents
of pach keyed character, & read relay or relay with mercury-wetted
contacts cean, howavar, be keyed directly for full QSK up to 25-30

WFHM.
Kia
1z

A )+12¥

HC - MORMALLY CLOSED NC RCYR
MO - WMORMALLY QPENM R1E K1C r—o
RCY ANT

te o t o oum

Fig 4-2% == Schematic disgram of & practical break-in deley TR module. All
capacitors {wxcept CZ} are tontolym ot alectrolytle, G2 1l & disc ceromis
unit. Fixwd-valuw coslator: ara 174=9 enrbon fllm or compokitlon. R4 I B
10K-ohm trimwsr typa of cantral, PL-mountad. K1 §is & PC-mwount DIF ralay,
FPOT, 12 ¥ de fOmron no. G2Y-284P-U5 or equiv.. aveil. from Hoefelt Elect-
ranlcs, Stevbenvlille, OH A39%7_ Catalog availl, via 1=-G00-334-5464%.
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ETCHED S1DE TO SCAME
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Fig #-24 -- LScals atehing tewplate [AY faor the TR-1A bregk-in deley board ms
EL ] 1)) frnm_tha etched Blde, Drawing B 18 anm Xray viaw at the PC board as viewsd
from tha componwnt xids, PC boards for this project are avallable trom FAR

Circuits for B3.50 plus %1.050 shipping. Complete hita are available traos Ook
Hille Recmsarch {31 for catalagl.

Another O5K Circuit

The circuit in Fig 4-27 may ba applied to URF tranemitters for esingle-
band operation. It 18 a mathod that was developed by W, Hayward,
W7Z(I. Antenna aneargy 18 sampled at the colleactor of the transmitter
Ph, routed throwgh a serieg-resjonant circuit [tuned to "the operating
fraguancy) and then to the recaiver input port. Two silicon swlitching
diodss are included to protect the racailver during transmit peripde.
These diodes {D1 and D2) cenduct during TRANEMIT and estaklish an
RF laval of 0.7 V REM5 maximom, which will not harm the recmiver inpat
circult. Loes through the zeriee-rescnant circuit ie minimal. The
output filter for the PA is in line with the receiver antenna lina
during RECEIVE, and this ie beneficial in adding additional salect-
ivity at the input to the raceiver. Cl1 in Fig 4-27 must be absorbed
inte the filter input circuit. Its wvalue is subtracted from the normal
valua faor C2, =3ince it is effectively in parallel with C2 when Bl
and D2 conduct. The reactance of €1 and L1 is 450 ohms. Thus, foz
40 metare wa will use 3 50-pF capacitor.

FL1
2 ANT Fig 4-27 -- Exampla of a
Gimple ane-band TR circuelt.
g2 €1 and 11 have a A430-ohn

o 02 :I:
11 ﬂT‘ reagctacca, Sea taxt far morda
-k [y RCwR |infermation,
Lt
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EIDETONE CIRCOITS

It 1&g conveanlent and often necaseary to include a sidetone asclllator
in the transmitter circuit so that we can monitor our ©W sending.
Audio putput from the aidetone circuit ie routed ko the audioc ocutput
gstage of the receiver -- an audio amplifier that ip not owted along
with the rest of the raceiver oilrcuit. 3Sidetons esnergy 1is applied
after the audio-gain contrel in order to prevent the sidetone lewvel
from changing when the AF gain contrgl setting is altered.

Varioue circuite are ussd f{or generating a wsidetona. The freguency
of the tone is vzually batween 500 and 1000 Hz., This depends wuwpon
operator preference. 4 T700-Hz tone is the choice of many amateurs,
mince it closely matches the CW offepet found in many transcelvars.
Mogt sidetoane oscillators are turned on and off by keying the +wvoltage
line to the oscillator. Various waveforms are genarataed by sidatone
ogclllatore. Thay rangs from a sine wave to a sgquare wave to a sawtooth
type, depending wpoen the eircuit uysed. Fig 4-28 sghows varicus simple
circuit you may uwee Ior providing a sidetons signal.

+12v +12¥%
KEYED EEYED LEYEL 1 TD

+12% +12¥
KEYED LEYED

LEVEL 13K
D
1K
(Li;nﬂth:w_ﬂ RCYR
0.1 LEYEL i .
1,02 - 1THHA RELAXATIONM
03G
MULTIY¥1ERATOR z ZE..
Fig #-28 -- Four audio sldetone osclllatorg. freq, detarmining capaslitars

ore mylar or polystyrene. Fixed-value redietars mrae carbon fiim ar compasitinn,
1/4=M, ¥Yariambla raslstors mra PC-mount carbon. $1 #t D is & Motorobs pragranm-
able unljunctlon transistor, Motorala MMBPUI3] ar squiv,
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CHAPTER SUMMARY

I have attempted to present practical infeormation in progressive form
within this chapter. The stepping stones are in place toward fun and
succmss A% A ORPer. Trans=ceiverz have not been presented because many
guch projects have appeared in the pages of QST and other amateor
publicaticns. Recajivare and tranemitters from thiz book can be used
in combination to provide transreceivers which can, in effect, perform
the same Ffunction. & compact 40-mpoater transceiver of =2imple d4design
iz presented in W1FB's Deasign Notebook. FC boards are availabla for
that projsct by ardaring them from FAR Cirovite.

I hape this section of tha book has encouraged you to build your own
QRPF transmitters. These proven circuits do not contain expenaive parts,
and they are within the akility pf any amateur wha hae the courage
to heat a soldering iron and stuff components in the holes gn & PC
board. Most of the parte can be garnered at ham-radioc flea markeie
and from the many surplus alectronlcs mail order houseg.
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CHAPTER S

QRP ACCESSOQORIES

QRF operators are concerned about many things that require small items
of acceesory equipment for monitoring equipment performance. This
is particularly true during field operation where adjustinents and
repairs are often necessary, owiag to changes in ambient temperature,
transport shacka and such. We are always concerned about gbtaining
maximum transmitter cutput powar, which hinges in part upon maintaining
a low antennd S3SWH. Voltage monitoring ise important when we operate
from 84 battery power supply.

It t=2 convenient to combrinea As many pieces of accessqry gear into
one bax a8 13 practicable. For example, a dummy antenna, SWR indicator
and 100-kHz fregquancy atandard may te housed in & =ingle small cabinet.
I pore built 8 gadger of this type which contained (1) & dummy antenna,
(£4) @ 120-kHz standard, (2] an SWR indicator and (4} & relative field-
strangth meter. It was called an "Cmoibox." A single 200-uh meter
was switched to provide field-strength, SWR and RF power [across the
JU-ohm dummy load) readings. A transistor radile 9-¥ battery was used
te power the 100-kHz oscilllatar and ite amplifier. This piece of gear
proved invaluable during QRF Field Day aperaticn and when I togk my
atation with me on camping trips. The wvariows circuits I use in oy
Ompibox are deacribed in this chapter. ¥You may wiesh to package all
of them in one case, or you may prefer to build only one or tweo al
the ¢cig¢uits.

Fiald Strength Meter

Perhapes you are wondering what use we can tind for a field-strenglh
meter. There are a number of applications that come to miod. An example
is tho use of this ingtrument for simply monitoucing the tranemitter
output power when no other indicator is availahle. I often place my

F5 meter near the ferd line in my camper during portable operation.

T ser 1t for midscale deflection when the transmilter ic kayed. An
oceasipndl check of the meter reading seeares me that all asvystoms
are functicning okay. I have uaed the PSS meter, when afield, as a
visual indicator when peaking the tuned cireuite in my QRF transmitter.

There have bheen times when I forgot ta take my BWR indicator teo a
campsite. I was able to adjust my antenna tuner for maximum transmitter
output power by tuning ite circulits for maximum F5. The F5 meter was
placed near the antenna and a remote meter was plugged inte the PS5
meter to permit obsexving the signal increase at the aperating positiom.
Ao F5 meter is uscful alco when adjusting an antenna loading coil
or feed-point matching section. It iz hetter, of course, to use an
SWE meter for these applicationzs, 1f vyou have one available.
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F1g S5-1 -- Simple tunesble dicde F5 meter TA), €1 1s a 3I63-pF alr warlable.
dther capacitors oarm disc caramic, 01 and D2 are gernopive Jiodas, typa INHI4A
ar THGG. J1 18 & phene Jack ar BHC connecter. J2 1ip & stapdard glosed circuit
phone [#ck, L1 hease 20 turng of pop. 26 mnam, wire on an Amldon TI0-& tereld.
1Z contmins 17 twurn: of ow. 24 enam. wire an an Amidon FT-30-51 rarskid (120
nu). Ml may be any dc mmter ratad far 200 uwh or less. Glrouwlt B shows how
to mdd & Eranaiotor meter anpllfier for greatsr zaazitiviey, R1 im & SO0K-ghm
linear taper carbon copposition control, pansl sounted.

Fig 5-1A shows a diode type of F5 meter that covers from 1.3 through
30 MHz by means of twe indurtgrs. The low end of the range uses LI.
For the upper end of the HF epectrum it is necessary to place L1 in
paralle]l with LZ by means of S5i, an mipniature toggle switch. Ll and
LZ in parallel equals 1.49 uH. A short whip antenna (3 feet lonagl
in plugged into J1. bl and D2 operate as a wvoltage doubler to enhance
the pengitivity of the instrument. An externel meter can be plugaed
in at J2 ({(zee text). An earth ground ix recammended, whean you can
provide one. A referegnce dAipnle can be u=ed with the circult at A
tf a amall link ic weund at the grounded end of L2 {approx. 3 turnas).
The coaxial feed line is then connectéed to the input link.

Fig 5=1B ghows how to add a transistor meter amplifier for improved
sengitivity. A l-mA do metar can be usad at M1 fto obtain sensitivity
that is comparable to the circouit in Fig 5-1h, Rl gerves as a pensitiwv-
ity contrpl faor tha circuit at B. Cl at A may be detuned to reducs
the needle deflecticon at Ml, if ne sengitivity control is used.
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ar 41 s50-0HM LaaD s
| ! = 3K Fig %=2 -- Bumay lwad and powar
i m meter tor uwp to % watte of RF
Rt y B3 504 THAEY | power. Honinductive raaletora
- T3 gra required for RI-R4. Carbon
2.1 film wunita are esultables far HF,
10K CAL RE 1 m 1f4d-W resligtor. RH  iB
F g linmar toper carbon composltion
R1-R4, In&l are = {“‘> * cantral, M1 may bw @ ©-100 ar
1-M, 200-ohw 0=200 uA dc metar, JI is & Jack

carbon compoait]an M1 of the builder's cheolce, such

&3 an S0-239 ar phono Jack,

Pmny Load /EF Power Meter

Fig 3-£ contailne a circuit that may be used ag a 5-W dumy load and
RF powar meter. Short burzts of power up to 10 watts may be applied
to the load resistors without damaging them. Do not excesd a key-down
pericd greater than 15 seconde for power amcunts above 5 watts. allow
30 seconda for the locad to coal if powers above 5 watts are used,

An RF probe and ¥TVM may be uzad to calibrate M1 in watts. Attach
the RF probe to the junction of R4 and RS then caleulate the powar
by meane of Piwatts] = E{rms}?2 divided by Richms). Ef must be returned
to the same position used during the ecalibration process, whenever
future power measurements are undertaken. Mote the meter reading for
Ml under warisua pewer levels and draft a chart for futwure usa.. By
uging waripus settings of BS and making meter-reading charts, you
can develop ranges of 0-1 W, D-5 W and 0-10 W, This requires a differ-
ent calibration mark for the Ré knob, respective to each power range.

It has become difficult to lacate 2-W carbon compoeiticon resistors.
Newark Electronics still lists them in its catalog. Comblnatisns of
1-%W carben resistors {the net resistance betng 50 chme) may be usad
instead of the 2-W units specifisd, Keep the resistor lsads short
to minimize unwanted stray inductance. Tha load can be made by sand-
wiching the resistorzs between two pieces of double clad PC board.
Holes ara drilled in the board material and the resistor leads are
pushed through the holes and soldered to the board. The two end plates
ghould be snug against the resistor bodieg.

URF SWR Meter

Fig 3-3 containe a =chematic diagram of a QRF SWR meter. The cirepit
follows the classic design by Warren Bruene of Colline Radio. A torsid
iz used for the Tl ¢pre. This transformer samples thae 50-ohm RF line
and causes RF current to flew through the secondary winding. Dl and
D2 convert the RF curzrent to do, C1 and €2 are adjusted for bridge
balance (forward and reflected power modes}. This ie a S50-ghm bridge
and it i3 capable of full-gcale meter deflection at 1 watt. It may
be uged for power levels up to 100 watte.
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Fig %=3 =-- QRP 5WA bridge <lreuwit. €1 snd <2 arw 5-pF nindatura cerawmlc, air
or glage plston trimmers. Minimun © shouwld be 1 pF or lassx, £ and Cd are
dise ceramic. 01 znd D2 are HPZEOD or wgulvalant hot-carrier or Schottky dicdes.
Giades ahauld be matched ftar sguel tarward reslstonca,. Matghed TH?143 mey
be us®#d. J1 angd J2 mre coanial connsactors of the bullder's cholce, RI And
R ara 1/2-W carbon cempesition. 5B folerence [(shoulgd bw clodaly aatchadr,
B i3 a pankl-naunt 2%K-ahe carban composliion linear-tmper control. RFE]
iz & #Ainietures RF choke. Heter Ml spy be 100 uwh if readoced ssnaitiwity 18
accmptable. T1 hpas 60 turns of no, 30 anaw,. wire o0 an Asldoen TRE=2 Fkrarold
(rad) for L. L1 3 two turps &f po, 26 anam, wires ovar spact center of L2
winding. '

Phygical and electrical symmetry are important whan you oanstruct
the 5WE bridge in Fig 5-2. Thizs helpg to ensure balance of the bridge
circuit. This dinstrument needs to ke conatructed on a single-sided
PC board, using PFC-board conducktors of uniform width in the RF part
of the circuit., Minimam £foil lepgth ig the sriterion to follew when
deazigning the PC board. The conductors need to be 1/B inch or greater
in width in order to minimize stray inductance. This bridge is shown
photographically in Solid State Dealgn for thea Hadie Amateur. page
150.

Calibration requires attachiong a 5SU0-ohm resistive laoad at J2. Power
iz applied at J1 and 51 ig placed in the REF positien. Adjust C2 (use
an insulatad zcrewdriver) for a noll in Ml reading. The needle should
drop to zero. Now, reverse the connections at J1 and J2, place 351
in the FWD poeitipn and adjust C1 for a null. Repeat the=ze =tepa until
the bridge is balanced. This procedure should be followed with the
signal scource at 14 MHz. When using the instrument, adjus+ RE3 for
& full-sc¢ale reading with 51 in the FWD position. Set %1 in tha REF

position and read the relative reflected power. Adjust your antenna
tuner for & zarp REEF reading at M1.
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an excellent GQRF 5WR bridge circuit that first appeared in SPRAT,
the UK QORP journal., appears in WIFB'e Derign Notabook. The presentat-
ion 18 on page 173, and a PC patrern ig provided on page 174. PC boards
for that project are available from FAR Circuita.

A 100-kHx Frequency Standard

It 1a halpful o have a secondary freguency standard available far
checking th? dial calibratien of our home-made receaivers. In fact,
some countries require that we have secpndary standards before they
W:!_ll iesue a wvisitor'’s license to operate. I learned about this reg-
uirement during two QRP DXpeditions in the West Indie=. Rerceivers
tend to drift, particularly in the heat of the tropice, and I was
fortunate for having taken my 100-kHz standard on those tripe. The
VP02 1in receivers and trapnesmitterz tend to drift considerably alec
whan the gear is stored or uged in a tent on hot summer days. The

Fig 5-4 eircult is silinple and easy to build. It should be belpful
when you Qo Afiald with your QRP staticn.

i
T kKHz 1000
| D |
| 1
1 C3 AMPLIFIER
ZNA4T18 PH3IO04

-_ﬁ:;i-lllj,

Fig %-d4 =~ Schemotic dilagram of the 100-uHz frequency standord. C1 18 & &0-
of coramic or plastlc trimmer. Qthear capacitors arm diste caramic. 01 mnd D2
gEa TH3A or 1H14 dicdss, BT1 3 o 9-¥ tranglator-radioc battery. Replators
ara T/4-¢ carbon fllm or cempeeition. A phane Jach 13 uesed &t J1 apd 51 18
a miplatura GPOT toggle or £lida Awiteh,

A Pierce gscillator is ueed at Ql in Fig 5-4, C}! is adjustsd for zero
beat with WWv, C2 and €3 are feedback capacitors. The indicated walue
may need to bs changed if your corystal fails to coscillate. Valuas in

a range from 560 to 1500 pF are typlcal.

Q2 ampliffies the 100-kHz energy. Dl and D2 generate hazmonic energy
which mekes the 100-kHz markerz audible in the upper part of the HF
gpectrum, A s£hort antenna or <¢lip lead 1= attached at J1 to permit
tha marker energy to radiate. You may coanack the standard ta your
receiver directly by using a wire from J1 to the receiver input jack.
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A Hovel Regonant Antenna Tuner

Certainly, we nead to have a method for matching our QRP tranemittars
to Ioads that are not 50 ohme. Various names have been asaigned fo
davices that tune out unwanted reactance that appeazrs at the feed
lina to the antenna. among the names we hear are Transmatich, antenna
tnatcher, antenna tuner and AT {antenna tuning wnit)., In sffact, these
devises do not tune An antenna, oor do they correct a mipmateh that
may be present at the antenna feed polnt. But, they da enable the
transmitter to logk inte a 50-ohm terminatien when we use them betwesan
the tranamitter snd the feed lina. This iz a healthy situarion for
solid state amplifiers., and 1t does help to ensura maximum power ktrans-
fer to the fesder. Pig 5-5 phews a practical cirewit that I like to
use,

3.9-d.0 MWH: BAND
41
158  LAD
THAM ! 10
T Z
4z ] w
La
L? TAP [5 14 TURNS FROM ANT
THE ToF OF THE COTL
Fig 5-% -- Circwit fas the rassnant anternna fatcher. G1 and G2 are minlature

140= or 150=pF sir wvariohles. ©2 reguires an insulated ahaft csoupler. A1 mnd
J2 arm phone fack: o 50-239 connectors lowllder's cholced. LY hps 3 turns
at no, 24 ensm. wire over the grounded end &+ L2, Uze 520 turns of no, 22 enan.
wire, closes woupnd, an = 1-imech B0 eall form 125 uwH) for LZI. Winding length
iz 2 inchee, requirlng & 2-1/7 Iinch egeil farm, L3 iz an B,8-uH eoil (3 ta,
no, 26 anam, an an AEidoan THB-2 toreldd. L4 has 3.7 uH of inducience (I0 ts5.
no, 26 anem. on & T30-& torold. For L3 (2.9 uHl wuse 27 t3, mao. 28 ésnom, on
g T50-6 tarcid, LS 1= 1.%39 wH (18 ta, ro, 245 anmm. on & T50-0 torold. LT has
17 49, npo. 2% ensm., (1.2 ub} on & TE0-0 core. LB i 0.% yH [15 3, no, 24
enan. on 8 T30-6 core. LY (0.7 uHY has 13 t3. no. 24 éenam, ap a T30-& Earsid,
51 iz a single pwles, B position phenclic or ceranlc wafar ewitch, nomehert-
ing typmw.

Only L1 and L? are used for B0 meterz. The tap point and turne ratio
remains effectively tha pame for aach band. The I1lnductance of L2 is
roduced when L3 through L9 are placed in parallel with L2, This does
not degrade the circuit Q. You may use only those shunt ecniles that
suit the bands you operate. Matching iz accomplished by applying RF
pewer at J1 and connecting the feed lipe at J2. Use an 5WR indicator
betwaen the transmitter and J1. S5et the 5WRE meter for REF power. NHow
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adjust CL and CI, alternately, for a low SWR. It should be possible
to obtain an SWE of 1:1 or nearly so. There i= interaction between
Cl and €&, thereby necessitating working back and forth between the
twa controla,

An inaulated shaft coupler for C2 can be fashiocned from a pigce of
3/8% inch 0D dowel rod, Bore a 1f4 inch hole 1in each end of a 1-142
inch length of dowel rod, Drill a no. 58 hole through each end of
the coupler and through the tuning capaciter shaft. Pass a siiff piecs
of wira threugh thée hole and bend the ends of the wire to keep it
in plzce. This will keep the cooupler attached to the shaft of the
variable capacitor. A piece of l/4-inch metal rod can be used between
the coupler and the panel knob. Affix the couplar to this shaft with
a piece of stiff wire. EBpoxy glue may be used Lo hold the metal shatfte
securely in the wooden coupler.

The leads between the torold inductors and S1 need to ba ac shart
a8 practicable. Likewise with the lsad from the 51 arm to the tap
of Li. Coiles L3 through LY need not be torcidal., You may use pieces
of 5/B insh PVC tubing as <oil forms, provided you use the proper
number of coil turne to obtain the Iinductances listed 1n Pig 5-5.

This reastnant twner helps attenuate harmonic energy, since it iz &
band-paes tyvpe of tuned circuit. It provides additional froot-end
galertivity when used with vour receiver. The circuit may be toned
to the operating frequency ({(coarse adjustment)] by adjusting C1 and
C2 for maximum background noise or sSignal strength while listening
to the raceiver audia output. & version of the Fig 5-% matcher that
uges cgll formsz rather than torgids, and with & bullt-~-in SWE indicator,
i preasented in ARRL's QRF Classice, page 228.

A 12-¥ Begulated Powar Supply for ORPars

Special attention needs to Be paild to the design of ac-operated d¢
supplies for QRF eguipment ~- especlally fcr DO receivers that ara
prone to guffering from common-mode hum. Energy from the DO receiver
local oscillator enters the power supply and becomea modulated with
120-Hz hum, and is reradiated inta the recelver front end at the operat-
ing fregquency. The problem becomes more proncunced as the operating
fraguency i3 incrsasead. This problem 12 generally the worst above
T MHz.

Certain measures become necessary in order to prevent this from taklng
place when an ac-agperated power supphly 1is wead. First, a quality earth
ground should be attached to the ground bus oar cabinet of the power
aupply. The problem is aided alse 1f you avoid end-fed wire antennas
that are 1/2 wavelength [or multiples thereof] long. The end of the
antenna or feed line ahould be at low impedance when it is near the
aparating positian.

Yarigus things can be donme to the power supply to prevent comman-made
hum problem=. Fig 5-6 contelns the circuilt for a practical power 3upply
that ie designed specifically to deal with the malady. Note that the
primary of Tl is bypassed to ground. Each rectifier diode is ghunted
b a 0.0l-uF ceramic capacitor. RFCl1 keepE RF energy from entering
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Fig %-6 -+ Fractlcal circuit tor & +12-¥, -4 regulated and hum-supprasaed
QRP powsr supply. Capmcitars are disc corasle except the polarized onw. which
im elwctrolytis, DI, B2, D3 ond [M are G-A. 50+ or 100-PRY rmctifler dicdes.
RY iy & O.1-ghm, %-¥ {or greater! currant-sense reslstor, R2Z is » PC-wmount
trimmer control oe panel-nountwed larger control. carbon compoRltion. The other
repiztare are 1/4- or 1/2-watt carben tile or compogition, RFCY 16 m hifillar-
wound torcidal choke, Uae 12 tueme of no. 13 wnam, wire on op Amidan FT-8Z-
43 furpita torold (850 wyul, 51 im a SPET toggle. U1 15 & 14-pin OIF regulator
IG. T1 ia gn 1B-¥, 4-A tronstormer or twe Mouger Elect, nw, ATFJOIG traneform-
6rs 1ln porpllel, A 24-¥, #~& transfarmer, such as an All-Electronlcs no. TH-
244 may ba wesd,

the power supply. Additional bypassing is used to prevent self-oscillat-
ioan of Ql and Ul.

D1 ie rated for 10 watts of d¢ current. This transistor runs guits
warm at full load. Therefore, a hosky heat s8ink is necesgsary to protect
the pass transistor. Use an extruded aluminum =ink with fins. It should
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measure at least 3 X 3 inches with a height of 1 inch or greater.
Remember that the ceasa of Ql is common to the transistor collector.
Therefore, the transliator needE to he insvlated from the heat s=ink
1f the latter component is bolted to a chaoggis. A mica TO=-3 insulator
ia required if the zink is grounded. A thin layer of heat-zink grease
is ussd4 bhatween the transistor amd the insulator. Likewise between
the ipsulator and the heat =zink, Nyleon shoulder washers are used to
ingulate the transistor case from the sipgk,. Alternatively: ¥you may
let the traneistoar be common te the heat eink Af the sink iz insulated
frem the chassis. The problam with this approcach is that care must
be taken to keep from shorting between the heat zsink and the chassis
with tocls, wirea, et¢. In any event, keep the heat sink outside the
chagsgis or case in order te 3llow air to reach i1t.

Tha Fig 5-& power supply can deliver in excess of 3 amperae tf tha
duty cycle 1= not excessive. I detected no sag in output wvoltage when
I attachad a d-ampere resigtive load during the tezt pariod. The out-
gut waveform remained reasonably clman, although the noise ohzecved
on the cutput line did inerease gslightly., Certainly., the power supply
ig aAdegquate for most QRF tranemitter and receiver needs.

FORTABLE POWER SUPFLIES

Camping, hiking, mountain climbing, biking ard boating dictate the
nsw of bhatteries for powering QRP equipment. Various options are availl-
able to woua. EBatteries are necessary. and we need t¢ recharge them
pericdically when afield. This reguirement is usually met by taking
the battaries to a location whera sac powaer 1s avajilable, recharging
them from & car battery or using Moather HNature's product {sunlight!
to ensrgize a solar-electriec panel,

I built & 100-mA polar panel for use when I'm away from other sources
of energy for charging batteries. The cells were purchased singly
from a surplua howse. I wired them in series (36 ells) with fine
wire and mounted them in an 8 X 10 inch wooden picture frame. A thin
foam pad wae used undar the cells to protect them from breakage. L
purchaged some 1/8-inch thick clear plastiec sheeting (UV resistant)
and used this material to fashion a window for the picture frame.
Glass is likely to break dering portable operation, and hence the
plazstic replacement sheet. I sealed the pilctura frame with bathtub
caulk to pravent dirt and meieture from reaching the solar cells.
An aluminum bracket i1s mounted on the back Eeide of my sglar panel.
It is eguipped with a pnut that fits the stud on my emall camers tripod.
By ueing the triped I can place the sclar panel at a location where
full sunlight impinges on the cells. The panel is tilted skyward and
faces the southern hemisphere when I operate in the unorthern part
of the USA.

A photovaoltiac panel that contains 36 cells {0.5-V per eall) will
deliver +18 wolts in full sunlight on a clear day. The panel acts
as a trickle charger on dull days. Typically {allowing for hezel,
the Bolar panel delivers +14 to +16 volts toe my l2-volt NiCd batteries.
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I often keep the solar panel attached to my batteries while I operate.
A 1-A, 50-FPRV rectifier dicde is rconnected between the ocutput of the
panel |anodes toward the panel) and my battery. This measure 1e worth-
while in order to prevent the battery from discharging inte the panel
during darkness. The diode causes a voltage drop of 0.7, pwing to
ite barrier wvoltage characteristic.

There are a number of small, commercially built =zolar panels availahble
today, should you not wigsh to construct your own. Edmund Scientific
Co. has a 100-mA, 12-v panel that ig compact and reascnably priced.
Also, check the sutomotive supply ocutlets, such as the J. €. Whitney
Co. inm Chicage (cataleag available)] for =small solar panels that are
used for trickla charging car batteries.

CHAPTER SUMMAKRY

It should go without saying that there are a number of QRF accessorige
that are not described in this chapter. I have presented those items
that I use for my QRF work. I did not include data about elesctronic
keyers becauze there are so many of them that one can buy at a reason-
able price., I wae a Curtiz CMOS keyer and a Bancher paddle for all
of my portabla QRP work. I have, however, built keyers around the
Curtlis 5044 IC and installed them in my ORP transcelver boxes. A nice
circuit for the B044 chip is presented in the 1991 edition of The
ARRL Handbook, page 29-4. Also, a simple CMOS iambic keyer project
1% descriged on page 2%-1 of the samsa book.

You will f£ind . numercus ©QRP transmitters, receivers and ACCeS20I1ZB
in tha ARRL QRP anthology (QRP Clasaice). The bhock contains reprints
of QRP articles that have sppeared in O03T.
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CHAPTER &

TECHNICAL BITS & PIECES

This final book chapter coptains last-minute circults and igformation
that was not available in final form when the earlier chapters were
prepared. Included are basic data c¢orcerning antennas that offer
gogd performance for QRP field operation. These wire antennas are
¢dsy to conetruct and deploy. We will aleo examine a superhst receiver
mnainframe that represents a few steps in performance abowve the Bupar-
het medel I covered in the receiving chapter. It is structured soame-
what 1in "universal” form in order to make it adaptable ta different
kinds of filters, VFOs and BFOsc. It provides a foundatiopn for your
experiments with receiver circuits.

QHF ANTENNAS for PORTABLE ODERATIOM

There are fe&w antennazs as simplea and easy to srect as the popular
Inverted-v dipele. This antenns requires only one support pole. The
drooped ende may be affixed with nylen cord to tent stakes, logs,
tree trunke or large stones. The lower ends of the dipele can be
only a few inches above ground, end good performance will result.
ldeally, of course, the highar the overall antenna above ground the
better 1ts performance.

&0 1lnverted ¥V can be a single or multiband antenna. This depends
upon your needs and the feed line used. Single-band use may be had
by simply feeding the dipcle with 50-chm ceaxial cable, any leagth.
The rlaseic inverted V has an encleosed angle, at the apex; of Od
degrees. It adheres rather well to its radiaticn pattern 1f the angle
is incressed up to 110 degrees. With the specified enclosed angle
the antenna is essentially omnidirectiocnal and the polarlzatian is
wvgrtical. Depending upon the antenna height and the nature of the
earth belew the antenna, it exhibits & useful radiation angle. Good
slgnhal report= may be expected from DX and local statianz,

Wire of large oros= section 1ls not reguired for antennas. I have
used countless dipoles and end-fed wires that were made from no.
24 and no. 26 enamel wire when operating afield, Since these antennas
8Ie temporary. wlire strength and longevity are not & mMajor CoOncern.
1 have usad rubber bands or nylon cord for the end insulatorz. Thesze
tethporary antennas roll wp inte a small bundle for easy transport
and storage -- anather advantage for the GRPer, The principal perform-
ance difference between =small and large diameter antenna wire ia
the antenna Q. The larger the conductor size the lower the @ and
hence the greater the antenna bandwidth. Mormally, this is not a
serlous concern.
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Fig 86-1 += Inverted ¥ dipols contigured Ffor sinple-band uss. A& tree linbk
prayidas B convernjgnt 2uppart tor the aontenns ecantar. Rz-174 minipturs So8x
cable moy ba usad ila plece of RG-F8 it thea length is kept under A3 feat {RG-
174 12 vary loesy and not recompended for 14 MHz and highark.

The Fig 6-1 antenna may be converted for multiband wese by replacing
the rcoaxial feeder with 300=-ohm TV ritvbon, adding a 4:1 bhalun trans-
former and using & Transmatch betweenr the balun transfarmer and the
tranzmitter. Open-wira feemd line is less lossy than TY ribbon, but
it is bulkiosr and more costly. Claan, dry TV ribbon has approximately
the zame 4B loss par 100 feet s does RG-5B.

Multiband Delta Loop

ancther high-performance QFEP field antenna [(heome statian as welll)
ig the full-wave closed logp. Thia law=3 antenna is not affectad by
nearby conductive objegts as is the dipole antenna. It worke well
close to ground. but works best at greater height.

Yaripus leop =shapes are possible. Tha greatest loop gain occurs whan
it is circular, Next oomes the sguare format and this 18 followed
Ly the delta or triangular shapa, The leagt gain results when the
loop is deployed in a4 ractangular shape.

Loaps work wery well op their harmonice and they may be erected vert-
irally or horizentally. Single-band gperation it had when the antenna
ig fed through a l/4-wave coaxial matching transformer (75-chm coax)
by means of 50-ohm ceaxial line. The approximate feed impedance of
g pguare or round loop is 115 ohms, thereby dictating the nged for
a step-down matching section. The velocity factor of the coaxial match-
ing traneformer muet ba taken 1nto account when cutting the trans-
former cable, For exampla, a l/d4-wave coaxial transformer for 7 HMH:z
ig 23,1% faet long (L = 2486/7 times 0.86). The valacity factor of
tha ocoax in this example is 0.6%, as indicated,.
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Flg G-2 -- Expmple pf o dalte loop that requirss Bt onRé BEupport structure.
Multlband oparatien tfrom the antenna fundemental #reguency 3 MWHr 15 possihble
by uslng tunaed J00-ohm femnd 1line, a3 shown, This antenna works: sWall on freng-
vencles that are not harmenicelly related to the fundomentgl frequmncy, swch
as 30, 17 and 172 metwrs. The greotsr the antenns haight ¢the better the 0OX
paritoraanca, Whan +ead at tha apsx rathar than at & lowar cornar the etfective
height of the antenno 12 increased. Moximume rodimtion 1% bBrasdside to the
loap,

A cloged loop may be fed atr any point elong its perimeter, bot most
amateure prefer to feesd it at the top., lower corner oxr at the center
of the lower wire. Corner feed, as ehown in Fig 6-2, provides vertical
pelarization, Likewige if the loop is fed at the center of either
of 1tz slopling sildes. Horlzonteal polarization occurs when the loop
is fed at the genter ¢f the lower wire.

The Fig 6-2 antenna ie ideal for multiband Field Day wee. NEHLE and
I cpergted Field Day with one of the=ze antennas in 1285% from a hill
on my Earm here in MI. Our dalta loop wes cut for 40 meters. We used
it from 40 through 10 metera and worked all of the USA and many DX
getations with % watts of power on CW. The feeders may be tied together
to permit using the antenna as a broadband vertical for the band helogw
the fundamental fregquency of the loop. Four 1l/4-wave ground rediasls
under the loop, when wused in this manner, enhance the performance
when the system.

Tree-Supported Verrical

An above-ground vertical ground-plane antenna has appeal for portable
cperations. Agaln, only one main suppoart structure s nasded. The
vertical can be used ag a single-band radiator by feeding it with

coaxial line, pr you may uvee 100-ohm rikbon line, a balun and a Trans-
match to enjoy multiband use.
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Although wa can ampley a8 shortened trap type of wverticael antenna
for fixed-station and portabklia oparation, I don't encourage you to
use that style of antenna for low-power work. Bhortened antennas
are lese efficient than fuwll-size ones: The QRPer has no decibels
to wastel Furthermore, trap antennas and other shortened radiatore
have a much narrower bandwidth than is true of full-wize radiators.
Thuse, our leogical chaicea is ta arect a full-size wartical antanna
when this i possible. A ground-plane vyertical can be suspended from
a tree limb or by meanas of a nylon guy line that is hung batwsan
two treas or man-mede structuree. An example of a 40-meter wvertical,
B¢ arranged, i prasantsed in Fig 6-3.

234
TiMHZ]

Filg B6-57 -- Exgmple of & wwthod for srecting o wire typa of vartical graund-
plena anteannm, Ha insulstar 1g neaded at the top ot L. A splin-casting fishing
rad and rasl mpoy bae pzad to place the support line in the tcae topa. Alterrat-
ively, & bow and arrows can b9 vsed for this purpose. The 50-ohm coaxial line
may be replacad by 2086-ohm TY ribbon or 490=-ohm ladder Lllne to permlt aulil-
band uam, A balun treasforver apd s Tranameech aArs vequiced 17 DAlanced Toaed=
wrs are amployed. Radials LZ are 5% longer than LI,

& wvertical antenna gf the type shown in Fig 6-3 1s excsallant for DX
wark. It hag a low radiatien angle and has an omnlidirecticonel radiation
pattern. The higher it ie above ground the better the performance.
A coaxial-cable-fad antenna of this kind may be uwsad on 1ts third
harmonic with mo changseg. Hanre, a 40-meter ground plane will work
wall on 1% meters galso. The wire used for L1 and L2 naad only be
of sufficient diameter to support the weight of the system.

leing & Full-Wave Loop on the Mext Lower Band

You may he wondering about the performance of, for example, a i10-mater
loop on B0 meters, IE the loop remains closed it will be a miserable
performer, and typically 3 or more S5 wnits inferior to its efficiency
an 40 meters. It 18, of courge, better than o antenna at all, buat
by no means 2 world-beater. There is a solution to this problem, and
tha cure is simple and inexpensive. You can in2tall an E0-meter +trap
electrically opposite the antenna feed point. This causes the laoop
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to operate as an copen circuit on 80 metars, but at 7 MHE and higher
it remaing a closed leoop. With the BO-meter parallel-tunad trap in
place the antenna functionz ag a half-wave dipole with its ends bant
hack toward one ancther. The feed impedance remeing low. Thara 1=
same cancellation with the dipole ends so ¢logse together, but pecform-
ance is otherwiss good,

Tha reactance of the trap should be on the order of 400-450 ohms.
Therefore, an 80-meter trap reguires 100 pF is & XC of 430 ohme is
usad fpr 3,7 MHz., The trap coil therefore needs to have 18.5 uH of
inductance o cause resonance at 3,7 MHz, The trap may be checked
for resonance by means of & dip meter heafores it iz inmtalled in the
antenna. ¥You can make a trap of this type for 80-meter DRP work by
ueing 8 100-pF egilver mica capacitor in parallel with a TE6B-2 torcid
that has 57 turns of no. 28 enam. wire. A stitable 40-meter (7,1 MHz)
trap can ba mAade with a 56-pF gilver wmica capacitor and @ 9-uH inductor.
Usea 39 turns of np. 26 epam. wire on a T68-2 torcid. The toroid should
be coated with low-loes gealant [(such as O Dope or polyursthane lacguer)
after it is wound. This will keepr the coil turns from shifting and
Causing changeg of the inductance. Thesa trapa are adeguate for
power levels up tao 20 watte. Large trapnemitting capacitore and heavy-
yauge wire should be used for QRO operation.

How to Build QRP Balun Transformers

If we were to usee a high-power commercial balunm transformer with a
QRP gystem it would be the same as "the tall that wagged the dog.”
Not only are stors-bought Balun transaformers bulky and heawvy, they
are expengive. We QRFerz can build our own low-powar baluns guickly
end cheaply. Fig 6-4 ahows how to wind a 1:1 and a 4:1 style of balun
traneformer. In-depth data on the design and casstruction of baluns
and other broadband trangformers is available in the W2FMI book, Trans-
misgion Lina Transformars, which is avajilable £from The ARRL, Aalac
see the WIFE book by Prentice-Hall, Inc. entitlad Farromagnetiz Cors
Dasign & Appplications Handbook.

50
DHME
BAL

P yIuDING PHASE

200 DMMSE
; BAL
> 50 OHMS
. BAL 4
30 (HMS
UNBAL
Flg &-4 -- Cireults tar 1:1 (A} mnd 4:1 (B} baluna. Tl and T2 are Amldon FT-
50-d5 Ferrite torolde (850 mul wound with 12 bitilor turna of oo, 26 spam,
wire, Care diameter is 9.5 fnch, Tranaformers =uikable For 0-325 wattsz, 16G=-

13 meters.
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The balune in Fig &-4 sghould be protected by coating them with oodl
dope or polyurethane vatrnish. They may be wesatbarprocied by dipping
the complated transformer in plastic towl-handle compound. I have used
thiz maeterial as a coating for antenna traps and foupd it to remain
intact for more than five years ocut ¢f doors.

High-power baluns must he treated dJdifferently than those deseribad
in Fig 6-4, Larger cores are necessary and the core should be covered
with insulating tape, such as 3M glass tape, before the windings are
added. Teflon-insulated wire is best for use when winding QRO balune.
Thess precauiions are omcesgsary because of the high RF voltages that
can develop from high-power tranemitters.

Calculating the Effective Capacitance in VFO=

In order for ue to determine the inductance reguired in the tunsed eir-
cuit of a VFO we nasd to know the effective maximum and minimum capacilt-
ance of the circuit=s. The caleculations are differant for parallel or
geries tuned Y¥F0s. Fig 6=-5 contains this information, zrespactive to
a parallel-tuned Colpitts oscillator that uses a JFET device. A valyge
ocf & pF iz Ancluded in the sgquaticons for the input. capacitancsa of the
trangistor. This figure is valid for most JFETs and MOSFET=.

YFi
TRIN Fig 6&-5 -- MWethed for <cel-
culatiag sinimum &nd naxlmum
£1 G2 effectivae capacltance Far
I a OCalplitts YFQ that fa aet
L up for perallel tunipg. Tha
REL rogults provide rmneeded dete
T L &4 pF F tor datarmlining the ragquirsed
L1 inductance for m glwen
::.Il: tuning remgs.
1
Eq 6-1 Cp = [C1 + EZ + €31 + : p¥
A masume thet trimnar C2 1s 1 . 1
A midrange. 4
B} Axsume C1 lF at max C tmo 1
Find max sffectlve C. 1 i
C) Agpume C1 if mt mim L ond " * B
repeat colcyulaktionn with Cs Lo in
Eq 5-1 to find mln sffteat-
ilve €. -
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Fig G- =~=- H#Wathgd fgr celculating
minimum mnd maximun eaffective ceEp-
ecltance ftar m E8rles-{uned Colpltys
YFO, The raEulta proavide  neaded
datm Far detereining the requirad
inductasnce for L1 versuss thne deslred
YFO tuning range.

T

. = pF Al Asvume that trimmar
Eg B-2 Sr 1 A ¥ C2 ig at midrenge.
* * H) Axtuma 1 1% =t méx
(;" + CZ + C;) ca C to tind wox wtfmct-
lve C.
1 T) Assume C1 15 ot min
A - C ond repwot Eq. 6-2

to find effective
¥ ﬁin

1
1 1 nin G.
———— -' —
cs EI)

Fig 6-6 shows & series tuped Colpitis VFO and an eguation for determin-
ing the egffective mindimuom and maximum circuit capacitance., If we uae
oneg half thea capacitance of the C2 trimmer we than have laaway for
calibrating the VFO frequency readout dial. Some stray circuit capacit-
ance alwayse existe. Generally, it amountz to roughly 10 pF.

An Experimental Phaeing Type of 55H Generator

Many QRPera like to make their circuits as simple as they can 1n order
to consarve battery powar and ensure that the eguipment ia reasonably
compact. The circuit in Fig 6-7 providea the basie for developing
a dilrect-fregueancy 55B axclter that offers improved performance over
a DSSC type of tranemitter. The circuit is an adaptation of &8 two-
tube phbasing rig that was described by Leo Boievert, WIHIE, in the
February 196l issue of The Sidebander, The original circuit was sent
to me by Ken Cornell, WZ2IMB, with his request that I develop & solid-
atate varsion of the unlt.

The VFQ operates at the transmitter outputr fraguesncy. It ia important
to reetrict the audip bapdpass to the speech range (500-2000 Hz) in
prder to achieve the bsest carrier suppression. Measurementa at 1400
Hz show the suppression to be 35 dB when the circuilt ia balanced care-
fully by meanz of Rl and R2, The carrier suppressicon degrades somewhat
at the upper and lower limits of the audio range. Caraful matching
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Fig &6-7 -- Gghemetlc diagram of the experinantal 556 phasing axciter. Decimal-

valua &epacitors are 1a oF, Others ars in pF. Filxed-vmlue resisators are 1/4-
watt carbsn filw orf conmpoxitipn, Polarilzed capacitors are elactrolytbie wr tanta-
lum, C1 i5 & M-pF mice trimmsr. 01, 02, O} And M arx INF1d Jdicdas that are
M!t:hld ter forward resistances, 51 iz & DPDT toggla. T1 end T3 nave 1Z primary
turna of fa. 28 snsm, wirs of an Amidon FT-37-43 torold (BB0 mad). T2 [: wsund
on on Amldon TE&-2 powdered=-iron tarold and % wound for the opereting freg-
uenpey SEritilar wound! to resopate with €1 &t 172 or 5/4 1tk sasxitue capacit-
ence. T4 18 & 10K-ohm to &00-ohwm audio transformer (Mgouser Elsct. part na,
A2TLD1Y or wguiv. Center taps not weed,] R1 and AT are PC maunt cgrben Cemp-
sxitlon controla.

sf Dl through D4 is important in corder to achisve the best carrier
suppre=ssion. Phyeical and alectrical symmetry d4is wital in the Aarea
of the balanced medulator. C2 inust be changed for the band of operat-
iopn. Tha 350-pF wvalue shown i for 75 meters. The XC is 120 ohms.

& class A fed-beck linear amwplifier ie uzmed (Q2) after tha belanced
modulator. It may be feollowad by the broadband amplifier strip that
is described in Fig 4-18. A linear RF power amplifier can than buiid
the power cutput to 5 or 10 watts PEP, A mic preamplifier and gain
control is reguired abead of Ql. ¢l and T2 form a tuned circuit that
is respnant at the chozen operating freguency.
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2l and EZ are adjusted for minimum carriar blesd-through while absarv-
ing the & meter. Tranemitter ftuneup and CW operation is accomplished
by unbalancing the circuit with Rl or R2. A low dc valtage can e
applied fto the junction of D1 and 02 thiough a 100K-ohm resistor and
switch to allew for tuneup and CW operation, thereby enabling the bal-
ance conktrols to remain adijusted for bkest carrier supprecssion, Thera
ig no PC pattern or cirgult hoard available for this project.

An Advancad Suparhsat HMainframe

The Fig 6-8 circuit is the big brother to the receiver in Fig 23-34.
You may select your own gperating and iatarmediare frequenciss. Two
1F amplifierz are used for additional gain. AGC is included,

Singly balanced mixar Ul i1z preceded by a half-wave filter for the
hand of operatigon (FL1),. It prevents unwanted image responses. A preamp
may be added after FL1 for increased sensitivity abowe 10 MHz.

The IF filter area on the PC board (Fig 6-9) can acocommodata almost
any IF filter you uwse. Modify the large conductorz with 2 hobby motor
mand hit to remove unwanted copper. K3, RS and Cl12 are chosan to match
the impedance of your filter. Keep in mind that U2 pressnts an input
Z of roughly lK chms.

An AGC amplifierfrectifier (Q2, D4 and D) and 5 meter alircuir are
included, AGC ia audig-darived, but doe=z cause a pop or click when
1t engages.

You may elimipnate FLL if you use a double- or triple-tuned input circuit
in place of Tl, An B-alement fixed-tuned bandpass filter may alse be
gsubstituted for Tl1, in which case FL1 will not be neadad,

The LO injection power 1s critical. Try to set the leavel bhetween 2
and 4 wvolte P-F {2t pin 2 of Ul} for best performance. EBExcessive LO
voltage causes Ul to generate harmonie currents that create spurigus
which will ke heard acrosg the receiver tuning range, Too little LO
injection, on the other hand, reduces tha mixer conversion gain.

The Lo and BFD circuits are ngt included on the Fig &6-9B PC board,
This is done to minimize the occasion for sBtray energy getting into
parts of the circuit where it cowld cause spuarious responses. House
your LD and BAFC circuilts in separate =hield boxes and feed the autput
anergy to the main PC board via RG-174 mini coax. Suitable VPO and
BFDO circuite are presented parlier in this bBook. ¥oo may wish to save
money by uwsing a tunable BFD (crystals are expensivel) of the type
shown in Fig 3-34. Tunable EBEFOs provide the advantage of being able
to reduce ORM {somewhat like pass-band tuning) by moving the BFD freq-
uency about on the IF filter respunse curve.

T2 1ia tuned to the IF vou select. The 2 ratio is 3:1. C4 i= chosen
o provide resonance with CF at Tl., AGC time constant is set for your
liking by means of ©31 and R24. Increasing the wvalue of these parts
langthens the AGC decay time.

4 ia a muting switch. R2Z7 muzi be grounded to activate the recesiver,

£
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Fefar to the parts description in Fig 3-34 for most of the components
in the Fig 6&-8 raceiver, PC artwork for this project appears helow.
B 0,}-u¥ gignal is plainly eaudiblae at the recsiver output for the Fig

6-8 rircuit when it is set up for 75-metar oparation.

HOTE: Cad 5 EXT. TO THE PC BOMAD

Figp 8-9 -- 3cole etching tenplats ax 2een Frgm the wsiched side of the
FC bomrd (A}, Drewing B ke an Xray viaw of the compenent s5ide of the PG
baard, PFC banrds tor this recelver are availables fram FAR Circuits tor
$14,5¢ plus 51,30 zhipping. Boords are plated and drilled,
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Simple Ladder filters foxr CW and 5SB

Surplus computer cryetals come in a wide wvariety of fregquencias that
make them suitabile Lfor home-made ladder filters. Complete design data |
for ladder filters, plus a crystal evalpator ciroult are found in the
concluding secticon of WiFB's Daxign MNotebook. The Q5T article reprinte
are by WIZOI and WIlFR, and step-by-step ingtructione are given far
determining the Q and series re=ietance of crystale. This information
is used in the filtear-design eguations that are included.

Fig 6-10 shows two ladder filters I Jesigned for use in a home-made
receiver, The crystals were obtained from JAN Crystala, 2341 Crystal
Driva, P.0. Bax 06017, Foart Myers, FL 3390&6 (catalog avzll.). Thase
crystale are 1in HC-6/U metal holders, I meagvured the unloaded O at
35,683 and the EE [sariss resistance)] ag 6F ohms. The design of the
two filtere i based on thie information. The Rierd}), which ia the
characteristic impedance of the filter, iz 508 ohme foar the CW filter
and 4.7K ohms for the SS5B filter. The filter input and output broadband
transformers, T1 and T2, are wound to interface with the circuit imped-
ances that terminate the filtere [(mixer and poat-mixer or IF amplifier}.

I choea 2750 kHz as the filter center freguency in order to aveoid hav-
ing the BF3} harwmonics fall in the HF bands. BFO harmenics appear as
loud unmodulated carriera in the receiver tuning range. Keep this fect
in mind when you choose aAn intermediate frequency. Multiply the BFQ
freguency up te 11 timese to learn where the harmonice fall.

T, = ITHG kHz

il w T
T

T o+ T

AW = 2.4 kHx (5SB) mt -3 dB
BN = ¥D0 Hzx (CW) at -3 4B

Fig 6-11 -- Cireuwit for the d-pols =rystal laddsr filter. Copacltors are close-
talevronca xilver mica. T1 and TE are bresdbsnd matehing transfarwers, MHein
windfng haz T2 turna of no, 28 gvawm. wire on an Amidon FT-37-43 territs taroid
(E3% mul, Thne gnaller winding containt thw oppropriots number @f turns to astch
the ifput end output loads to the fllter Rieand}. For CW, C1 mnd G2 are 47 pf,
C5 and 4 are 130 pF and €3 15 300 pF. Riandi ~ 08 ahne, Far 55B, C1 ead G2
are & pF, €} and C4 ares 22 pfF aog C% i35 %1 pF. FRiwndY i3 4.7K chma. ¥Y1=-Y4,
incl.; are JQ pF load cepecltance, matched wnite (2794 kEHzl from Jap Crystols.
BFG frequency for CW 15 2Z750.7 or 274%.3 kHz, For uppar esad lowar 558 waas BFQ
Frequencies of 27%1.2 and 2748.7 kHz. S55B BFO trequenciags ahouwld fall approw-
imately 20 4B down from paak filtar response op the fllter curve. Other cryatal
freaquancies arg suitmble wpon detormining the ervital Q and swries R, then
obtaining the parameters frowm the aquations In the reteranced bask,
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Eliminating BC-Band Intexference

If you live naar a commerclal AM broadcast station it is likaly that
the strang =ignal from that station will gverlesad your receiver and
cauge Bpuricus respeonsea and desenging to occur. This is especially
trua whwmin the recelver front epd hasg limited selectivity. such as
with the superhet recelvers in Figs 3-34 and 6-B. A Bimple scluticom
ig to add a 50-chm high-pazs filter at the input to the receiver.
The filter cutoff fregquency should be on the order of 1.7 MHz. Fig
=11 showe two such circuits. The circuit at A wes designed by W7EO0T
and 1is a8 S-pole Chebychev with an feo of 3 MHz. The ripple factor
is 2 dB. This filter was designed for use at 3.5 MHz and bhigher.
The filter in Fig €-11B has an foo balow the lé0-meter band and was
designed by WAZCH for use with his vetsion of the Fig i-34 receivar.

FL! FL2Z
EIG #3280 3Th 5IG SIG 1000 10 16
'D"""'| =0 gur IN ouT
Ly LZ L1
I.FE “H 2‘.9‘! uH '.ﬂ I.IH z 2- ‘ln “H
A 3000 BIZIIHI
¥ = 5 MHz
[=1a)
HIGH PASS = 1,7 HHz
HIGH PASE
Flg 5-11 -- Prottical circults far two J0-ohe high-poss filters tor PUppress-
ing comkarcial AM Broadcmat bond enwrgy 8t the receliver frent end. Circuit
A wms developed by WIZOI, Capasltanca ia in pF. Siivear-siece capacltors mra
u3wd 1an Both elredits. L1 and L2 @t A ate tercidal fnducicors. Usa 51 tusne
af no. M engw, wira on an Amnlden T37-4 teorold cors, L1, L2 and LS % B ore
ministure RF zhokas, Clircuwit B was dexigned by W4 ICE,

Insertion loss for the filters in Fig 6&-11 iz minimal, It is less than
l dBE in both examples. Correct filter performance, &5 is true of any
filter, depends upon preper termioation at each e&nd of the filter.
The above fllters are designed for an impedance of 50 ghms. PFL1 and
FLZ in Fig 6-11 should be laid out in a straight line with good separat-
ion between the input and putput porte of the filters. Tha inductors
need to be At least an 1lnch apart to minimize mutual coupling. This
is esperially pertinent to FL2. A metal gshield between each of the
FLZ colls would further aid the isclation.

Half-Wave Harmonic Filterp with Standard Valuass aof C

Tables &-1 and &-2 list the inductance wvalues for 3- and T-element
low-pase filters that zre anitable for uae at the output of QRF trana-
mittere. Thasge fllterzs wera davelopad by Ed Wetherhold, WINON, around
capacitors of etandard valwes. Silver-mica capacitors should bhe wneed,
although cloge-tolerance polystyrene capacitors are also sBuitable.
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TAHLE &-1
L1 L2

T

BAND (m) £1, £F (pF) G2 {pF) 11, L2 {uH) (:ﬁg}
an . 560 1200 z.5 4. 056
40 240 560 1,12 7.818
2a 220 Lia ¢.76 10,39
20 150 330 D.578 15.00
15 100 R0 D.462 22.00

-E'nlpnnant veluee far & H-slssant haolt-wown Llow-pass fllter. 1lnductarz ara

wound on Ae. § povdered-lren toroida (T37-& far up to 3 watts and T50-8% tar
tor up to 23 wattal,

TABLE 6-2
L1 s L=
— —_—

el i GZ C3 Ci
T ‘[ T Chebyshey

BAMD (w3 O, Che{pF) ©CZ, C3 (pF) 1, L3 {uH} L2 {uH} rﬁ'ﬂ tMHz )

80 510 1308 £.637 3.861 3.81
L0 330 750 1.508 1.7689 7.23
20 180 470 0.952 1.188 10.33
20 180 390 0.773 0. 304 L
15 150 2710 0.526 0.606 Z1.48
10 B2 1480 0.35%2 0.5 30.20

Gompoanent valuea foar & 7-slenent low-pEss harmenie #iltar, Ipductors
oré wound on ng. § powdered-iren baraids. Use standerd equatien for find-
ing the sfequired number of coil turne,
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Practical Power FET RF Amplifier

Fig &-12 illusirates a practical circuwit for am RF  power amplifier
that can deliver up to 20 watts of output powar. It uses a =witching
type of THMOS power FET. The devige ls a low-cost Motorola MTE3055E.
This transiator has a TO-220AE type of plastic cage. Mawimum VLRE 1=
+60 and maximum continuous drain currant is 12 A dc. The feature that
makes it a good device for RF service is the low RDS (draln-source
registance), which ig rated at 0.15 obm. Input capacitance {Ciss] is
S00 pF and cutput capacitance (Coss) ig 300 pF. Transconductance (gfa)

iz 4 mhose.
RF AMP i b
M:
=G T0 T-ELEMENT
_.:' LOW-PASS FILTER
50 OHNZ]
14 fmg Tobla 6-2
RF IM T
Rt FRONT
SHEAT 51HK G DS
& PHALING
a. l.'ll.'.|-l a.
+
29 uF RFC1 +24 ¥
18 ¥ 1 O 700 mA
+ EEY DNXIWN
22 uF
Fig 6-12 -- Schewptic diaprae of & practical linear spplifler that uses & power
FET. Cepotitars are Jise cavaaie, (40 W ar groster, axeapt thoss with polarity
marked, which are tantalum or electrolytic. Resistors, unless othetwizs nated,
gre 1/4- or 1 /2-W carbon filg or composlitian, Capacitor AC has & resctence
ot 150 ohez and 13 eelected for the cparatlng bend. For 20 astere uass 133 pf
for 5G, wtg. FR1 eand FBZ are Mipiatpre Amidon ferrlte beaads, 830 mu, RFC1 has
10 turna ot no. i4d enaw. wire on an Amlden FT=-50-453 ferrite toroid. T] conzists
pt 12 pacondary turas of no, 26 snem, wire an an FT-37-43 farrite toreld. lUse
& primary turns of no. 26 wlre. T3 haz 1 turn gt no, 26 4nam, w=ire far L1,
Lz hae 4 turns of no. 24 snas. wire and L3 hms 7 turns of no. 20 anom wirm.
These windlngs pre logped through ss Amidon BH-432-3312 balun ar "binocular”
[ cCare.

The Fig 6-12 amplifiar operatee class B when biased as shown. Bl ise
golmctad to watabliEeh A& 200-ohm input impedance for the amplifier.
Negative feadback i8 provided by way of L1, FBl1l, FBZ and RI. Increasa
the resistance of RZ to decrease the feedback or vise-varea. The 15-
ohm gate resistor is for VHF parasgiti¢ suppression. It sghould be used
a8 ¢loge to tha traneistor gate lemsd as practicable. Dl and ite resist-
ive divider provide requlated gate bias for Ql. Idling current is 60
mh. The walue of XC is determined by the operating frequancy. XC =
150 ohma for this component. It bypassas WHF harmonic currents.

£
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The impedancea ratio (l:2.6) for T2 ia based on a power output of
l5 watts. No SWR protection 2Zener diocde is used from the Ql drain
to ground because the device has a built-in drain-scurce Zaner diode.
If you wisgh to protect the Ol gate from excess voltage you can bridge
a 13-V, 400-mW Zener dicde from gate to ground. The cathede of the
diode would be connected to the gate of Gl at the junction of Rl
and the 15-chm gate resistor.

The heat sink for Q1 peeds to be at least three inches sguare and
an inch high. An extruded aluminum heat aink with fins is best. It
muat be insulated from ground unless Q1 1s insuvlated from the heat
gink.

You may change the ocpearating class of the amplifier to AB by increas-
ing the resting drain current. Inerzase the forward gate bhias until
{1l draws appraximately 100 mA with no signal applied to T1.

There is no PC board pattern or related artwork for thie project.
I recommend that you use double-zsided PC beard material. The copper
on the component side of the hoard ¢an then serve as a ground plane
ta aid stability. It should be 2n eazy matter to lay out a board
angd tTemove the unwanted copper wlth a hobby motor and small cone-
shaped abrasive Bit.

Although this amplifier can be operated from a 12Z-volt power supply.
the available ouiput power will @rop to about 4 watte. Ales, it will
be necessary to replace tha gate-plae resigtive divider wvaluees to
gnzure +3 yolts or greater at the Q1 gate. Powar FETE can be oparatrad
clags C by eliminating the forward gate blas. The bottem of Rl oan
Fig 6-12 would be grounded for c¢lasg C gperation, and the biae net-
work would be eliminated. OGreater RF driving power 1z needad for
rlags C pervige, Also, the harmonic cutput is greater during =lases
T u=e.
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amplifier, broadband, 103
amplifier, narrow band, 103
amplifiers, RF power, 127
Amplifier, 5 watt RF powar, 129
Amplifier, 20 watt RF power, 133

Antanha, inverted Vv, 158
Antenaoa, loap, 158

Antenna tuner, resonant, 132
Antenna, yertical, 160

audin filter, RC active, B7
hudio, receiver, 312

Balun transformer. 16l

Boxep, project, 12

Braadboard, ulniversal, 14
Break-in delay, TE swiltch, 143

Capacitora, choosing, 15
Capaciters, variable, 16
Chassis, for projects, 12
Circuit boardes, guick, 11
colls, slug tuned, 14
Construction methods, 10
Converters, receiving. B9, 32

Detectora., balanced, 74
pigital frequency di=zplay, 59
Digde QOSK TR gwiteh, 141
Double =ideband generator, 138
Drift, fregquensy, 41

Dummy antenna, L4909

Filtar, high passz, 169
Filter, IF, 32, 85, l&B
Filter, low pass, 170
Filtering, audio, B
Frequancy =tandard, 151
Field-strength meter. 147

Gain digtribution, trans,, 102

Heat =zinks, home mads, 21
Hum, common mode, 27

IF amplifiers, 57
I[F gystems, 31
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Layout, transmitter, 110
Local osrillators, 3l
Loop antenna, delta, 158

Operating claszs, EKEF
12%

Operating techniguas, 3
Oscillators, cryetal, 35
Oselllator, recealvar, 87
Oacillater, sidetona, 145

amplifiers,

Parts, whera to buy, 21
Porteble power, 155
Fower FETe. 108

Power Lraneistor,

105

Powsar, tratnsmittar ocutput, 93
Freamp, general purpos=, broad-
bandg, 134

Freamp, MMIC broadband, 127
Freampa, recalver, &0, 26

PFroduct detectors, 7é

Fower supply. +12-¥V regulated.
27, 103

gelecting.,

QRF gpocieties, 5
05K, diode TR switch, 141

Eatcaivars, direct

Ft

Recaivers, regenerative, 70
Receiver, puperhet, 28,82, l&5
RBeceiver, universal I, 77
Resistor types, 17

RF amplifier, power FET, 171

KF power meter, l4%

CONVersicn,

3 meter, auvudip derived, 37
Selectivity, 26, 31
Selectivity, audig, b6
Selestivity, IF, &3
Gelf-oscillation problems, 100, 107
Sidetone oec., CW, 145
558 generator, 163
Switching with diodes, 48
SWE meter, QRF, 149
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Temperature, operating, 1904
Thermal runawdy,., 106

Torpids, 14, 19

Transistor damage cauges, 101
Transistor =selection, 17
Transistor use, 17

Transformer phasing, 19
Transmitter, CW, 111, 112, 114,
117, 120, 122

Transmitter perfarmance, 99

TR switch, QS5K, 141

TE awitch, break-in delay, 143

VIO buffering, isclation, 44
VP capacitance calculation, 1é62
¥FO, heterodyne type, 46

VD, "universal.," 49

Vioe, theory, Ja, 42

VX0Os, 39

Wire. low coet sources, 14
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