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Foreword
Do you like to build Amateur Radio equipment? Would you like to? If your
answer to either of these questions is yes, then this book is for you.

We are pleased to present the fourth volume in the Doug DeMaw notebook
series. Two of the other volumes in this series deal with antennas. The third
is QRP Notebook, and this notebook is related in that it has more of the
simple equipment that can be found in the earl ier work. In these pages you
will find basic radio projects for the bands below 30 MHz. You will also find
explanations of how various circuits work. One thing you will not find is
heavy mathematical analysis.

This plain-language book is filled with simple , practical projects that can be
built using common hand tools . You'll not need exotic or hard-to-find
components to build the projects. Nor will you need elaborate test equipmen t
to make them work .

Sound good? We think so too. Please use the feedback form at the back to
let us know what you think of this book, and what you'd like to see in future
League publications.

David Sumner, K1ZZ
Executive Vice President

Newington, Connecticut
July 1990

---------- - - - - - - - - - -
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INTRODUCTION

Amat e u r Ra d i o i s mo r e th an a ho bb y . I t i s an ar t t ha t you can enjoy
if y o u ar e wil ling t o ex per i men t wi t h c ir c u its . Le a r n i n g to bui l d
so me of y o u r s tat io n e q u i pmen t c a n be e xciti ng , a n d it does not
req u ir e t h a t yo u h a v e a fo r ma l ba ckgr o und i n e le c t roni c s . At the
be g inni n g of h am rad io it was ne c e s s a r y fo r a l l ama te urs to bui ld
s t a t io n e q u ip me nt, ho wever cr u de it may h a v e appear e d after it
was co mp l e te d . Comm e rc ia l a mat e u r e q ui pmen t was n o t ava i lab le whe n
r adio was i n i t s inf anc y. Ham e xp e rime n t e rs bui lt ba tt er ie s that
were us e d t o power t h e ir l ow- powe r t r an s mi tt er s . Ma ny o f the pa r ts
were made by h a nd , su ch as c a pac itors, beca use man uf a c t u r e d un its
were scarc e and e xpens ive. Co ils were often h and woun d on c a rdbo ar d
for ms, such a s oatmeal bo xes. She lla c was used t o hold the c o i l
tu rns i n p l ace . Those were e xc it ing t i mes, be cause it wa s a fe at
to b ui ld a transmit t er or r ec e ive r t hat wor ke d well. Pr ide was
associate d wit h Amate ur Ra dio as a res ult of s uc cessful e x per ime nts
and c o n t r i b ut io ns by h a ms to th e stat e of t he art.

You need no t be a n e lec tr ica l wi za r d t o bu i ld equi pme n t t hat works
we l l . Doc t or s, f a rm e r s , f a c t or y worker s , ho us e wi v e s , sc hoo l -a ge
c h i ld r e n a n d t r uc k dri v e r s b u i l d e lec t ro n i c equ ip ment . Th e p r oce s s
i s ca lled "l e a r n by doin g . " The mo re yo u ex per ime n t th e bett er
you r un dersta n d i ng o f ele ctron i c s . Thi s new know l e d ge ca n be aided
t h r o ugh regu l a r stu dy of Th e ARR L Ha ndboo k and some o f the mor e
ba si c ARRL books . S im ple pr o j e c t s repr e se n t the prope r starting
place f o r tho se wit h no p r i o r e xp o s ur e to cir c u i t b u i ldin g. Your
first pr oject may be so mething as s imp le as a one -transist o r mi c
p ream pl if i er, or perhap s a o ne - t r a ns i s t o r CW transmitter.

Pr i nte d -c ircuit bo a rd s a re not essen t ial f or t o d ay ' s expe r ime nt ­
ers . You may us e po in t - t o -point wiring (c al led "u gly const ru ct ion" )
o n a b l a n k p iece o f PC or pe r fo r a t e d boa rd . Lear n i ng how to et c h
PC boar ds ca n come l at e r . Yo u r f in i s hed pro j e ct nee d not be a work
of ar t as l o n g a s it per for ms correc t ly. The r e are fe w amateurs
who ca n i mp a r t t he " c o mm e r ci al l o o k" t o t he i r p r oj ects , b ut pri d e
i s ex pe r i e n c e d beca use o f t h e c irc u it pe rf or man ce .

Yo ur works ho p d o es n o t ne ed to be e q ui p pe d l i ke a n e n g i neering
l a b i n or der f or y o u to be s ucc essful as an e x per i menter. Ma ny
h ams e n j oy success wi t h o n ly a vo lt -o hm- mi ll iammete r an d a few
p i ece of home -ma de test ge a r . Don't 1e t a lac k of test eq ui pmen t
keep you from enjoy ing t he t hri l l s of e xpe r i mentation .

This book is dedicated to t he nontechnical ham who wants t o bu ild
simp le p r o je c t s a nd obtain a bas i c understand i ng o f amateu r ele ct­
ron ics. Get tin g in vol v e d with circuit s wi 11 gre atly enhan ce y o u r
enjoyme nt of Amateu r Rad i o .
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DIODES, ICs & TRANSISTORS

CHAPTER 1

It i s i mpor t ant t ha t we under st and the f unda menta l princ ip les of semicondu ctors
if we are to be successfu l wit h our e xpe r i me nt s and e qui pment buil din g . Acti ve
devices are t hos e th at r eq ui r e an ope ra t i ng vo l tage i n order to fu ncti on . Tr ans ­
istors, I Cs and vac uum tubes are amo ng t he ac t ive devices we amateur s use. On
the ot her hand , passi ve dev ices r equi r e no operat in g voltage to make them work .
Examples of pass ive components are dio des, c apac i tors, r e s i st or s , c r ysta l f i lter s
and i nduct or s.

Tr ansi s t or s, unlike vac uum tu bes, ampl ify cur r e nt . Vacuum tu bes ampl ify vol t age .
ICs ( i ntegr ated c ircuits) and LSI s ( large scale i nt e gr at ed circuits ) conta in
transistor s , r esis tors and di odes . Therefor e, t hey co nta i n pas s i ve and ac ti ve
components. An IC may, in some in stan ce s , conta i n hundre ds of BJTs ( bi polar
junct ion transi s tor ) , some dio des and many resis tors . The s e are all formed at
one time on a singl e piece of s i l i con crystal (s ubstrate).

TYPES of TRANSISTORS

Yo ~ wil l he ar abo ut plan ar , po int- con tact , mesa and ot her vari e t i es of t rans ­
is tor. These t er ms re la t e t o the manner i n whi ch the i nner workings of the
tr ans i stor ar e f or me d dur i ng t he manu factu r i ng proc ess . You wi 11 become aware
also of the te rms FET (field-effect tr ans istor) and MOS FET (me ta l oxi de FET) .
The FET i s a junct i on f i eld-effect t rans is tor, whereas t he MOSF ET i s an i nsu late d­
gate FET. A junction type of FET has its gate, dra i n and source e lements formed
in t o a san dwic h, as i s t he case with bi pol ar tr ans istors and juncti on di ode s .
The MOSFET, on t he other hand , has a dra i n- s our ce j unc t i on or sandwi ch, but
t he gate or gates (some have two gates) are i s olat ed from this j uncti on by means
of a t hi n l ayer of ox ide . Thes e ga tes ar e very s ens itive t o stat ic charges,
whi ch can quic kl y punct ure the in s ul at i on and cause a s hort ci rcu it between
t he , ga t e and the drain -sou rce junction. MO SFETs must be hand led with gre at c ar e
to prevent damage . Si mil ar care mu st be exercised when so l derin g a MOS FET i nto
a PC board.

Tr ans i s tors are manuf actured fo r ma ny operat i ng power 1eveI s . Some are made
on ly f or use f rom dc th rou gh t he audio s pec t r um, whi l e others are s uitable up
t o and inc lud ing t he mi cr owave sp ectrum . Tr ansi stor s may be used not on l y fo r
amplifyi ng ac and RF energy , but a l so as e lec t ro nic switc hes and dc ampl ifiers.
We ca n purc hase power MOS FETs t ha t work we l l as RF amp l ifiers fr om VLF t hroug h
VHF . We wi ll discuss t he se dev i ces in gr e at e r de ta i l, later i n t his c hapt er.

You wi ll observe t hat trans is tors co me in a var i e ty of pack age s or cases . Some
ar e enclosed in meta l , wh i le others ha ve plas t ic cases. Each case style has
an assigned i ndus t ri a l desi gnat or , suc h as TO-3, TO-220 or TO-92 . Thi s means
that eac h trans istor s ty le requi res a parti c ul ar mount in g t echniqu e . Also , s ome
of t he se t r ansi s t or s need t o be mo unted on a he at s ink, and t he heat s ink is
chosen (mass ) i n accordance wit h t he power diss i pated by t he trans i stor. Small -
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s i gnal t r ans i st ors ( low power ) do not req uire heat s inks i n mo st circuits. Fig
1-1 shows how trans t st.or s and vacuum t ubes are conf igured. Note th at bi po lar
t r ansistor s and triode t ubes each have t hree s imi lar el ement s. Du al -gat e MOSFETs
and tetrode tubes ar e also simi lar with regard t o th e number of device elements .

TRIOOE
TUBE

HEATER

BASE ~~~_, ''''::::'~''::::
EMITTER SOURCE

NPN N-CHANNEL
BIPOLAR JFET

:~"
SOURCE

N-CHANNEL
MOSFET

CONTROL""'-"
GRIO

TETROOE
TUB E

SCREEN
GRIO

PNP
BIPOLAR

P- CHANNEL
JFET

SI NGLE GATE
MOSFET

Fig '~ 1 - - E xam p les of va c u um t u bes a n d t ra ns is to rs . No te t he si milarity
o f t he i n t e r n a l e lement s . Vl a nd tra nsi stors 0 1 . Q2. Q4 , Q5 and Q6 a re
tri ode ( th r e e ele ment> de vice s. V2 a n d Q3 ar e simila r . Q3 co u l d be calle d

a tet ra de i f i t has a cat hod e . T h~ NP N d e v i c e s req u i r e a pos it i v e ope rat ing
vol t a ge on t hei r collect o r s. whi le P NP t ra nsis to r s must ha v e a n eg a ti v e
coll e c to r v o l ta ge ( e mi tte rs conn e c ted t o gro u nd) . N-c h a n ne l FET S u s e a
p lu s volt age on the i r drain s . whi le P - c h a nn el FETs r e q u i r e a minu s d r a in

vo l t a ge .

NPN versus PNP

Wh en designi ng a circui t f r om scratch we can use NPN or PNP bipo lar transi stors,
irrespective of th e avail able power- supply po lar ity. The same is t r ue when we
work with N-ch annel an d P-chann el FET s. For example , i f we wish t o use a negati ve
power supply with a ci rcu it that cont ain s NPN t ransis tors, we need only to keep
t he emitt er ci rcuit ry above circu it ground, t hen feed the mi nus suppl y vo ltage
to t he emi t t er t hrough th e emitter components. Under t his arrangement we mus t
retu r n th e collec tor to chass is ground (posit ive i n this exampl e) th r ough i t s
compon ents . The base r esi st or or other component that i s normally grounded when
NPN devices operate from a posit i ve power supply must be con nected t o the minus
vol t age th at f eeds the emitter . PN P t r ansis t ors can be used in th e same man ner
by f eedi ng t he +V to t he emit t er circui t and re t urning the collec t or to ground.
You may t r eat N-channel and P-channel FETs i n the same manner. Us ing thi s tec h­
nique we can act ually use NPN and PNP devi ces in th e same ci rcuit when only
one power-s upply polarity i s avai lab le. Fig 1-2 i ll ust r at es how this may be
done for NPN and PNP transi stors. Knowled ge of t hi s pra cti cal procedur e enabl es
us t o take advantage of bargain-pr i ce tr an s i stors . It also permits us to use
whatever may be on hand i n the works hop storage bins .
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F i g 1 ~ 2 - - I l lu s tr a t i o n o f how o ne may u s e ei t he r NP N o r PNP t ra ns is to rs
with a positive de power su p pl y. Note the r ela t i o n s h i p o f Rl t R2 a n d

R3 to t he two ci rc u its. Th i s s a me a r rangement ma y be u s e d when emp lo y i ng

a ne g a ti v e po we r s u p p l y wit h NPN t ra ns i s tor s . I n t h i s ca s e t he ne g a t i v e
vol t age is a p pl i ed t o the em i t t e r o f the NPN t ra ns i st o r a nd R3 is g r ou nded .

TRANSISTOR RATINGS AND TERMS

Many newcomers to e l ect r on i c s ex peri me nt i ng ar e baff l ed by the t er ms t hat re late
to t r ansi stor perform ance . Ther e ar e many t erms t o co ns i der , but most of the
symbo ls ar e not of s pec i al i ntere s t t o amat eurs . Do n ' t l et the se t erms scare
you . For examp l e, we often hear t he t erm "bet a ." Th i s r el ate s t o t he cur r ent
gain of t he trans istor - - an i mpor t ant par ameter when we desi gn a c ircuit.
Ther e ar e two expr es s i ons f or beta. One r e la t es to t he dc ga i n of t he tr ans ­
i s t or (hFE). If we appl y a smal l dc volt age t o t he base of the t rans isto r ,
cau s i ng, s ay , 1 mA of base -emitter cu r re nt t o flow , we can now meas ur e t he
co l lector current and l ear n what the dc ga in (beta) i s . If with 1 mA of bas e
current we cause 100 mA of co l lector cu r rent to f low , we have a dc beta of
100 . Th e hi gher t he numb er t he greate r t he tr ans istor ga in . Th er e i s a l so an
ac (s mall s ign al) beta char acteris t i c (hfe) . Thi s i s ge ner all y th e par ameter
th at amateurs are co ncerned wit h . Let 's use t he 2N3904 in Fi g 1-2 f or an example .
Mo t oro la s pec ificat i ons l is t t he hFE as 100 to 300 whe n t her e i s 1 volt of
VCE (co l l ec to r - t o- emitt er ) and an I C (col l ector cur r ent) of 10 mAo The gr eat er
t he co ll ec t or cur r ent t he lowe r t he hFE. Now, 1et ' s l ook at t he hf e r at i ng
for a 2N3904. The manufacturer 1i sts a be ta sp read of 100 to 400 when ther e
i s a l - kH z s i gna l appl i ed t o t he base , and when t he co llect or cur r ent i s 1
mA with a VCE of 10 volts . The manuf act ur er i s unab l e t o sta te a spec if i c hFE
or hfe , hen ce t he "bet a s pread" l i s t i ng . Thi s i s becaus e product i on t ec hni ques
do not permit preci se predeter mi nat i on of t he t rans i stor charac t er i s t i cs for
a gi ven pro duct ion run. Therefor e , so me t r ansi s t or s wi th t he same number s have
s l i ght ly di ff er ent perfo r mance t r ait s .

A rather i mpor t ant term f or t r ans is t or s i s "ft ." Thi s relates t o th e upper
fre quency l i mit of t he devi ce . Thi s char acte r i st i c i s known al so as t he "gain­
bandw i dt h pro duct. " The 2N3904 , fo r example , has an fT of 300 mHz . Thi s means
th at the hf e is unity , or 1 at 300 MHz. The ga i n i nc reases mar kedl y as the
operating f r equency i n MHz is l ower ed . In es sence , the 2N3904 has no gai n at
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300 MHz . Mos t t r ans i stor s will, however , perform as oscillat or s at or somewhat
above their fT ratings. Effi ciency i s usually qui te poor at and above t he f T.

Maxi mum Rat ings : We need t o be ever mi ndf ul of the maxi mum saf e r ati ngs f or
all semico nduct ors. These are li s t ed on t he manuf act urer' s data s hee ts and
in var i ous t r ans i s t or manua ls. Let ' s once again use t he 2N3 904 as an examp le.
The max i mu m VC EO (co l lec tor - to -emitter voltage with t he base open) i s +40.
The max i mum IC (s t eady coll ector cur r ent) i s 200 mA o Ma ximum PD (tot al devi ce
power di ss ip at i on at 25°C [ 72°FJ ) i s 1 . 5 watt s. Now, l et' s l earn what t hese
rat i ngs mean to us .

Transistors are l i kel y to se lf -destruct if t he fo r egoing ra t i ngs are exceed ed ,
even fo r shor t i nterva1s , We shou1d never oper at e a t r ans i stor at its max i mum
ra t ings if we want i t to endure. Excessi ve VC E can puncture the tr ansi stor
junct io n (cause an i nt er nal shor t circu it ) and t oo much IC can me lt t he junction ,
caus i ng an i nterna1 open c i r cui t. I recommend oper ate your t r ans i stor s at half
or l ess the max imum r atings . Thi s all ows ample marg i n for safety .

Kee p in mind t hat t he transistor VC E r i se s t o t wice t he suppl y voltage when
ac or RF energy i s being ampl ified, owi ng t o t he s i ne-wave f unct i on. In ot her
wor ds , i f we used a +24-V VC E for a 2N3904 audio ampl if i er , the VCE can swi ng
as hig h as 48 volts at the peak of t he si ne wav e ! Th i s exceeds t he safe VCE
by 8 volts. In cer tain other ci rc uits (a n ampl it ude-modul at ed Class C 2N3904 ,
f or example) t he VCE ca n t heoret ica l ly in cr ease t o f our ti mes t he VCE!

The effect i ve VC E ca n soa r t o very hi gh l eve l s when an amp l if ier stage br eaks
in t o se lf -os ci llat i on or when an ~ F amplif i er l ooks i nt o a high SWR while it
is oper at i ng at maxi mum power . Therefore , we mu st cons i der many aspect s of
t he VC E wh en we se lect a t r ans istor f or a gi ven appl icat ion .

No transistor shoul d be all owed t o operat e when it i s hot to the touch. Heat
is the no . 1 enemy of se mi conduct or s . Reduce t he oper at i ng par ameter s or use
a heat s in k when a transi s t or i s more t han comfortably warm to th e t ouch. Like ­
wise when worki ng with di odes and ICs . Excess i ve heat usu ally indicates a des i gn
or appl icat ion problem .

TRANSI STOR SATURATION

The expr ess i on "s atu r ation" i s a common one . What does i t mean? Let us s uppose
t hat we have an RF amplifi er s t age i n a sol i d-s t at e tr ansmi t t er. We need to
obta i n mor e out put fro m thi s stage t han we are get t i ng. The t ypic al approac h
by exper i me nte r s i s t o i ncr ease the dr i vi ng powe r t o th e st age i n quest i on .
We ra is e the dri ving power f rom , s ay, 100 mWto 200 mW, but t here i s no in crease
i n output power f r om the i nadequat e stage. How can t hi s be? The s imple answer
i s that th e tr ans istor was already sat urat ed at 100 mW of dr ive . Saturat ion
means t hat no more outpu t can be obt ai ned when in cr easi ng t he exci tation. Vacuum
tubes exhib i t t he same cha racter ist ic. The only way to i ncr ease the power output
is to use a high er VC E, but at the r i sk of exceedi ng t he safe rat in gs of the
transistor . The l ower t he VCE t he quic ker saturat i on occurs . You may observe
th is phenomenon by bui ld i ng a sma l l RF ampl i f i er and meas uri ng th e output power
with a scope or RF vo1tmete r as you apply and i ncr ease t he exci t at i on . Yo u
wi 11 f i nd a poi nt at whi ch no f urt her power out put occur s with an in cr ease
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in dri ving power. This i s t he saturat ion poi nt. Fur ther i ncreases in dr iv e
only cause increased If and degradatio n of the outpu t wav ef orm. I sugges t
t hat you operate your ampl i fier stages just below t he point wh er e saturat i on
occurs .

The t erm saturation i s f r equent l y heard with re lat ion to bipo lar dc switches .
A bipo lar switch is a t ransi stor ( NPN or PNP) that i s use d t o switch dc or
ac ci rcuits in place of a mech anic a l type of sw itch . Diodes may be used as
switche s al so . In the case of a bip olar tr ansi stor switch we need t o apply
forward bias (base voltage) in order t o make t he transistor conduct . When it
is bi ased in to fu 11 conduct i on (turned on ) it ca n cause a re 1ay to c lose or
allow a supply vo l t age to pass t hr ough it to the des ired c ircuit . Suff icient
forwar d bi as i s appl ied durin g thi s process t o cause t he coll ector -emitter
junct ion to f unct i on as a s l ig ht ly resis t ive swi tch. In es sen ce , the t r ansi s t or
is i n saturation when it i s comp lete ly t ur ned on. If the bi polar switch is
used to actuate a r e lay , it is r eferred to as a "r el ay dri ver. " The re l ay fie ld
coi l is placed between t he transis tor co l l ect or and the supp ly-vo ltage source .
Wh en suf f i c i ent col lector cur r ent f lows th rough t he re lay co i l , the r e l ay c l os es .
It i s not possible t o obt a i n a finite r es istance between the co ll ect or and
emitter when a transistor switch i s t ur ned on . Genera l ly, t he effective j unct i on
r esi stance i s a few ohms or less. Fig 1-3 shows t hree exampl es of dc switches.
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Fig 1 -3 - - Ex a mpl e s of de sw itch e s u s i n g bipola r t r a ns istors a nd si licon
diod e s. Q1 is a r e l a y dri ve r (NPN). Ap p lica t i o n o f + 1 2 V to the ba s e

cau ses the t ra nsis tor to cond uct. dr a w c o l l e c t o r cu rre nt a nd actuate
1 2 - V re la y x t • 01 prov i des b i as t hat e ns u res fast turn o f f o f Kl . 0 2 c li ps
tran s ie nts c a use d b y th e c o l l a ps e o f th e Kl fie ld coi l. Q2 is a PN P switc h
that i s t ur ne d o n whe n the ba se i s gro un ded . 03 a nd 04 p r ov id e a se r ie s
de s wi t c h t ha t ma y be u s e d in an audi o o r RF signal l i ne. App licati on
of +12 v o l t s cau se s t he di ode s to cond uct. l N9 14 diodes are u s e d in t he se

ci rcui ts.

There are numerous variations of the above electron ic switc hes. In a l l i ns t ance s
the semi conduct or devi ce must be tu r ned on i f it i s to f unct i on as a swit ch.
It can be considered as saturated when it i s ac tu ated.
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TRANSISTOR POWER AMPLI FIERS

Bipolar and FET dev ic es ar e commonl y used as lar ge - s igna l ampl ifiers from audi o
frequencies t hrough the mi crowave spectr um. Class C operation i s gener al l y
chosen f or CW and FM amplifi ca ti on (nonl i near amp lifi er ) . Class A or AB i s
necessary for amp l ifyi ng AM and SSB s ig na ls, owi ng t o th e need fo r l inear i t y
dur i ng the amp l if icat ion proces s. A l in e ar ampl i f i er i s one th at f aithfull y
r eproduces t he i nput wa vef orm at t he ou t put of t he ampl i f i er . A lin ear amp l i f ier
t hat i s f unct i onin g proper l y crea te s onl y min or di s tort ion products (typica lly
30 dB or great er be l ow t he pe ak power out put of t he ampl i f ier) .

Bi pol ar t r ans istors are avai lab le fo r use i nt o t he mic r owave r eg i on . Power
FETs are at t his time suitab le as ampl i f i er s in t o the VH F s pectrum. The ef f ic ­
i ency of bot h de vi ces i s on the order of 50-60 percent in Cl ass AB ser vi ce,
but Cl as s C eff icien c ies of 70 pe r cent or great er c an be ac hieved when t hes e
t ransistors are used as RF ampl if iers. Tune d (narrow-band) power amp lifiers
are more eff i c i ent than broadband amp 1if i ers . The increased ban dw i dt h of the
latter amp lif ier results i n a trade-of f in amp l ifier gain . Ampl i f i er ef f iciency
is dete rmi ne d by t he ra t io of the powe r diss ipat ion of t he st age ver s us the
s igna l outpu t power . For example, if we ha d a RF amplif ier th at pr oduced 10
wat ts of output powe r , whil e havin g a VC E of 12 vol t s and a col lec t or or dr ain
current of 1.67 A (20 W) , t he eff ic iency of the s t age woul d be 50 percent .

Amp l i f i er gai n i s dete rmi ned by t he s igna l i nput power ver su s th e s ignal out put
power . Suppo se t hat our amp li fie r de l ivers 10 wa t ts of output power . The dr iv i ng
( i nput) power needed to make t his happen i s 1. 5 watts . The s t age ga i n i s 8 .24
dB . This i s obt ained f r om Gain(d B) = 10 l og Pl / P2 , where Pl i s th e higher power
and P2 i s the l ower power. Tr ans i stor power am pl if i e rs ca n produce ga i ns as
gre at as 15 dB, wh ic h is dependent upon the device we se l ect for a gi ven circuit .
High -gain power t ransistors requ ire careful c ircuit des ign in order to preven t
unwanted se lf-os c il lat ion ( instabil ity).

Instab i 1ity ca n be ens ured by adopt i ng a number of design measures, su ch as
keepi ng all s i gnal l e ads short and direct, using a PC board t hat has a grou nd
plane (c opper s ur face) on the component s i de of the board , and by usin g feed back .

Fee dback r e duces t he amp1ifi er gai n by r out i ng some of t he amp 1if i er output
power back t o th e i nput c irc uit. Thi s i s known as neg ati ve f eedback . Posit i ve
f eedback, on th e other hand , encour ages se lf -os c i ll at io n or r egenerati on . The
negat i ve f eedback i s 180 degree s out of phase wit h t he i nputs-s i gna 1 . Pos it i ve
f eedb ack occurs when t he f eedb ack ene r gy i s of the s ame phase as t he i npu t
s igna l. The gr eater the neg ati ve f eedback us ed the l ower t he am pl i f i er gai n .
Theref ore , we mu st us e only enoug h f ee dbac k to assu re amp lif ier stabi lity .

FETs versus Bipolar Tr ans i s t or s: Bi polar power trans istors ca n del i ver nearl y
their rat ed output power when the VC E is reduced somew hat be l ow t he rated va l ue .
By way of examp l e, a 12- V t r ansi stor may be rated at 25 watts of output power .
This same trans istor might de liver 20 watt s of output power at 9 or 10 vol t s .
A power FET , on t he oth er hand , loses output power much faster wh en the VDS
i s reduc ed by a f ew volts . Best r esults can be expected when a power FET is
opera t ed at its r ec ommende d VDS (dr ai n-s ource voltage ). A 24- V power FET may
yie ld 15 watts of out put power at 24 V, but at 12 V t he out put power can dr op
to only 5 or 6 watts with the s ame dri ving power. Greater out put power may
be obta i ned at 12 V by incr e as i ng t he rest i ng drain cur rent (b ias i ng), but
t he eff ic iency of th e stage wi l l be very poor .
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Power FETs ar e more su bj ec t t o VHF self-os c i l lat i on than are bi po lar trans istors.
I t i s f reque nt ly necessary t o us e a "Q killer" or "de- Qi ng" de vi ce direct l y
at the gate of t he power FET. A mini ature f erri t e be ad (850 mu ) may be s l i ppe d
over the gat e l e ad of the t rans i stor . Alternati vel y , we can place a 10-ohm,
1/4- W carbon compos it i on r esi s t or in ser ies with t he input si gna l, di rectl y
at t he t ransis t or gate. I n bro adband amplif ier c i rcui ts we can s hunt a capacitor
f r om t he trans is to r drain to gr ound. It s houl d ha ve an XC (c apacit i ve r eact ­
ance)of a l eas t four time s t he dr ain i mpe dance . Example s of the above methods
f or suppress i ng VHF osc i l l at ion s are sh own in Fi g 1-4.

T1

II{
+VDD

0.1

~

AMP

c

+BIAS

AMP AM P
0

B
S Zl

I N 0-1 0--4

~
0 .1

(~

+BIA S +BI AS

F ig 1-4 - - Ex a mp l e s of power FE Ts t hat ha v e bee n t reate d wit h mea s ures

t o s up p ress or damp VHF oscillati on s. A l O- o hm r e s i s t o r i s u s e d at the
ga t"e o f 0 1 at A. Th i s Rl c o mpo ne nt sh o u l d be loc ated a s clo s e to the
t ra nsis to r a s practica b l e. A f e rr i t e be a d (Z l) is u sed t or t hi s pu rpose
a t B. A drain by pa s s capac i to r ee l) damps VH F os cil la ti on s a t C. I t s
XC sh oul d be f o u r t ime s o r g r e a t e r the t r a ns i s to r drain im peda nc e t o

pre ven t signal l o s s .

R1 of Fi g 1-4A may be used i n combi nati on with C1 of Fi g 1- 4C. In a l i ke manner
you may use Z1 and C1 of Fi g 1-4 to VHF - suppr e s s an amplif ier s t age . The se
t echni que s i ntroduc e neglig ib l e s i gna l loss be low 30 MHz . If t he dra i n imped­
anc e of the FET in Fi g 1-4C i s , s ay , 15 ohms, and the operat i ng f r equ ency is
7 MHz , C1 wi ll be 379 pF or l e s s . The approximat e dr a in impedance is obt a i ned
from Z(ohms) ; VOS 2 / 2Po, where Po is t he amp1ifi er output power in watts . C1
of Fi g 1-4C can then be calcu late d f r om C(u F) ; 2pi X 4ZD X f (MHz) , whe re pi
i s 3 .14 and ZD is t he ca l cul ated dra i n i mped ance . If C1 i s used in a mult ib and
amplifier , choos e t he C1 value f or t he highest oper at ing fre quency .

FETs have a hi gh gate i mpe dance ( 1 me gohm or gre ater ), where as bi pol ar t r ans­
is tors exhib it a l ow input imped ance -- usu ally l es s t ha n 10 ohms in an RF
power ampl if i er . The FET ga te impedance i s set by t he input transformer or
t he ga te r es i s t or i n the bias l i ne . Typic all y , the gate i mpe dance i s made low
intenti onally by t he exte r na l components at t he ampl if i e r i nput. For c ing the
i mpedance to a l ow va l ue ai ds ampl i f ie r st abi l i t y but requires greater dr i ving
power t han if t he driver st age we re l ooki ng into a re lati ve l y high i mp edance .
A 50- to 100-o hm forced impedance i s typi c al. We need s ufficie nt dri ving power
t o cause a signa l-voltage swi ng of roughly 30 volt s peak-to-peak at the gate .
Thi s volt age en sures suffi c i ent exc itation to make the FET draw drain cur r ent
and ampl i fy . The gate of a power FET draws only mi cr oam per e s of current, whi ch
makes i t a s i mple task to devise a re s is t ive bi as networ k .
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Whereas bi polar trans is tors have a bet a (hfe) rati ng to in di c at e their ga in
capabi l ity, FET gain i s ex presse d in siemens or mh os . Thes e t e r ms relate to
t he transc onductance of th e FET. Vacuum - tube transco nduc tance i s e xpressed
also in mhos . This is bec aus e a FET or tube is a voltage amp l if ier, whereas
th e bi po lar t ransis tor ·ampl i f i e s curren t . A mho or siemens i s a unit of conduct­
ance (or admittance ) in the in t e rnati onal system of units (SI) The greater
th e FET t ran sconduct anc e the greater its ga in potent ial .

Internal Capacitance -- FETs vs BJTs: Bi po1ar t r ans i s tors that are used i n
RF power ampli f i er s ex hi bit a substant i a l amo unt of input capacitance. This
ca pac i tance var i es wit h t he operat i ng f r equ en cy , and becomes greater as the
operat i ng f r equen cy ( in MHz ) is l ower ed . A given trans istor may have as much
as 3000 pF of in put capac i tance at 1. 8 MHz . Thi s capac itance , a long with the
small er ou t put capac itance, varies with t he opera tin g vo ltage, current and
fre que ncy. The .c apac it ance change mak es it di ffi cult , but not imposs ib le, to
des ign a good br oadban d amplif ier th at us e s a f eedback networ k . Thi s varying
ca pac it ance causes a nonl i near ity of trans is tor ac tion t hat he lps to gener at e
harmoni c currents (varact or action). It i s not unusua l to fi nd t he second and
thi rd ha r moni c energy only 10 or 15 dB below t he peak fundamen ta l frequency
at t he t ran si s t or · co l lector. A correct ly designed l ow-p as s f i lter at the amp lif­
ie r out put can reso lve thi s pro blem by at tenuat ing t he harmoni c currents by
40 dB or greater. The 1arger t he trans i stor i nt er na1 geometry the greater th e
in put capac itance, as a genera l rul e .

Power FETs do not undergo th es e 1arge cha nges in capacitance. RF power FETs
have a re lat ive ly low inpu t and output capac itance compare d to BJTs . The inter­
nal capac i tance r emain s re lat ive ly cons tant, as i s the case with vac uum tubes .
Thi s f e atu r e mi ni mizes har moni c ge ne r at ion and ma kes it a s imple mat t e r to
de si gn an effect ive f eedb ack networ k fo r a broadban d am pl if ier . Fur t hermore ,
the FET ga i n remai ns t he same up to it s rated uppe r freq uency. On t he other
han d , the th eor et i cal gai n i ncrease f or BJ Ts i s ap prox i mate ly 3 dB for each
oc t ave l ower in fre quency. Thus , if the BJT has a gai n of 10 dB at 14 MHz ,
th e gain becomes 13 dB at 7 MHz, and so on . I ns t abil i t y be come s a maj or consider­
at ion when us i ng VHF BJ Ts i n th e HF s pec trum, owing to t he i nc r e ased gain .

The FET input capac itance i s expresse d as Ciss . Outpu t capac itance i s i dent i f ­
i e d as Cos s . The symbo l for t r ans condu ct ance is gfs . The express ion f or input
c apacitance of a BJT i s Ci b, and t he out put capacitance sy mbol is Cob . These
va l ues are gen er all y stated on th e manuf actu r er' s devi ce dat a shee t .

High va l ues of i nput capac itance make it diffi cult f or us to des ign i nput ­
mat ching networks f or t he upper part of th e HF spec trum . The capacitance needs
to be abso rbed i n the matching network, whic h often resu lts i n unworkab le val ues
of co i l in ductanc e ( a frac t io n of a microhenry i n a wors t-case examp le).

DEVICE SELF-DESTRUCTION CAUSES

The most commo n cause of BJT f ailu r e (assumi ng nor mal ope rati ng vo ltage and
cur r ent) i s t herma l r unaway . Thi s is a fu nct i on of hea t , and usua lly occurs
i f a power trans istor doe s not have ade quate he at- sink area . As t he BJT operat­
i ng t emperatu re ( i nt e r na1) i ncreases, so does i ts ga i n . Thi s i nc r e as e s the
co ll ec tor current , whic h gen erates more he at and ga i n, the r eby causi ng the
ultimate de s t ru ction of t he tran s is to r . The net res ult i s an open or me lted
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t r ans i s to r j unct i on . Exce s sive coll ect or - base or col l ect or -emi tter vol tage
can a lso des t roy a BJT. Exces s i ve voltage punct ur es t he dev ice j unct i on and
causes an in ter na l short c irc ui t . An ohmmet er can be us ed to det ermi ne whet her
exces s i ve vol t age or cur rent des t r oyed a transis tor.

Ther e i s al so a phen omenon ca ll ed "bet a degr adat i on ." In thi s cas e the BJT
gain fa lls off over a per iod of ti me . The us ual cause i s excessi ve base current
th at i s br ought on by too much excitat i on . Too gr eat a 1eve1 of base- emitter
voltage, whic h accompanie s exc ess iv e dri ve , may also resu lt i n beta degrad­
at i on .

Power FETs ar e somewhat mor e f r agi l e th an BJTs wi th r espect to excessive vol tage
or gate cur r ent . Tr ans i ents that appear on t he input sign al can puncture t he
gate insu lation i ns t ant l y . In a like manner, volt age spik es or transi ents on
t he FET dr ain can cause i nstant destruct ion . Mo st modern power FETs t hat are
used in switc hi ng appl i cat i ons cont a i n a bui lt - i n dr ai n-sour ce Zener dio de
to pro t ec t t he t rans i s tor fr om vol t age peaks . Some power FET s have a Zener
di ode f rom gate to source as we11. A des i gner may add t hi s f orm of vo1tage
c l ampin g externa l t o the FET, i f these di odes ar e not pr esent in s i de t he tr ans ­
i s t or . Protective Zener di odes do , however , add to t he tr ansi stor i nput and
out put capac i t ance.

A power FET i s vi r t uall y immu ne t o t herma l r unaway - - a pl us f e atu r e . They
are unl ike ly t o se l f- des truct i n the pr e sence of high SWR, whi ch i s not tr ue
of al l BJTs. Some BJTs have i nt er nal SWR pr otecti on whi ch al l ows t hem to sur viv e
when t he l oad i s mi sma t ched from an open t o a shor t ed condi t i on . They are ca l l ed
"ball ast ed" t r ansi s t or s . The subs trat e of t he t r ans i s t or contains many BJTs
in paral le l, but their emit ters are r e tu r ned t o a common emitter pin through
ti ny 1- ohm res istor s within t he t r ans i s to r . These emi tter r esi s to rs equal i ze
t he currents of t he var i ous t r ansi s t or s so t hat no one BJT "hogs" the current.
Cur rent hogging caus es what i s known as "hot spott i ng, " which can dest r oy t he
cur r ent - hoggi ng trans i s t or or t r ans i s tors on th e su bstr at e .

When you work wi t h any power t r ansi stor i t i s import ant t hat you pr ovi de amp l e
hea t - sin k ar ea . I t i s best that no trans istor becom~ too hot t o t ouch
with your f i nger . If t ne devi ce s hou1d become extreme l y hot t o th e touch,
increa se the area of the hea t si nk . A cool i ng f an may be us ed to lo wer the
t emper atu r e of the tr ans i st or and its heat s i nk, s hou1d your heat s i nk be t oo
smal l f or t he appl icat ion.

Another potent i a1 thre at t o a power trans i s t or i s i mpr oper mo unt i ng of the
devi ce on a heat si nk or PC board . The mi c r os t r i p base , collector and emitter
l eads on some power trans i s to r s shoul d remain at a r i ght ang le t o the trans is t or
body when it i s mounted. In other word s , don' t bend t hese 1eads up or down
when soldering t hem t o the PC board . Th i s caus es stres s on the body (header)
of the t r ans i stor , wh ic h ca n damage t he i nter nal worki ngs of th e devi ce when
i t is hot (ope r at i ng) . Do not over-t ight en th e nut on t he t r ansi s t or mountin g
st ud. It s houl d be snug aga i ns t t he hea t s i nk , but neve r dr awn down severe l y.
A th in l ayer of s i l i cone grease (s i l i cone and z i nc oxide ) shoul d be spre ad
over the area of t he heat s i nk where the t r ans i s t or .mat es wit h the heat s i nk .
Th i s he lps t o ensu r e the pr oper tr ans f er of heat from the tran si s t or to the
heat s i nk.

Small tran si s t ors , such as t hose i n TO- 92 or TO-1 8 cases, can be cool ed by
us ing small pres s- on heat s ink s , or tab s of copper or al umi num t hat ar e aff ixed



10

to t he t r ans is to r body by me ans of epoxy gl ue . Clamp t he met al tab to the t r ans­
i stor body before app lying t he cement. Thi s e nsures a f i r m bond between t he
two mat ing sur faces.

DIODES

We f i nd ourse lves work i ng wit h a wide var iety of di ode s when bui ld i ng amateur
projects . The most commo n ones are those t hat f unct io n as rect i f iers i n power
supplys . Sma ll -signa l di ode s , s uc h as t he 1N 34A and 1N914 types , f i nd reg ular
use as s i gna l de t ect or s , mi xe r s an d fre quency multip l i e r s . We a lso us e a number
of Zener diodes to pr ovi de var io us r e gul at ed dc vo ltages . VVC (vo l tage-variable
capac itance) diodes or varactors are us eful in place of mecha ni c a l tun in g capac ­
itors i n a number of amateur c i rc uits . Varac tor di ode s are us ed also as freq ­
uency multip l iers t hat pr ovid e su bstant ia l outp ut power . Fi g 1- 5 s hows th e
symbo l s for vario us common diodes .

A
ANODE ~ CATHODE

ABc
~ 't

vvc LED

Fig 1 -5 - - Sym bols fo r va r ious com mon se mico nd ucto r d iodes . T h e examp le

a t A sh ows the symbol f or j u nc ti o n and poi n t- c o n t a c t di od e s . Dr a wi ng
B sho ws a diode i n i t s c ase with the ba nd that i nd i c a t e s the c a t ho de
e nd . A Ze ne r d iode i s seen at B , a VVC di od e at F a nd a li g h t - em i t t i ng
d iode ( LE D) at G.

You c an see tha t th e j unct. ion diode ( Fi g 1- 5C) co ns ists of a sandw ic h of t wo
semi co nduct or materia ls (P and N) wit h th e e lect rodes s i nte red to t he wafers.
Thi s repres en ts t he i nne r s tr ucture of s i licon d i ode s . Fig 1- 50 ill us t r at e s
t he in ne r structure of a ge rmanium po in t- contact diode. It i s s imi lar t.o a
galena c r ys t a l and a catswhisker f r om t he days of c r ys t al - de t ec t or radios .
The bar r i e r vo ltage (voltage r equ ired t o make a diode conduct) f or s i l icon
diodes i s approxi mately 0.7, whereas t.he ge r manium diode co nducts at ro ughly
0 . 3 to 0 .4 va It. The ge r man i um di ode , s uc h as the 1N34A and 1N60A , are mor e
sens itive than ar e s i l ic on di odes (s uc h as 1N914 ) in c ircuits t ha t have l ow
s ignal voltage . The s i licon sma ll -sig na l diode ca n accommodat e h i ghe r current
and voltage th an c an a sma ll germa ni um diode.

Di ode Ratings : Rectif ier di ode s are rated f or maxi mum PRY (peak r eve r s e vol tage)
or PIV (peak inverse vo ltage) and current. Exces s i ve PRY ca n ru in a di ode by
caus i ng a sh ort c i r cui t t hro ugh t he diode j uncti on . Too mu ch current (and he at )
wi l l me lt t he junct ion and cause an open c irc ui t .

Zener d i odes are rated f or th e regu lated voltage t hey pr ovid e , s uc h as 9 . 1
V. They a ls o carry a wattage rat ing , s uch as 400 mW, 1-W , e tc . The wattage
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ra ti ng i ndi ca t ed how much current versus vol t age the device can t olerate wi t h­
out br e aking down . The higher the wat t age r ating t he grea t er th e maximum curren t
of the ci rcui t to be reg ulated .

VVC di odes are r ated f or maximum vo ltage and th e capacit ance change they undergo
as t he oper at i ng vo l t age i s var i e d . Max imum diode capac i t anc e occu rs at mini mum
reve r se voltage (a posit i ve volt age i s appli ed t o th e diode cat hode , and t he
anode i s groun ded ) . Va rious ran ges of capaci tance may be had by se lec t i ng t he
app ropriate VVC diode . The se di odes are r ated al so f or Q (qual i t y factor ) ve rs us
the operating freq uen cy . The diod e Q shou ld be subst anti al l y hi gher th an
th e l oaded Q of t he tu ned c i r cui t wit h which it i s us ed .

LEOs ha ve a barr i e r volt age of 1 . 5 and a maximum current of rou gh l y 20 mA ,
depen ding upon the t ype of LEO us ed . The smaller LE Os usu a l l y oper at e wit h
l es s than 10 mA of c urrent. LEOs are ava il able in red , green , ye ll ow and c lear
lenses . They ar e usefu l also as voltage-ref e r ence device s if we take advantage.
of t he i r 1 .5-V barrier character i st ic . You may think of t hem in t hi s appl ic at ion
as low- power 1. 5- V Zener diodes, but wi t h the opera t i ng voltage app lied t o
the anode r ather than th e ca thode (pos it ive volt age is appl i e d t o the cat hode
of a Zener diode) .

Hot Carri e r Diode : Thi sis a sp eci a1 type of di ode t ha t has a l ow bar r i er
voltage (0 .25) and i s ide a l ly s ui t ed to high- speed switching and mi xer ap pl ica t ­
ions . Thi s semi condu ctor is known a lso as th e Schott ky di ode . The fo r ward and
back r esi stance s of hot-carr ier di ode s f r om a gi ven producti on ru n are nearl y
id entical when we compare the diode s with an ohmmeter . Thi s makes t hem i de al
f or use in ba l anced mixe r s and modulator s , where mat ched di odes ens ure t he
best ci r cuit balance. Also , they conduct at much lower s igna l levels t ha n i s
t rue when using the 1N914 type of s i l i con di ode .

PIN Diodes : These diodes ar e us ed as swi t che s in l ow-leve l s ignal l i ne s from
VHF through t he microwave s pe ctrum . They act as variable resist ances , whic h
enables them to switch signals on and off (s uch as wh en th ey cause a s hort
c i r cuit to occur across a wavegui de) . Their char ac t e r ist ics do not make t hem
e spec i a l l y app licabl e to HF operation .

Gu nn and IMPATT Diodes: Gunn diodes ar e used as low-power osc illators from ,
say , 5 to 100 GHz. They can pro vi de output powers of approxi mate1y 100 mW .

IMP ATT diodes fun ction i n a manne r s i mi l ar to th at of a klys t r on. I MPATT di ode s
may be used as mi crowave os ci 11ators t o produce up to a f ew watts of outpu t
power .

Photodiode : Thes e di odes have a junction t hat fun ction s as a phot o det ector .
When exposed to l ight they c ause a cur rent to flow th r oug h a ci r cui t t hat is
exte rn al to the diode . This c ur r ent may be us ed to actuate a switching trans ­
i stor th at can tu rn on a re lay or actuate anot her circuit . The s e di odes have
a t r ansparent case or l ens that permit s light to s trik e th e diode juncti on .
Photodiodes are designed for high-speed swit chi ng, l ow noise and low leakage
current.

Photovolta ic Diode : This di ode is known as a "s o l ar ce ll. " Thi s diode is al so
lig ht - sensiti ve (similar to a phot odi ode) , and a s ing le solar ce ll c an produce
a 0 .5 - V out put. The large r the di sc- or r e ctangu lar -shaped cell t he greater
the output current. These 1arge s i 1i con waf er s are used in ser i es in so 1ar -
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e l ectr i c panel s . Typica lly, 36 ce lls ar e us ed t o deve lop 18 volt s of pane l
ou t put at pe ak s unl i ght. Thi s voltage may then be pas s ed through a "f l oati ng
regu lator " to provide 12-14 V of dc out put . The l arger so l ar ce l ls can del i ver
up to 1 .5 A of output current . Solar panel s may be us ed in s e r ies t o obta i n
hi ghe r vo ltages. In a li ke manner we can place them in parall el t o obta i n higher
out put current .

GaAsFETs

One of t he mo r e moder n transistors i s the GaAsFET. Thi s f ie ld -e ffect tr ansi stor
i s i ntende d f or RF ampli f ic at ion at UHF and mi crowave s . A specif ic GaAsFET
may, for exa mple, del i ve r 11 dB of gain at 5 GHz with a 1.3-dB noi se f i gu r e.
Thi s t r ans is t or i s made wi th ga lli um arseni de (u sed also i n LEOs and some micro ­
wave d i odes ) r athe r t han t he more co mmo n germani um or s i 1i con. The FET gate
i s ma de fr om gold or a lumin um. GaAsFETs ar e avai lable f or us e up thro ugh t he
Ku -band {15.3 GH z ). They are i dea l f or amateur l ow- noi s e , hi gh- gai n pre amp lifiers
or co nve r te r RF amp lifiers from VHF upward . Both l ow- and high - power GaAsFETs
are ava i lable . The l arge -si gn al devi ce s have ne ar l y as l ow a noi s e f igu re as
the smalle r units and t hey have a much greater dynamic range (stro ng-s ignal
handlin g c apa bi l ity ve r s us ove r l oad and IMD degr adat i on).

INTEGRATED CIRCUITS

You wi ll obs e rv e t hat two type s of integrated c i r cuits (I Cs ) are ava i lab le
t o you . Li nea r ICs are t hose th at ca n ampl ify s igna l (ac or RF) en ergy . An
ex ample of a l i ne ar IC i s t he pop ular 741 op amp or t he MC 1350P IF / RF am pl i f ier .
LSI ( large - s c a l e integr at i on) I Cs have mu ch bigger pac ka ge s t han the commo n
8, 14 and 16 pin DIP ( dua l i n- l i ne package) ICs, and t hey have many more pin s
t ha n t ypi c al ICs . Li near ICs perform many jobs ot he r t ha n simp le si gna l ampli fi c­
at ion : t hey ar e us ed as mixe rs , balanced modul ator s , dc ampli f iers , comparators,
and so on .

The ot her IC type i s a di git a l or l ogi c IC. The se ICs are used i n f r equency
counters , comp ut ers , s peech synt hesizers and a host of s i mi l ar dev i ce s that
r equi r e l og i c c i r cu i t ry.

Subsystem ICs : A number of complex ICs are ava i l able to us fo r bu i l di ng compact
equ i pment. A subsystem ICis one th a t co nta in s mo st of the semi co nduc t or s ,
a long with i nt e r nal r e si s t or s and capacitors , to repres en t t he heart of a given
ci rcuit . There are AM and FM r ece i ver su bsystem ICs, pl us so me t hat can be
used as the heart of an SSB rece iver . Si mi lar ly, we can purchase an FM trans­
mit ter su bsystem IC, or one arou nd whic h to bu ild a frequ ency count e r . The se
advanced ICs require some exte rn al components, but pe r mit us t o co ns truct rather
tiny assemb lies of the " Di ck Tr acy wr ist - r ad io" var iety.

IC Hardware: An IC may be "h ard wi re d" (sol dered direc t l y to a PC board) in t o
a mo dul e, or we c an us e IC sockets f or moun ti ng th e chi ps (common name for
an IC). Low-pr ofi l e I C s ockets are almos t mand atory when wor king with lin ear
ICs. A l ow- pr of il e so cket is one t hat ha s s hor t pin s and a thin pl as ti c frame .
Thes e so cke ts mi n imize the pot en ti a l f or i ns t abil ity and other ma lad ies th at
r esult from excess iv e l e ad l engt h i n circuits that ha ve high gain. The l ar ge r
wire - wrap t yp es of IC soc ket s are gener ally okay f or use in digital c i rcuits.

Heat s i nks are ava ilable f or I Cs . The se gadgets are affi xed to t he t op of t he
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I C by means of ep oxy cement . They help to nnmrm ze excessive he at when used
wi t h ICs that di s s i pat e su bs tantia l power . Audio -ou t put I Cs that deli ver several
watts of power are typ ical of i nt e gr at ed c ircu its th at ne ed to be coo l ed to
prevent damage or ma l fu nc t ion .

I+1ICs: Mono lit hi c microwave ICs repres ent a sign if icant advance i n I C design .
The s e sma l ler t han typica l chips are l ow-noi s e amplif iers t hat operate i n t he
VHF, UHF and micr owave spectrum. They are in small packages and have f l at l eads
that exh i bit low inductance , whic h i s essential to proper performance a t t he
high er frequen ci e s . They are broadb and ampl i f i e r s cap ab le of gain s as grea t
as 25 dB , and contain i nt e r nal r e s i s t or s th at mi ni mi ze the component co unt
out side t he I C. MM ICs are designed t o have a char ac teristic i nput and output
impedance of 50 ohms . Thi s makes th em e spec ia ll y adap t ab le t o PC boards t hat
use 50-ohm strip - line copper e lements . MMICs may be cas caded ( us e d i n series)
to devel op mi cr owave amp lifi e rs that ex hibit 40 dB or greater gain , but t his
requires specia l care in l ay in g out the amp l i fier PC boar d t o prevent unwanted
se lf-osc i llat ion. Effect ive powe r - lead decoupling is a l so mandatory fo r e ach
amp l i fier s ec t i on i n order t o avo id inst abi lity .

CHAPTER SUMMARY

Some amat eur s are afra id to exper iment with c ircuits t hat use t ran si s tor s and
I Cs , e spec i a ll y t hose hams who grew up in a vacuum-tube wor ld and ha ve had
no for ma l edu ca t ion respec ti ve t o, semiconductors . "Le ar ni ng by doing " i s an
accep tab 1e t rade-off f or th os e of yo u who have not gone to scho ol to 1ear n
sol id -state de vi c e t heory and appl icat io n . If you accep t tran s istors as current
amplif ier s rather t han vol t age amplifiers, you're on the r oad to be ing a sk i l l ed
experi menter whi 1e us i ng t oday' s dev ices. Mos t of the t heory you need c an be
f ound i n The ARRL Handbook and other League books.

I sug ges t that yo u beg in wi t h some simple ci r cuits, such as a sp eech amp l if i er
f or a mi crophone, a met er amplifier , an IC aud i o amp lif ier or a s i mple recei ver
of the DC (direct-convers ion) var i ety. The more you work wit h so l i d- s t at e
devi ces the greater your knowl edge and confi de nce wi 11 be . You wi 11 wo nder
why you waited so l ong t o get st arted!

Thi s chapter presents a simp le over vi ew of transis t ors , I Cs and diod es . An
ent ire book could be devoted to t he t opic s in th is chapter , but page s pace
i s not ava ilab le to enlarge upon t hese topi cs . Yo u can start on your advent ures
as an exper imenter with nothi ng mor e than a small r e gul a t ed +1 2- V dc power
s upply, a VOM and s ome hand t ool s. In other wor ds , you need not ha ve a l abor ­
ato ry t hat is eq ui pped wi th expens ive t e s t equipment .

Ci rcui t boards also tend to f righten some would-be exper imenters. Aga i n, th i s
should not be a bar r ier for you . It i s easy to ma ke your own PC board (see
later chapter), but you c an avoi d PC boa rd s by using perforat ed phenolic boar d
materi al, or "ugl y construc ti on" th at ca lls for mount i ng t he par ts somewhat
helt er -ske l ter on a smal l pi e ce of blank c i r cui t - boar d mater ial . Mu lt i lug so l der
t ermi na ls may t hen be us e d to suppor t the var i ous components . The copper foil
on the board mater i al serve s as the common point for pa rt s th at are grounded
on one end.
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Glossary of Chapter Terms

Act ive devi ce - A component . s uc h as a t ra nsis to r . t hat r e q u ir e s a n o pe rati n g

vol ta ge.

Ball a st ed t ra ns is t or A t r ans i st or
in g of ma ny b ipo l a r tr a n s i s t or s i n
e a ch tr an s i s t or e mi t ter re t urn ed t o
isto r .

t h a t ha s

pa ra llel

a co mmo n

buil t- in SWR p r ot e cti on . consist­
on a sil ico n s u bst r ate , a n d wi t h
p in th ro u g h a l - o hm i nte r na l r e s -

Be t a - The mea sur e o f th e a pp r oxi mat e gain of a tran sist o r . HFe i s th e de c urrent
g a in a nd hf e is the s mall-s ig na l c u r re nt ga in.

The range of t r a nsisto r bet a fo r a g i ven t y pe o f t ra nsis t o r.
f r o m a p r o d uctio n e x h Lb Lt s a sl ightl y d i ff eren t beta. o wing
o f c ha racte ristics du ri n g t he ma n u factur i ng p rocess.

Beta s prea d

Eac h tra nsis to r
to nonun if orm i t y

BJ T - Bipola r j u nctio n t ra nsisto r.

Br oa dban d
over a wide
f or exam p le .

A cir cuit or co mpo ne n t ch a rac te r is t ic t hat perm i ts it
spect r u m of fr eq ue nc y witho u t be i ng t u ne d. A bro a db a nd
mi g ht p r ov i de u ni fo r m pe r fo r ma nc e fr om 1 .8 t o 3 0 MHz .

to f u nct io n
t r an sfor mer,

Ci ss The cha racte ri sti c i n pu t c apacita nce o f a t r a ns i s tor.

Coss - The c ha r ac t e r i s tic o utp ut c a pa c i ta nce of a tran si st or.

Decouplin g - A metho d f or i s o la t in g a n a ct i v e st a ge from o ther c i rc uits nea rby.
Dec ou p l in g he l ps pr e ven t s i gna l vol tage from migr a ting to ot he r pa r t s o f a
ci rc uit via t he volta ge s upply lin e . Norm a ll y done wit h a ne t wo r k c on s i s t in g
of a r e si stor and c a pac i to rs, o r a n RF c hoke an d ca paci t or s in t he s u pply lin e
to t he act iv e devices.

E f fi c i ency
st a ge ve r s us

A mea sure o f meri t bas e d o n th e powe r di s sipa t ed
th e u s ef u l o ut put power . e xp ressed in pe r cen t ag e .

by an a mp li fi e r

E l e c t r o n i c s wi tc h Al so k nown a s a
that is us e d in pl ac e of a mecha nical

so l i d -s t a te s witc h. A di ode
swit ch i n a dc o r RF l in e.

or t ra nsisto r

Feedback An ampli fi er ou t put
inte nt i ona l l y o r b y a cc i de n t.
am p l ifie r solid -s t a t e ci rcu its.

vol tage t ha t i s fed
Use d inte ntio nally in

ba ck to it s
osc i l l ator

inpu t cir cu i t
a nd br o ad band

FET - Fi eld -ef fe c t t r ans isto r .

Fo rwa r d re s istance
to t he c a t ho de. Ba c k

The i n te r nal
r e s i s t a nc e is

re s istanc e of a d i ode me a s u r ed f r om
measu red f r om cat ho de to ano de .

t he a no d e

t T - The upper useful f r e qu enc y l imi t of a tra ns i sto r . Th e poi n t a t whi ch the
t ra nsi sto r ga in i s uni t y o r 1 . As soc i ated wi th g r o unded-emit t er us e . ~.!..e.!:!~

re p res e nt s the uppe r f r equ enc y li mi t f or a g ro un de d ba se trans i s t or .
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GaAsFET

el e me nts.
A fie ld-e f fec t t r a nsisto r t h a t

Note d to r its high gain and low
u s e s gal lium

noise figure
arsenide
a t VHF,

fo r t h e i n n er

UH F and mi cro -

waves ,

Gain A meas u r e of

by a t r a ns i s t o r, I e o r
t he i n c r ea se
vac u um t ube .

i n s i g na l

Fr e q ue n t l y
po wer o r

e x pr ess ed

vo lta g e whe n

in dB or dB m.

a mpl i f i e d

gil Sy mbol t or t ra n s c o n d u c ta nc e ..

c a l led mu. Pre v io u s l y e xp re ssed i n
P re sen t l y s y mbo l ized

mho s o r mic r o mhos ..
b y 5 1 (siemens) . Also

Gunn diod e A s pe cia l s o l i d- s t a t e d iode u s e d a t UH F a nd microwa ves as a 10 101 -

powe r o sci l lato r.

Heat sink A metal he a t - c ond ucting d e v ice
a po we r d i o d e , trans istor o r I e to he l p l o we r

s e mi c o nd uc to r during o pe ra t i o n .

t ha t i s a t t a ch e d or bo nded
t he in t e rn a l t e mpe r at u r e of

to

th e

hfa Sy mbol f or the ac c u r re nt gain of a BJT.

HFe - S ymbol f or t he dc c u r r e n t ga in of a BJ T.

Hot carrier di ode
a nd a l o w ba r r i e r

A VHF. UH F . mi cr o wa ve
v o lt a ge (0 . 25 v i ,

d i ode tha t ha s a fast S Wit c h i n g ti me

I MPATT diode A microwa ve d i o d e u sed as an o scillator t o prod uce u p to a few
watt s o f outpu t po wer .

Instability A
s e l f - os ci ll at e o n

c on d itio n t ha t occ u r s i n a n a mplifier stage. c a us i n g i t to
o ne o r more ra ndom f req ue nc i es . Ca u sed b y unwa n ted f eedbac k.

JFET - J un ct i on fie ld- e ffect transi s to r .

u sed f o r amp lifica t ion
o sc i l l a t o r.

Linear IC
a c volt a ges.

An
as

in teg ra ted ci rc uit that i s
a mixe r . ba lanc ed mod ul a tor o r

o f de and

Log ic IC
fre qu e nc y

I n t e g r a t e d c irc uit
sy nt hesiz e r s .

u s e d in l o g i c circuits. suc h a s comp u te rs an d

MOSFET Met al ox i d e fi e ld -effec t t r a ns i s to r . Un like a
hav e a n in sulated ga t e. Th e MO S FET ha s a thin la yer of
the ga te a nd t he r ema in d e r of t he inner compon e nt s .•

J FET. which does not
s i lico n ox i de be t we en

MM I C Mono l it hic mi crowa ve
a nd a low noi se figu re at VHF .

in t egrated c i r c u i t.
UHF and micr o wa ves .

Cha r a c t e rized by high gain

c o mpo ne n t or a mpli fie r t ha t am p l if i es
be t u ned f or eac h opera ting f r eq ue nc y .

is t u ne d t o a s pe c ifi c f re que nc y .

Narrowband Opposite o f broad ban d. A
a narrow ba nd o f f r e qu e nc i e s a nd must
A na r rowba nd t r a nsfo r me r , f o r ex a mp le .

Parameter - An o pe rat i n g c ha r act e r ist i c o f a c i rc u it o r c omp o ne nt.

Passi ve circ u it - Opposi t e of an act i ve c i rc u i t.
an d ca u ses a l o ss (i nsert ion l o s s ) in s i g na l
dio d e mi xer can be c a l l e d a pa s si ve de vi c e.

It r e quir e s no o pe r a t i n g volt age
power. A ha rmon ic fil t er o r a
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PO Po wer di s sipa t i o n i n wa t t s o r mil l i wa tt s of a tran s i s t or . Us u a l l y re late s

t o ma x i mu m s af e d i ss ipation at 2 5 ° C (7 2 0 F l .

Photodiode
a nd p ro d uces

A diode wit h a c l e a r gla s s ca se or l en s

a n o u t pu t c u rren t whe n ex pose d t o li ght.
t hat i s s e n s it ive to l ig ht

Ph otovol t a ic cell
whi ch p r odu c e s O.5 -V

A t h i n water of

o u t pu t i n b r i g ht
si l i c o n t h at i s a li gh t-s e nsi ti v e d iode

s u n li g ht. Kn ow n al so a s a solar c ell.

PIN diode A s pe cial

wav es . Ope ra te s on the
di od e u s ed t or s igna l sw itc h i n g a t VHF . UHF

p r i ncipl e o f va r i a b l e int e r na l r e s i s t a n c e .

and micro -

Power FET - A MOSFET desig ned f o r l a r g e- s i g n a l am plification "Ln watt s.

o - Fi g u re o f meri t
l oss an d the narro we r

o r q u a r tz c r ys ta l.

fa r a
t he

c ompone n t . Th e g reat er

po t en t i a l ba ndw i dth, a s

t he
wit h

Q
a

t h e l o wer t h e

high-O t u ned

ci rc uit

circuit

Q killer S lang e x pressi on fo r a d e vi c e <us ua l l y a re si st or or f e r r ite b e a d )

u sed to spoil th e 0 o f a s pe ci fie d ci rc ui t o r c o mponent to d i s c our ag e c i rcuit

in stabili t y . Kno wn al s o a s a D-Qing d e v i c e .

Saturation - A co nditio n

p r od uces no cor res po ndi ng

that o c c u rs wh e n inc r ea s ed e xcita ti o n

in c r ease i n amplifier ou tput .

o f an ampli f ier

5ieaens (51) - Cur re nt t e r m f o r ex p r essi n g gm or t ra ns c o n d u ct a n c e.

So l i d- s t a t e switch - A se mi condu c t o r de v i ce us ed in p lace o f a me c h an i c a l swit c h

to turn ~ circu i t o n o r o ff b y me a ns of a co n t ro l vo lta g e ap p lie d to the solid ­

s t a t e s wi tc h.

Thermal runaway
beco me s ex c e s s i v e ly

to r i s e a nd prod uce

A se lf-de stru c t c ondit ion that ca n be fa l l a BJ T when i t

hot . Ga i n i ncrea se s wit h hea t , causing t he coll ect or cu rr en t

mo r e h e a t un t i l th e t ra ns isto r bur ns o u t.

Ve e - Dc s u pp ly v o lt a g e t o a BJT circuit .

Vee - Opera ti ng vo lt a ge me a sured fr o m a BJ T coll e ctor to e mit t e r.

VOO - S upp ly vo lt a ge t o the d r a in of a n FET s t age.

VOS - Vo lt age me a su r e d from a FET d r a in t o i ts so u r ce .

Zener diode - A diode u s e d as a voltage r e gu l a t or . Po si t i v e d c voltage i s app l ied

to t he c a t h o d e o f th e Zene r diode t h r ou g h a se ries res isto r . Th e a no de i s

g r o u n de d.
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TRANSISTOR APPLICAT IONS

CHAPTER 2

Thi s chapt er offers bas ic "r ecip e s " fo r a number of commo n circuits th at yo u
wi 11 be wo r ki ng wit h . Many of the ci rcu it s may be used wit h ot her c ircuits i n
t his book, thereby permi tt ing you t o buil d a composite uni t of you r choice .
All of t he c irc uits in t hi s se ct i on are pract i ca l ones. The components have
ass ig ned va lues that all ow you to dup li c at e t hese c ircuits wit h ease . No ne of
the va lues l i s t ed are es pec ia l ly cri t ic a l . Dep ar tu r es of 20% f rom t he des ignated
component va l ues wi l l not i mpai r t he perfo r mance of the s e common c ircu its .

AUDIO AMPLIFI ERS and PREAMPLIFI ERS

A good star t ing poin t f or you r f irst -time adven tu res with s emico nductors i s
to bui ld so me aud io amp l i f i ers that use BJTs and FET s . Fami li arity wit h th es e
s imple c ircuits wi ll a id yo u l at e r on when you work wit h ot he r c ircuits that
use t r ans i s t or s . Cho os i ng t he r i ght component va l ues i s t he mos t impor t ant aspec t
of good pe r fo r ma nce . Bi asing a transis tor i s pe r haps t he most cr it ica l of t he
design co ns i de r at io ns. Too l it t le forwar d bias ( base voltage) r esult s i n low
stage ga i n . Too muc h bia s can s at ur ate a t r ansis t or and rende r i t us e l ess . In
fact , excess ive ba se volt age c an ca us e t ran si s to r failu r e by maki ng i t draw
excessive current, whi ch can des t r oy t he t ransi stor junct i on .

It i s impor tant a l s o , when workin g wit h audio ampl if iers, t o se lect compo nent
values t hat prov ide t he de s i r ed aud io r e s pons e f or t he ampl ifier. As a genera l
ru le , t he greate r the capac it ance of t he coup l i ng and emi tter bypas s capac ito rs
the l ower t he fr e quency response . The " lows " can be ro l led of f by usi ng sma l l
va lues of capac i tance i n these pa r ts of t he c ircu i t. The hi gh-f r equency r es ponse
can be l i mit ed also . Thi s is done by us ing correct va lues of bypass ca paci tor
from either the t r ansi s t or bas e or co l lector t o grou nd . In effec t, we have a
cr ude fo r m of t one contro l when we do t his . The desi r e d c apaci t or va l ues can
be determined ex per ime ntal ly by l is te ning t o t he output of an audio amplif ier
with head phones whi le havi ng someo ne s peak i nt o a microphone that is co nnec ted
to t he amp lif ier i nput circu it . A mor e pr ec i s e proce dure for t his ex per i ment
i s t o use a va r iab le-frequency audi o generator and an osc i lloscope . The gen er at or
i s set at t he de s i r ed upper f r equ ency li mit of t he ampl if ier , and var iou s va l ues
of bypas s capac itors are s hunted from th e t ran si s t or base, co llector or dr ai n
until the hi ghs are ro l led off t o yo ur l i ki ng . The same pr ocedur e may be used
when you se lect th e coup l ing -capac itor va l ues, al ong wit h t hose fo r t he em itter
or so urce bypass capac i t ors . I wi ll not bur den you wit h t he e qua t ions t hat des ign
engineers us e for s hapi ng t he audio respo nse of an ampl if i er .

It i s important t hat yo u se lec t a co llector or dr a i n res is to r t hat a llows a
fa ir amo unt of voltage dro p . I l i ke to ha ve approx i mately half t he dc su pply
voltage at th e co llector or dra in of the aud io amp l if i er. In ot her wo rds , if
t he VCC i s 12 vol t s, se lec t a res istor t hat causes t he VCE or VDS to be r oughl y
6 volts . Thi s all ows t he s i gna l volt age ( audio s i ne wave) t o swi ng beyond t he
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vee va lu e without t he pe aks f lat t eni ng and caus i ng distor ti on. Always all ow
fo r plenty of co l lec tor-v ol t age swi ng when the s tage is ampl ifying . The co l l ector
or dr ai n l oad resis t or c an be dete rmi ned by observing the co ll ector current ,
t hen applyi ng Oh m's Law (R = Ell , wher e E is th e des ire d volt age drop and I
i s t he coll ecto r or dr a in cur r e nt i n amper e s) . Fi g 2- 1 sh ows a number of basi c
audio pre am pli fie r s wi t h pr acti c al component val ues . The se may be used, as s hown ,
wi t h opera t i ng vol t age s from g t o 15 wi t hout changes i n the par t s val ues .

NPN PNP
AF AMP 1 uF AF AMP uF

+
(;-0

AF + r-o AF
OUT OUT

1 uF Q2 C

AF~ +

4.7K IN 4.7K

»:
E

10 uF +
4 70

10K ;L10
uF

B
C B E

- vcc +vcc

AF AMP

u F

0---4
AF
I N

c

AF SF 22 uF

1 uF
+ (-;h

+ AF 1 uF(--0 OUT Q4 + 12V
AF

0--)
+

IN

2 .7K AF
r-o OUT

10 uF Q3, Q4 l OOK 2 . 2 uF

{# 470
0

+VDD G S 0

F ig 2 - 1 E x a mples o f lo w- l e v e l a udi o a mp li f i e rs or p r e am p l i f i e rs . Q1

ma y b e a ny c o mmo n t r a nsi s to r s u c h as 2 N3 9 0 4 . 2 N2 2 22 o r 2N4400 . Th e i np ut

impe da nce o t the ampl if i e r s a t A an d B i s o n t he o r de r of 6 0 0 - 10 0 0 ohm s ,

ma k i ng them s ui t a b l e f or u s e with 6 00 - ohm mi c s . Th e o u t p ut i mp e d a n c e i s

se t by t he co l lec to r r e s i s t o r ( 4 . 7 K o hms) . Th e c i r c ui t a t B s ho ws ho w

t o u se a PNP tran si st o r ( 2N 3 906 , 2 N4 4 0 3 . e t c , ) wit h a po siti v e s u p p l y
vo lt a ge . a s di s cuss e d o n p a ge 2. T h e s tag e g a i n a t A a n d B is 10 -1 5 dB

typi c a l ly . A JFE T (MP F10 2 o r e q u iv al e n t ) i s u s ed a t C to p r o vi de a h ig h ­

i mp e d an c e i npu t f or hi -Z mLc s , s u c h a s t he 0 - 104 ( 5 0 K oh ms) . T h e s t a g e

g ain ( C ) is r ou g h l y 10 d B . A so u rc e fol lowe r is s ho wn at D. The FET acts

a s an im pedance t ran s f o r mer (h i - t o l o w-iZ } wh i c h pe rm its t h e use of a

hi - Z mic (s uc h a s 0 -1 0 4 ) wi t h a lo w-Z ( 600 o hm ) mi c inpu t circu it. T h e

vo l t a ge ga in ( a c t ua ll y a s li g ht lo s s ) o f the so u r ce f oll o we r is 0 .9 . T h e

com p o ne nt values li s ted ab o ve a r e f o r voic e c o mmun i cat i o n a nd p r o v id e

ma x i mum r e s pons e fr om 3 00 t o 3000 H z .
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100

22 uF
+rr;-) 1---1"""'""'"--- __----'\IV'~-__<J +1 2V

R i s in ohms
K = 1000
Ci s i n uF

2N3 904
Cl

1 u F
+

floRl
10K

1K
lOOK

+
600 OHM

1 uFI NPUT

C2

1 K

E

1 uF

C B E

( 5KI

or , Q2

F i g 2 -2 -- Examp le o f a co mpo un d o r d ir e c t - c o u p l ed a udio preampli fi e r .

The v al u e s tor C! , C2 and C4 a re chosen f or t he desired low -f requency

r o Ll o t f , T he gr e a t er the ca pacit an ce the l o we r the f r equency r e s po n s e .
The v a l u e s l i s t e d abo ve a re tor atten uation b e l o w ap p ro ximate ly 500 Hz .

C5 ma y be adde d to r oll off th e h igh er a u d i o fr e q u en c i e s . Va lues be tween

0 .00 1 an d 0.1 uF are s uitab le tor speech -freq uen cy l i mi t s of 5 0 0 0 to 2000
Hz . respective l y . Rl ( l K ) a nd C3 (0 .00 5 uF ) ma y be a dde d to p revent RF

energ y f rom entering t he amplif ier . A l- mH RF c hoke ma y be u s e d i n p lace

of Rl t o preserve the 600 -oh m inp u t i mped a n c e .

Fig 2-2 shows a hi gh - gain co mpo und audio preamplif ier t hat can be us ed as a
mic booster, aud i o- i nput s tage for a transmitter or a l ow-l e vel aud io amp lif ier
in a r ecei ve r. It wi l l perform wel l from +9 to +15 vo l t s an d prov ides a vo ltage
gain (AV) of rough ly 40 dB at +12 vo lts. You may i nc r e as e t he Iow- f r eq uency
re s pons e to 10 Hz by changing C1 , C2 and C4 to 10 uF . Thi s l ow- no i se preamp
is t emperature-s table because of t he f eedb ack c ircu it used . R1 and C3 may be
used t o fi lt e r unwanted RF e ner gy from the mic 1ead . R1 wi 11 cha nge t he i nput
i mpedance t o 1600 ohms , but i t wi ll remai n essentia lly 600 ohms i f you subst itu te
a 500 - or 1000- uH RF c hoke f or R1 . Trans i s tor s s uch as the 2N2222A and 2N4400
may be used i n p lace of t he 2N3904s s hown i n Fi g 2-2. Any 1ow-no i se NPN trans ­
is to r with an hfe equ i va lent to or greater t han tha t of a 2N3904 i s s u itable
f or t hi s c i rc ui t .

Out put bypass capacitor C5 i s us ed to s hape the f r e que ncy respons e of the amp­
lif ier by ro l l i ng off t he hi ghe r aud io frequencies . This may be done experiment­
all y whi1 e mon itor ing th e aud io output wit h headp hones whi le speaking i nto t he
mic . An au di o sine-wave generator and a sco pe can be use d f or t his e xperi ment
to obt ain more accurate s ha ping of the amplif ier response . C5 a lso se r ve s as
an RF byp as s c apac itor ( RF energy can s neak in t he bac k door also) . R1 , C1 and
C5 may be app1i e d t o mo st audi 0 pr e amps when RF e nergy di srupts performan ce .
This i s evidenced by a ud io sq uea l ing and di s t or t i on .

Fig 2-3 s hows a compound audi o ampl if ier th at is pat terne d af ter a circu i t that
was presented in the RCA Transistor, Thyri stor & Diod e Manua1: It has a high
in put impedance ( 55K ohms) , whic h make it idea l for high- Z mics su c h as t he
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0- 104 and ot her units with crysta 1 or ceram i c e l ements . The amp 1i f i er out put
is 1 volt RMS (root me an square) ac ro ss a 250 -o hm load i mp edance . The gain is
se l ec t abl e . Gai ns as great as 166 are poss ib le wi th thi s circuit (s ee char t in
Fi g 2-3). As t he gain in cr e ases the inpu t i mped ance decr e ase s . This amp l if ier
i s t emperat ur e and vol t age stabl e li ke the one in Fig 2-2 , ow i ng t o th e fee dback
c ircu it from the emitter of Q2 to the base of Q1. This c i rcu it i s exce llent
f or use as an i mpe danc e t r ans fo rmer between an high -Z mic and a l ow- Z audi o
ampl i f i er . Mos t modern SSB and FM transcei ver s ha ve a low- Z mi c input c i rcui t.
The Fig 2-3 pre amp permits us t o i nt e r f ace a hi gh- Z mic wi th these rigs.

166 2.7K 680K 0
22 7.3K 4 70K 3 9
1 7 9 .0K 430 K 68
10 15K 390K 100

3 55K 360K 390
1 l OOK 330K 1200

E

270

AV

1 uF

+

r(1 V RMSl

AF
OUT

lin Rl R2

Fig 2 -3 - - Co mpo u nd a u dio a mp l i f i er t hat co nv e rts a h igh imp eda nce to

a lo w imp e da nce . Suit ab le f or u s e wi th a h igh - Z mi c a nd a l ow - Z t ranscei ve r
mic i nput . C l i s chosen to r o l l o f f th e high - f r e que nc y a udi o r e s po ns e .
C2 is a n RF b ypass capa citor . Th e c ha r t shows va rio us amp lifier g a i ns
and inpu t impedanc es that r e s u l t fr o m selecte d r e s i s t or v a l u e s .

You may in creas e t he va l ue of the i nput and output coupl i ng capacitors to 10
uF if you de s i re gre at er l ow-f r equen cy r es pons e . The va lu es listed in Fig 2­
3 are for r eject i on of f r eq uenci es be 1ow 500 Hz . In any event , do not use more
th an 1000 pF f or C2 . Large r val ues of c apaci tance will impair t he high- f r equen cy
res ponse of t he ampl if i er . The s ame ru l e appl i es to C1. Use only t hat amou nt
of c apaci tance needed t o roll of f th e hi gh- f r equency r esp ons e f or the usu al
500-2 500 Hz speech range . You may exper i ment wit h the Cl va l ue as outl in ed f or
th e c i rc uit in Fi g 2-2 .

Yo u may us e t ran si s t ors ot her th an tho s e li sted i n Fig 2-3 . If s ubst itutions
ar e made be s ure to choos e a devi ce t ha t ha s characte r ist ics simil ar to the
2N3904 and 2N2201 trans istor s . The sma ll -signa l ga i n and power ratings of the
tr ansisto r s ar e the majo r con si de ra t i on if you s e lect di ffe ren t de vi ce s f or
use at Ql and Q2.

A compl e t e audi o ampl ifi er that dr i ve s a 4- or 8- ohm speaker i s il lustrated
in Fi g 2-4 . This amp l i f ie r is s ui tab l e for use in a home -made rece iver . I t does
not require an interst age or out put t r ansfo r mer. Q4 and Q5 funct ion as compl i ment ­
ary- symme try tran s i stor s in the power-amplif i er portion of th e c irc uit . Note
that one tr ansi stor i s an NPN (Q4) and t he othe r (Q5) i s a PNP dev i ce . In order
t o ensure prope r performance, you need t o use compl i mentary tr ans i s t or s that
have t he same ga in and power out put character i s t ics . The 2N4 401 and 2N4403 tran s ­
i stors pro vid e appro xi ma te ly 400 mWof outpu t . Thi s i s amp l e f or a small r ecei ver .
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r------ - - - ....- ....- - ----.....--t..---rl +1 2V

.J:470 uF
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SPKR
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2 N44 0 13 90

2 N4 4 03

2N4401

Q2

uF

100 uF

4. 7K

47

+
47

u F;L
2 N3904

2 7K

1 uF

AF +
I N G--7 H +--l

BI AS
SET 3 9 0

Fig 2 - 4 - - Schematic diagram of an audio amplifier that is suitab le for
u s e i n a receiver . Po wer ou t put is roug hl y 4 0 0 mW. R1 is ad j us ted fo r
mi n i mu m aud i o d istortion wh i le a weak audio signa l is applied to the input
of t he ov e ral l amplif ier . Co p pe r o r a l u mi nu m tabs (3 /8 X 1 in c h ) a re epo x y ­
ceme n t e d to the f l at sides of Q5 a nd Q5 to s er ve as heat si nks. Overall
a mp l i f i e r current dra in is 1 25 rnA at peak audi o periods.

Var ious low-noise transistors may be us e d at Q1 of Fi g 2- 4 . Al tho ugh t he 2N3 904
i s a common choice for l ow- noi s e au di o app l icat ions , t he 2N4123, MPSA09 and
MSPA18 de vices (among several others ) are recomme nded by Motoro la for use as
low-noise aud i o preamp lifiers . The i nput impe dance of t he Fig 4- 2 ampl if i e r
i s 600 ohms . Yo u may use ei ther a 4- or 8-o hm speaker with t his c i rcu i t. The
speaker sho ul d be ab le to ac commo dat e 1 watt or greater au dio power in order
t o mi nim i ze dis to r tion . Speakers with l ower power rati ngs may be used if you
do not advance the aud io gain control f or vo l ume l e ve l s beyo nd the rating of
t he s peake r . A 10K-ohm audi o- tape r cont ro 1 may be us e d at t he input of Q1 to
serve as a ga in control .

Al l of t he po lar ized capacitors in Fig 2-4 are e lectroltyic or tanta lum types .
The vol t age r at i ng fo r t hese capac i tors i s 16 or greater . R1 i s a t rimmer con t rol
t ha t c an be mounted on the amp lifi e r PC boar d . The l - ohm ballast resistors for
Q4 and Q5 are 1/ 2- W units . All ot he r fi xed- value res is tors are 1/ 4- or 1/ 2- W
car bon compos i t i on or car bon f i l m units .

The r e are many low-cost ICs t hat may be us ed in place of the Fig 2-4 circuit,
and so me of them wi ll be described i n the chapt e r on I Cs . The abo ve ampl if i e r
can be co ns t r uc t ed in a compact manne r , s hould you prefer t o work wi t h discrete
devi ce s r athe r than ICs . I f you use transistor s you will have a better under­
standing of how the circuit operate s .
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OTHER AUDIO CIRCUITS

We have fr equent need f or an audi o-freq uency osc i l la tor . We may use th is c ir cuit
as a s i ne - wave gener ator t ha t c an be us ed when t esting an aud io amplifier, or
we might deci de to i ncl ude a s i mpl e osc i llat or i n a tr ansmitter f or us e as
a CW s i detone osc i llator . Of cour se , audio osc il la t ors are use d wide ly as code ­
practi ce osc i l l ato r s as we l l .

Fi g 2- 5 ill us t ra tes a t wo-t r ansi s t or os c i llator t hat was fi rs t publis hed in
t he RCA Transistor Manual. Component va lues are li s t ed in Fi g 2-5 for var ious
audi o fr equ enc ies.

2.7K

FREQ C2
ADJ

f!!1 01 • 0 2

CBE

470 uF

AUDIO+ '--..r\
~-'-l\~ OUT

1K

_~r---lI'---O + 1 2 V

SH A PE

,..-_< R2

250
WAV E
10

1 uF

B

4 7K5K

0 . 00 1
0 .0 05

0 .0 1
0 . 0 5

O. 1
0 .5

22K
Cl , C2 (uF)

10, 0 0 0
50 0 0
10 00

500
10 0

5 0

F RE 0 ( H Z)

R1

F i g 2 -5 -- Sche mat ic di a gr a m ot a t wi n- T a ud io osci llat o r . 0 1 a nd 0 2 a re
2 N3 904 . 2 N2222 o r 2 N4 4 0 0 t ra ns is to rs . F i x e d - v a lu e resis to rs ar e 1 /4- W
c a rb o n fil m. Rl and R2 a r e l J 2- W c a r bo n t ri mme r s. Pola rized capacit o r s
a re 16 - V t antal um o r el ect rol yti c . K = 1000. C3 is t wic e the value o f

Cl f o r e a ch f re qu en c y l is t ed . Ca paci tors a re pol ys ty rene o r myla r.

The above c i rcu it has been modifi e d from t he or i gina l RCA des ign . Rl a l lows
a small ran ge of f r equency change . It may be el i min ate d in noncr it ica l applicat ­
ions . Li kewise wit h R2 if wave s haping i s not a concern . I f R2 i s e l i mi nat ed
it s hou l d be r ep laced by a 100- ohm r es i stor . Ot herw ise , R2 i s adjusted f or the
pures t s ine wave pa ss i b1e , as observed with a sco pe. Thi s osc ill ato r may be
keyed by break in g th e +12-V su pply lead . If l oud speaker operat ion i s des i red,
yo u may f eed t he os c i l l at or out put i nt o an LM386 audio IC (see s ec t i on on ICs) .

Mic Amplifier with Bass and Treble Boost: Ma ny of us have vo ic es th at lack punch
durin g SSB oper at ion. A person ' s vo i ce may l ack " l ows " or "hi ghs" of su f fi cient
amp lit ude to gi ve the transmit ted s i gnal t he ki nd of pre s ence th at causes t he
s ignal to stand out i n t he QR M or QRN . Some of t he i mporte d s toc k mi cs t hat
come wit h t r ans ce i ve r s have r es t r i cted f r equenc y r esponse , and t his compl ic at es
the ove r a l l problem . Bein g able to boos t t he l ows or hi ghs , or both , ca n ofte n
make th e poore s t of mic s sound acceptab l e . Si mi l ar l y, if yo ur voic e is l acki ng
in hi gh f requenci e s , boost ing t he hi ghs and r o l ling off the l ows can solve your
prob l em . I use t he home -made W1FB el ect r et mic t hat i s de scr ibed i n Au gust 1989
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QST . It has a bas s and trebl e boos t circu it, al ong with a built -in au dio pre amp­
l ifi er. Fi g 2-6 co nta i ns a s i mil ar c ircuit t hat use s trans is tors . It has been
t r e at ed fo r RFI s uppre s s ion. I t may be us ed with any 600- ohm mi c , or it may
be inc lude d in a home - made SSB or FM t r ansmit t e r f or use as the audio pream p­
l i fi e r .

10K

2N3904

56K

+

10 u F

+

uF

10K 10 uF

10K

10K;J:

0.03 3

BASS
Rl

lOOK
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TREB 0 . 0033

4 70
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10
uF

0.033
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~ 1---NoJ""---l

0 . 0 0 3 3
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2 2 uF

+

4.7K

+9 V
TO

+12 V

AF ~
OUT ~1'-'vv....-;~110 K

MIC uF
PREAM P -~ !--..-fVo""...-"""...,..,.....,A;'WO_-lI-__.,

l OOK

CBE

Q1 . Q2

All C in u F
K = 10 0 0

Cl
0 .02

,P
RFCI

500 uH

10 r7
uF 01:K

LO-Z
MI C

F i g 2 -6 Schema t i c dia g ra m o f a bass and t r e b le boost mic a mp li f i e r

t hat u ses the f am il iar Bax a nd all booste r c i rc ui t. F i xe d - v a l u e re s i s t o r s

a re 1 /4 -W ca rbo n f ilm t y p e s . Rl an d R2 ar e car bo n PC-m ou nt tr i mmer s an d

R3 ma y b e PC mou nt o r panel mou n t c a rbo n composi ti on . RFC l i s a min i a tur e

500-uH or l -mH c h ok e . Polari z ed ca paci t or s a r e ta n talu m o r ele c t ro l y t i c ,
1 6 V or gr e a t e r . C1 , C2 a n d C3 are d i s c c e ra mic . Pol y st y r e n e o r my l a r

capacit o rs sho ul d be used a t Rl and R2 (0 .03 3 a nd 0 .00 3 3 u F ). 0 1 and 0 2
may b e a n y t ransis to r s imil a r to the 2 N3904 . s uc h as 2 N2222 and 2N4400 .

Capac itors C1, C2 and C3 are us ed f or bypas s ing unw anted RF energy t hat may
enter t he ampl ifi er vi a t he mi c cor d or +V power l e ad . Too large a capac itance
at t he se c ircuit poi nts wi 11 attenuate t he h igh -frequency response. RF C1 serves
also to suppress RF ene r gy . It s hould be l ocat ed as close to Q1 as practicabl e .
A ferrite bead i n place of RFC1 is nc t effective below VHF . A si ngle bead on
a piece of wire pr ovi de s ap proximate ly 1 uH of induc t ance . This i s not ample
fo r fil t eri ng at HF and MF .

The Fig 2-6 c ircuit may be us ed with any l ow-Z mic , s uc h as an e lec t r et or 600 ­
ohm dynami c mic. Firs t adj ust yo ur t r ans mitt e r wit h your nonamplif ied mi c f or
normal mete r r eadi ngs and a c l ean out put s i gnal. You may now install t he Fi g
2-6 booster . Ad j us t R3 to obt a i n t he same me t er readi ngs dur i ng tr an smit . R1



•

24

and R2 may now be t weaked f or the desi red audio r es ponse . Thi s can be done whi le
us i ng a r ece iv er t o moni t or your voic e t r ansmi ss i on (we ar headphones ). Alternat ­
i vel y , you can adjust these control s whi l e t al king t o someone who knows your
voice charact eris t i cs . The ot her per son ca n te l l you when you sound nat ura l .
Rl and R2 have littl e effect at t he voi ce midr ange f r equenci es (500 t o 1000
HZ) , but t hese cont r o l s a l lo w sever al dB of boos t at t he hi gh- and l ow-f r equency
ends of t he voice spectr um (10 t o 500 and 1000 t o 3000 HZ) .

SMALL SIGNAL RF AMPLIFIERS

BJTs and FETs ar e pref er red devi ces f or l ow-noi se RF amp lif i cat i on i n r ece ivers .
Alt hough some ICs may be used f or RF preamplif i ca t io n at MF and HF , t hey are
genera l ly t oo noi sy ahead of a mi xer, espec i a l ly at 14 MHz and hi gher. The excep t ­
ion is when we use MMI Cs , wh i ch have very l ow noi se f igures. MMICs are fo r use
fr om VHF into the microwave spect r um, where l ow noise and hi gh gai n are often
neces sa r y .

A sma ll -s ignal RF amplif ier t hat i s used ahea d of a mixer must have a noise
f ig ure t hat i s much l ower th an th at of t he mi xer. Mixers are in her ent l y noisy
devices , and some have a negat i ve ga in (c onversio n l os s ). Ther efor e , the RF
amp 1ifi er needs t o have a l ow noi se fi gur e and 10 dB or gr eat er gai n i n most
circu its. Fi g 2-7 s hows c i r cui t s f or common (gr ounded) emitter and commo n source
RF amp l if i ers .

, 1',0. 1 I
100 ) I

+1 2 ':.....J
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A

F i g 2 -7 - - C i rc u it A i s t o r a bipo l a r t ra n s i s t o r s ma l l -si gn a l amp lif ier . I
I t ma y be u s ed f r om MF t h ro u g h VH F whe n s ui t a bl e na r ro w-ban d t u ned ci rc u its
( L2 a nd L3) a re c hosen . Sta ge ga i n i s 12 -20 d B a nd i s d e pe nden t upon the

Q1 biasin g a nd t ra n s i s t or u s e d. A J FE T RF a mpl i f ie r is see n a t 8 . The

same ru l e s f o r c i rc uit A a pply to c i rc uit 8 . Bi as in g is d o ne t h ro u g h the

s e l e c t i o n o f t he e mi t t e r r e s i s t or v alu e . The stag e g a in i s 15 -20 d B. F i x e d ­
val ue capacito rs a re d i s c ce r a mic. Cl a nd C2 a re c e r a mic o r plastic trimmer
capaci t o r s . Re sistors a re 1 /4 - W c arbo n f i l m t ypes . A 2N4 4 16 may be u sed

to r 0 2 in VHF p reamp c i r c u its .

I will offer some r ul es of thumb f or use wit h t he Fig 2- 7 amp lifiers. Cl and
C2 are 300 pF maximum capa citance for 1 .8 th r ough 4 MHz, 150 pF fer 4 threugh
14 ~lHz , 100 pF f er 14 t hrou gh 50 MHz and 50 pF f or 50 th r ough 150 MH z. Select
t he pr oper L2 and L3 i nduct ance to pr ovi de r es onance with Cl and C2 at midr ange .
L1 and L4 have 10% of the tu rns on L3 and L4, r espect i vel y . The tap on L3 of
Fig 2-7A i s pl ace at approximate l y 1/ 3 t he number of t ur ns on L2 (count up fr om
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t he gr ounded end of L2 . I f you have a means by which t o me asu r e noise fig ure ,
exper iment with t he 01 bias i ng (R1 and R2) to obtain t he l owe st ampl i f ier noise
f igur e . Thi s shou ld not be ne ce s s ar y for f r equenc i es be l ow 30 MH z with the parts
val ues and transistor s pec i f i e d . R3 may be e l i mi nated i f no VHF self-osc i l lat i ons
ar e enco untered . Thi s res is tor acts as a par as it i c s uppressor . The base tap
on L2 is normal ly se l ected to prov ide an i mpedance matc h between th e i nput so urce
(usually 50 ohms at L1) and the base of 01 (typ ica lly 600- 1000 ohms) . Maximum
sta ge gain wi ll occur only if t hese i mpe dances are matc hed .

The JFET ampl i f i e r in Fig 2- 78 has f ewe r parts t han c ircu it A. I t is more prone
to self -o s c i ll at i on becaus e bot h t he i nput and outp ut of th e device ex hi bit
a hi gh i mpedance (more diff icu lt to tame). Carefu l l ayout i s necessary if yo u
ar e t o avoid i nstability . L2 and L3 , a long with t he ir assoc iated components
need t o be separated i n order to pre vent unwanted feedback ca used by s t r ay
cou pl i ng . St abi l ity in an amp lif ier of t hi s type may be impr oved by t appi ng
t he gat e t owar d ground on L2 . The dra in may also be t apped down on L3 t o mi nimize
t he ten dency t owar d self-osci llation .

Stabi li ty is enha nced when we us e s hie lded tune d circu its . The met a l shie l d
cans are connect e d to c ircuit groun d . The Amidon Assoc. L-33 , L- 43 and L-57
coil / tr ans f or me r assemblies are ex ce l lent for t his app l icatio n. Thes e components
are manuf act ur e d by Micrometa ls Corp . and are avai lable f r om Amidon with var io us
t ype s of cores . The core material i s c hosen for the operating frequency i n or der
to en sure a suitab le va l ue of unloade d 0 (0 ) . O-vers us -f da ta is pr ovi ded i n
the Ami don catalog . u

Tor oid cores may a lso be used f or t he tun ed c ircuits in Fi g 2- 7 . Toroi da l co i ls
and transformers are self-shielding , and t hi s he lps to pre vent unwanted i nducti ve
coupl i ng between the tuned circu its . Thi s mini mizes th e feedbac k t ha t can ca use
se lf-oscillation of an amp lifier stage . The toro idal tune d c ircuits s hould be
s pac ed a r e asonable distance from one ano ther in order to avo id unwanted capac it­
i ve coupl ing , which may also en courage self-oscil lat ions to occur . Various sizes
and cor e mi xe s (rec ipes ) are availab le from Amido n Assoc ., Pa lomar Engi neer s
and Radio Kit when purc hasi ng toro id cores by mai l . Tor oi d cores are l e s s cost ly
than are s hi e l ded co i l assemb l ies t hat f eatu r e s l ug t uni ng .

The byp ass and coup l ing capacitors in Fi g 2-7 need to have short , direct l eads
wh en they are i ns t all ed . Lon g l e ads i ntroduce unwanted stray inductan ce , and
t his ind uct ance degrades circ uit per f ormance . At some oper at i ng freq uenci es
the stray i nduct ance c an actu ally negat e the des irable ef fects of t he cap ac i t or .
Un wante d induct ance may also cause an ampl if i er to self-o sc i llate . The leads
on r esi s tors need t o be s hor t and direct al so in most RF circui ts .

The gain of an RF amplifi er needs to be ta i lored to t he c ircuit need s . This
is r efer r ed t o gener a l ly as "gai n dis tr ibut ion ." For example , t oo great an RF
ampl ifi er ga i n, when t he ampl if i e r precede s a mixer , can serious ly degrade the
mi xer pe rformance (dynamic range) . Too li t t l e gain , on the other hand , may not
ens ure tha t the l ow- noi s e amp lif ier overrides the noise of the mixer . In f or mat i on
on thi s s ubjec t is pro vided in ARR L's Sol id State Desi gn for t he Rad io Amat eur.
Gain di s t r i but i on i s an important cons iderat ion in any c i r cuit that uses ma ny
acti ve s tages . In tr ansmit ters , f or examp le , too lit tl e s t age gain wi l l result
in l ow t ransmit t e r output power . Too much gain can overdrive a succeeding RF
amp1ifi er stage and cau se it t o saturate , draw excess i ve current and poss i bly
burn out. Exce s si ve dri ving power also enriches har moni c cur r ent s .
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Other FET RF Amplifiers

You may use dua l -gate MOSH Ts as RF sma ll -s ignal RF amplifiers. Fi g 2- 8 s hows
a 3N211 MOSF ET as a RF ampl if ier. The s igna l i s app lied to gate no. 1 and posit­
i ve bias i s s uppl i e d to gate no. 2 i n c i rcui t A. The JFET in Fig 2-88 i s operat ed
in the common - gate or grounded - gat e mo de. This c i rc uit is very s t able if t he
gat e l e ad i s kept very s hor t 6between the de vice and gr ound . The inpu t i mpedance
i s ro ughly 200 ohms ( lin = 10 Igm ). The ga in of a common- gate amplifier is
somewhat less th an th at of a common-source amp lifier. Typica l ga in f or a common­
gate amp 1i f i er is 10-1 2 dB , wher eas yo u may expect up to 20 dB of gai n from
a we l l de s igned commo n- sour ce ampl if ier .

Oua l - gate MOS FETs may be us ed as s i ngl e - gat e trans is t or s by connec ting gat e
1 and gate 2 t ogether and treat i ng them as a si ng1e gate. In t hi s ma nne r they
may be subs t itut ed f or a JFET in most circuit s . No ga t e bi as i s requ i red when
this is done .

RF AM P LI F IE R

A

RF AMPLIFIER

lOOK

40673
L2 3 N2 1 1

G2 I'!'!'I G1

o ';;I S

Ql BOTTOM

.12V

IN Ql

liP
GSO

C2

. 12V

OUT

B

L4

F i g 2 -8 - - E x a mp l e (A ) o f a dual -gate MOSF E T RF amp l i f i e r . Ou tput por t s

a re s h o wn for low (50 o h ms ) an d hi gh (seve ral K oh ms) im pe d an c e . T he val ue

o f C3 i s de t e rmi ne d by t he lo ad i mpe da nce to which i t con nec t s. The cir cuit
at B s ho ws a gro un ded -gate J FE T amp lifie r . Note t ha t the s o u r ce of Q1

i s tapped on L2 to p rov i d e a n im pedance ma t ch b e t wee n t h e 5 0 -oh m inpu t

a nd t he 20 0 - o h m La p p r o x , ) sour ce i mp ed an c e.

The RF ampl if i e r in Fi g 2-8A c an prov i de up t o 20 dB of ga in. Hi gh- and low­
i mped ance outputs are shown . The l ower t he lo ad i mpedan ce co nne cted t o C3 t he
sma l le r th e ca pacitor va l ue . This pr even ts exces s i ve tuned- c ircuit l oad i ng ,
whic h can destroy t he t uned-circuit Q. For examp le, if C3 is conne ct ed t o a
50- ohm load , it s val ue s houl d be le s s than 20 pF from 1 .8 t o 10 ~1H z . If t he
outp ut l oad i s , say, 2000 ohms , C3 might be i ncr eas ed t o 47 pF. C1, C2, L2 and
L3 are chosen f or t he operat i ng f r equency . The LC r at io i s not cr it ica l. L1
and L4, by r ule of thumb, cont ain ap pr oximate ly 10 percent of the t ot al L2 and
L3 coi l turns f or a 50- ohm output i mpedance . The number of L1 and L4 t urns may
be det ermi ned expe r ime nta l ly for best c i rcu i t performance.
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The common- gat e JF ET ampl ifier in Fig 2-8B is les s compl i c at ed th an th a t shown
at A of the same f i gur e . The maximum ava i lab le amp lif ier ga in i s l owe r t han
for the dua l - gat e MOS FET examp l e . Typi c al gain f or the circ uit at B i s 10-1 2
dB. Bot h ci r cuits offer low-noi s e performance from MF into t he VH F s pectrum .
The sour ce of Q1 is t apped on L2 to provide a match be t ween t he i nput and source
impe da nce . A s uitabl e expe ri me ntal locat ion f or the t ap i s approx t mate Iy 1/ 4
t he t otal L2 tu r ns (count up from t he grounded end of L2). The t ap po int may
be c hange d t o obt a in max i mum stage gain, co ns i s t e nt wit h proper C1 / L2 s e lec t iv ­
i t y . Too high a tap po in t wil l l o ad t he tuned circui t and lower i t s Q. You may
us e other J FETs for Q1 of Fig 2- 8B, such as the 2N4416 and other HF / VHF de vices.

GaAsFET Ampl ifiers

Ga11 i um ar seni de FETs ar e well s uited to 1ow-noi se operat i on at VHF and ab ov e .
The i r performance i n th i s r egard fa r exceeds th at of 3N211s an d MP F102s. Fig
2-9 ill us trates a VHF ampl i f ie r that use s a GaAsFET as t he ac t iv e de vi ce .

C9 arOra'R3 02

F r om t h e 1 9 9 0

ARRL Han dbook

",,.

Fig 2 - 9 - - Circui t f o r a GaAs FET 43 2 -MH z amp lifier. 0 1 i s a du al - g a te
FET (NE G NE4113 7, Mo t o rola MRF 9 66 /967 o r a 3SK9 7 ) . Fi xe d- v a l ue cap a c ito rs

a re cerami c c hi p o r lead l e s s un i t s t o p r o vid e a low-Z pa t h f o r th e RF

ener g y . Comp l ete pa rts -value d a ta is p rovided in The ARRl Handbook (1 9 90 )
o n pa g e s 32 - 1 a nd 32 - 2 . Nois e f i g u r e i s 0.7 to 0.9 dB and t he ampl i f ie r
g ai n i s 22 t o 24 dB.

GaA sF ETs are ava ilable a l so in th e J FET con f igurati on, s uc h as the Mitsub is hi
MGF1402 . A 43 2-MHz pr e ampl i f i e r that uses t his de vic e i s al so s hown in the 199 0
ARRL Handbook , page 32-2, a long wi t h GaAsFET c irc ui t s for 1296 MHz . The re si stor
va lues i n Fig 2-9 are se lecte d f or the GaAsFET us e d at Q1 . Thi s i nfor mati on
i s gi ven in The ARRL Handbook.

Bi polar t r ansi s t or s are used a l so fo r VHF, UHF and microwave RF ampli fier s.
The MR F901, f or e xamp le, i s c apable of a noi s e figure l e s s t han 2 . 5 dB at 1296
MHz. Power ga ins up t o 10 dB are common when using t he MRF90 1 at 1296 MHz . A
cos t -eff ect i ve 1296-MH z preamp wit h an MRF901 may be seen on page 32- 9 of th e
1990 ARRL Handbook .

Broadband RF Ampl ifiers

The RF amp lifiers we ha ve di scussed t hus f ar are for narrow-b an d appl i c at ion s
(tuned c ircuits). Broadband ampl ifiers have no se lec tiv ity, pe r se, but t hey
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are ess en tial whe n we nee d an amp l i f ie r that covers s evera l MHz without be i ng
adj usted to eac h new operat ing freq ue ncy . Broad band ampl if iers requ ire feedback
c ircuits to ensure t hat t he gai n i s reaso nab ly f lat ( cons t an t ) ac ross the freq­
uency range of t he amp l ifier, suc h as 1.8 to 30 MH z . Broad ba nd amplifiers are
genera l ly de si gned to oper at e 1inear ly, and they have predictab le i npu t and
output i mpedances . Thi s make s them i de a l f or the des igner who needs a broadband
amp l ifier for AM or SSB s ig na l amp l ification. I n or der to en hance the broadband
c haracteris tics of t his ampl i fier we must us e broadband ind uc t or s or tr ansformers
i n place of t he tuned circ ui ts s hown i n Figs 2-7, 2-8 and 2-9 . Broadband amp­
l i f i e r s are in herent ly more noisy t ha n t he circuits shown ear l ier i n this section.
Therefore , they are se ldom us ed as low- noi s e preampli fie rs for receiver s . Rather ,
t hey fin d common use as IF (interme dia te f r equen cy ) ampli f i e r s and RF power
amp lifier s . Fi g 2- 10 shows a practical l ow- power broadband RF amp lifier . Broad­
band power ampl if iers wi ll be di s cus sed later .

3.3K 3.3K

0.1 RF
C1

-, (-;..:hA (--{) OUT B

560 200 560 4 : 1 RF

RF0--7
1 mH OHMS 0.1

1/0"::"RF
RFC1 IN ~IN

O. 1
50 OHM S 50 OHMS T1

1K
1K

10 + 1 2 V
4 .7 10

47

1
0 . 1

10 0
0.1 0 . 1

+12V

Fig 2 -10 - - Exam p les of b road ba nd ampl ifiers t o r use from 1 t o 50 MHz.

Circ uit A i s tor s mal l -signa l l inea r amplification. Q1 is a 2N5 17 9 for
efficient us e at the upper end of the HF and lowe r par t o f the VHF spe ct rum .
A 2N5770 may be used i n place of t he 2N5179 . Ot her devices, s u ch a s the

2 N22 22A and 2N440 1 ma y be used at A f o r o pera tion be low 30 MHz . The circ uit
at B i s capa ble of g reate r o utput po wer than the example at A . It uses
a hu s k i e r tr a n s i s t o r , such a s t he 2N5109 or 2N3866 . T 1 provides a step

down f rom 200 to 50 o hms . T1 has 16 pri mary tur ns of no. 26 e n a m, wi re

o n an Am id on FT-50-43 (8 50 mu ) ferri te t o ro i d. The T1 sec o nda r y ha s 8
tu r ns of no. 26 wi re . A 4 :1 transmission - line t rans forme r may be u s e d
als o at T'l , RFCl in ci rcuit A may be rep laced by T1 in circu it B it a
5 0 - o hm ou tput is desi red .

The c i r cuits i n Fi g 2- 10 use s hunt feedback be tween the bas e and coll ector .
Degener ati ve feedback (unbypassed em itter res istors) is used a lso . It he lp s
to provide a 50-o hm inp ut impedance for Q1 and Q2 . The values of the byp assed
emitter res istors (39 and 100 ohm) can be chosen t o establish the de sired no­
signa l (quiescent) co l lector current of the transistor.

C1 in Fig 2-10B may be in c lu de d for bypass ing VH F harmo nics in th e amplifie r
out put . The XL of C1 should be no l e s s t ha n 800 ohms at the upper opera t ing
fre quency in or der to mi ni mi ze s igna l l os s in the HF range of t he amplifier .
Thus, for a 1.8 to 30 MHz broadband amp lifier we will use nothing l ar ge r t han
6 .6 pF. This becomes more practical when the broadband amplifier i s for use
in a s i ng le, lower-frequency band such as 3 .5-4 .0 MHz . I n this example we use
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4 MHz as the upper freq uency. Thi s results i n a capacit ance of 49 pF f or an
XL of 800 , wh ic h i s 4 X 200 ohms. C1 s hou ld not be requ ired except in t he
most critical of amp lif ier circuits.

We shoul d us e transis tors t hat have a hi gh fT and beta when buil din g broadband
amp l if iers . The 2N5179 , for example , has an fT of 1200 MHz and a sma ll-s igna l
beta (hfe) of up t o 300. Q2 in Fi g 2- 10B i s ad justed for a no- sign al coll ector
cur r ent of approx imat e l y 50 rnA. A press - on crown heat s ink i s recommended for
keepi ng the tr ans istor coo l .

Th e ampl ifi ers in Fi g 2- 10 pr ovide a ga i n of 10-15 dB when mat ched correct ly
to t he ir input and out put l oads . They s hould be uncondit i ona lly stab l e if t he
ci r cuit layou t i s done carefully. The huski e r amp l ifi er at B i s su itable f or
us e as a dri ver in a trans mi tter, or f or use as a post - mi xer ampl if ier i n a
r ec e i ver that features high dynami c range.

RF Power Amplifi ers

Bipo l ar trans is tors and power FETs are us ed for th e gener at io n of hi gh l eve l s
of RF power. The most commo n c l as se s of ampl ifi e r oper ation for amateur work
ar e Cl ass A and Class C. A narrow-band Class C amp li f ier is capab le of an effi c ­
i ency as great as 70% f or bipo lar devi ce s , and up to 85% for power FETs . Cl as s
AB ampl if i er s are used in the br oadb and mode , and they exhi bit ef f icienci es in
t he 50-60 perce nt r ange. Li kewi s e for broadb and Class C ampl i fie rs . There mu s t
always be a tr adeof f between eff ic ien cy and bandw id t h . The advan t age we re ali ze
duri ng br oad band operat ion i s t hat ban d switch ing i s s i mplif ied and no tunin g
i s requi red. It becomes necessary onl y t o switch a group of 50- ohm harmon ic
f i l t e r s whe n using a mu ltiband ampl ifier that i s broadban ded.

Class A am pl if iers ar e bi ased f or l in e ar operat i on. Thi s make s t hem s uitab l e
f or AM and SSB amp l if ic at ion . Class C ampl ifi e rs may be us ed i n the output of
an AM t r ansmitt er if modul at ion i s app l ied t o the am pli f ier. They are us e d a l so
f or the amp 1i f i cat i on of CW and FM s i gna ls, where 1i nearity i s not requ i red .
Line ar ampl ifiers may, however , be us e d f or ampl i f y i ng CW and FM s ignals. Si mpl e
examp les of RF power ampl i f iers are presen ted in Fig 2- 11 .

01 33V 0 2 D4 56 Y

AMP OUT AMP
A OUT

50 50
OHMS OHMS

IN 03

50
0.1 G

OHMS IN 0--7 8

51 OHMS
51
R2 o.o~

~ . 1

2~ + II RFC2
5 uH 5 uH

+12Y +24Y

Fig 2 - 1 1 Ex a mp l e A s ho ws a si ng l e - e nd e d Clas s C BJ T amplif i e r . The
ci rc u it a t 8 i llu st rates a Clas s C power MOS FET b r o ad ban d amp lif i er (see
text f o r further i n f o r ma t i o n) .
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The s imple amp lif ier in Fig 2- 11A ex hi bits a re lat ive ly low input impe dance .
Thi s is us uall y betwee n 1 and 10 ohms, depend i ng on the transistor used and
the current f l owi ng t hro ugh t he base-emitter junct ion. Tl i s wound to provide
a n impedance match between 50 ohms and th e Ql base. A ba l l - par k imped ance ratio
of 5 : 1 for Tl represents a suitable starting po int. Rl i s often us e d in this
type of c ircu i t t o a i d ampli fi e r stab i lity . Values f r om 10 t o 47 ohms are common
for t he MF and HF spectrum. Use t he hi ghe s t va l ue that pr e ve nt s amp l ifier self­
osc i l lat io n . The l owe r th e Rl va l ue th e greater t he i nput - power l os s .

The outp ut of the c i rcu it in Fi g 2- 11A has a br oadb and transformer for T2, as
i s t he s ituatio n f or Tl . An impe da nce ma tc h betwee n t he 50-o hm amp lifier l oad
and t he Ql collector i s effected by means of T2 . The co ll ector i mpe dance is
fou nd from Vcc2 di vi ded by 2 Po , where Vcc i s t he s upp ly voltage and Po is t he
out put power i n wat ts . The transformer tu r ns rat i 0 is adjusted accordi ng ly .
The 50-o hm T2 wi ndi ng may be co nnec te d to a 50 -ohm l ow- pas s har moni c fi 1ter .
Zener dio de 01 may be added to pro tect Ql from vo ltage spi kes t hat may appear
on t he +12 -V s upply l i ne . The diode also protects t he t r ans i s t or whe n t he SWR
is hi gh or if the amp l ifier s hou ld break into sel f-osci l lat ion . I n other words ,
01 l i mit s t he co llector-voltage swi ng to +33 V. A l-W Zener di ode i s recommended .

RF C1 and t he associated bypas s capacitors prov ide bypas sin g from audio through
the VH F spectrum . The c hoke may cons ist of a few turns of no . 20 e namel wire
on an FT -50-43 ferri te toro i d . The wire mu s t be ab le t o c ar r y the Ql co 11ector
curre nt without caus i ng a voltage dr op . The Tl an d T2 toroi d or balun cores
are a lso of f er rite , and have a pe r me ab il ity of 800 to 1000 for HF operatio n.
Ami don or Fa i r - Ri t e no . 43 mate ria l i s su itab le .

A power MOSFET amp l if ier is i llu s t r at ed at B of Fig 2- 11. Note that R2 is used
f or establ ishin g the ampl ifier i nput impe da nce . A power FET has a gate i mpedance
of 1 megohm or greater wit hou t R2 . These e nha ncement-mode FETs requ ire a peak­
t o- pe ak gate voltage of up t o 30 in order to turn on and pro duce output power.
The r e f or e , t he l owe r th e R2 va l ue t he greater t he driv ing power nee ded to develop
th e desir ed vo ltage swi ng across R2 . Values as great as 1000 ohms have been
use d for R2, prov i de d an i nput mat chi ng t r ans f or me r was i ncl uded.

02 and D3 may be adde d to protect th e fr agi l e FET ga te from excessive voltage
and current. A pa ir of 15- V, 400-mW Zener diodes are s uit ab le . The diodes do ,
howe ve r , add s hunt i nput capacitance to t he circ uit . This can complicate the
i mpedance mat ch , espec i all y at the upper e nd of t he HF s pe ct ru m. A pr otect i ve
Zener diode ( 04) may be co nnected f rom t he Q2 drain t o ground for the reasons
given durin g t he disc ussion of Fig 2-1 1A . Some powe r FETs hav e a bui lt- i n drain ­
source Zene r di ode . I n thi s situation you may e l imi na te 04 . The dra in impedance
is de t e r mine d by Z(ohms) = Vdd 2 di vide d by 2Po. Thi s equ at ion prov i des an approx­
i mate Z value . T3 i s wou nd to matc h the 50-ohm load t o the Q2 dra i n. A suitable
harmonic filt e r is us ed at t he out put port of T3 .

VHF paras it ic os c il l at ion i s a common mal ady when wo r ki ng wit h power FETs. A
quic k sol ution fo r t he pr obl em i s to in st al l a 10- or 15- ohm carbon composition
res istor (1/2 W) in ser ies with t he si gna l path . It s hou l d be l oc at ed as close
to t he t r an si s t or gate as pract icab le . A ferrit e bead may be used in place of
t he res istor f or de-Q ing the in put c ircu it .

Class A l i ne ar ope r ati on of t he Fi g 2-1 1 circuits i s shown i n Fig 2-12 . Yo u
wi ll not i ce th at t he c ircuits are similar . The only change i s re lated to the
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app1icat i on of f orward (posit i ve ) bi as to the base of t he BJT and the gate of
th e power FET .

LINEAR D2 LINEAR
AMP TO AMP

T2 D3

TO T3
0.1

IN ()--)

R2
51

.....--.: B

J:
22 uF + 1 to +6 ...-.... ;;;22 uF

R2
VOLTS O .l~

+ 24 V

A +1 2V
R3

10K

F ig 2 - 12 - - Examp les of linea r amp li fier s as der ive d f rom t he ci rc u its

i n F i g 2 - 1 1. 0 1 at A is a rectifi er type o f d i o d e , 5 0 P RY at 1 or 2 A.
I t s ba rri er voltage (0 .71 e s tab lishes a r e g ul a t e d fo rwa rd bia s f o r Ql .
R2 i s se lecte d to pe rmit 50-100 rnA to flow t h r o u g h the 0 1 j u ncti on . A
2 - W r e s i s t or is r e q ui r e d . Ci r c ui t 8 o bt a i ns i t s b i a s fr o m a s i mp l e res is t ­
ive d i v id e r . T he Q2 gate c u r re n t i s i n u A, so 1 /4 -W r e s i s t o r s may be u sed
i n th e d i v id e r . R3 is s e lect e d to pro vid e the des ired f o rwa rd bia s f or
Q2 . A no - s ignal drain cu rr ent o f 10 0 rn A o r g rea te r is t ypi cal fo r Class
A ope r a t io n. The higher t he forward b i a s the gr eate r the dra in cur ren t.

Si mple bias c i rcuits are shown in Fi g 2- 12. Some commerc i a l des igners use IC
vol t age regulators and var i able bia s- vol t age cont rols . In any event it i s i mport ­
ant t hat the f orwar d bi as f or a li near amp1if i er be s t iff (we 11 r egu1ated ) if
linear ity i s t o be pr eser ved. The 22- uF bypass capac itors on th e bias l i nes
he lp to s tabil i ze the volt age by ma in ta in in g a dc char ge at t he bias - voltage
va1ue. Momentary var i at i ons i n the Vcc or Vdd supp1y 1i ne are masked by t he
pr esence of t hese ca pac itors .

I t is importan t that so lid-state l inear ampl ifiers have heat si nks lar ge enoug h
to keep the tran s is tor j unction t emperature at a saf e l evel. Linear ampl if ie rs
r equ ire a larger heat-s i nk area than do Class C ampli fi ers that operat e i n the
same power range. Thi s i s because t he dut y cycle is mor e sever e i n a l inear
ampl ifi er , plu s the i dli ng cur rent th at keeps t he devices hot. No power t r ans­
i st or should be oper ated at a case t emper ature gr eater t han t he spec s heet st at es .

Power FETs ar e not subj ec t to t herma l runaway, and they are r e lative ly t ol erant
of SWR. They ar e, however, more fragi le t han BJTs wi t h r egar d t o vol tage sp ikes
and exce ssi ve gat e current. The thi n l aye r of sili con oxi de th at in sul ate s t he
FET gate from t he drain-source junct ion can be pe r f or ated qui ck l y by a voltage
spik e . Th ese spi kes may appear on t he supply volt age , and may occur on th e RF
i nput voltage l ine as well . Li near amp l ifiers generate l ess har moni c ene rgy
t han i s foun d in the outp ut of Cl ass Camp 1if i ers. Hi gh-order IMD ( i ntermod
di stort ion product s) are of l ower amp litude i n a l i near FET ampl i fier than they
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are i n a l i near BJT ampl if ier -- a defin i te pl us fea ture .

Power FETs th at are designed speci f i cal ly for RF servi ce can deli ver t hei r full
rated output to approximately 175 MHz. Alt hough power FETs that ar e desi gned
for ac and dc switch ing, such as the IRF51 1, can be made to work qui t e wel l
as RF amplifiers up to roughly 14 MHz, they exhibit poor ef fi ciency at t he upper
end of t he HF spectrum , and they are usel ess at VHF . Thi s i s because the int ernal
geome t ry (the HE XFET is an examp1e) is 1arge, and the i nt er na1 capacitances
ar e much higher than in an RF type of power FET . The V-groove t echnol ogy, such
as that developed by Si l ico nix Corp., prov ides a muc h better RF power FET. The
gate impedance of a switching FET i s composed pri marily of XC (capacit ive re act­
ance) and thi s establ ishes a "f r equency sensit iv ity" t hat l imits the pr act ical
upper frequency of t he trans i stor. Convers ely, the input capaci t ance of a BJT
becomes gre ater as the operating f re quency in MHz i s l owered. Thi s , in a sense,
tend s t o correct the f r equency- sensi t i vity prob1em . Power FETs , on th e ot her
hand , maintain a fa irly constant input and out put capacitance vers us f requency.
Thi s make s the FET an excel lent devi ce for use in a linear ampl ifier th at has
shunt fe edback: t he feedbac k network is much eas ier to desi gn than is the case
when desi gning t he feedback network for a wi de-band BJT RF power amp1if ier .

Although I have shown sing le-ended RF power amplifi ers in this section , I want
to acknowledge t he practica l ity of amp l i f iers that use transistors in push-pull
or parallel. Push-pull opera tion i s superior to para lle l operation when we wish
to i ncr ease t he ampl i f ier power over a si ng le de vice. Push-pu l l oper ati on re sults
i n a lower power 1eve1 for even-order harmoni cs , The out pu t impedance of the
trans i stors is always higher i n a push-pull amplif ier than i n a ci rc ui t t hat
has t he same two transistors i n para l le l. We often encounter col l ector impedances
(only a few ohms) in para l l el operat ion t hat are impractical t o match with a
broadband t ra nsformer.

Severa l i ndi vi dual push-pull amplifiers may be used in concert t o develop very
high amount s of RF output power. Thi s is done by using hybr i d spl i tters at th e
i npu ts of the vari ous identi cal amp li fier s . Thi s div ides the dr iv ing power among
the amp lif iers in an equal proporti on. The amp lif ied outputs are joi ned by means
of hybri d comb i ners . Sp l itters and combi ners are broadband transformers with
wi ndings th at have a specifi c phase rel at ionshi p. Combi ners and splitt er s ar e
dis cussed (wi t h practical examp le s ) i n Solid State Design for the Radio Amateur,
and in several of the Mo to rola appl icat i on notes by Helge Granberg , K7ES.

TRANSISTOR OSCILLATORS

We can th i nk of osc il l at or s as ti ny transmi t ter s . In fa ct , amat eurs have for
many decades used osc i l lators as low-power t ransmitters . The present QRP mov e­
ment i s t ailor made for s ingl e-tr ansistor oscillators. An osci ll at or i s not
as effic ient as an ampl if i er, and t hi s i s because some of th e osci l lator outp ut
power i s routed back to the i nput circuit as fee dback energy . An oscill at or
i s actu all y an amp1i fi er , and th e feed back i s used t o make it osci 11 at e. The
feedback ener gy (about 25% of t he ou t put power) is expended to provide osci l la t ­
ion . A ty pi cal osc i l la tor has an ef f iciency of l ess than 50 percent .

Too l it t le feed back can prevent osci l la t ion or make an osci l lator slow to st art.
Too great a feedback amou nt can cause multip le out put freq uen cies , damage a
crysta l or cause even a cryst al-contro l led oscil lator t o exh ibit frequency drift .
We shou ld ad just t he f eedback so th at we use on ly t he amo unt that assures rap id
osc i ll at or starting when t he operat ing vo l tage i s ap plied. The feedback shou ld
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be consistent with mi nimal long-t erm frequ ency dri ft .

Feedback also has an effect on the purity of the osc i ll at or outpu t waveform .
Osc i ll ator bi asi ng af fects the output wav e shape too . An ide al osci ll at or would
have a pure sine wave at it s outp ut port , bu t thi s i s seldom t he case because
of li mi t i ng and harmonic curren ts.

Output coupl ing f or an osc i l l ator should be li ght i n or der to prevent excess i ve
loadi ng by ci rc uits that fo llow the osci ll ator. Exces sive coupl i ng can prevent
an oscil la t or f r om star t i ng when power is applied. If t he ou tput coupl in g i s
too great it can l ead t o frequency shi f t i ng as the out put load i s keyed or tune d.
Load changes cause phase shifts , and t hese af fec t t he operat i ng freq uency. This
l ight coupl i ng, t houg h necessary , also contri butes to a re ducti on in t he ef fect ­
i ve osc i l l ator ef f iciency.

Osc i l l ators ar e usually i sol ated f r om t hei r l oads by means of one, two or three
buffer am pl i f i ers. The better t he i sol at i on between the oscill ator and i t s load,
t he l ess pronounced t he freque ncy shift or "pul l ing " when t he l oad shifts or
i s app lied . This i s mor e importan t when usi ng VFOs th an when operat i ng a crysta l­
control l ed osci l l at or. We shou ld be aware, however , t hat f undament al and over tone
crystal osc i ll ato r s th at operate i n th e upper HF and the VHF spectrum may be
affect ed si gni f ican t ly by loa d changes . Bu ffer stages may be requ ired wit h these
osci l lators as wel l. Trans istor s, compared t o vacuum tubes, are mor e subjec t
to pu lling because t hei r i nt ernal capacitances are substant ially greater t han
those of vacuum t ubes.

Crystal-Controlled Oscillators
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The mos t commo n cryst al oscillator s ar e th e Pierce , Col pitts and standard over ­
tone t ypes . A ho st of other oscillator circuit s exis t , and most of t hem are
named after the person who developed th em . Our concern in this sect ion i s focu sed
on the most commo n of t he circui ts and how th ey are conf igured. Fig 2-13 conta i ns
practica l circui ts for t hese osci l l ators .

I

Fig 2 - 13 Practi c al e xamp les o f c rystal oscil l ato r s . Cir cui t A i s a
P i erc e osci l la t o r . A BJ T may be u s ed at Q1 if t he bias i ng s ho wn a t B i s
us e d . Circ u it B is a Co l pi tts osci lla to r for wh i c h . C3 a nd C4 de t er mine
the l e v e l of f eedback . An ove rto ne osc illato r i s sh own a t C. Ll i s t u ned
to t he de s i re d o dd ha rmoni c of t he c ryst a l . 3 r d , 5 th, 7 th . e t c .



34

The Pi erce osc illator i n Fi g 2-13A depends upon C1 and C2 for f eedback control.
The feed back path is thro ugh Y1, f rom th e Q1 drain t o its gate . C1 and C2 are
chosen to provide only th e fe edback needed to sus ta i n osci llation. The capaci to r
val ues ar e sometimes equal, as shown , but C2 is frequently mu ch larger t han
C1. Thi s depends on t he crysta l acti vity and th e transconduc tan ce of t he FET .
Val ues as small as 15 pF may be used at C1 and val ues as large as 1000 pF can
be used at C2. The lower the osc i 11 ator operat i ng fr equency th e 1arger the C1
and C2 val ues , generally speak i ng . RFC 1 and th e re lat ed stray capacitance mus t
resonate 1 MHz or greater below t he fre quency of Y1 i n order f or t his circui t
t o func ti on. Do not use a t uned circuit in the out put of Q1 for Pierce opera t ­
i on. A t uned ci rcuit may be added if you wish to use the Fig 2- 13A ci rc uit as
an overtone osc i 11ator . In t hi s case you wi 11 el imi nat e C1 and C2. A t uned
drai n ci r cuit i s added and adju sted to the desi re d odd harmon ic of th e crys ta l.
You may use a tr immer capacitor in t hi s event. RFC 1 i s rep laced by a coi l (as
i n Fig 2-13C). A bipolar transistor may be used in plac e of a JFET at Q1. If
this i s done, the base must be biased, as in the circuit of Fig 2- 13B.

Fig 2-13B shows a Co lp i t ts crystal oscil la t or . A JFET may be used at Q2 by ground­
i ng th e source di rect ly and remov ing the forward bias resistors. C3 and C4 set
th e feedback amount. Their val ues ar e i ncreased as the opera t i ng f re quency i s
lower ed. In a simi lar fa shio n, t heir val ues are decreased as t he opera ting f r eq­
uency i s i ncr eased. C3 i s chosen to provide th e des ired amount of feed back .
The hi gh er the FET transconductance and t he greater th e hfe of a BJT , t he bet t er
t he devi ce i s for osci l lator ser vi ce. The fT of t he BJT shou l d be at l east f i ve
times t he operati ng f r equency for best performance , even t hough mos t trans­
i st or s wil l osci l late at th eir fT or even sli ght ly above i t .

A 3rd-over tone osc i ll ator i s see n at C of Fig 2-13. Her e again we may use a
BJT ra ther tha n a JFET. C5 and L1 t une the out put t o t he desired cr ystal over­
t one frequency. Wh en thi s is accompl i shed t he cryst al osc i 11 ates on ly on its
chosen over to ne . There shoul d be no fu ndament al energy present. The eff i ciency
of an overtone oscil lator i s lower th an t hat of a fundament al cry sta l osci l l ator .
Although most fundamental cr yst als can be made to osc il late on t hei r overtones ,
it is better t o use a crysta l t hat i s desi gned for ov ertone use. Be awar e also
t hat t he overto ne freque ncy i s not necessar i ly an exact mult i ple of t he f un d­
ament al cry sta l f requency. It i s sometimes desi r able to use regulated voltage
t o oper ate an over to ne oscillator . Frequency dr ift can occur wi t h crystals t hat
are used at the upper HF r ange. Th e drift can become r ath er sign i f icant at t he
overtone f req uency. Slight shifts i n operati ng vol tag e can r esu lt i n an at t endant
change i n osc i ll ator f re quency. Two VXOs (var iab le crystal ' osci l l at or ) ar e
depic t ed in Fi g 2-14.
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F ig 2 - 14 Ex am p le s o f t wo VXOs. Circ ui t A is a Colp it t s ty pe a nd B is

a Pie rce os c il l a t o r ( see te xt ).
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A VXO is s ubstant i a l ly mor e s table t ha n an LC t ype of VFO . The s hor t comi ng of
VX Os i s th at they pr ov i de a l i mite d freq uency c han ge . The lowe r t he oper at i ng
fre quency the sma ll er the f r equency cha nge . For exampl e , a 3 .5 -MHz VXO doe s
not prov ide more t han approximate ly 1 . 5 kHz of fre quency s hi ft . A 21-MHz VXO,
on the other hand, can be shi fted some 20 kHz with ease. The circu it i n Fi g
2-14A (7 MHz) wil l all ow a shift of roughly 8 kHz with a pl at ed , AT-cut crystal.
I f the i nduc tance of L1 i s increased by a 1ar ge amo unt, the osci 11at or can be
sh ifted 100 kHz or greater, but th e s t ab i l ity become s degraded. The c i rcuit
ac t ua lly oper ates as an LC type of VFO under th e se condit ions. C2 and C3 ar e
the fee dback capac itors. C1 i s used to tu ne t he ava i la ble range of t he VXO.
VXO freque ncy change is non l inear, with maxi mu m change occ ur r ing t oward minimum
c apac itance of C1. L1 may be a miniature RF cho ke. Bipol ar transistors may be
used in place of the JFETs shown in Fig 2-14 . The add ition of base and emitter
bia s resistor s i s required when using BJTs at Q1 and Q2.

Fig 2- 14B s hows a Pierce t ype of VX O. C4 and C6 ar e th e f ee dback c apac itor s.
C5 must have it s r otor and s tat or i ns ul at ed f r om gr ound i n t his c i r cuit . With
the c ircuit values s hown, t he VXO wi l l y i e l d a f req uency sh i ft of approx i mate ly
15 kHz.

The upper operating frequencies of the xt al s i n Fig 2- 14 will be roughly 2 kHz
higher than t he marked va lues when C1 and C5 are at mi nimum capacitance . As
t he t uni ng cap ac i tors are adjus ted for maxi mum capac i t ance , t he operat in g fr eq­
uency beco mes l owe r . The f r equ ency change becomes s lower and s lower as maxi mum
capac i t ance i s reac hed .

Standard Variable-Fre quency Oscill ators

The pr i nc i pl es of coil - c apac itor osc i ll at or s (VFOs) are s imilar to those for
crysta l - cont r o11ed os c i 11 at ors. Feedback energy i s requ i r ed t o make t he bas i c
ampl ifier se lf-OSCi llate , and fre quency s tab il ity i s a maj or co ncern . In fact,
s hort- and l ong-term stab i l ity i s one of t he bi gge s t cha l lenges t o a ham desi gner
of VFOs . The hi gher t he VFO ope rat ing f r equency i n MHz t he gre at er the care
nee ded t o ens ure accep tab 1e s t abi 1ity . VFOs t hat operat e on f undame ntal f r eq ­
uenci es abo ve , s ay , 10 MHz are genera lly i mpr acti c a l f or use i n commu nicat ions
c i rcu i ts t hat have rece i vers with narrow fi lters. It i s better t o operate the
VFO at a l ower f r equency and include mu ltipl ier s tages to reach t he des ired
opera t i ng f r equency . Heterodyne VFOs are the bet t er choi ce, alt hough they are
somewhat mor e comp lex t han direct VFOs.

Semi conductors, as opposed t o vac uum t ubes, are mor e pr one t o fre que ncy dr i ft
when used i n VFOs. Thi s i s because t r ans i s t or s have i nt ern a l capacitances that
change with he at . This heat i s c aused by both de and RF curren t fl ow thr ough
the transistor junction. In a like manner, t he i nt er nal capacitances of a so l i d­
state buffer amplif i er wi ll change with var iat ions i n oper at i ng temperature,
and t hi s pr event s t he osc il lator f rom hav i ng a cons t ant l oad . Load changes,
as we le arned e ar l i e r, ca use f r equen cy change s .

I n order to mi nimi ze t he effects of de and RF he at i ng we ca n operate t he VFO
at r edu ced , regu 1ated volt age . For examp le, we may e lect t o use onl y +6 V for
t he os cillator part of a VFO chain. Thi s reduces the c ircu lat ing current, but
reduces the ava i l abl e VFO output power . A post -OSCi llator amplif ier can be us ed
to elevate the effecti ve output power of t he VFO.
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I t is essen tia l t hat we use high-Q coils and capac itor s i n our VFOs. The greater
t he Q t he bet t er t he pe rformanc e and th e lower the wi de -b and noise out put. Wi de­
band noi se may appea r on ' a transmi t t e d s i gna l and i t ca n ser i ously deg r ade the
performance of a recei ver . An ideal os cillator woul d have zer o noi se out put .

VFO coi ls are t he mos t s table when t hey are air-wou nd and ri gid . The in t r oducti on
of magnet i c cor e mat er i a ls in a coi l , s uch as powdered-i r on toroid s and s l ugs ,
or ferr i te toro id s or s l ugs, has a mar ke d ef fec t on os ci l lator s tabil i t y . These
cor e mat eri al s undergo pe r meability change s wit h var iation s i n ambi ent t emper ­
at ur e . I n some i nst ances th ey unde rg o small changes i n s ize , and t hi s af f ect s
t he co il induct ance . Heat ca n alt er the di men s i ons of magnetic cores , however
min i scu l e t he changes may be . I f cor e mat eri a l i s used , t r y t o adhere t o no .
6 powder ed i ron , s ince i t has exce ll ent s tabi l ity . Al so, it y ields a hi gh coil
Q up t o appr oxi mat e l y 50 MHz . Afte r the toro idal co il is wound it s houl d be
doped with two co at i ngs of pol ys trene Q Dope . Thi s wil l kee p t he co i l turns
f rom s hi ft i ng and caus ing f r equency chan ges.

Fi xed - value VF O capac i t or s playa vi ta l r ol e in fr equenc y s tabi lity. I strongly
r ecommend zero t empera t ure coe f f i c i ent ( NP O) cer amic ca pacitor s in t he fre quency ­
determi ni ng part of a VFO c i rc uit . Thi s inc ludes the feedbac k and output - coupl i ng
capac i t ors. My next c ho ice i s po l ys tyrene ca pac i t ors, which ar e quite temperatu r e­
st abl e t oo . Si l ve r - mica ca pac itor s ar e t hi r d on t he li s t. They are r ath er un­
predi ctabl e with regard t o s t abi l i t y ve r s us heat ing . Some exhi bit a pos it i ve
drif t f actor and some ha ve a nega t ive f ac t or , eve n if th ey are from a given
pr oduct i on ru n . It oft en require s some cut -an d-try eff ort to f in d a gr oup of
s i lv er - mi ca capac i t or s that pro vide s tab l e VFO operat i on. Pol ys t yrene capac i t or s
have a ne gati ve drift trai t, whe r eas magnet ic cor es have a pos it i ve-dri ft c har ­
act er is ti c. These t wo component s, i n comb inati on, off er s tab l e oper at ion bec aus e
the ir dri ft fa ctor s tend t o cance l one anot her.

Av oi d the use of doub1e- s i de d PC boa rds for your VFOs . The PC element s f orm
sma ll cap acitors wi t h t he gr ound-pl ane s i de of these board s , and capac itors
t hat are f ormed i n th is ma nne r ar e extremely unst abl e . Tr y t o keep you r ove ra l l
VFO c ircuit in a separ ate sh i e l de d compartment. Thi s pr event s s t ray RF en ergy
f r om enter i ng t he VFO c ircu i t . Str ay RF cur r en ts ca use i nst abil i t y and err at i c
ope r at i on .
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Fig 2- 15 s hows a recipe type of VFO that you can adapt to your fav or it e operat ­
in g f r equency upon making a few circuit changes. Cl , C2 , C3 C4 , C5 , C7 and C8
are chosen for t he operating fre quency . L1 and L2 mus t be changed al so. Ba ll­
park va l ues f or C4 and C5 are 1500 pF for 160 me t er s, 1000 pF f or 75/ 80 meters,
560 pF f or 30/40 meters and 680 pF f or 5 MHz . C3 s hou l d be have the l eas t capac it ­
ance poss i bl e, cons is tent wi t h r eliab le osci l lator performance. The smal ler
the C3 va lue the gr eater the tuned - c i r cuit i sol ati on f r om the J FET and i t s re lat ­
ed component s. Thi s ensure s ma xi mum l oade d Q and mi ni mum frequen cy dr ift .
A gr eat many stabl e os c i ll at ors operate on t his pr inc ip le. The capac it ance of
C3 i s dependent upon the tu ned- c i r cuit Q and t he t r ans conduc t anc e of Ql. The
gr eat er the device tr ans conductance and t he higher the circuit Q the small er
t he prac t ica l C3 va l ue.

Q2 serves as an untune d buffer to he l p i s o l at e Ql from Q3 and i t s l oad . J FET
Q2 provid es a lOOK-o hm load f or Ql , whi ch mi ni mi ze s l oadin g of t he os c i ll ator.
C6 s hou l d be sma ll i n va l ue t o aid i s ol ati on . Good va l ue s t o use ar e 100 pF
f or 160 meters, 68 pF f or 75/80 meters, 50 pF for 40 meters and 68 pF f or 5
MHz. Smal ler C6 va l ues i mpr ove the i sol ation , but at the cos t of reduced dri ve
to Q2 . Some designers use a r es i s t or (lK to 10K) i n series wit h C6 t o i mpr ove
t he s tage i s ol at i on when using a bi polar trans istor at Q2. The disadvantage
of t his practi ce i s i nc reased circuit noi se , wh ich appears in the VFO- chain
output. Cu r r ent t hat f lows th ro ugh res is t ance generates noi se .

The approxi mate induc tance for L1 can be determi ned af ter you c a l cu l ate t he
t ot a l effective capac itance for the Ql inpu t c ircu it. Eq . 2- 1 s hows how t hi s
may be done.

1
----.,- + Cl + C2 + 6C(t ot a l ) ;

[ C
1
3 + C~ + C

15]
Eq. 2- 1

wh ere C is in pF and 6 i s the appr ox i mat e input c apaci t ance of a J FET. Thi s i s
with Cl, the main-tuni ng c apac itor, full y meshed f or operat io n at the l owes t
VFO ope rat i ng frequency . Once the t ot a l effect ive cap acitance i s know n you c an
deter mine t he required Ll induct anc e fr om

Eq . 2-2 L(}JH ) ;
[nf f] 2 X C(pF)

An NPO ceramic or muRata NPO plasti c t ri mmer may be placed i n paralle l with
Cl to aid in VFO range c al i br at i on . I t s midrange capacitance s hou ld th en be
in cluded in Eq . 2- 1 . Al t e r na t ive ly, you may use a slug-tuned coi l fo r Ll . You may
learn t he uppe r frequency limit of your VFO by appl y i ng Eq. 2-1 and usi ng t he
minimum capaci t ance of Cl in t he fo rmul a .

Cl sh ou l d be a free-tu r ning, double -bear ing variable capacitor . Thi s wi ll he lp
t o prevent f r e quency hoppi ng and dr ift . Avoid using var i abl e c apac i t or s t hat
have a l um i num pl ates for Cl . Aluminum expand s and cont r acts with cha nges in
temperature, and thi s enh ances drift . Pl at ed br ass vanes are mo r e s t ab le.
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The out put l ow-pass ne t wor k at 03 in Fig 2- 15 is also chosen f or t he VFO operat-
i ng frequen cy. It i s de s i gned to match the 800 ohms t o 50 ohms , an d i s not a
par ti cular l y criti c al pi network. I use a de sign 0 of 4. This r e s ults i n an
out put ba ndwi dt h that i s ade quat e f or up to 500 kHz of f requency ran ge. The
net wor k is de s i gned to cu t off s 1 i ght l y abo ve the hi ghest VFO operat i ng f req­
uen cy , s uch as 4. 5 MHz for a 75- me t e r VFO . The Xc and XL f or C7, C8 and L2 i s
200 ohms. You can c alculat e th e c apac itance by us ing C(uF) = 6. 28 x f co x Xc ' when
f co i s the cutof f fre quency i n MHz and Xc i s t he c apac i t i ve r e ac t ance of C7 and C8
in ohms . Thus , for a cutoff freq ue ncy of 7 .5 MHz we f ind that C7 and C8 s hould
be 100 pF.

The i nduc t anc e f or L2 i s obt ained f r om L( uH) = XL / 6. 28 x f co ' wher e 6 .28 i s
2 t ime s pi and f co i s th e cutoff f r equency i n MH z . Hence, f or a 7 . 5-MHz cutoff
we wi l l us e 4. 2 uH of i nduc t ance at L2. XL i s the i nducti ve r eac tance of L2
i n ohms (200 in t his example ) .

01 i n Fi g 2- 15, as di s cus sed ear l ier i n this ch apter , fun c t i ons as a bias stabi l ­
i ze r f or 01. It limit s the t ransc onduct ance of 01 on posi t i ve pe aks of t he RF
s i ne wave and helps t o mi n i mize har moni c output fr om 01. A lN91 4 sma ll -s igna l
di ode i s suitab l e .

JFET Selection for a VFO

High-t r an s conduc t ance J FET s or MOSFETs ar e best suited to VFO operati on . Of
major i mp or t ance i s t he "p in ch - off " c haracter is tic of t he FET. This i s co mmonl y
referre d to as Vp ' In common l anguage , pinch of f i s t he va l ue of the dr ain- sour ce
vo l tage at whic h no fu rther drain c ur r ent f low s . Vgs (off ) may be t ake n to mean
e ssent i al l y t he s ame th in g as Vp ' except t ha t th lS co ndi t i on i s of oppos i t e
phase to Vp' For our appl i c at ion s of JF ETS i n oscil l ator s t his means th at the
hi gher the pi nch-off vo l tage the greater the osci l lator ou t put power fo r a speci f ­
ied drai n supp ly vo lt age. Current - l imit ing within t he FET does not occur as
qu i ckly (dur i ng the s ine -wav e per iod) as wh en we us e FETs wit h a low pinch-off
ch aracter ist ic . The 2N4416 J FET i s mu ch better than the MPF102 in t his respect.

The FET we us e i n an osc il l ator s houl d be de sign ed f or a max i mum f requency that
i s su bst an t ia lly hi gher t han t he pr opos e d operating frequen cy . The 2N4416 i s
s uit abl e f or use as high as the UHF spectrum . It is, therefor e , a good ch oi ce
for MF and HF os c i l l ator s e rv ice. The 3N211 and th e RCA 40673 dual-g ate MOSFETs
are bot h excel lent dev ices for use i n VFO s. They may be use d as JFETs by ty i ng
gates 1 and 2 to ge t he r t o form a s i ngl e gat e, or they can be us e d wi t h th e s i gna l
on ga te no . 1 and f orward bia s on gate no . 2 .

Short- and Long-Term VFO Dr ift

Ou r co nc ern is main 1y f or l ong- t e r m frequency drift. Short - term dri ft occurs
duri ng t he f i r st two or three minutes aft e r operat i ng voltage i s app lied . It
is caus ed by t he hea t i ng of t he trans istor junc t i on (whi ch caus e s an internal
change in capacit ance an d re sis tance). Long- t erm drift , on t he other hand , may
1as t fo r hou r s in a poor ly de s i gne d VF O. A good VFO s hou l d sett 1e down withi n
15 t o 30 minute s after be ing tu r ne d on . Long- t e r m dr ift i s cau sed by RF currents
t hat f low t hrou gh t he VFO c apac itor s, coil and re s istor s . These curren t s c ause
internal he ati ng of t he component s and s ubs equent changes i n valu e. Changes
i n a i r tempera ture around th e f requency- sensiti ve compone nts of a VFO cont ribute
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to long- t erm dr ift . A good VFO sho ul d not have mor e th an, say, 300 Hz of l ong­
term dr ift. Short-te rm dr ift shou l d not exceed 1 kHz. I have seen some poor ly
desi gned VFOs t hat exh i bited up to 10 kHz of shor t - t erm dr ift . These same VFOs
had a subst antial amount of l on g-term drift .

The interior area of fi xed- val ue VFO capacitors should be fair ly l ar ge i n order
to mi nimi ze the effects of RF-current heating. Please refer t o Fig 2-15. I have
learned th at using capacitor s in para llel at C3, C4 and C5 provides great er
i nteri or surface f or the capac itors, and th is reduces dr ift. In a li ke manner
you can use t wo or th ree capacitors in para llel at C2 to reduce the effects
of i nterna 1 heat i ng. Thi s r ecommendat i on i s based on the use of NPO cerami c
or polystyre ne capacitors .

The Fig 2-15 VFO may be opera ted al so as a seri es- tu ned Colpitts t ype . C1 and
C2 wou ld be placed in para l le l between th e lower end of L1 and ground. The ser ies
conf i gur at ion i s ofte n a bet ter choice at 7 MHz and hig her , because the i nduct ­
ance of L1 becomes quite sma l l wi th al l of t he shunt capac i tance th at i s pre sent
in t he ci rc ui t of Fig 2-15. Ser ies t uning r equi r es consider ably more coi l i nduct ­
ance t han when usi ng par alle l t uni ng. If the L1 in du ct ance is sma ll, t he circuit ­
board conduct or s tend to become a s i gnifi cant part of th e coi 1. Th i s causes
dr ift and lower s th e coi l Q. Eq , 2-1 i s not sui t able for calc ulating t he to ta l
effective C i n a ser ies -tuned circuit. It mu st be modif ied t o i ncl ude C1 and
C2 as ser ies component s .

TRANSISTOR MIXERS

Si ngle BJTs or FETs work okay as mi xer s fo r no nstr i ngent appl i cati ons , but t hey
are poor per for me rs in comp ar i son to balance d mixer s t hat use two or f our devi ces .
Si ngle-e nded mixers have poor dynam i c ran ge and offer negl ig i ble suppress io n
of the local-oscill at or energy. The mi xer out put usuall y cont ai ns a hi gh level
of LO (local osc i llator) component . These simpl e mixers ar e, however , usefu l
for inclusion in simpl e bare- bones rece ivers 'and simi lar ci rcui ts . They provi de
an advantage over di ode mi xer s because th ey have convers i on gai n ra t her t han
loss. Thi s mi nimi zes t he number of rece i ver stages th at are needed to provide
t he necess ary 80 dB or gr eat er of over al l re ceiver gain. Exampl es of s imp le
mixer s are given i n Fig 2-16.
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o r 2 N4 4 16 J FE T . Ci rcu it B emp l o y s a d u al - g a t e MOSFET, type 40 6 7 3 o r 3 N2 1 1

o r equi va le nt . Se e t e x t f or a disc u s sio n of t hese mi xer s .
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Fig 2- 16A ill us tr ate s a s i mple J FET mi xer th at has t he LO ( loca l oscillator)
injecti on appl i e d to it s gate. Thi s me t hod i s sat is fac tory if t he inpu t s i gna l
and the LO frequencie s are separated by two or more MH z . Whe n the s e f r equen ci e s
are close to the s ame frequen cy , l oad change s at the mi xer input , plu s the adj us t ­
ment of C1, wi 11 pu11 t he LO f requency . A bet ter t echni que is to s uppl y t he
LO energy t o the 01 sourc e (C4 in dashed 1i nes) . The sour ce byp as s c apac itor
is e l iminated (C5) when thi s is done. LO voltage with e it her meth od of i njec t ­
ion shou ld be 5 to 6 volt s P-P. Lower in jection leve l s r esu lt in r edu ced mi xe r
conver s i on ga i n and degraded dynami c range. Mi xer A i s capab1e of prov i di ng
up t o 15 dB of co nvers ion ga i n . I nput c i rcu it C1/ L1 needs t o have high 0 in
order to a i d the mi xer s e lec t iv i t y (abi lity t o separate signa ls) . C2 or C4 are
se lected to pro vi de t he des ired LO i nj ect i on l evel . The val ue s f or thes e c apac i t­
ors is dep enden t upon t he out put power of th e LO chai n . Values as great as 0 .001
uF and as low as 10 pF rep r e sen t the capaci t ance range you may find necessary.
C1 /L 1 are tuned to t he s i gna l frequency and C3/ L2 ar e tuned t o t he de s i red IF
(int erme diate freque ncy) , whi ch may be the s um or difference fre quency of th e
LO and t he input signa l .

Fig 2-1 6B s hows how yo u may co nf igure a dual-gate MOSFET as a s ingle-ended mi xer .
LO injection i s app l ied to gate no . 2 as s hown. Again , 5 to 6 volt s P-P i s t he
va 1ue to use for best mi xer performance . Do not exc eed 6 volts P-P wh en us i ng
a MOSF ET, s i nce t his can punct ure t he gate in sul at ion of t he FET. I f t hi s occu rs,
the MOSFET deve l opes a s hort ci rc uit and the devi ce funct ions somewhat as a
JFET. Bias f or ga te no . 2 i s obt a i ne d from the voltage de ve l ope d across t he
02 s our ce resi sto r. Forward bia s may be appli ed to thi s gate by e l i mi na t i ng
t he 10K- ohm gat e- source r es is t or and us in g a 3: 1 res ist iv e voltage di vider t hat
is connected t o the +12-V supply 1ine . This require s a 100K- ohm resistor fro m
gat e 2 to gr ound, and a 330K-ohm res is tor fr om gat e 2 t o the +12-V 1i ne. Thi s
mi xe r can yie ld up t o 15 dB of convers i on gai n. The dynami c r ange of both mixers
i n Fig 2- 16 se ldom exceed s 70- 80 dB, whic h i s entire ly adequ ate f or mos t port able
and emergency rece i vers . I so l ation between the input s i gna l an d LO energy , with
re lat ions hip to t he I F output s i gna l i s very poor compared to t ha t of a balanced
mi xer .

Al though bipol ar t r ans i s tors may al so be used as s i mple mi xers , I don 't recommen d
t hem. Thi s is bec au s e t hey have very poor dynamic ran ge, which is usually on
t he or der of 50-60 dB. On the upscale s i de of t hi ngs, however , they often provide
greater con ver sion gain that we can obt a i n with a FET mi xer.

The mi xer s in Fi g 2- 16 may be used with a broadband t ransfo rmer at t he output,
rather t ha n a tu ned c ircuit. When th is is done ther e i s a l os s i n co nvers ion
gain, and t he i nput-output s i gna l i s ol at i on worsen s . In a li ke man ner, t he mi xer
in put c i r cuit may cont a i n a broadband transformer rather t han a tuned circ ui t .
If you e lect to use t he bro adb and me t hod I s t rongly r ecommend t hat a bandpas s
f i lter be us ed ahe ad of t he input t ransformer . Anot her bandpass fi lter should
be us ed at the mi xer output t o ensure t he neces sary se l ect iv ity . Fi lter desi gn
tab les are publi shed in The ARRL Handbook .

Se lf-os c i ll at i on is s e l dom a pro bl em with acti ve mi xers, but it c an occur if
the input sign al and I F are c lo s e ly r elated in terms of f r eq uency . The prob lem
i s then complic ated by the use of sour ce in jecti on, bec ause th e so urce of the
FET i s no l onger bypassed . Thi s me an s t hat a ll three FET t ermi na ls ar e "hot"
with RF energy .
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Balanced Transi stor Mi xers

We have already di scussed t he shor tcomi ngs of si ngle-ended mixers an d th e vir t ues
of balanced mi xer s . Now, l et ' s di scuss balanced mi xer s in greater det ail . We
wi ll cent er our discu ss ion around si ngly bal anced mixer s (t wo transistors t hat
are essent ially connected for push-pul l operat ion). A doubly bala nced mixer
wo uld cont ai n four transistors . The pr acti cal ity of using di screte dev ices in
so elaborate a mi xer is overshadowed by the advantages of usi ng an IC that is
de signed for doubly balanced mi xer serv ice . Thi s is because the use of four
transistors requires (fo r best performance) t hat each transistor exh ibit nearl y
identical ele ct r i cal char acter is tics (matched trans istors) and t he ci rcuit layout
becomes ra t her cr it ic al, since good symmetry i s essent i al t o balance d operat ion .
We wi l l discuss IC mi xers l at er i n the chapter. Meanwhile, pl ease r efer to Fig
2-17 .
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F i g 2 - 1 7 ~- Pr actical ci rcui t to r a s i ng ly balance d MQSFET mi xe r . Cl and
C3 t u ne T1 and T2, respec ti vel y, to re sonance a t the de s ired frequenc y.

C2 i s c hos e n , 85 in Fig 2 -1 6 . t o p ro vide 5 - 6 v o l t s P-P at gate no . 2 of
each FET . Rl is a tr immer c o n t ro l tha t i s ad justed for bes t mi xe r bal ance.
wh i c h helps to co mpe nsate fo r t ra ns i st o rs that a ren't matched . T1 a n d

T2 are bif i la r -wound RF t r a ns fo r me rs . The b l ack do t s a bo ve the windings
i ndicat e the phasing o r pola ri t y o f the wi nd in g s . 01 and Q2 a re 4 06 7 3 ,
3 N2 1 1 o r 3N212 dual- ga t e MOSFETs .

The si ngly balanced mixe r yiel ds 10-15 dB of convers ion gain wi t h t he prescr i bed
val ue of LO i nj ect i on. Balance contro l R1 may be eli mi nated if t he FETs are
close ly mat ched. In t hi s event yo u may t ie the sources together and retur n them
t o ground through a n O-ohm resistor. A singl e 0.1-uF capacitor serves as t he
source-bypass element .

Broadband input and ou tput transformers may be subst ituted at T1 and T2 i f band­
pass f i lter s are used ahead of and afte r the mi xer . In ei t her s i tua t i on, T1
and T2 have a bif ilar wi ndi ng (both main -w inding wires pl aced on t he toro i d
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core , s ide by side , at t he same ti me). The T1 and T2 l i nk windings are adde d
after th e main windi ng i s in pl ace . Powd e r ed- i r on t or o id s are used when the
t ransformers are t uned , .es shown in Fig 2- 17. The core materia l should be no .
2 (re d) f or 1 . 8 through 7 MH z . Use a no . 6 core (ye llow) for 10 MHz through
30 MHz . The se cores ensure a high tu ne d-circuit O. For broadband mi xe r s I s ugge s t
ferrite toroids wit h a permeabi l ity of 800-900 . Amidon Assoc . no . 43 core mi x
i s suitab le .

JF ETs, such as the 2N4416 , may be s ubst it uted at 01 and 02 . If thi s i s done
you wil l ne ed to li f t the gro unded wi nd i ngs of T1 and i ns er t a 100K-o hm r e s i s t or
between these wind i ng le ad s and gro und . The t wo 100K- ohm gate r e si s to r s and
t he two gate -blocking capac itors ar e e l imi nat ed . The transformer windi ngs then
con nect direct ly to the no . 1 gates . In jection is app lied ac ross the 100K- ohm
re si stor added be t we en t he e nds of th e bifilar wi nding and grou nd . No other
c hanges are nece s s ar y . The l in k wi nd ing remains unc ha nged . The Fig 2-17 mixer
is capable of a dynamic range of gO dB.

TRANSI STOR PRODU CT DETECTOR

Product de tectors are used for recept ion of CW , SSB , SSTV an d RTTY s ign als .
Thes e de t ect or s are , i n e f fect , mixer s . The pr inc ipa l diffe r en c e between mixers
and product detectors is that aud i 0, rat her than RF energy, appears at the det ­
ector ou tput port. In other words , t he outp ut i s the product of t he t wo i nput
signa ls . For examp le , a receiver that has a 9 .000 MHz IF and BFO that operates
at 9 .0001 MHz wi ll create an audio t one of 1000 Hz ( 1 kHz) dur ing CW recept io n .
A mixer, co nve rse ly , pr oduces an RF (ca lled t he IF ) ou tpu t si gnal tha t i s
the su m or diff erence of t he t wo i nput signals . Fi g 2- 18 shows t wo t rans istor
product detect ors . The s e circu its are use d co mmonly as th e in put s t age of
DC (di rect -convers i on) or synchrodyne rece i vers, altho ugh bette r perfor ma nce
wi l l be experienced (AM signa l r ej ecti on ) whe n ba lanced produc t de tec tor s are
us ed i n DC rece ivers .
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The product det ectors in Fig 2-18 produce 10-15 dB of con vers ion ga in wit h
proper BFO (beat -frequency osci llator) injection . For circuit A this shou ld
be on the order of 3-4 volts P- P and f or c ircu it B the de si r ed leve l i s 5-6
volts P-P. C2 in each ci r cuit i s se 1ec ted to en s ure the de s i r ed BFO vo I tage.
The va l ue is dependent upon the output power of the BFO. Va l ues f rom 10 to
1000 pF are typ i c a I . Mea su rement s may be made with a s cope or' RF pr obe . P- P
vol tage may be conve r ted to RMS (r oot mean s quar e ) by mu lt i plyi ng the P- P volt ­
age by 0 .3535. An RF probe r e ads RMS voltage , hence the need f or con ver sion .

C1 i n Fi g 2- 18 i s also chos en for t he preva i l ing circuit condit ions. I f the
prod uct detector is co nne cted to a 1ow-i mpe dance poi nt at t he out put of t he
last IF amp l ifier (s uc h as t o t he li nk of an IF t ran sformer ) we may use fair ly
he avy coup l ing . Ql has in i nput impedance of r oughly 1000 ohms, as s hown . There­
f ore, in a low-i mpedanc e c i r cuit we may use Cl val ues from 0 . 001 t o . 0 .1 uf ,
If , on the ot her hand, we connect the pr od uct detector t o a hi gh-impedance
po in t at the IF ampl ifier output (s uc h as t he top of t he main winding of the
IF t r ansformer ) , we mu st use l i ght cou pl in g . Cl va lue s from 10 to 220 pF are
typica l . The l owe r t he IF t he greater the capac it ance used . You wi 11 need t o
do this exp er i men t a l l y i f you aren't a des ign eng i neer . In any event, Cl sh ould
not be s o 1arge that it loads t he IF amp1ifi er and c auses broad t uni ng and
r e duced IF output power . Q2 has an i nput i mpedance of 100K ohms .

C3 i n Fig 2- 18 has no as s i gned va l ue. Here again we may make an arbi t r ary choice
f or t he c apa c i to r va lue . C3 s erv es two purpos es : (1 ) it bypa s se s t he BFO ener gy
that appear s on the co llector or dra in of the prod uct detector , and (2 ) it
bypasse s t he hi gh- f r equency aud i 0 ener gy . The r ec e i ver aud i 0 re sponse may be
s ha ped in par t by choosing a parti cul ar va l ue of C3 cap ac itanc e . I t i s bene ­
f ic ia l to r oll off th e hi ghs at 1000 Hz fo r CW r ecept i on and 2500 Hz fo r SSB
r ecept ion . Thi s e liminates r ec ei ver hi s s no ise and great l y attenua tes hi gh­
pitc hed QRM. Typi c al C3 values ran ge from 0 .005 t o 0. 1 uFo

You wi ll obs erve t ha t t he emi tter of Q1 (f ig 2- 18A) and the source of Q2 (Fi g
2-18B) are doubl y bypass ed. The 0 . 1 uF i s for RF ener gy and the 10- uF capacitor
i s for audio f r equenc ie s . The 10-uF capacitor ensu res maxi mum aud io output
f r om t he pr oduc t de tector s.

TRANSI STOR DC AMPLIF IERS and SWITCHES

Tr ans i s t or s are used freq uently as substitutes for mech ani ca 1 swit ches . These
electron ic swi t ches he l p to e l iminate tro ublesome swi tc hi ng tran sient s (vo l tage
s pi kes caus ed by the breaking of contacts whe n cur rent i s f l owing) . They also
e limi nat e the need f or l ong l e ads in s igna l c i rc uits, su ch as thos e f r om t he
cont acts of a mechani c al swi tc h to and fr om a c i r cui t boa rd . Long switch l e ads
ca n cause c ircui t instabi li ty and degr aded tune d-ci rcu it Q. Electroni c swi tches
may be used for audio muting, key i ng ci rcu i t s and a host of other appli cat i ons .
Di ode s are more common l y us ed f or switc hin g coils or f ilter s , but BJTs may
be employed fo r thi s job too .

Dc amp lif iers are us e d t o incr ease the sensit i vity of a met er , as AGC (aut omat i c
gai n contro l ) ampl i f i er s and in s i mi l ar c ircu i t s. Mos t recei ver S-met er c i r cu i t s
have a dc amp l if ier is fed f rom the AGC line or one of the audi o ampl i fier s .

You may us e NP N or PNP t ransistor s as dc ampl if i e r s and bipo l ar swit ches . The
c hoice is cont i ngent upon the t ype of c i rcuit to be switc he d or ampl if ied .
Fi g 2- 19 s hows how t o use transistors t o key a CWtransmitter and dr i ve a re lay.
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Fi g 2-19 -- Ci rcu it A is a PNP s wi tc h that i s su itable fo r key i ng a low -powe r stage in a
cw trans mit ter . It ma y be us e d a lso fo r t urni ng on va ri ous +dc s upply l i nes . Ci rcuit B shows
a PNP s wi tc h which i s co nf i gure d t o mute an audio line in a rece iver. An AGe co nt ro l ci rcuit
i s s hown a t C. It i s des igned to work wit h MC1350 P o r MC1 590 IF amplifie r l Cs . A break -in
de lay ci rcuit i s i l l ustrated at D. I t ma y be used i n a OW t ransmit te r to switc h the antenna
and mute t he re ce i ver by us in g t he co nt ac t s on Kl , whi c h i s a 12 -V de relay . Cons ult th e
text fo r a mo re co mplete expla nat ion of the above ci rcuits.
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The circuit of Fig 2-19A i s suitable for turning on and off any dc supply line
by means of a key or swi tch . When it is used for keyi ng a 1ow-l eve 1 stage of
a CW transmitter yo u may shape t he keyed RF outpu t waveform by choosing
the proper compone nt va lues for Cl, C2, C3, C4 and Rl . This is beneficia l when
you want to eliminate key cl icks . The shaping components affect the r ise and
fall times of the keye d waveform, which shou ld be approx imately 5 mi ll i seconds
for a quality wave s hap e . The Cl and C2 va l ues are genera l ly as s how n in the
circuit . C4 can be any va lue from 1 uF to 10 uF that provides the desired shaping.
C3 is generally much small er i n va lue (0.01 to 0.1 uF), consistent with t he
shap ing you des ire. If Rl has too high a resistance you will not be able to
cause Ql to turn on completely . The l ar ge r t he Rl va lue the s lower the rise
time of the keyed wave form. Values from 2 .2K to 10K ohms are typical . Switching
transistor Ql i s actuated by grounding the junction of Cl and Rl. The trans istor
must be capab le of carrying the current of the circu i t to be keyed without its
ratings be i ng exceeded. It should also have a fairly hi gh dc beta ( 100 or higher) .

An NPN switch is i l lustrated at B of Fig 2-19 . Turn-on is accomp l ished by apply­
ing forward bias to the base of Ql . Thi s switch may be used for shunt bypassing
of an audio line for receiver mut ing . Whe n Ql cond ucts it a l lows the 10- uF output
capacitor to return to circuit ground through the Ql collector-emitter junct ion .
When Ql is in the off state, t he capacitor is effect ive ly out of the circuit .

A transistor AGC -contro l system is presented at C of Fig 2-19 . It requires a
dc contro l voltage . It starts to fu nction when 0.85 volt reaches the base of
Ql. The contro l voltage is obtained by rect ifying s ignal energy from the las t
IF in a receiver, or f r om one of the l ow l e vel audio-amp lifier stages. This
system may be used for audio- or RF-derived AGC, de pending upon your preference .
An AGC amplifier shou ld be used between the signa l sampli ng point and the AGC
control circuit shown . The I F or audio energy is recti fied by a lN914 or similar
diode before it is applied to Q1. Output from Q2 ranges from +3 to +12 volts .
Thi s range is proper for a Motorola MC1350P or MC1590 IF-amplif ier IC, for which
+3 volts produces maximum IC gain . Cl and Rl determine the AGC time constant.
The values shown yield a 1 second decay time . R2 is ad j usted for the des ired
Q2 output-voltage range . Vo ltages are shown at key po ints in t he circuit. The
upper notations are for operati ng voltage when there is no rectified signa l
energy app lied to the base of Ql. The 22K-o hm res istors in ser ies with the dc
to t he bases of Ql and Q2 tend to l i ne ar i ze t he AGC contro l-circuit response. An
S-meter circu it may be operated from the contro l voltage at t he output of Q2 .

Fig 2-19 illustrates a practical break-in delay system for us e with a CW trans ­
mitter . Ql is keye d on by grounding the i nput c ircuit . A charge is placed in
Cl and it discharges in accordance with t he combi ned resistance value for Rl
and R2 . Rl is adjusted f or the des ired drop-out time . Upon closure of the key ,
Q2 is saturated and current flows through re lay Kl , causing c losure of the relay
contacts . K1B and K1C may be used for antenna switching and receiver muting .
01 prevents damage to Ql during key -up (base open) when Cl i s fully charged.
02 establishes 0 .7 volt of bias to ensure quick release of Kl . 03 cl ips trans ­
ients caused by the co llapse of the Kl fie ld coil when the key is opened. · A
12-V OPOT OIP re lay is exce llent for us e at Kl . Thi s circu it operates in a manner
similar to that of a VOX circuit, and is adaptable to that application by apply­
ing rectified audio to a ' transistor switch that shorts the Ql input network
t o ground when the operator speaks into the mi c . You can observe that the ci rcuit
r equi r es a PNP and an NPN switch . Q2 must be able to safely accommodate the
current that is drawn by Kl .
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VOX CIRCUIT

The break-in delay circuit sh own at 0 of Fig 2- 19 may be changed to fu nc ti on
as a VO X ( voi ce-operated re lay) module i f you ant icipate bui lding an SSB tr ans ­
mitter . All t hat is requ ired to conver t the circuit to a s i mpl e VO X uni t i s t o
add an audio amp l ifier and rect ifier ahe ad of th e exi s tin g cir cuit. The audio
energy fr om t he mi cis rect if i e d and t he res ult i ng dc va lt age actuates an NP N
swi tc h t ha t keys Q1 i n Fig 2- 190 . A suggested ci r cu i t is shown i n Fig 2-20.

10 UF

+12 V

100+
220 u F

AF AMP AF AMP RECT
1 uF 1 uF 2N3904

10 uF 02 2.2 uF

~
+ + +

~10 K
AF Q2

IN 10K 01

Rl 4.7K 4 .7K
vox
GAIN 10K 56K 4.7K

+ NPN

56K 470 SWITCH

TO Q1 OF
F I G 2 - 190

F ig 2 -20 -- Su g g e s t e d c i rc u it that can be a dd e d t o t he CW delay ci rc u i t

of F i g 2 - 19D to p r o v i d e VOX ope ra t io n . 0 1 a nd 0 2 are s i l i c o n d iode s of
t he 1 N914 v a r iety. Compone n t v a l u es are no t c r i t ic a l a nd ma y v a ry 20 $ in

v alu e if n e ce s s a r y.

I nput f or th i s c i r cui t i s obtaine d f rom t he mi c aud io l ine or from t he output
of one of t he s peech -amplif ier stages i n the SSB transmi tter . R1 i s adj ust ed
t o en sure VOX actuati on at nor mal , speech l evel s and operato r di s t ance from the
mi c . Q1 and Q2 amp lify th e voice energy, which is rectifi ed by t he 01, 02 doub ler
c i r cu it . The resultant dc voltage is rou ted to t he base of NPN switc h Q3 . The
plu s vo l t age cau ses Q3 t o con duct, and this causes t he collector - emitter j unct ion
t o present a low r e si s t ance to Q1 of Fig 2- 190 , t hereby turnin g on the relay,
K1, in Fig 2-190 . VO X drop-o ut t ime i s se t by me ans of R1 i n Fi g 2- 190 .

You may wi sh t o byp ass the bases of Q1 and Q2 i n Fi g 2-2 0 with a.01-uF capacit ­
ors. This will ai d in keepin g unwan t ed RF ener gy out of t he VOX circ ui t. Stray
RF energy can cau s e erratic VOX oper at ion . A minia t ure 500- uH or 1-mH RF choke
can be placed in s er i e s wi t h t he aud io l i ne t o t he Q1 base if RF prob l ems persi st .
Thi s choke s hould be l oc at ed as c lose t o Q1 as pr acticable.

CHAPTER SUMMARY

The c i rcuits i n thi s secti on s erv e as an in t rod ucti on t o the us e of discrete
ac t ive de vices . Si mpl ic ity is the keynot e, and component values are not generally
cr itica l . Li kew ise with yo ur choi ce of transi stors. A tr ansistor subs t itut ion
gui de i s helpf ul whe n se lect i ng a lt ern ati ve t r ansi s tor s .
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Glossary of Chapter Terms

AV ~ Ampli fie r vo l ta ge g ain. -f r e q u e n t L y e xp r es sed i n dB.

Ba lanced <mixe r) A pa s si ve o r ac t iv e ci rc ui t th a t ha s t wo or fo u r se mi c o n d u ct o r
devi ces (di odes. tr an si st o r s o r an I e) for u s e a s a mi xer in a r e c e i v e r o r t ra n s­
mitte r . Two de v i ce s i n a push - pull t ype o f arr a n g em e n t compri s e a s i n g ly ba lan ced
mi xer. wh e r e a s f ou r s u c h dev i ce s f o r m a d o ubl y b a lanced mi xer . A s i n g l e - e n de d

mi xer ha s but o ne devi ce.

Bipol a r

t u rn o n

Switch
o r of f a

A tr a nsi stor t hat is

c i rc u i t . For ward bi a s

used i n plac e
is app l i e d t o

o f a me c h a n i c al swi tc h

t h e t r a ns is to r when i t

t o
is

t u r ne d o n .

Boost c i r cuit Us ed t o
a mi c r o pho ne a mpli f ie r o r

a c cen tua t e the h i gh­

Hi - Fi a mpli fie r. etc .
o r low - f r e q ue nc y a udio energ y in

Brea k-In Delay - A c i rcu it that t u rns o n a CW tr ansmi t te r when th e ke y is cl o s e d .
A capac i tor i n t he d ela y c i r c ui t is c ha r g ed to ca us e a s low r e l e a s e ( d ro p o ut )

o f t he c on t rol cir cu i t. wh ic h i s u suall y a r e la y . A pote nt i ome ter in pa rallel
wit h t he c h a r g e d ca pa cito r se t s th e d ro p -o u t ti me of th e c ircuit.

Broadband ampl if ier

ue ncy s pe ct r um . su ch
f r equency is c hanged.

An RF
as t , 8

ampl ifi er

to 3 0 MH z .
th at

It

ha s u n if o rm gain
r e qu i r e s no t un i ng

o ve r

whe n

a b ro ad f re q ­

t he o pe rat i ng

Buffer ampli fier A transist o r sta g e t ha t f o l l o ws
i s o lat e t h e o s cillator from the s u bs eq ue nt sta ges in

A b u ffe r ma y or ma y not pro vide ga in. de pending o n t he
men t s .

a n os ci l lat o r . It he lps t o
a t r a ns mit t e r o r r e c ei v e r .

desig n and c ircuit r e q u i r e-

cc eb t ne r A b road b a n d t r a ns fo rme r wit h two i n put a n d o n e
po rt . Us e d f o r f e ed in g t he o u tp u t o f two RF po wer am p l ifi e rs
such as a f i l te r o r an t enn a .

a u t pu t

i n to a
te r mi nal o r
single load.

Con version gain Th e ga in
inp u t si g n a l app l i e d to the
in pu t s i g n a l . t h e mi xer has a

o f a mi xer . exp ressed i n oa , o ve r th e l e v e l o f t he

mi x er . I f th e mi x er g a i n i s less t ha n the v a l ue o f
co nve r sio n loss, s uc h a s wit h dio d e mi xer s .

DC a mp l if i e r
termin a l . It

A t ra ns i s t o r or I e
pr o vides a c u r r e nt g ai n

ampl ifier t hat ha s d c app l i ed
rathe r t ha n a sig nal ga i n.

to i ts i n pu t

Disc re te device
s ince i t co n t a i ns

A si n g l e di ode o r t ra nsisto r.

ma n y d iode s and t r a n s i s t o r s .

An Ie is no t a di s c r e te de v ice.

Drift . o sci llator An un wan t ed slow o r r a p id
f req ue nc y. Drift r e su l t s fr om ch an ge s in c om pon en t

in a mbi en t t e mper a t ur e and RF ci rculati n g curr e n t.

c ha n ge is o s c ill a to r operating
t e mpe r a t u r e . ca us e d b y v a r i a ti o n s

Efficiency . a mplifier - The am p li f i e r i n p ut po we r ve rs us t he use fu l o u t put power

as e xp resse d i n pe r c en t a ge.

Elec tret. mi c r o p ho n e A micr o p h o ne e l e me n t t hat r eq u i res an o per a ting v o l tage .

Al s o called a " c ondenser mic . "
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Feed b ack - Amp l i f ie r outpu t en e rg y t hat is f e d ba c k t o its
an a mpli fier to osc il l a te an d is r e q u i r e d t o r a ci r c u i t that
ion as an o s c i l l a t o r .

input c i rc u it.

i s d e si g n e d t o

Ca us e s

f u nc t -

Heat s i n k - A me t al device t o which a t r a n s i s t o r o r Ie i s at ta ched tor t he pu rp o se
of cool i ng t he i ntern a l wor k ing s o f th e d e vice. Al so used wi th po wer d i od e s f or
the s am e p u r po s e . Usual l y ma d e from e x trud ed a l u mi n u m.

Hi-Z - Used t o s i g n i fy h igh i mpe da nce of an arbit ra r y va l ue .

lC
( l)

and

c ircuit A reso nant
i n para llel o r s e r i es.

filt ers.

c i r c uit that c o nt ai ns ca p a c i t a nc e
Ge n e r a ll y re ferr ed to in c onne c t i on

( e) a nd in du ctan c e

wi th osci l l a to rs .

linear opera tion - Gene ral l y associated wit h amplifi er operati on . It t he a mp l i f ie r
is l i n e ar i t r e pr o d u c e s fa it hfull y at i t s o u t pu t t he same wa v e f o r m t ha t is app li ed
t o i ts in pu t t er mi nal . Thi s e ns u re s min im u m d is tort ion at the a mplifi er o ut pu t .

LO Re f er s t o
i s applied t o a

local osci lla t o r . LO
mi xe r , for example .

i n jection i s o sc ill a tor a u t p u t v o l t a g e t hat

LO-Z - S i g n if i es l ow impeda nce o f an arbi trar y v a l ue.

Mi xer
a t h i r d

An
o ne

acti ve o r
that i s the

pas si ve de vi c e. Co mbi ne s t wo
mathematica l s u m o r differ ence

in pu t

of t h e
e n e r g i es
two in put

to p r o du c e
frequ enci e s ,

MMI C Mo no l i t h i c micro wa ve i n t e g rat e d circ ui t . Design ed
the upper UHF a nd mic row ave spe ct ru m. Fe a t u r e s low noi s e an d

s pe c i a l ly for
h i g h g a i n.

u se i n

Narrow band.
that con tai n s
respons e to a

a mplifier
one o r more
narrow range

The o p posi t e of
tun ed ( r es o n a n t )
i n kHz •

a broadband a mpl ifie r . An
c i r c u i t s . whi ch r estri c t t he

a mplif ier
f r e qu e nc y

Overtone , oscilla tor A c r y s ta l os c i ll ato r
os c i l la t e at o d d harmo nic s o f t he c r y s t a l
3rd, 5th and 7t h o v e r to ne s .

t hat ca uses t he q ua r tz c r ysta l
fu nd am e n tal frequen c y, s uc h a s

t o

t h e

Parasitic . oscillation An un want e d ampl i f i e r s e l f - osc i ll at i o n t hat ma y o c c u r
a t f reque nci es wel l r emo ved fr o m t he am p l ifie r de s ign fr eque n c y.

Product detector
t he p rod uct o f the
f r e q u e n cy . Ope rates

Us ed
t wo

i n a

in r ece i ver s
i n p u t si g nals
ma n ne r s i mi la r

t o dem od u l a t e SS B s i gna I s . The
(IF and BFO si g na l s) a nd o c c u r s
t o that of a mixe r.

o u t put i s
a t a ud io

Splitter
ter minals.

o u tp u t s .

A br o a d band transforme r
Used t o equ a ll y di v ide

t hat ha s
a n i np ut

o ne in p u t an d
s i g na l int o

t wo outp ut
tw o

po r t s 0 r
i den t i c a l

Switch , tra nsistor - Use d in pl a c e o f a mech an i cal d e vi c e t o t u rn o n o r of f another
ci rc ui t . An Ie or a s i ng l e tran si s t or ma y be u s ed as a sw it c h.

vox - Voice oper ated rela y i n a tr a nsmitter .

YXO - A cr ys tal os c i l lato r cont a in i ng cir c uit r y t ha t permit s t he c ryst a l f r e q u enc y
to be shif t ed abo ve and b e l o w i ts ma rked fr equ en c y .
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DIODE & IC APPLICATIONS

CHA PTER 3

I wish t o co ntinue i n th i s c hapter wit h our rec ipe - book app r oac h to c i rcui ts
th at are useful to the ex pe r i me nt e r and r ad i o amat eur . I n th i s sec t i on we wi ll
di s cuss di ode s and ICs i n t erms t ha t you c an unde r s tand. I want t o i nc l ude in
t his chapt e r a col l ecti on of pract ica l c ircu its with ass i gned compone nt va lues .
We sha ll emphas ize analog appl ica t ions in our c ircuits , since if I were to cover
dig i ta l c i r cuit r y as wel l, we would run out of page s pace qui ckl y ! You wi ll find
a compr e hens i ve t r eat mnent of di gita1 and 1og i c ICs and r el at ed theory i n The
ARRL Electronics Dat a Book, second edi tion, 1988.

DIODES and ICs in GEN ERAL

The e ar liest for m of radio det ector was a di ode. The fir st r adi os f or recept ion
of commer c i a l AM br oadc ast s co nta i ned noth ing mor e than a dio de det ect or , a t uned
circ uit and a pa i r of he adphone s . Di odes cont i nue t o be used as detector s in
many moder n r ece i ver s , but t he ir str uct ure and gener al per f or mance have tak en
a f or war d l e ap s i nce t he days of ga lena crysta ls and catswh is kers ! We now ha ve
a wide assor t ment of s i l icon and germa ni um diodes t o choose f r om when de s i gnin g
a circu it. We also have t he hot- c ar r i e r or Schot tky di ode to add t o t he l i s t.
The 1i st wou1d not be comp1ete wit hout Zener or refer ence di odes, al ong wit h
varactor diodes. Carboru ndum, copper -oxide and se l e ni um di ode s have been buried
i n the dus t of pas t decade s . Mo s t vacuum tubes di odes, s uch as the 6AL5, 6H6
and 5Y3 have been replaced by sol i d-st at e eq ui valen t s.

Integrated c i r cuits , in general, have repl ac ed en t ire complex c ircuit s rat her
th an one discrete de vice. ICs conta i n l i t e r all y hundreds of tr an si stors, diode s,
r esi stors and capac itors . The s e components are fo r med on a common piece of s i l icon
cryst al t ha t i s ca lled the s ubstrate . A s i ngle IC may occ upy one s quare inc h
of s pac e on a circu it boa r d, whereas an equiva lent c ircuit with discrete t r ans ­
i s t or s and the r e l at ed componen t s might require a squ are f oot of c i rc uit - boa r d
are a . LSI chi ps ( large s ca le i nt e gr at ion) may be , f or exa mp le , 5 in ch e s l ong
and an i nch wide. The maj or e lectronic worki ngs of a computer can be co nt ain ed
i n a si ngle LSI devi ce. I can r ecall he lpi ng to design the MIDAC computer in
t he e ar l y 1950s, wh i ch us ed vacuum t ube s . The compos ite computer was housed i n
6-foot high cab inets t hat occupi ed some 15 f ee t of wal l s pace ! Time s have changed
consi der abl y !

We have linear and l ogi c ICs today . We amateurs us e l inear ICs for most of our
work in r ec e i ver s and transmit t er s. Logi c I Cs are used infrequency counter s ,
digi ta l frequ ency di sp lays , vo i ce synt hesizer s , and s uc h. Both fam il ies of I Cs
pl ay a vi t a l r o l e i n amateur r adio c ircuits.

Some ICs are fr agi le and can 't be subj ec t ed to stat ic e lect r i city wit hout be in g
destroyed. The s e ICs conta i n MOS (metal ox ide si l icon) devi ce s th at are una ble
t o handle · sma l l s t at ic - vol t age s pikes wi t hout t he t hi n l ayer of i ns ul at i on becomi ng
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punct ur ed . Ther ef or e , we mus t handl e the ICs with ext r eme c are. It is wise t o
wear a gr oundi ng strap on our wr ists while hand l in g t hese ICs . In a l i ke manner ,
t he penc i l sol der i ng iron t ip s hou l d be connect ed to e ar t h ground when we solder
MOS ICs i nt o a c ircu i t boar d .

Although we have the opt i on of us i ng IC socke t s on our PC boards , it is bet t er
to hard wire ( so1der di r ec t l y ) the ICs i nto the c i rcuit board. Socke ts t end to
deve l op res i st i ve co ntacts from exposure t o ai r poll ut ant s, and t hi s 1eads to
i nt er mit t en t operation or comp le te c i r cui t ma lfu nction. Sockets offer t he advan t­
age of easy IC r ep lacemen t and t hey ar e often pr eferre d for exper i mental br e ad­
board type s of circuits. Low-prof i le ( low height) IC socke ts are the best f or
audio and RF c ircuits because t hey mi ni mize the effecti ve l en gt h of the pin s
on the IC. Long leads can cause l ow gai n and instability .

DIODE DETECTORS , BALANCED MODULATORS, PRODUCT DETECTORS &MIXERS

Di ode s off er hi gh performance in t er ms of dynami c r ange (s trong-s i gna l handli ng
abi lity) when th ey are used i n mi xer s , de t ector s and bal anced mod ulators . They
have a con vers ion l os s ra t her t han a ga in, whic h i s t he "down si de" of usin g
them in these c irc uits . When trans istor s or ICs are used f or t he s ame appl i cati ons
we obtain a co nver s i on gain. Thi s is useful in minimizing the number of ga i n
s tages in a circuit : More gain i s often necess ary t o compens ate for t he loss
through a diode mi xer . Loss es on t he order of 5 t o 8 dB ar e common for a balanced
diode mi xer or bal anced modu lator. The advantages of in cr e ase d dyn am i c range
fo r t hes e pass ive circ ui ts ofte n outwei ghts t he convers ion l os s . An act ive equiv ­
a len t c i r cu it may produce up t o , say, 15 dB of conversion ga in . But, active mi xers
can' t accommodate large signa ls wi t hout a degradat i on i n dynami c range.

A good act iv e mixer may not r equ i r e an RF amplifier st age ahead of it f or obt ai n­
i ng a sati sfactory r ece i ver no i s e figure, at least up t o 10 MH z . The antenn a
noi se us uall y exceeds t hat of the ac t i ve mi xer be low 14 MHz . Most di ode mixers
do require the addition of an RF pre amp i n or der t o have t he s i gna l override
t he mi xe r noi s e . The se cons iderat ions ar e se ldom germane t o the des ign of bal anced
modul at or s and product detectors , where ga i n i s nor mall y ava ilab le i n abundance
externa1 t o t he bal anced modu1at or or product detec t or. Thi s i s a l so tr ue of
bal anced mixers that are us ed i n transmi tter circui t s.

You can build your own ba lanced mixer s , balanced modu lator s and product detectors
if you mat ch t he di ode s f or for ward r e s i s tance. Sma11- s i gna1 di odes , s uc h as
1N914s, are s uit abl e for mos t amat eur c ircuits. They are i nexpens ive and wide ly
available as s urp l us . Hot - carri er diodes of t he HP2800 ( Hewlett - Packard brand)
are perhap s t he bes t cho i ce for diode ba lance and genera l performance , but they
are cos t l y compared to the gener i c 1N91 4 si l icon diode. The Schottky diodes sol d
by Radio Shack are good perfor mers too .

Di ode mat chi ng i s done by me as ur i ng t he f or war d res ist ance of the di odes wi t h
a VOM or VTVM. The typ i ca l f orwar d res i s tance r ange s from 5 to 15 ohms . Select
a se t of diodes th at have t he s ame forw ar d r es istance, and t he c loser t he res ist ­
ance t he bet te r the c irc uit ba lan ce. The back res istance of t he diodes i s usua l l y
1 meg ohm or greater for s i 1i con dev ices, and l OOK ohms or gre at er f or german i um
diodes . The back resistances need not be matched , since they do not play an i mpor t -
ant r ole i n ci rcuit balance. The f or ward resi stance i s that whic h is measur ed
from the diode anode to i ts cathode .

Br oadband t r ans f or mer s ar e almos t al ways us ed at the input and output of diode
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balanced mi xers and modulators. Thi s type of transformer i s us ed also at t he
in put of a di ode pr oduct de tector . The lo-Z secondary of an I F tr ans for mer may
also be used t o feed a diode pr oduct detector if a res istive divider i s us ed
acr oss the secondary wi nding t o es tabl ish an e lectr ica l center t ap ( bal ance ).
Th is is often a 500-ohm pot enti ome t er th at i s ad j usted f or c i rc uit ba lance. The
ar m of the con trol i s grounde d i n thi s application .

Diode mi xers, balanced modula t or s and pr oduct det ectors have an i nput and out put
i nped ance on t he or der of 50 ohms . Ther efor e , these c i rc uit s mu s t be mat ched
t o t he en er gy source and l oad i n order t o mi ni mi ze mismatch l os ses . Trif i lar
br oadban d t r ansformer s are us ed f or inp ut and out put coupl in g to t hese diode
ci r cuits . The t hree wi ndi ngs are l ai d on t he t oro i d core at t he s ame t i me , and
t hey ar e each t he s ame 1engt h . The wi res may be pl aced on the core i n par a11e1
(side by s ide) or they may f i r st be twisted toge t her (6-8 twis t s per inc h) and
then wo und on the cor e . I f you use a different col or ename l wi r e for e ac h conductor
it wi 11 be eas i er t o i dent ify the three wire s when they are connect ed t o the
c ircu it . I of t en sp ray the ends of t he wires with pa i nt (dif f eren t col or fo r ea ch
wire) befor e I place t he wi r e on t he core. This makes iden tif i cation a si mple
matter . For operati on f r om 1. 8 t o 50 MHz I us e 15 t r if i l ar t ur ns of no . 28 ename l
wi r e on an Am i don Assoc. FT-3 7- 43 fer r ite t or oi d . Thi s core has a 0 .37 - inc h OD
and a per meabi l i ty of 850. Fig 3-1 s hows var iou s c i r cuits i n which di odes are
used with ref er e nce t o t he f or egoin g di scus s i on .
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Fig 3 - 1 - - E x a mpl e A i s a s i ngly ba la nce d mi xer. B s how s a do u bl y ba l an c e d
mi x e r . Circ uit C is a p r o d uc t d e t e c t or t o r u s e with a n IF transfo rmer .

The c irc ui t at D is a fo ur d i ode pr od uct dete cto r . See te xt .
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The s i mple mixe r of Fi g 3- 1A offers good per f or mance , but doe s not have the good
port - to -port s igna l isolation that i s avai lable from t he doub l y balanc ed mixe r
at B i n t he same figure . Circu it B i s t he same as th at whic h i s bui l t in modul ar
form by compani e s suc h as Mi ni Ci rc uit Labs . The di odes i n t hese mi xe rs s hou ld
be ba l anced careful ly, as discussed e ar l i e r . They may be 1N914 or HP2800 de vi ces.
The broadband tr if i lar t r ansf orme r s i n Fig 3- 1 (Ti and T2) co nta i n 15 turns of
no. 28 enamel wire on an Amidon As soc. FT- 37- 43 f er r ite t oro i d. LO injec tion
power f or t hese mixers s houl d be +7 to +1 0 dBm (5 t o 10 mW) f or bes t mi xe r perform­
ance .

Fi g 3- 1C illustrates a two-d iode product det ec t or that i s suit abl e fo r us e wit h
a standa rd I F transformer . The diodes connect t o th e l ow- i mped ance transformer
secon dary , and R1 prov ides the ci r cuit ce nt er tap . Thi s co nt ro l i s adju sted for
detector balance . It may be omi tted i f you replace i t wi t h two 270- ohm r e s is tor s .
The commo n poi nt fo r t he res i stors i s grounded. The RF cho ke, 1K-ohm re s i s t or
and the re lated bypas s capacitors pr event BFO an d I F energy fr om reac hi ng t he
audio-amp l i f ie r c irc ui t .

The four -d i ode pr oduct detector at 0 of Fi g 3- 1 uses a br oadb an d tran sformer
at t he input. The audi o output i s f i lte r ed by means of the 1K-ohm resi stor and
t he two O.01- uF bypas s capac itors. BFO in j ect i on f or both pro duc t det ector s i s
+7 to +10 dBm , as i s t he case wit h the two mixers i n Fig 3-1 . The term "dBm"
i s referenced t o power i n mW, wi th 0 dBm being equa l to 1 mW.

Bal ance d mo dulators t hat us e di odes are the same as the two mi xe r c i r cuit s i n
Fi g 3-1. The pr i nci pa l differ en ce is tha t audio voltaqe is appl i ed t o one of
the ports , wh i le c ar r i e r -gene r ator ener gy f r om an i nt ern a l local os c i ll at or
i s s upp l i ed to t he sec ond port . The th i r d (out put) port provide s s uppr e ssed carrier
SSB energy t hat i s r outed t hro ugh an SSB crys ta l or mechani cal fil ter . See Fig 3-2 .

The r e i s co ns i der ab le co nfusio n about t he phasi ng of the broadban d transformer
win dings . The large black dot s (s ee Fig 3-1) i ndi c at e the t r ansformer phas ing
or po l arity . The dots are l oc at ed at th e s t art of e ac h of t he wi ndi ngs . I n ot her
wo rd s, 1e ads 1 , 3 and 5 of t he i nse t pi ctori a1 dr aw i ng ar e t he s t ar ts of t he
t hree wi ndi ngs . If the i ndi c at e d ph as i ng i s not observe d, t he c i r cu it wi l l not
fu nct ion in a ba lanc ed manne r . 01 and 02 at A of Fi g 3- 1 , for ex ample, mu s t be
supp1i ed wi t h energy t ha t has a 180 degree phase di f f er en ce . Not e that wi ndi ngs
3-4 and 5-6 are reverse-co nnected i n order to pr ovi de t he pro pe r phas e or sense .
This may be t hought of as a push-pu l l arrangement .

In all of the Fi g 3- 1 c i rc uits it is essent ial to mai nta in t he best phys i ca l
and el ectr ica l symmetry pos s i bl e i n order to enha nc e t he c ircu it balance . All
leads must be kep t s hort and dire c t , cons is t ent wit h symmetry . The mi xe r c i rc ui t s ,
i n part i cul ar , nee d to be co nta ined in sh ie l ded en c losures t o pr even t st r ay s i gnal
ene r gy fr om ente r i ng t hem beyond the norma l i nput por t. Thi s is not a vit a l con­
s iderati on f or pr oduct dete ctor s.

T1 DSB Fig 3 -2 Ex a mp l e of d iodeCAR a

IN OUT ba lance d mo d u l a t o r . T1 and T2

4 AF a re t he s a me as th e broadb a nd
I N t r a ns f o r mer s hown i n t he i ns et

d rawi ng o f Fi g 3 -1 • Thi s ci rc uit
0 . 0 1 i s s im i lar t o t ha t o f a dou b l y

ba lan ce d d iode mi xe r .
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VVC or Tuning Di odes

Cert ai n types of di odes may be used as electron i c var i ab1e capacitors. These
ar e know n as VV C (voltage var i able ca pac i t ance ) or t uni ng diodes . You will hear
them r ef er r ed to al so as varactor diodes. These diodes may be used in place of
mechanic a l tuning ca pac itors in many circuits. Thi s i s a benefit when we wish
t o reduce t he cost of a pro ject, and it permits us to r educe the size of t he
equ i pment.

It is necessary to apply r ever se voltage to a VVC di ode in order t o make it wo r k
as a capacitor . Specif ica lly , we apply a pos it iv e volt age t o the diode cathode
whil e t he anode i s grounded . As the revers e vol tage is var i ed there i s a change
i n t he di ode j unct ion cap aci t ance . A potent i ometer i s used to change the appli ed
volt age .

The pr i nc ip al di s advantage of VVC diodes i s the i r sensitivity t o i nt er nal and
externa l t emperat ur e changes . As t he temperature changes , so does t he effective
junction capac i tance . Thi s condi ti on causes s hort-term drift that i s of ten greater
than t hat with a mechanic al tu ni ng capac itor . The short-term dr ift (i n an osc ­
i ll ator, f or examp le) gene rally occurs dur i ng the f i rst f ive minutes of diode
oper at i on, during wh i ch t i me the di ode junct ion heat s up f rom t he fl ow of dc
current. This phenomenon is not a major problem i n amat eur circui ts if we al low
f or the warm-up per i od befor e cal i brati ng frequenc y readout dial s .

At tent io n mu st be paid t o t he gener al char act er i s t i cs of the VV C diode or di odes
we sel ect for a c i rc uit . The Q of t he di ode vers us frequenc y is of import ance
i f we ar e t o prevent the VV C diode from degrading the over al l Q of t he tuned
circu it. The ma nufactur er s ' l iteratur e l is ts the Q and recommended uppe r f requency
of use for t hese di odes. The data sheets al so contai n a curve t hat i ndi cat es
the useful capac i t ance range of the di ode versus app l i ed vol tage. Most VVC di odes
have a fair ly l i near capacitance change over a por t ion of t he curve. This is
the area of maj or interest t o us . A typ ica l volt age range fo r a tuning di ode
is +1 to appr ox i mate l y +1 5 V dc , The oper at i ng voltage shou ld be regulat ed i n
order to prevent capacit ance ch anges when the suppl y voltage vari es. The higher
t he appli ed vol t age the lo wer the diode ca pac i t ance. Ther e is very l i t t l e change
in capac itance below 2 volt s . Fig 3-3 shows how we can utili ze VVC diodes f or
osci llator tunin g.

Fig 3 -3 E xample o f a

VFO t hat uses a VVC t u n i n g

d i od e ( 0 1). The 0 1 reve rse

vo l t a ge is va ri e d b y mea n s
of t he ma i n t u n i n g co nt rol,
Rj , Cl c o nt r o ls t he t uning
r a nge pr o vid ed b y Rl . C2

is u s e d to c a l i b rate t he

VFO and C3 i s ch ose n to

pro v i de reso na nc e with Ll.
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Dl i n Fig 3-3 is t he VVC diode, as in di c at ed by t he c urved li ne t hrough t he anode .
RFCl can have an induct ance between 500 and 1000 uH ( not cr iti c al) . Thi s choke
i sol at ed t he dc c ircuit f rom t he VFO t une d c ircuit . Please note the li mit i ng
resis tors at eac h end of R1. The va l ues are chose n t o all ow Dl t o ope r ate over
the most lin e ar port ion of its capaci tance curve. The va l ues chose n for t he two
l i mit i ng r e s i s t ors are de pe nden t upon the VVC diode us ed . A 10- t ur n He li pot i s
i de al fo r use at Rl , s i nce i t provi de s verni er tun in g of t he f r equency contro l .
Standa r d ve r n i er -dr ive mechan isms may be us ed a lso . Rl wi l l y ield t he smoo t h­
est performa nce and be s t longevity i f yo u use an i ndus tr ia l gr ad e (suc h as Allen
Bradl ey brand ) 2-W car bon c om posi ti on control f or Rl . Low- cos t , i mport ed contro ls
become in t ermitt ent qui ckl y .

Impro ved osc i ll at or perf ormanc e may be had by using t wo VV C diodes in a back­
to-b ack arr angement . Thi s is s how n in Fi g 3-4 . The os ci llator out put wavefo rm
i s more line ar when t wo diodes are us ed , whereas a sin gl e VVC di ode ( Fig 3-3)
c l i ps a portion of t he neg at ive half of t he RF si ne wave . This condit ion i s min i ­
mi ze d when we empl oy t wo diodes . RF cur rent s hou l d not be a l l owed t o f low t hr ough
the di ode s and c au s e t hem t o co nduct. Back- t o- back dio de s prev ent t his cond i ti on .

Ll

Fig 3 -4 -- C i rc uit e xa mple th a t

s ho ws ho w two VVC diodes ma y
be used to i mpr o ve t he oscill ator
o utp ut wave fo r m. Thi s c irc uit
is s i mi l a r to t he o ne in Fig
3- 3 e xc ep t f or the add itio n
of D2 a nd RF C2 . A de grou nd
r et ur n f o r 01 is pr o v id e d b y

RF C 2 .

Si nce Dl and D2 of Fi g 3-4 are i n ser ies , t he ne t capac i t ance wi ll be ha lf t hat
of one di ode. You may se lec t diodes t hat have t wi ce t he capacitance requ ire d
for the desire d tuning range . The cor rect amount of effec t ive capac it ance will
th en be av a i lable whe n the di odes ar e con nec te d as i n Fig 3-4 .

Small -s i gna l diodes , s uc h as t he lN914 , may be used as VVC di odes. Owi ng to the
small juncti on area of the se dio des , the capaci t ance will be quite l ow. You may
par alle l two or more l N914 di odes t o i nc r e ase t he ef fec t ive capacitance . Bi po lar
transi st ors may a l so be used as VVC diodes . The tun in g- control vo l tage (posit ive)
i s appli ed t o the emit t er of an NPN t r an si s t or and t he co llector i s gro unded.
Add i ti ona l cap aci tan ce may be had by paral l elin g two or mor e trans is tors . De vi ce s
s uc h as t he 2N3904 , 2N2222A and 2N 4400 are good examp les of trans is tors th at
may be us ed as VVC diod e s .

Diodes as Fr eque ncy Mul t i p l i e r s

Var actor di ode s ar e use d at VHF and hi ghe r as power f r equen cy multi pl iers . For
ex ampl e, t he Mo t oro la MV1 805C power varacto r i s de si gned fo r f requency mul tipli c ­
at i on from 100 MH z t o 2. 0 GHz . It i s rated f or 26 wat ts of outp ut power with
a n RF inpu t (dr i vin g ) power of 40 watts . As a tri pl er fr om 250 t o 750 MHz , for
ex ample, it has an effi ci e ncy of 65% . No ope r at i nq vo ltage i s requ ired for a
power var ac t or - - on l y RF input power . Fi g 3-5 s hows the c i rc uit for a va ractor
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fre quen cy doub l er . Thr ee or four lN914 di ode s may be co nnec te d in parallel and
used i n pl ace of Olaf Fi g 3-5, but t he out put power wi ll be very l ow (mW) .

C1
50

RF
IN

11 0 MHz

220 MHz

RF
OUT

C5

~...J~"'...L 25

Fi g 3-5 Pr a c t i ca l ex amp l e o f
a v a rac t o r fr equ en c y double r. I I
and L2 f o rm a ba nd pa s s tuned c i r c ui t
wi th Cl and C2. A reso na nt cavi t y
is u s e d for C3 a nd L4 to p rov i de

l o w o utp ut fo r unwa nte d ha rmonic
c u r r e nts. C4 and C5 a r e a dju s ted
to p r o v ide a n impeda nce mat ch f rom

0 1 t o t he outpu t load (50 o h ms ) .

The doub ler ci rc uit s hown above need not have a re so nant cavi t y at t he out put,
as s hown. Lum ped i nduct ance may be s ubst itu ted by us in9 a c irc uit t hat i s s i mi lar
to t he Cl/Ll, C2/ L2 c ircuit . The harmoni c at tenuation wi ll not be as great as
when yo u use a resonant cavity at the dou bler output. Each of t he capacitors in
Fig 3-5 is ad jus ted fo r maximum doubl er output power with 110-MHz dri ve app lied.
01 may be one of the many var acto r diode s produced worldwi de. A good exampl e
i s the MV1805C or MV1809Cl step-recovery di odes. The 1atter devi ce is rated f or
operation from 300 MHz t o 3 . 0 GHz and can de l iver 17 watts of output power at
2.0 GHz .

Fi g 3-6 s hows a varac tor tri pler c ircuit t hat i s desi gned f or mult ip lyi ng f r om
144 MHz t o 432 MHz . Wit h 25 watts of dr iv in g power the output power i s on the
order of 15 watts.
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56K
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Fig 3 -6 -- Ci rc u it fo r a v a r a c t o r trip le r f r o m 144 to 432 MHz. An o pti ona l
ha rmon ic fi l t e r ( FL1) is s ho wn at t he r i g h t . Th i s c a n be a r e s o na n t c av i ty
of t he t y pe dep i c ted in Fi g 3 -5 i f additional harmonic s u p p r e s s io n is de si red.
Appr o xi n.a t e c oi l data is : Ll, 5 tu rn s of no. 20 , 3 /8 inch 10 by 1 in ch l on g ;
L2 . 4 t urn s o f no 20 , 1 / 4 in ch 1 0 by 1 /2 inch l ong ; L3 a nd L4. 3 t u r ns o f
no 14 . 3 /8 inc h 1 0 b y 3 /4 i nc h l ong . C4. C5 . L3 a nd L4 a re e ncl osed i n a
c opper o r brass sh ield bo x . The s pa c i ng be t wee n L3 and L4 i s ro ugh l y 3 /8
in c h .

L3 and L4 in Fi g 3-6 shou l d be silver plated f or bes t Q. Li kewi s e if a resonant
cav ity i s used. Cool Amp rub-on s ilver - pl at i ng powder may be used t o accompl is h
this . All of t he tun ing cap acitors in Figs 3-5 and 3- 6 are min iature air - va r iable
type s. The cap ac itor s in Fi g 3-6 are adjus ted for ma ximum output power, cons istent
with min i mum unwanted harmon ic output c ur r ent. A s pectrum anal yzer i s best f or
t his purpose, but yo u can obta in acceptable r esu lts when us i ng a UHF RF wattmeter
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and a home-made cal i br at ed VHF/UHF wavemeter or di p meter. The wavemeter is used
t o sample the doub ler or t rip l er outpu t whi le t he wavemet er i s tu ned t o var ious
harmonic f requencies. There shoul d al so be minimum mul ti pl i er input -fr equency
ener gy presen t at t he multip l ie r outp ut port. Pl ease note t hat the 288-MHz tu ned
circu it in Fig 3-6 is commonly called t he "id ler t ank. " Its purpose is to function
as a series 288-MHz tr ap to r emove mos t of th e second- harmoni c ener gy of 144 MHz.

You may wish t o use a bandpass type of i nput tuned circu i t (Fig 3-5) in t he circu i t
of Fi g 3-6 . This wi l l help to suppr ess harmon i c ener gy fr om t he 144-MHz exciter ,
which in turn wi l l mi nimize t he harmo nic curren t appl ied to 01. It is important to
ensure that all of t he tuned ci r cuits in varactor multip li er s are of the hi ghest
Q practicable . Wi re gauges l ower th an t hose speci f i ed wi l l resu lt i n gr eat er values
of t uned-c i r cui t Q.

Small-sign al diodes may be used successfu ll y as fr equency mult ip l i er s at HF as
we ll . Overall curr ent can be r educed in a circuit by using diode mult ip l iers.
Two examples of l ow- l evel fr equency mul tipli er s ar e present ed in Fig 3-7.
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AMPLI F IER

OSC OR
AMPLI F IER

lO -Z
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14 MHz

DBLR

B

7 MHz

LO- Z
>--(J OUT
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+ v
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A

Fig 3 -7 - - Two exam ples of lo w-level diode fr equ enc y dou bl er s . Ty pe lN9 14
high -f req ue ncy s i l i c o n d iodes a re suitable f or th ese circuits. although
l N34A ger mani um d i od e s ma y a l s o be us e d . Ci rc u it A sho ws a frequ en c y doub l e r
t ha t is al s o a v o lta g e dou b l e r . If s u f f icie n t dri v e i s av ailable f or 01
a nd D2 , t he ha r moni c o utput wi l l be high . T1 i s tun ed t o t he s e c on d ha rmonic
at t he diode i npu t frequency. Ci rc ui t B shows a balanced diode doubler
ci rc uit. T2 is t u ne d t o t he s econ d har mo n i c o f t he d i od e i np u t f reque ncy.
I f t he l o a de d Q o f T2 is high i t i s pos sibl e to obt ai n u p to 4 0 d B o f reject ­
io n f or the 7 -M Hz e ne r gy . T he 2 1 -MHz e ne r gy wil l be su p p ressed i n a like

man ner.

The circu i t s depicted in Fig 3-7 are useful when we bui ld transmit ters and l ocal­
osc i l lator circ uits wh ere frequ ency multi pl icati on i s r equi red. Out put f rom the
dou blers can be boost ed by addi ng a cl ass A broadband amp l if ier at t he doubler
output . Note that t he in put to the diodes i n bot h examp les is l ow impedance. Imped ­
ance values fr om 50 to 200 ohms ar e genera l ly sat isfactory when t apping t he diodes
on a tu ned circuit or when usi ng link coupli ng to the diodes , as in Fi g 3- 7B .
The center t ap for t he T1 secondary needs t o be at th e electri cal center of the
windin g. Alternat iv ely, you may use a bi f i l ar li nk on T1 to improve the balance.
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Zener Diode Usage

Zene r diodes are used as vol tage regu l ators and t o e stab l is h a f ixed-vo ltage ref e r ­
ence in ot her t ype s of r e gul ato r c i r cu i ts. They are us ed a l s o as pr o t ec t ion de vi c e s
that l imit t he pe ak vo ltage i n a par t i cu l ar type of c i r c uit. St i ll anot her us e
f or Zener di odes is for seri e s gat i ng where a voltage is not des i r e d unt il it
re ache s t he rated conduc t ion vol tage of t he Zener di od e used. I n t his app l icati on
the diode fu nct ions as a go -no-go de vice.

Zener di ode s ar e avail ab 1e with power r at i ngs f r om 400 mW t o many watts . They
ar e manuf ac t ur e d f or c onduct i on vo l tages from 3 .9 to 180. A lis ti ng of t he av a i l ­
abl e volt age s and wattage rat i ngs i s give n in The ARRL Elec troni cs Dat a Book.
Fi g 3-8 con t ai ns examples of how we may use Ze ner diodes f or the i r mos t co mmo n
appl i c at i ons .

0 .0 1

B

BIAS
REFE RENCE

~Dl

ANT

PROTE CT OR
(pe a k vol t a g e c lamp)

R1

D1

REGULATOR

1--....-.....,,....."i'V'......-o +v

Ql

c

+12V

Fig 3 - 8 Three e x amp les o f h ow Ze n e r diodes are u s e d . The circui t a t A

ha s 0 1 i n u se a s a s h u n t v ol t a g e r e g u l a to r . See text t or de te rminin g t he

p r ope r v a l u e fo r Rt , Ci r c ui t B sh ow s a g r o u n d e d - g rid RF powe r ampl ifie r

that u s e s a hi gh -watta g e Ze n e r di od e (01) t o d e v e l o p the b ias f or V1 . The

grid thu s becomes negative wit h r e s pe ct to th e cat ho de. At C is ' an e xa mple
of h o w to us e a Ze ne r di od e to p rotect Q1 f r o m h i g h SWR or vo lta ge p e a k s

that ca n o c c u r dur in g per i od s o f sel f -osc il lat io n. 0 1 a lso p r otec t s agai nst

v o l t a g e sp i ke s t hat may occ ur o n th e de s u p p ly l i n e .

The r e s i s tance an d watt age ra t i ng of R1 at Fig 3- 8A can be calculated by mean s
of Eq. 3-1 an d Eq. 3- 2 .

R1 ;
Ei n( min) - EVR

IL + O· lI L
Eq . 3-1
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where R i s in ohms, Ein i s th e s upply vo l tage, EVR i s t he r at e d Zener-di ode volt age
and I L is the current ta ken by t he c i rc uit t o be r egu lated . Typical cur rent fl ow
t hrou gh th e Ze ne r diode f or this circ ui t i s approx i mate ly 18 mA f or good re gulat ­
i on . IL i n the equati ons i s ex pr ess ed in amperes.

PO( max) =
r i n (max) -

I R1
Eq . 3-2

where Po i s i n watts and the r emain ing t e rms ar e th e s ame as in Eq. 3-1 .

Us e care whe n se l ect i ng a Zene r di ode f or 01 in Fi g 3-8C. The l ar ge r the di ode
ge ome try ( inner wo r king s ) th e gre at er the i nt e r na l c apacit anc e. Too gre at a c apac i t­
ance va l ue at t he Q1 coll ector c an pr e sent an impedan ce th at c an dis t urb th e T1
imped ance ma tc h (c aus ed by t he di ode Xc ) . Furthermore , t he unw ant e d C c an bypas s
t he RF ene r gy t o gro und and rende r the st age in eff ici ent . This eff ect i s t he mos t
pr onoun ced in hi gh-Z c i rc ui ts and at th e upper end of th e HF s pec tr um. I have
f ound th at most 400- mW Zene r di odes ar e fi ne up t o 30 MHz. Ma ny 1-wat t di odes
are su itable also, e s pe ci all y bel ow 14 MHz.

The Zener di ode ch os en f or 01 of Fig 3-8 B must be c ap abl e of pas sing t he c athod e
current of V1 wit hout overhe ating . It s houl d be mounte d on a he at si nk i n or der
to enha nce co oling . A 50-W Zener diode is suit ab l e for c ir cuits t hat provi de the
maxi mu m l e gal Am at e ur Rad io out put power .

Zene r diode s may be us ed i n s er i es to obta in a speci fic r eg ul ate d-vo lt age val ue .
The di odes need not have t he same vo ltage r at i ng if thi s i s done . In fact , it
i s somet i mes con ven ient to us e t wo or mor e Zener diode s of different va l ues ( ser i es
con nec ted) to provide var i ous r egu lated voltage pick - off point s . You may also
place a s i l icon diode i n ser ies wit h a Zen er diode t o in cre ase i t s vo l t age bar rier
by 0 .7 V. For exa mpl e , if yo u have a 9 .1 - V Zene r di ode , but wis h to cre at e a 10­
V re gulated so urce, you may us e a si l ic on r ectifi er di ode i n ser ie s wit h t he Zener
di ode to obt ain 9 . 8 vo lts , regulat ed .

An LED i s useful as a r efere nce di ode . I t co nducts at 1 . 5 vo lts, and may be used
t o es tab l is h bias by pl acing it in series with a tran s i stor emitter lead that
goes t o qruu nd , It c an also be use d t o prov i de a 1 . 5 volt, low- curren t re gulated
volt age .

Anot he r hint and kink I wis h to pass along t o you i s t hat yo u can use a sma ll­
s igna l NPN transistor as a Zene r di ode. This may be done by gro undi ng t he co l lector
and app1y i ng +dc volt age t o t he emit t er. The base i s co nnecte d to the co 11ector
when t his i s done. Mos t t r ans i s t or s of th e 2N2222 and 2N3904 t ype wi ll y ie l d a
regu lated voltage of approx imate ly +8 whe n thi s is done.

PI N Diodes

PIN di odes be have as voltage-var iab le resistors. They are us ed ma in ly at VHF and
above to fu nc tio n as band switc hes or as sh ort circuits ac ross antenna ports or
waveg ui des . The Mo torola MPN3700 , f or exampl e, has a turn - on dc re si s t ance of
only 0 .7 t o 1.3 ohms . The r e si st anc e val ue i s proporti on al t o t he di ode f orwar d
current in mAo The gre ater th e curre nt th e l ower t he r e s istance . Thi s dio de can
handl e up t o 200 mW of power di s sipati on . The di ode capa c itanc e i s 1 pF and it
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has a rever se recovery t ime (t r r) of 300 ns. Maximum safe rever se vol tage (VR )
i s 200 . PIN diodes ar e not widel y used by amat eur s, except for those hams who
wor k at mi cr owave f requenci es . PI N di odes may be us ed a lso as AGC devi ces i n
VHF r eceiver s if they are used at t he ant enna - i nput circuit of the r ec ei ver .

Schottky and Hot-Carrier Diodes

Schott ky or hot-carr i er diodes are exce l lent f or high-speed solid-state swi tch in g.
They have a l ower barrier vol ta ge t han i s available from si l icon swi tching diodes .
They are po int-contact diode s rather than being juncti on di ode s . The point-cont act
st r uct ur e i s sim il ar to that of the old crysta l detector t hat used a pi ece of
galena crys tal and a cat 's-wh isker contact e l e ct r ode . Thi s s t r uct ur e minimize s
internal cap ac itance, wh ich in t urn s hortens the diode switching t ime. These di ode s
are exc el len t devices for use in mi xers . A popu lar hot - c ar r i er diode is the Hewle t t ­
Pac kard HP-2800 .

Rectifier Diodes

Diode s that are used i n power supp l i e s to co nvert ac to dc energy are covere d
i n det ail i n The ARRL Handbook . Mos t amateurs are famil i ar wi th the i r s e lec t i on
and us e. It wo ul d cons ume page s pace unnecessarily if I were to include a treatise
on t hi s su bj ect here . Suff i ce to say th at l i ke other di ode s , t he us er must pay
cl os e at t ent i on t o the diode cur r ent r ating and PRY (peak reverse vol tage) s pec i f i c ­
ations in ac cordance with the oper ating volt age of th e power supp ly and th e load
current prese nted by t he equipme nt for whic h th e power supp ly is des igned . The se
subject s ar e covered in The ARRL Handbook.

IC CIRCUIT APPLICATIONS

Int egr ated c ircuits off er us the opportunity to pack a lot of c i rcuitry i nto a
rat her sma ll area . All i s not milk and honey when we use these moder n components ,
because circuit-board l ayout becomes more difficult th an wit h di sc rete part s ,
and we have 1itt1e contro l over what t ake s place withi n ma ny of the se chi ps , A
circuit t hat ha s disc r ete component s i s access i ble when we wis h t o al ter t he operat ­
i ng voltages and currents , add capac itors or make other minor c i rcuit chan ges.
An I C may have dozens of i nt ern al tr ansistors, re s istor s , diodes and capacitor s.
We can only change t he opera t i ng parameters at t he pin s of the I C. Circuit s ampl es
that appear on t he dat a sheets f or a number of ICs are often t oo basi c t o pe r mit
top performance, and it i s not uncommon to fi nd that t he oper at i ng volt ages and
bias va l ues can be improved upon by t he user . An amateu r with an i nqui r i ng mind
and the cou rage to experiment can of t en make an IC exceed it s publ ished s pe c i f icat ­
i ons by making cau tious changes in s i gna l level s and IC cur r ent. I encourage you
to explore this pos sib il ity when you des ire opt imum performance .

Audio ICs &Applications

Integr ated c ircu its may be used as aud io preampl i f i er s and as audio power -output
st ages in r ece ivers. The popular 741 op amp (ope r ational amp l ifier) i s exce llent
for use as a he adphone dr iver, l ow-l evel aud io amp lif ier and as an RC ac t ive audi o
f ilter. These low- cost ICs c an be set fo r voltage gai ns (AV) from unity to +40
dB by se lecti on of t he feedback- r esistor va l ue. Furthermore , you c an purchase
an op- amp IC that con ta i ns one, t wo or f our op amps in a sing le IC package . This
makes it pos sible to use one sect i on as an audi o pr e amp whi l e usi ng the rema inin g
t wo or three op amps as sec t i ons of an RC acti ve audio f ilter. If we wer e t o buil d
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a s i mi l ar ci rcui t with di s cr ete components i t wo ul d r equ i r e doz ens of t r ansi stors
and r e si st or s t hat are already pre sent i n t he IC!

Op amps t end t o be noi sy compar ed t o l ow-noi s e audio tr ansistor s . They generate
what i s known as "pop corn" noise . This i s s e l dom a pr obl em if t he op amp audi o
s tage i s preceded by a l ow-noi se bipol ar t r ans i stor or FET. Low-noi s e op amps
ar e ava i lab l e f or c ir cu i ts i n whic h a low-noi s e preamp i s not used. They are c al l ed
"b i FET" op amps . The inpu t devi ces in t hese c hi ps are FETs , whi ch do not gener ate
th e l evel of noi s e t hat i s cr e at ed by op amps t ha t have bipolar t r ansi s t or s i n
the i nput ci rc uit of the IC. An exampl e of a biFET op amp i s the TLOBO . The cos t
i s s l ig ht ly gr eater t han for a 741 op amp, but they ar e wor t h consider in g when
yo u desi gn a c i r cui t.

Fi g 3-9 con ta ins pract ic al examples of I Cs as t hey may be appli ed i n l ow- l eve l
aud io ser vic e .
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u F c a pa ci to r s are for RF b yp a s sing. Ci r c u it B is an a u d i o a mp t h a t ma y b e

u s e d a s a p reamp o r a s t he o u t p u t s t a g e o f a re c e iv er t hat u s e s h e a d phon es.

A two - po le RC act ive CW f il te r is s ho wn a t C. Nu mber ed r e s i s t or s a re 5 $
t y pes . Cl thro ugh C4 s ho u ld be c lo s e l y matched i n v a l ue .
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The op amps in Fi g 3- 9 may be replace d wi t h TLO-81 bi FET chips in the in terest
of re duced noi se. The pi n-ou t is t he same as f or a 741 . You may wi s h t o use a
dual op amp for U1 and U2 in Fi g 3-9C. A 747 op amp may be used f or thi s purpose.
Th i s t wo-po le RC acti ve CW f il t er r equires c lose mat chi n9 of t he numbered resistors
and capac itors in orde r to ha ve t he peak response occur at one frequency. C1 -C4
must be a high -Q t ype, s uch as polystyrene or my lar. The resistors in all t hr ee
Fig 3-9 c i r cui t s are 1/4-W carbon composit ion or carbon f i lm types. The polarized
capac i t ors are e l ectro1yt i c or tan ta lu m. Narrower sk i r ts f or the f il ter respons e
cur ve can be obtained by add ing a th i rd pole to the filt er . Pl ace two U1 stages
i n seri e s and fo 11 ow th em with the U2 ci r cuit to deve lop a thr ee - po1e f i lter .
The val ues of t he number e d components may be changed to obtai n peak responses
at fr equencies ot her than 800 Hz. Equat ion s for RC ac t ive f i lters are presented
i n The ARRL Handbook and i n Solid State Design for the Radio Amateur .

An RC act ive filter s houl d be used at low aud i o l evel s i n or der t o pr event it
from be i ng over l oa ded . I prefer to i ns er t them direct ly after t he 1s t audi o amp­
l ifier in my rece ivers . The se f ilters may be desi gned to have a l ow- pas s , hi gh­
pas s or bandp as s respo nse . The Fi g 3-9C circu it ha s a ban dpass res pons e , which
ena bl es it t o r e ject l ow and high frequencies, respective t o the center frequency.
The f i lter has a Q of 5 and a gai n of 2 .

IC Audi o Power Amplifiers

Mos t audi o power ICs are desi gned for us e with 4- or 8- ohm speakers. They do not
r equir e an input or output transformer. Thi s mi ni mizes cost and PC -bo ar d area.
Fi g 3-10 s hows pract ical c ircuit s for audio power amp lif i ers.
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Fi g 3 - 1 0 - - Exa mple s o f Ie audio amp li fi ers of three powe r classes. A is
f or 700 mW output. B is fo r 2.5 Wand C i s for 4 W.
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Fi g 3-10A s hows an exce l lent audio-amp lifier c ho i ce in terms of l ow cost and modest
power consu mpt i on. Thi s ampl i fi e r i s abl e to provide norma l r oom vol ume wit h 3­
or 4- i nch spe aker s . It i s a popu1 ar c i rc uit for hams who bui 1d QR P and por tabl e
eq uipment. The O.l -u F capacitor and 10- ohm re s i s tor to groun d f r om pi n 5 of Ul
di s courage se 1f-osc i1 1at i on . Most I C audi 0 amp 1if i ers have a t remendous amou nt
of ga in i n a very small pac ka ge , and this enco ur ages in st ability . The LM386 , as
sho wn , has a ga in of 200 !

Fig 3- 108 s hows a more powerful IC aud io am pl if i e r . It can deli ver 2 .5 watts of
output with a supp ly voltage of 12. It c an provi de 10 watts of output power in to
a 4-ohm load if the operating vo l tage is increased to 22 , but the s e are the safe
maximum rati ngs f or the IC. Maxi mum peak cur rent for the LM380 i s 1 .3 amper es .
The c ircuit sh own i s for the LM380N-8 . This chi p i s ava i l abl e also in a 14 DIP
pa ckage (LM380N).

The amp lif ier in Fi g 3- 10C wi l l de li ver 7 watts of output power i nto a 4- ohm l oa d
when the supply voltage i s 16 . Idli ng current at 12 volts i s 40 mA o Pea k r epe t ­
iti ve output curren t for the LM383A i s 3 .5 A. Thi s i s a good aud io IC to use i n
a hi gh- per f ormance rece ive~ bec aus e normal room vol ume is less t han 1 wat t . This
allows t he IC to ope rate we l l be l ow t he leve l where distortion be come s appar ent
to t he ear .

Al l bypas s ca pac itors f or t he cir cuits in Fi g 3- 10 must be l oca t ed as c l os e to
th e r el at ed IC pi ns as pr acti c ab l e . Thi s i s i mpor t ant if th e bypa s si ng i s to be
effect ive toward pre ven t ing se lf -o s c i llat ions. A heat s i nk is requ ired for the
Fig 3-10C amplif ie r. I suggest t hat you affix a small hea t s i nk to t he LM3 80N­
8 also . This may be done by attachi ng t he s i nk with epo xy cement .

You may use 4- or 8-o hm s peakers wit h eac h of the amp lifiers i n Fi g 3- 10 . Ci r cui t s
B and C wi l l pr oduce gr eater out put power when a 4-o hm speaker is us ed.

Univers al IC Buildi ng Blocks

Tran s i stor -array ICs appear t ai lor made f or exper imenters . These dev i ces l end
t hemsel ve s t o al l manner of amateur c i rc ui ts from rece i ve r s to t r ansmi t ter s . They
con t ain in div i dua l di ode s or bipolar t rans istors th at are accessib le at t he var i ous
IC pin s . Mo st tr ans i stor arrays are s ui t able for use f r om low fr equency well into
the VHF s pectrum .

A par t i cu lar advant age we enjoy when working wit h ar r ays is t hat e ac h trans istor
on t he IC s ubstr ate i s f ormed at the s ame t i me, and under the same manufactur i ng
conditi ons. Thi s vi rtu a ll y en s ur es that t he t ransistor opera t i ng characteris tics
are identi c al or ne ar ly so. Thi s fe ature i s of par t i cul ar val ue when we build
ba l anced c i rc uits, suc h as mi xer s , different i a l ampl if i e r s , ba lanced mo dul ators
and pus h-pull RF ampl i f i ers .

An ent ire di rect -con version rece i ver can , for example, be bui lt around an RCA
CA304 5 or CA 3046 ar ray. Thi s chi p contains the circu it shown i n Fi g 3- 11A . Ano ther
in t ere s t i ng tr ans istor array i s the RCA CA 3018A (Fi g 3-11 B) . It can be made i nto
a t iny QRP tr ansmitter, t o gi ve but one examp le . The ut i l ity of these I Cs i s l imi t­
ed only by your i magi nati on.

You can make your own doubly ba la nced act ive mixer or bal anced mo dulator by using
the RCA CA3026 , CA3049 or CA3054 IC array s (Fig 3-1 2). The CA3019 i s a diode­
ar ray I C th at i s ide a l f or us e as a dou bl y ba l anced pas si ve mi xer or balan ce d
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modulator. The inn er wo r kings of t he aforement ioned rcs are shown in Fi g 3-1 1 .

Fi g 3 - 1 1 I nner ci rc u it s of th r e e arra y les .
Exampl e A ha s a diff er e n tia l pa i r o f t r a ns is to r s
a nd th r e e in d i v i dua l t ra ns is to rs . Pin 13 must
be g ro u nd e d. The I e at 8 l e nd s itsel f we l l t o
Da r li ngto n - amp l i fier u s e at Q1 and Q2 . A dio de
a r ra y is pr ese nte d a t C. Thi s dev ic e is e xcelle nt
to r us e a s a balanc ed mixe r o r ba l a nc e d modulator .
Two ad d it io nal d i od e s are avai la b le to r o t he r
d ut ie s. s uc h as switche s to u n ba l a nc e a ba la nc ed
modu lato r fo r CW service.
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The rc s above offer some intere s t in g ci rcuit possi bilit i es . For exam pl e, Q1 and
Q2 i n the CA3045 rc can be used as a s i ngl y ba l anc ed detector for a direct -Fonvers­
ion (DC) rece iver. Q4 might be use d as t he tu nab le osc i l la tor or variab l e fre quency
bea t osc i ll ator (V BF O) . Q3 and Q5 co uld be used as audi o amplif iers f or a pai r
of he adphones. The CA3018A at B of Fig 3- 11 co ul d emp loy Q3 as a VFO , Q4 as a
buf fe r and t he Q1 - Q2 dir ect - coupl ed pa ir as a VFO buff er - ampl i f ier.

The diode array at C of Fig 3- 11 pr ovi des the f oundation for a dou bl y bal anced
mixer or ba lanced modulat or. Extern a l br oadband fer r ite t r ans f or mer s ca n be added
for coupl in g to and f r om t he circui t.

Othe r ty~es of tr ans is t or - ar r ay rc s are available from severa l semiconductor manu ­
facturers . These ch ips make poss ible the deve lopment of the ol d- t i me comi c-strip
Dick Tr acy wr i st rad io ! Certa i nly , they s houl d have a place in your ex per i men t er 's
bag of tricks .

There are thr ee RCA integrated c i rc uits th at conta i n t he twin di f fer ent i al amplif­
i er s shown in Fi g 3-12 . They are the CA3026 , CA3049 and CA3054 . The pin -o ut f or
t he CA3026 is different f rom that of t he ot her t wo I f s . These chips are exce llent



64

for acti ve mixers or ba lan ced modu lators when we need a doubly bal anced circ ui t.
The pr i nc ip le advantage when usi ng act ive circuits is that we obtai n a conversion
ga in rather t ha n a l os s . Gains of up to 15 dB are common, whereas a dou bly bal an ced
diode-r i ng mi xer has a t ypi c a l convers i on l os s of 7-8 dB .
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F i g 3- 1 2 - - Circuit fo r a dou bly ba la nced mixer or bal a n c e d mod ulato r us ing

a CA3049 o r CA3054 I C. The d ashed l i nes divide th e i nne r working o f the Ie
f r o m the externa l components . T wo d if f e r e n t i al tran sis tor pairs <01 , 02 and
Q4 , 05) a re c r o s s - c o u pl e d as show n to form a doubly ba lanced c i r c u i t. Each

dif feren tia l pai r ha s it s ow n c u r r e nt so u rce t r a nsis to r <03 and Q6) . LO in jec t­
io n is applied to the ba s e of the 03 curre nt -sourc e t r a n s i s t o r . The RF c hok e
i so l a t es the s i g na l i nput trom t he bypassed Q2 and 04 ba se s. A l- mH c ho k e

is su it able fo r HF b a nd ope ration . The val ue of C1 is chose n to ens ure 4 ­

5 vol t s P-P of LO i njection .

When we us e an I C of the type i l lustrated i n Fi g 3-12 it is essent ial t hat we str iv e
to obta i n a symmetr i ca l l ayou t for t he PC boar d . The circuit -bo ard conductors s hou ld
be as s hor t and direct as practicable . Wi de PC-board fo i l s hel p to min i miz e stray
i nductance. Thes e pr ecaut i on s ai d the overal l c ircuit balance . The Fig 3- 12 circuit
is exce l len t a lso as a pr oduc t detector and as a fro nt-en d c ircuit for a DC recei ver .

IC Audio Oscillators

Exper i men t e r s have freq uent ne ed for aud io osc i llators th at c an be use d as tone
generators for monitori ng one 's CW sending . I Cs l en d t hems e l ve s well to oscillator
serv ice . Th es e c ircuits may be used a lso as func t ion genera tors for t est ing Hi­
Fi and ot her aud io c i r cui t s. Var ious kin ds of I C, s uc h as timers, op amps and audio
ampl if iers may be used as osc i llators. When we use t hem as s idetone osci llators
we can key t hem on an d off by s i mp ly breaki ng t he Vcc supp ly 1i ne t o them . The
out put l eve l i s ge ner a lly s e t by means of a pot ent i ome t e r t hat is adj usted fo r
comfor ta ble headphone "or speaker vo l ume . Fig 3-13 shows t wo IC audio osc illators .
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Fig 3 -13 -- Exam p l es of Ie a ud i o os c illator s that may be used a s fu nc ti on
g enera t o rs (t riang u la r and sq uare wa v e s ) o r ke yed s i d e t o ne o s c i l l at o r s . Cl
at A and B is se l e c t e d f o r the a udio to ne de si re d.

Both of the ICs in Fig 3-13 are 8-p in DIP types . If you do not like to l is ten to
t he har sh square or triangular waves you may add an audio fi l t er after th e osc illat ­
or to "l aunder" t he osc i l l ator wav eform . A f i l t er wi l l provi de a s i ne wave out put.
The ci r cuit of Fig 3-13B can be bui lt ar ou nd a dual op amp, such as t he 747 . One
sect ion wou ld th en serve as t he to ne gener at or whi le th e r emaini ng op amp wou l d
be used as a si ngle-pole RC act ive bandp ass f ilter. If you deci de to use th i s method
for obt ai ni ng a sof t er ou tput waveform, make certa i n that t he center frequency
of the filter matches the output frequency of t he osci llator.

ICs as RF and IF Ampl i f iers

Integrated circui t RF ampl if iers of f er hi gh gai n i n a sma l l package. Anot her advant­
age ass oci ated with th ei r use i s that most ICs t hat are desi gned for IF-amplif ier
ser vic e have provi sions for the applicat i on of AGC vol tage. A vast number of these
ICs ar e on t he marke t, but we wi ll foc us on only a few of th e more popu l ar amp l i fie r
chips t hat are used by amateurs.

Al t hough the se ICs can be used as RF ampl i f i ers i n t he f ront ends of commun icat ions
rece i ver s , I don 't recommend t hat they be used for t hi s purpose above 7 MHz. This
is because most IC RF amp lif iers are more noisy than FETs and bipolar trans istors
t hat are designed for l ow- noi se operat ion. Fig 3-14 contai ns pr act ical exampl es
of ICs i n IF- amplif ie r serv ice.

Note t hat th e AGC control vol tage is diff er ent f or each circuit . Max imum ampl i fi er
gain occurs at +g vol ts for th e CA3028A, whereas maximum gain for t he MC 1350P i s
obta i ned at t he l ow end of the contro l -vol tage range .

Typ i cal gain for an in t egr at ed circuit IF amp l if ier i s 25-40 dB. The magnitude
of t he gain i s dependent upon t he ra t i ngs of t he chi p, i nput-outpu t impedance ma t ch­
ing and th e biasi ng of t he IC. Since t he poten t ia l gai n i s hi gh , we must use car e
in the circuit l ayout (s hort, di rect l eads ) , and we need t o i nst all our bypass
capacitor s as cl ose to the IC pins as practicable. Str i ve to ward the best possible
isol at ion of t he IC i nput and output ci r cui t s i n t he interest of stable operation .
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Fig 3 - 14 -- Practical exam p les of t wo IF ampl i fiers that emp lo y l e s . Ci rc uit

A co nt ai ns a low -cost Motorola MC1350P . AGe co n trol v o lta g e is +5 to +1 2 .

with max im um a mp l i f i e r gain a t +5 V. C1 and T1 i n bot h e xam ple s are tu ne d

t o the IF . Approxima te i np u t Z f or bot h circuits is l K ohm s . Outpu t impedance
i s on the order of 4 K ohms. Ci r c u i t B uses a n RCA CA3 0 2 8 A I C . AGe vol tage

f or t hi s device i s + 2 t o + 9 . wi th max imum gai n occurring at + 9 V. Bo th ampl i f ­

i e r s can pr ovide up to 40 dB of gain .

The IF amplifiers in Fig 3-14 are generally used in pairs . Th at i s , two stages
are used in cascade in or der to obta in 80 dB of overall gain . Th e AGC ac t io n is
mor e effective if two stages are used , and with AGC volt age appl ied t o eac h of
them . Circuit A can be used with the MC 1590G, which is considered a high- performance
I F amp l if ier IC. The pin-out is different fo r these t wo devices. Ex amples of how
cascaded MC 1590G and CA3028A IF amp lifiers are gi ven in pr actica l re cei ver circu i ts
that may be found in Solid State Desi gn f or the Radio Amateur (AR RL) , pages 136
and 228 .

It is practica l to use but one of the stages in Fig 3- 14 when you bui l d a simple
recei ver . The AGC control vol t age may be replaced with a man uall y cont r ol led volt age
of the same range. Thi s modification permits the use of manual IF- gai n control .
An examp le of th is me thod is on page 107 of t he above -referenced book .

IC Product Detec t ors

Ear l i er , we treated the s imi larity between mi xers and pro duct detectors. In effec t ,
we apply an inp ut si gna l and an LO s i oria l (BFO in t hi s i ns tance) and ext r act
audio-frequency energy rather than an RF (IF ) signal. In a similar f ash ion we may
compare a prod uct det ect or to a re verse balanced modul at or, since both devi ce s
are associated wit h an RF signal, a local oscillator and audi o energy . The audi o
outpu t from a product detector (PO) is the product of the two i nput s ignals, and
hence the name . For example , is we apply an I F of 455 kHz t o the PO and th e BFO
is on 456 kHz, we will obtain a 1-kHz (1000 Hz ) audio tone at t he out put por t of
the PD . The same 1-kHz tone wi ll occur if t he BFO i s on 454 kHz .



67

As i s the situation wit h active mixers, an act iv e (requ i r i ng an operat i ng volt age )
PD has ga i n rather t han convers ion l os s . Thi s i s an advantage when we wis h to reduce
t he number of I F or AF st ages i n a bar e- bones t ype of rece i ver . The overall ga i n
of a practi ca l r eceiver s houl d r ange f r om 80 t o 100 dB (fr ont end t o audi o- outp ut )
to ensure adequa t e weak-s i gna l sens it i vity f or headphone s or a s peaker. Thi s i s
not true i f we ar e dea l ing mainly with s i gnal s t ha t are 53 or greater . Fi g 3-1 5 s hows
practica l circu i ts for pr oduct de t ec t or s .

Fig 3 -15 Two pra c t i ca l
exam ples o f act iv e pro d uct
de t e c t or s . Ci rc u it A i s a
s i ng ly bala nc e d det e c t or .
The MC14 96 G ve rs io n at B

is a doubly ba la nce d pro d uct
de tector. Cl i n eac h c i r c u i t
i s c ho se n to p ro vide t he

d e sir ed BFO in j e c t i on v o ltage .
Bo t h ci rcuits a r e s u i table
fo r u s e a s det ec to rs in DC
re c e i ver s whe n us i ng a t u nabl e
BFO ( VFBO).
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Fig 3- 15A s how how t o us e the f amil i ar RCA CA3028A as a s i ngl y bal anced PD. Tl i s
a miniature aud io transfo rmer with a 10K-ohm center - tappe d primary and a 1K -ohm
secondary . The bypass capaci tors at pin s 3 and 8 c an be c hos en t o pr ovi de a band­
pass audi o r e spons e with t he pri mar y in duct ance of Tl , The s e c apacitor s al so he l p
to ro ll of f high- f r equ ency r e sp onse and r edu ce audi o hi s s . BFO input voltage shou ld
be on the order of 1 t o 1 . 5 V RM5.

The pr oduct detector i n Fi g 3- 15B is dou bly ba lanced. I t uses RC out put co upl i ng ,
bu t T1 of circuit A may be us ed at the U2 outpu t by connect i ng it t o pin s 6 and
9. Bot h product detectors in Fig 3- 15 ar e exce llent performers when us e d as f r ont
ends of DC rece ivers . A high-Q t uned inpu t c ircu it i s co nnected t o t he I F input
ports for DC -rece iver use . BFO i nj ect i on to U2 of Fi g 3- 15 is 300 mV RM5 .
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Ie Mi xers

Good r ece i ve r pe r f ormance i s dependent in 1ar ge measure upon the dynami c r ange of
t he recei ver fro nt - end c i rc uits . The di ode-r in g mi xer s i n Fi g 3- 1 offe r ex ce ll ent
dynami c r ange ( DR) . Howeve r , a number of ba lan ced-mixer ICs are cap able of pr oviding
high dynamic r an ge if t he i nput - s i gnal leve ls are not excess ive , as specified by
th e manuf ac t ur er . If an RF amp li f i er precedes an I C mixer , it must a l so ha ve t he
abi l i ty t o accommodate large s ign a l s with out degraded IMD ( intermo du lat ion di s t or ti on)
performance. Prope r gain di st r i buti on i s vita 1 to goo d performance, espec i a lly at
t he r ecei ver front end. Too l i t tl e gai n can res ult in a poo r recei ve r no i se f i gur e ,
and t oo much gain l eads to poor dyn amic r an ge. The correct LO inj ec ti on level to
a mi xer pl ay s a vita l rol e also, r e sp ect i ve t o DR and mi xe r gain . The subj ect of
rece i ve r dyn amic r ange i s covered i n Sol id State Design for the Radio Amateur and
in The ARRL Handbook . Ther ef or e , I wi l l not tr eat t he sub j ect her e .

Fi g 3- 16 il l us t r at e s IC mixers wit h ass igne d , prac t ica l co mponent va l ues . The mi xers
s hown ar e among t he most popular one s us ed by amat eur s , alt hough a number of othe r
ICs may be used f or thi s appl ication .
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Fi g 3 -16 - - Thr ee popul ar Ie mi x er s . Cir c ui t A i s si ngl y bala nce d . Ci rcuit s
Ba n d C ar e d o ubl y ba l a nced . Th e b ro a d b a nd mix e r metho d show n at C may be

ap p l ied t o ci r cu i t s A and 8 . Se e Fig 3 -1 5 tor t he CA3 028 A p in out . The ser ies
c a pacit o r at e ac h Ie LO p i n is ch o se n to e stabl i sh th e mV in j e c ti o n val ue

l i s t e d , wh i ch s ho u l d ap pe a r a t t he rel at ed IC p in .
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Fig 3- 16A shows a s i ngl y balanced mixer that uses an RCA CA3028A IC . The input
and output tuned c ir cui ts are arranged in a sing le -ended format , but bot h resonators
may be co nnec t ed i n a push-pu ll f ashion to i mpr ove the circuit balance . The broad­
band arr angement at C of Fig 3- 16 may be used for circu its A and B to ac complish
t his, or tuned c i r cui t s wi t h L1 , L2 center taps may be employed . I f tuned circu its
are used as s hown, C1 and L1 are resonant at t he s i gnal freque ncy, while C3 and
L2 are t une d t o the in termed iate frequency .

The MC1496G of Fi g 3-15B may be used also as a doub ly ba lanced mi xe r with the par t s
val ue s indicated . Pin 6 be comes the IF output of the IC . The 0 .047-uF capacitor
is e liminated , as is the 2 . 2-uF cou pl i ng c ap acitor . Pin 6 i s routed to a t uned
ci rcu it (as i n Fig 3-16A) , wit h the bypas s ed end of the t uned c i r c uit connected
to pi n g of th e MC1496G .

A doub l y balanced mixer with very f ew external compone nts i s seen at B of Fig 3­
16. The Signetics NE60 2 has become a popul ar I C among experimenters because it
not onl y fun c tions well as a mixer , but has prov isions to fu nction also as a l ocal
oscil l ator . Pins 6 and 7 are used f or th is purpose . The external compone nts requ ired
are used to cr e at e a crystal -control led or LC type of os c i l lator . A typ ical circu it
is pre s en ted in Fig 3- 17 . The La section wi ll operate to 200 MHz . Mi xer conve r s i on
gain may r each 18 dB at 45 MHz. The no ise f igure (NF) i s spec i f ied as 5 dB at 45
MHz .

Fig 3-16C shows a hig h dynamic-range Plessey SL6440C mixe r . The br oadband i nput
and output t r ans f or mer s conta in 15 tr i filar turns of no. 30 ename l wire on an Amidon
FT-37-43 fer rite t oro id (8 50 mu) . The po l ari t y of t he wind ings must be as indicated
by the black dots . R1 i s se lected t o cause t he IC to draw 13 mA of current . The
input intercept for t his chip is ra te d at +31 dBm . Convers ion ga in is a dB and
outpu t intercept (01) is +31 dBm . A post -mi xer amp l ifier may be added t o compensate
for t he un i ty conversion gain .

The Si lico ni x NE602Fig 3- 1 7

mixer may be used as a mi x er - a s c

a s s ho wn he re . A 5-MHz LO e xamp le

i s gi ve n . Cl, C2 and C3 a re NPO
c a pa c it o r s . Cl is 4 70 pF and C2 ,
C3 are 5 60 pF . An I F filter may
be c o n ne c t e d to pin 4 in lie u o f
an IF tu ne d circ uit . A 9 -MH z fi l ter
i s appr opriate if the sign al fr eq-
ue ncy is 4 .0 MH z and the LO i s

a t 5 MHz . T he s a me LO a nd i nter -

mediate freq ue ncy al so per mi t s
a 14 - MHz signa l frequency .
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In Fig 3- 17 pi n 6 i s t he base of the internal osci l lator transistor and pin 7 i s
t he emitter . The circu it abo ve i s for a Colpit ts osci llator . Thi s us e of t he NE­
602 i s i de al whe n we wi s h t o bui 1d s imp1e DC and superheterodyne rece i ve r s . It
i s better t o us e an outboard La with buffer i ng for hi gh-performance r ecei ve r s.
Os c i ll ator harmoni c s can cau se performance prob lems when the La trans i stor is on
th e s ame s ubstr ate as the r ema i nder of the IC c irc uitry.
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ICs as Audio Fi l t er s

The IC t ech nol ogy has made it poss ib le for us to const r uct audi o f ilters that are
sma ll and lo s sles s . Gone ar e the days whe n we had to uti lize bulky i nductors and
capacitors t o buil d a l ow- pas s , hi gh- pa s s , band- pass or not ch f i lter. We can cause
an act ive RC (resistance -capac i tance) fi lter t o have un i t y or greater gai n . We
can co nt ro l t he filt er Q by means of component s e lec t ion, whi c h is al ways a prob lem
when we des ign LC t ype s of fi lter s . OP amps (opera t io na l amp lif iers) are used for
RC ac t i ve fi lter s . The gener i c 741 op amp is oft en t he c hoi ce of amateurs. The
op amp noi s e i s lowe r when a biF ET such as the TL 080 is used in an RC act ive f i lt er .
Thi s is an i mpor tant cons ider at ion if t he fi lt er i s use d i n t he low-l e vel sect io n
of an audio amplif ier, s ince t he fi lter may es tab lish t he overa ll noi s e f igu re
of th e ampl i fier cha i n . Thi s may be equated to t he use of a l ow-noi s e RF amp lifier
ahe ad of a mixer.

Fi g 3- 18 conta i ns c i rc uits f or a low-pa s s and a not ch f i lter for use at audio f req ­
uency . The notch f i lter i s ad j us tab le and has a nul l depth of so me 40 dB. The
l ow-p ass f i l te r has but one pol e , as s hown. Normal l y , t wo or thr ee identi c al s tages
ar e use d in cas cade t o en hance t he hi gh-f r equency r oll off beyo nd t he - 3 dB point
on t he f ilter r es ponse curve .
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F i g 3 - 18 -- Ci rc uit A i s f o r a s i ng le -pole lo w-pass RC a c t i v e f i l t e r that

has a f re q uency c uto f f at 70 0 Hz f or CW re c ep t i on . Rl a n d R2, as well as

Cl an d C2 mu s t be closely matched i n va l ue . Circ uit B i s fo r a n a d j u s t a b l e

au d i o no t c h f i l t er . R3 is used to sel ect the notch f re q uency. Rl and R2 ,
al ong wi th C2 a nd C3 n e ed t o be match ed c losely in val ue . No r ma l l y . a 5%

va ria tio n i n v alu es is satis facto ry.
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A pr actical examp le of a 2-pole RC ac tive audio bandp ass filt er i s given i n Fi g
3- 9 . The l ow-pass fi lter of Fi g 3-18A is usefu l for CW r ecept i on if t he cut off
fre quency i s set for 500-700 Hz. For SSB operat ion t he cutoff fr eq uency should
be 1800- 2000 Hz . The low-pa ss response he lp s to attenua t e high-pitched QRM, and
it removes aud io hi s s nois e at the out put of the rece iver . Both f i lter s i n Fi g
3- 18 r equi re quali t y capac i tors f or C1 through C3. Polystyrene or my l ar capac i tors
are sui t abl e f or pr eventi ng Q de gradat ion and dri ft . The component val ues spec i f i ed
in Fig 3- 18B provi de a not ch range t hat i s su it able f or CW r ecept i on . Bot h Fig
3-18 fi lt ers wo rk bes t whe n t hey ar e l ocat ed di r ectl y after the rece i ver audi o
gai n contro l or f i r st audi o am plif ier . They s hould not be s ubj ec t ed to hi gh AF
s ig na l leve l s if t hey are t o per fo r m in an opt i mum manner.

A t unable RC act ive band pass f i lter i s i l l us trated i n Fi g 3-1 9 . The s ame component ­
sel ect i on r ul es given for t he Fig 3- 18 circu its apply t o t his fi lter . This f ilter
l ends i t s e lf nicely t o QRP receivers bec ause of its simplici ty and good perfo rmance
dur ing CWrecepti on. R1 i s adjusted for the desired peak audio frequency .
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47K
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Fi g 3 - 18 Pr a ct i c al c i rc u it
f o r a t u n ab l e RC act i ve b a ndpa s s
fil t er . Cl a n d C2 a r e po lys t y re ne
ca pac ito rs t hat a r e cl os el y ma t ch e d
in va l ue . Rl is the fre q uen c y­
a d j ust co nt r ol. It i s set fo r
t he des i red f il t er peak r espo nse
dur i n g CW r ece p t i o n.

Since t he c i rcu it above has a bandpas s t ype of response, i t r ej ect s f r eque nc ie s
above and be low t he fre quency of i nterest. Thi s f ilt er is es pec i al ly he lpfu l when
t he receiver does not have a CWf i l ter in the I F syst em.

Digital res

Digita l r cs and the i r re l at ed circuits ar e beyond the intent of th i s book , s i nce
we are dea l ing pr i mar i l y wi t h RF and ana lo g c ircuitry her e . An exce l lent ref erence
for digit al r c s i s The ARRL Electronics Data Book, second ed it i on, 1988 . Anot her
exce11ent reference is The Art of Electroni cs by Horowitz and Hil l, pub I i s hed by
Cambr i dge Uni versi ty Pr ess, Cambridge, MA . Chapter 8 of the book is devoted ent ire ly
t o digita l and l ogi c c ircu i ts and their desi gn .

Chapter Sunmary

I encour age you to ex peri ment with t he prac t i c al c ircuits out l i ned i n t his chapter.
Th ese t opi c s ar e expa nded i n Soli d St at e Desi gn f or t he Radio Amat eur.
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Glossary of Chapt er Terms

Ac t ive Ci r cu it - A c i r c u i t that r e qu i r e s a n a pp li e d o pe r at i ng vol tage .

Ac t"i ve Filter - An a udi o fi l t e r tha t u s e s t ra n s i s t o r s o r I Cs .

AGe Au t o mat i c gai n c on tro l ( al s o AVe, f o r a uto ma ti c vol ume c o ntro l) .
r e c e i v e r s to ma i n t ain a near l y cons tan t a udio-o utput le ve l. Deri ve d fr o m
I F o r aud io ene r g y, t hen r e c ti f i e d an d appl ied t o one o r mor e I F stage s 65 a
vo l t a ge whi ch va rie s wi t h t he i nco mi ng s ig nal l e ve l .

Us ed i n

samp le d

cont rol

Ar r a y , Ie An
t o wh ic h a c c e s s
fo r a variet y of

i nt eg r a t e d c i rc u i t th at c o ntai ns two or
is av ai l a b le at t he Ie p i ns . Mu l t ip u r pose
app l ic at io ns . A g r o u p o f t r a ns is to rs

mor e bipo la r t ran si s to r s
I e s t hat ma y be co nne ct ed

o n a com mon s ub strate .

or t r a ns ­
cir cui t.

a s i ng l e -

t wo o r f ou r d i o d e s
i np ut a nd ou t put
is po ssib l e wit h

Ba l a nce d Modul a t o r o r Mi xer - A c i r c ui t t ha t con ta ins
i s to r s tha t ha s a ba l an c e d (p u s h-pul l co nfig u r at io n)
Pr o v i d e s gr ea t e r isol a tio n betwee n th e t h r e e po rts t han
e nd ed bala nced mo dul a t or o r mi xer.

BFa - Beat
a c a r r i e r
de t e c t or .

f r e q ue ncy osc i l la to r .
f o r SSB si gn a l s or a

Ope ra t e s at t he
be a t no t e f or CW

r e cei ver
s i g na l s.

IF an d i s
Ap p l ied

us ed to s up ply
t o t he rec ei ve r

BIF ET . I C

h igh i n pu t
An ope r a t i o na l - a mp l i f i e r

i mpe d a nc e a nd l o w no i s e .
IC t ha t h a 5 J FE T 5 at its i n put t o e nsu re a

8i file r, t s-e ns f c r e e r - A t ran s f or mer that has two ide nti cal wi nd i ng s wh i c h ar e wou nd
o n the co re ma te r i al a t t he same time, side b y side o r as a t wisted pair of wi r es.
A tri fi l a r win din g is the sa me , but wit h thr ee wires.

Broadband Tra nsfor mer - A t ra ns fo rme r
Wo u nd in s uc h a manne r as to e ns ur e
o f fr e qu en c y , s uc h a s f r o m 1 . 8 t o 3 0
has h i gh pe rme a b i l i t y .

that i s not t uned t o a
ef f i c ie n t pe rfo r mance

MH z. Genera lly wound o n

pa rt i c ula r f r eq ue ncy .
ov e r seve ra l oc t av e s

a f e r ri t e core t hat

Co nd uc t io n Vo l tage ( diode) Also ca l l ed ba r rie r vo l t a ge.
t hat c a uses c u r re nt t o f low thro u gh t he di o de j u nc t i o n .
V fo r germaniu m d i ode s a nd 0 . 6 -0 .7 V for s il icon d iodes.

The f o rwa rd vo l t a ge va l ue
This o ccu rs at 0.3 - 0.4

Co n ve r sio n Gain Rel a t ing
respe ct t o the inpu t s i g na l
ga i n o r l o s s , dependin g up on

to mi xe r s . A mea s u r e of t he output s i g na l
l e ve l . a nd ex p r esse d i n d B. A mi xe r may ha ve
th e de v i ce s us ed a nd t he ci r c ui t de s i g n .

le vel wi t h
co nv e rsi o n

dB. - Po wer exp r e s s e d in d B (d ec ibe l s ) as r ef er en c e d t o mW. 0 d Bm eq uals mW.

DC Rece i ve r - Di r e c t - c on ve r s i o n ( s ynchr o d yne )
i ns t e ad o f a mi xer . Out put f ro m th e de tecto r
a t th e sa me fr eq uen cy as the i nc omin g s ignal,

receive r t hat us e s a p roduc t
is a t au d io f requenc y. The LO
and i t is tunable .

detec tor
o pe r at es

Diode Ring ••i xer - A mi xer o r ba l an c e d mod u la t o r t ha t u s e s f o u r di od e s i n a doubl y
ba lan c e d c i rc ui t .



DR Dy n a mi c ra nge . T h e me a su r e of a recei v e r ' s

str on g s ig na l l e v e l s . Re f e r s t o t he per f or ma n c e
pa rticula r e RF a mpli fie r a nd mi xer) i n te r ms o f

ge ne rate d wit h i n th e mi xe r ) . Th e gr eate r the DR

ab i l it y o f t he r e c e i ver.
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performa nce in the pre sen c e o f

of t he receive r i n p u t stage s i n

I MD t t n t e r mo o u I e t t c n di s t or t i on
t he g r eat e r th e s i g n a l - h a nd l i n g

Fi lter , au di o - An LC (i ndu cta n c e - c ap a c it an c e) pa s si ve

capac i ta nc e ) a c ti v e f i l t er that is u s e d t o s ha pe t he
a r e c ei v er . T he f i lt er r e s pon s e ma y b e hi gh pa s s , l ow
up o n t he r e qu i r eme n t s .

fi l te r o r an RC ( re s i s t a n ce ­

e u ot o - f req u e n c y r e s p o n s e i n

pa ss o r ba nd pa s s, de pe nd ing

Filte r , n o tc h - An a u d i o o r RF f ilt e r t hat r e j e c t s a s in g l e freq u e nc y wh i le pass i n g

t he f r equ en c i e s ab o ve a nd be low t he no t ch f r e q ue nc y . Us ed t o r e j e c t a s i n g le to ne,
s uc h as that ca used b y a c arri er ( he te ro d y ne) d ur in g CW a nd SS B r e c e p t i o n .

Ga i n The mea s u r e , i n d B, of a
be e xp re s sed a s AV ( vol tage gain)

c i r c u it's a bi li t y
o r powe r gain.

t o a mpl i fy s i g na l en erg y. Ma y

The ne t ga i n
of a r e c ei ve r t o

Gai n . ove rall
f ro m t he i n pu t

i n d B of a co mpos i t e c i r c uit .
th e a u d io -o u t pu t po r t .

s uc h a s t ha t me as ure d

Hea t S i n k A he a t -c o nduc ti ve de v i ce ( us ua l l y a l umi nu m) to whi ch
de v i c e i s af f i xe d t o co nd uc t he a t awa y from t he de vi c e a nd l o wer it s
e r e t u r e , May al so be a sma ll co ol i ng d e vice t ha t i s a t t a c he d t o t he
s uc h a s a p r ess -o n he a t s i n k .

a s o l id -s ta t e
j u nc t io n te mp­
s e mi co nd u c to r .

I C - I n te g r a t e d c i rc u i t. A mul t i - p in s e mi co nd uc tor t ha t has man y t r an si s t or s . d i od e s
a nd r e s i s t or s o n a sin gl e si li c on wafe r.

I F I n t e r med ia t e f r e que nc y . Outpu t
f re q ue ncy of the s i g na l f re q ue nc y an d

f r e q ue nc y of a mi xer.
th e LO f re q ue nc y .

T h e s um o r d i f f e r en c e

LED
with

Li g ht -emi tt ing di o de .
l e nses o f v a r i o u s colo rs

Co nd uctio n vo l t a ge
a nd is u se d a s a n

is ap p ro ximate l y
st at us - i nd i c a t i ng

1 .5 .

ligh t
Avail a b l e
o r p i l o t

l i gh t .

LO Lo c a l o sc i l l a to r .
i l la to r vo l t a ge t hat i s

Gene r a l l y
a pp li e d t o

r e l a t ing t o
a mi xer i n a

the t u na b l e
he ter od yn e

o r fi xe d -f r eq ue nc y
t ype of c i rc u i t .

o sc -

LSI Lar ge sca l e i n t egrat i on .
d i od e s an d r e si s t or s o n a co mmon

Ref er s t o la rg e
si li c o n wa f er .

I Cs with hu ndr ed s o f tra nsi s t or s .

MIXER A d e vi c e
Us ed i n r ece i ve r s.

th at mi xes tw o f re q ue nc ies t o
co nve r te rs a nd t r a nsm itt e r s .

p r odu c e a t h i r d ( IF ) f req uen c y.

NF Noi s e f i g u r e . A f igur e o f me r i t . e xp re ss ed i n d B v e rs u s f r e q uen c y. f o r a n
a mpl i fi e r o r mi xe r . The no ise i s ge ner a t e d with in t he de vi c e as a re s u lt of c u r r en t

f lo w a nd t e mpera t u re. Also th e me a s u re o f a r e c e t ve r ' e pe r f o r ma nce in t e rms
of inte rna l no i se ve r su s the l e v e l of the incomi n g si g na l .

Pha s i n g . t r e ns t o s- e e r wi nd i n g s The ma nn er i n whi c h t he windi ng s a r e
to a c i rc u it wi t h r e s pe ct t o the r eq uir ed pol ar i t y o f t he c i rc ui t . whi c h
e xamp l e . req u i r e a l BO-d eg ree pha s e d i ff er en c e f or t he a pp l ied s i gna l .

c o nne c t e d
may . f o r
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PIN Diode

an d h i ghe r
A specia l v a r ia b l e - r es is t a nce

t o fun c ti on as a sw i t c h .

d i ode t ha t i s de signed f or u s e a t VHF

Product Detector Used

re c ei v e r . Th e o ut pu t is
i s at audio fr eq ue nc y .

f or

t h e

t he d e t e c t i o n o f
p r o d uct of the

AM. SSB.

t wo i n pu t

S ST V and CW

si g na ls (IF
s ignal s

a n d BFO).

i na
and

Subst rate Foundati o n
s il i c o n mat eria l that i s

u pon whi c h t h e e leme nt s

t he fou nda t ion of an IC.
o f a n I C are f or me d . A wa f a r o f

Va r a c t or o r VVC Diode A vo ltage -var iab le capacit ance d iod e t hat i s used as a
fr equen c y multiplie r or tuni ng de v ice i n pl ace o f a mecha nical t u ning c a pa cito r.
The junction ca p ac it a n c e ma y b e c h a n g e d i n a c c or d an c e wi th a v a r i a b l e app l ied re verse

v o l t a g e (posit i v e v o lt a g e app l ied t o t he cathode o f t h e d i od e ) .

VBFO - Vari a b l e be a t - f r e q ue nc y osc i l l a to r . Tu n a b l e oscilla t or u sed in a DC recei ver.
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CONSTRUCTION PRACTICES

CHA PTER 4

It wil l be he l pful if we cover a number of su bjects t hat re l ate to comp onent
se lect ion , component use and genera l workshop practices before we move ahead
to the chapters that describe pr act i c al projects . Workshop rou t i ne is as import ­
ant to you as i s the mat t er of circuit des ign : A we ll -des igned c ircuit can become
a disma l fa ilure if th e project is constructed wrongly .

CHOOSING THE RIGHT COMPON ENT

Some experi menters are co nfused about t he type of capacitor , resistor , diode
or some other component that goes in to a circuit . Thi s is especial l y significant
when an inex per ience d builder attempts t o dupl icate a c ircu it t hat i s pub l is hed
in QST , The ARRL Handboo k , or some ot her Amateur Radio tec hnica l pub l ication .
Perhaps , for examp l e, yo u have never he ard of a polystyrene capacitor. Yo u may
wonder i f it is s uitab le to su bstit ute a di s c ceramic or s i lv er-mica capac itor.
Resistors can cause consternation also. The author or de s ign er may specify t he
res istors as 1/ 4-W c ar bon compositio n unit s . You are unabl e to find thi s sty le
of resistor li ste d i n your catalogs . Rat her, you find 1/ 4- W carbon-f i l m res istors
offered by the vendor . Can t hese res i stors be interc hanged i na c i rc uit wi t hout
i mpairment of performance? Yo u may fi nd also t hat t he designer spec i f ied severa l
O.015 -uF disc c apacitor s, but your parts co llection does not contai n capac itors
of t hat val ue . In ste ad , you have a number of O.01- uF capac itors . Can th ey be
used as bypass capacitors? Yes , they can in 99% of t he circuit appli ca t ions .
Thi s chapter addresses ques t ions tha t fal l into t he f or e goi ng ca tegory.

Capacitor Selecti on

Some circuits require capacitors that are stab le i n terms of ma i nta i ni ng t he ir
specified va l ues ver s us changes i n i nt er nal and externa l operating temperature .
Osci llators and f ilters , in particu lar, have this requ irement. A s ing le unstable
capacitor i n a VFO can t ot all y spo i l the performance by caus i ng f r equen cy dri ft .
NPO ce ramic capacitors are perhaps the best c hoi c e by amateurs f or al l stab i lity­
critical c ircui t s . They maintain their va lues we l l when t emper atu r e c hanges occ ur .
He at i ng occurs not only from t emper at ur e exc ursions outsi de t he capacitor (ambient)
but also f rom in ternal circu lating current . RF energy t hat f lows through a capac i t­
or cause s it to heat internal ly , and th i s can change its va l ue too . Ther ef or e ,
it is wise to use two or mor e capacitors to rep lace a s ing le one (paral le l capac i t ­
ors t hat have a net va l ue eq ua l t o t he required single uni t ) . Thi s pr ovi de s great­
er internal area fo r t he circ ulat i ng current , t her e by mi ni mi zi ng t he effects
of hea ting . For example, a VF O may requ ire a 100- pF f i xed - value NPO capacitor
in parallel wit h the VFO co il. If you use three 33-pF NPO i n paralle l at t his
circuit point you wi ll have 99 pF of capac itance , but the circu lati ng current
now has three times the capacitor ar e a to pass through . Thi s may not seem to
be cost -effecti ve f or a smal l project, but the reward s are we l l worth the ex tra
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mi nor expe nse.

Polys tyrene capac i t or s ar e qui t e stable a lso, and they are in expens i ve . They
work we l l in osci llators and fi l ters up to , say , 14 MHz. They have a sli ght negat ­
i ve- drift characterist ic. Thi s i s benef ic ia l when the oscil lator coil has a core
t hat is made from powdered iron : Powdered iron has a pos it ive dr if t char ac t er i st i c,
so t he negati ve drif t proper ty of th e pol ystyr ene capacitor often compensate s
f or t he pos iti ve dr ift of the core materia l.

Sil ver-mica capacitors may be used in frequency- critical ci rcui t s , but they are
unpred ictab le in terms of negat ive or pos iti ve dr ift with changes in t emperature .
You may f ind that hand-p ic ked s ilver micas work well in your VFO, but it may
be necess ar y f or you to try a number of same-va l ue cap ac itors i n t he c i r cuit
bef ore you obt ain a set that provi des stabi l ity . The t ask ca n be a t ediou s one !

Di sc cer ami c cap ac itor s are excellent for nons t ri ngent cou p1i ng and bypass i ng
assignmen t s at RF withi n t he MF and HF bands. Certa inly , t hey are bet ter t o use
t han i s t he s ituat ion with t ubul ar paper or myl ar ca pacitors. The l atter t ypes
have a cert ai n amou nt of i nt ern al ind uc t ance , owing t o t he manner i n which t hey
ar e constr ucted. When unwanted ser ies in duct ance is pr esent ed i n a circuit it
can nul l i fy t he f uncti on of t he capacitor . I n some ins tances it may be so severe
that no effecti ve bypa s s ing t akes place, especiall y at t he higher f requenc ies
where sma l l unwanted inductances cau se major prob lems. Tubul ar or r ect angul ar
paper or myl ar capac itor s are, however , exce l lent units to use in audi o ci r cu itry.

Capac itors t hat are used at VHF and above work best if they are the l eadl es s ,
monol y t hi c ch i p-capac itor type. These dev i ces may be so1dered di r ect 1y to the
PC -board conductors to ensu re mi nimum unwanted induct ance . The 1eads on di sc .
or dog-bone ceramic capac i t or s introduce considerable i nduct ance at VHF and higher.
If you must use them in your VH F pr oj ect , try t o c l ip the leads as c lose to the
body of t he cap ac itor as i s pract icable. If you shor t - c i rcuit th e l eads of a
disc cer ami c ca pac itor you can check it wit h a di p me ter to f ind the freq uency
at which i t i s a resonant circ ui t. The l ower this frequency the great er t he s t r ay
i nduct ance .

Tantalum versu s Electrolytic

Circ uit di agr ams ofte n i ndi cat e ca pacitors f or whic h t he polarity is marked.
These may be electro lyt i c or tanta l um t ypes . For t he mos t part these ' capacitor s
are i nterchangeab1e for low freq uency and audi 0 wor k . Tantalum capac itor s have
ver y little stray i nductance as oppos ed to electrolyti c types. Thi s makes t he
tantalum capac itors the bet ter choice for circuits where high ly effect i ve bypa ss­
i ng or coupl ing i s required . It i s vita l th at you always obser ve t he pol ar ity
of th e capacitor . An in correct l y in stall ed e lec t ro lyt ic or t ant al um capa citor
may over hea t or blow up! Make ce rta i n also to select a capac i t or t hat has a vol t ­
age rat ing somewhat greater than the suppl y l ine va l ue . For exampl e , if your
circ ui t operates at 12 vol ts, use a 16- or 25-V cap acitor .

Variabl e Capacitors

Air (di el ectr i c ) var ia ble ca pacitors are the best ones t o use i n VFOs. They are
t he leas t prone to temperature-caused dr ift. Ceramic and plastic trimmer s (even

•
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NPO types) ar e not known f or st abi lity i n crit ica l c irc uits. Even t hough t hey
may be rel ati vel y immune t o val ue chan ges from heating, th ey are not s t able i n
a me ch ani c al sense. Vibrat ion c an change t he capac itance, and changes in ambient
temperature may cause the movable part of the t r immer to s hi f t. Glass piston
t r i mmer s are a better c ho ice if you 're wi ll i ng t o s pend the extra money needed
to buy t hem.

VVC (varactor) di ode s are the l e ast stable of the ava i lable capacitors that we
may use in an osci l lator . They undergo temperature change f rom externa l and i nt er­
nal heat excursions . The dc and RF current t hat f lows throu gh a VVC diode is
the cause of internal heating.

The air variable cap ac i tor that you use fo r tu ning your VFO s hou l d be the dou ble­
bea r iny type (a rotor beari ng at each en d of t he c apac itor) i n order t o ensure
mec hani ca l s tabi l ity and minimum s t ray i nduct ance . It sh ou l d rotate f r ee l y to
fac il itate easy, non-l umpy tuning. Av oi d usi ng ai r var iabl es t hat have al umi num
plates when bui l ding a t unable osc i ll at or . Al um i num i s affe ct ed su bstant ia lly
by ch anges i n he at . Plat ed brass va nes are mor e temperat ure-s ta ble t han al um i num
ones.

Resistors

We di s c uss ed ear 1i er i n thi s chapt er t he matter of c ar bon- compos it i on re s i s tors
vers us car bon- f i l m res istor s . Unfort unate l y , mos t manuf actur er s of r es i s t or s
have opt ed f or t he newer c arbo n-f i lm t ype of r esi stor . The ol der sol i d-car bon
res is tors ar e be com ing as scar ce as f ur on a f r og. The carbon- f ilm r es i sor has
a · he l i x of c arbon ribbon wound aro und t he i nsu l at ing form. The gr e ate r the re s i s t ­
ance the more t ur ns of r es ist ive f i l m requi r e d . Fortun at el y, the se r esi s t or s
do not ex hibit s i gnif ic ant in duc t ance , and they ar e ent i re ly ade qua te i n most
HF c i rc uits. The i nt er nal i nduct ance , pl us th at of · t he r e s i stor l e ads , can presen t
a pro blem at VHF and higher . Today 's i ndus t ri al t ec hnol ogy ca lls f or the us e
of monolit hic c hi p re si stor s at VH F and beyond. They sol der direct ly to the PC
boar d in a li ke manner t o chi p c apac i tor s . The se mode rn r esi s t or s are not widely
ava ilable as surpl us, so we mus t make do fo r the pr e se nt with the ol der style
of resistor with pi gta i l s . Keep the leads as short as pract i c abl e , and you s hould
be able to obta i n acceptable circui t perfor mance with them. You can i de ntify
the carbon-film res istor by its s tructure. These units have s l ightly enlarged
ends (heads), whereas t he older car bon-composition res i stor s have bodies t hat
are uniform i n size.

Power resistors are avai lab le i n NIT (noninduct ive type) and standard f or mat.
The latter sty le us es nichrome wire woun d around the in s ul atin g form of the resist ­
or . These are hi ghl y i nductive, wh ich makes th em uns uitable i n RF c ircuits. The
NIT r e s i s t or s hould always be us ed f or resist ive RF l oads and dummy antennas.
Globar resistors are a lso noni nduct i ve , but t he r esi st ance changes wit h heat i ng.
Thjs i s not us ually a pro bl em if a hi gh-wat t age Globar resistor i s used i n a
ver y low-power c i rcu it. In ot her wo r ds, a 10- W Glo bar resistor wi ll exhib it
minor res istance ch ange whe n 1 watt of RF power pa s se s th r ough i t .

Pot en t i ometers need t o be chosen c arefull y al so. Many of t he l ow-cos t i mpor t ed
br ands have a very t hin l ayer of car bon on t he inner e l emen t. Shor t -ter m us e
ca n wear away t he carbon and ma ke t he co ntrol scratc hy or i ntermi t t en t. I n other
t han brea dboard c irc ui ts i t i s prudent to spen d addi t i onal money f or t he purc has e
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of an indus tri al gr ade cont r ol, suc h as t he Allen- Brad l ey br and . These cont r ol s
are r at ed at 2 watts, whereas most ot her con t ro ls are spec ified for 1/4 or 1/ 2
watt, there by in dicating a thin l ayer of carbon under t he s l ider. Pay c lo se attent ­
i on t o the power rat ing of the contro l you use . An underrated contro l may burn
out qui ck1y when the re lated equi pment is turned on . Determi ne the voltage and
current associated with t he control when makin g a se lect ion. Thi s i s se ldom a
cons ider at io n f or audio -ga i n cont ro ls wh er e small cur rent s are i nvolv ed , but
if a contro l i s used, for exa mp le , with a three- ter mi na l voltage regulator IC
t o vary t he output voltage, consi derable current wil l f low through t he contro l .

Choosing the Ri ght Tr ans ist or

Some bui l ders f eel t hat t hey must use t he exact t r ansi stor spec if ie d in an artic le.
This may be an impor t ant as pect of circui t perf or mance at VHF and above, respec t ­
i ve t o noi se f igure and gai n. I t is wise i n this instance t o use what the des i gner
r ecommends, even tho ugh a comparab le trans is tor of a different number and brand
may be ava i lable . Experimenters who are exper i enced in trans i stor se lecti on can
often pic k a subst itute tr ansi s t or th at wi ll pr ovi de i denti cal c i rcui t per f ormance .
I do not r ecommend th i s to beginner s or inex per i enced builder s .

Thin gs aren 't quite so cr it i cal for circuits th at operate i n the HF spect r um
and l ower . Cir cu its for t hese frequenc i es are more forg i vi ng than those th at
are earmarked fo r VH F and hi gher. A good ru 1e of thumb when mak i ng a se l ect i on
fo r an MF- or HF-band c i r cuit i s to choose a trans is tor th at has an fT (upper
f r equency r at i ng) th at i s fi ve times or gr eat er th e pr oposed operati ng frequency.
Thi s ensu r es th at am pl e gain wi ll be avail able at the chosen f r equency . Remember
th at the fT is a f r equency at whic h the t r ans i s t or gai n i s unity or 1. In ot her
words, it no l onger amp l ifies the signa l applied to i t . A phenomenon as sociated
with bipolar t ransi s t ors is that the gain, i n theory, increases some 6 dB per
octave as t he f r equency i s l owered . By way of examp1e, if a gi ven tr ans i stor
i s rated at 13 dB of ga in at 30 MHz, it coul d have a gain of 19 dB at 15 MHz
and so on . Alt hough t heory says th i s ca n happen, i n pr act ice it doe s not. Ther e
i s , however, an increase i n devi ce ga i n as the operat i ng fre quency i s l owered .
Thi s l eads to pot enti a l in s tabil i ty (self -osc illation) problems at the l ower
end of the oper ating range . Thi s may be t he reason your RF amplif ier is stab l e
at, say, 14 MHz, but t he circuit oscil lates wi l dly at 3 .5 ~lH z . Broadband RF amp­
1ifier s th at have s hunt -feedback networks do not suff er f r om t his form of fre q­
uency se nsit iv i ty . As the operat i ng fr equency i s l owered th e effec t ive feed bac k
i ncr eases. This automat ically r edu ces t he ga i n of t he ampl if i er. Some amp l i f ier
c ircuit s i ncl ude al so a ga in - leve li ng netwo rk at t he amplifier i nput. Thi s may
cons i st of an inductor and a capac itor in sh unt with the amp 1ifi er i nput. At
t he higher f r equenc i es t he network is "i nvisible , " but as t he oper at i ng f r equency
i s l ower ed the net wor k ca uses a reduc t i on ( loss) in in put - si gnal power . Thi s
enables t he am pl if ier t o pro vide re lative l y cons tant ga i n across it s f r equency
r ange . In pl ain er t erms , th i s net wor k pr esents a high r eact ance at t he upper
end of the operat ing r ange , but exhibi ts l ower and l ower r eact ance as the f req­
uen cy in MHz i s decreased .

Tr y t o avoi d us in g UHF- r at ed t r ansisor s f or HF appl i cat i ons . Thi s wi ll hel p you
to avo i d exces sive ga i n and t he attendant i nstabi l ity me nt i oned above. Severe
se lf -osc i llat io n may des t r oy as t ransis to r i ns tant ly, so t ry ma ke an effor t to
choose t he r i ght tr ans i s t or f or your circuit.

,
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A good all-around small-signal transisto r is the popular 2N2222 or 2N2222A. Some
acceptable substitutes for app l ications from dc t hro ugh the HF s pectrum are t he
2N3904, 2N4400, 2N4401 other dev ices with s i mi lar e lectrical character ist ics.
Most of t hese trans istors are interc ha ngeab le in circuits that ca ll for one or
the other types li s t ed her e . These are NPN transistors . Be careful when making
a substitut ion so t hat you do not end up wit h a PNP device , which r e qui r es a
different vo ltage polarity i f t he assoc iated circu it is not change d to accommodate
t he PNP un it. I recommend t hat you obta i n a transistor subs titu t ion guide if
you i nt end to do a l ot of experime nt i ng . The s e books l i s t the electrica l charac ter­
istics of most of the common t rans istors . This enab les you to l oc at e ot her t rans­
istors that have s i mi lar or i dent i c al characterist ics.

RF Power Trans istors

QRP operators often use t he 2N2222A or 2N4401 fo r RF amp l ifier c ircuits . The se
transistors and their equiva le nts can produce up t o 0.5 watt of output power
at +12 volts. They may be used in parallel to obtain up to 2 watts of output
power . A number of l ar ge aud io power transistors wor k well as HF RF power ampl if­
iers , and they are i nexpen s i ve surpl us dev ices . One examp le is t he Motoro la MPS­
U02 whic h sells for unde r $1 as su r pl us . This t ransis tor can prov ide up to 2
watts of RF power at +12 volts if it s t ab i s attached t o a s ma ll he at sink . It
has an fT of 150 MHz . The MPS-U05 is a t r if le hus ki e r , and i s a good one als o
for RF serv ice . Most power tr ans i s t or s tha t are in t en ded f or Hi- Fi amplifier
use have hi gh fT ratings , and t hey are not cos t ly .

In a l ike manner, many l ow-cos t power FETs, suc h as th e IRF511, work well as
HF-band RF ampl i f iers up to 20 meters . The IRF511 i s des igned for swit c hi ng rat her
than RF applications, but i t can deli ve r up to 15 wat ts of RF power when operated
at +24 volts. Power FETs are available fo r RF serv ice, but t hey ar e ve ry ex pe ns­
ive .

Toroids and Slug Cores

It i s essential that we use the right core mat eri a l for a given ci rcuit . Slug­
tu ned coils genera l ly contain a powder ed - i r on core t hat i s used to vary t he coil
i nduc t ance . Various t ype s of core material are ava ilable, and each is rated f or
a spec ific frequency range versus co i 1 Q. The wro ng co re can destroy the c ircuit
Q and spoi l the circuit performance. The same i s tr ue when we use toroid cores.
A usefu l reference to core mat eri al s and t he ir opt imum freque nc ies of operat io n
is the J . W. Miller Co. catalog (19070 Reyes Ave., Box 5825, Compto n, CA 9022 4) .
The Am ido n Assoc ., I nc . catalog (12033 Otsego St., N. Holl ywood , CA 91607) l i s t s
t he core character istics for powdered - iro n and fe rr ite toro ids and rods. The
message here is to avo id usi ng nondescrip t cores t hat are offered as su rp lus
or at f l e a markets , un less the sel ler speci f ies t he core mix . Some s lug and toroid
cores are co lor-coded . For example, r ed indicates t hat high Qs may be obtained
from r t hr ough 10 MHz . Ye llow cores prov ide hi gh Qs from 1 through 50 MHz . The
core permeabil ity varies with th e core mi x also. The higher t he s pec if ied operat ­
i ng frequency the l owe r the permeabi 1i ty, and t he l ower t he permeabi 1ity the
greater the number of co il turns requ ired for a given inductance .

The decision to use ferrite ve rsus powdered -i ron co res must be fo unded on the
c ircu it application . Powdered i ron has a much l ower permeabil ity f or an equivalent
ferrite-core size . But , powdered- iro n cores are more permeability-s table t han
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are f errite ones. Avo i d us i ng ferr ite in VFOs and fil t er s , where all compon ents
mu st be t emperature - stable. Ferrite cor es sat ur ate more quic kly f or a gi ven power
level than i s t he case wit h powdered - iro n mat eri al . When satur ation occur s the
core has reached it s max i mum power- handl ing c apabi l i ty (f l ux density ) . The cor e
becomes hot , and i n the cas e or f er r ite may fr ac t ure. Fer rite cores undergo a
mar ked change i n 'per me ab t l ity when sat ur ated, and th e per meabil ity may never
re tu r n to it s or igina l val ue afte r coo ling t ake s pl ace . Powdered iron""; on th e
other hand , doe s not under go a maj or chan ge in permeabi 1ity wh en sat urated . It
doe s r e turn t o i ts normal va l ue when it cool s.

The adva ntage of ferrite ver s us powdered iron, f or a given core s ize, i s t hat
hi gher permeab i lity ex i s t s . This means f ewer coil tur ns, and under some c ircum-
s t ances l ower l os s .

Fer r i t e i s t he core of c hoice f or broadband tr ansformer s , i nc l udi ng ba l uns . Thi s
is because the f er r it e redu ces t he number of trans former wire t urns , al ong wit h
be comi ng "i nvi s i bl e " at the upper end of t he tran sformer f requency range. At
the l owe r end of t he range , where hi gher effe ct i ve i nductance i s needed, the
core i s "seen" by the wi ndi ng. It i s thi s phe nomenon that allows the trans f ormer
t o oper at e i n a bro adband manner .

An i de al VF O has no cor e mat er i al in side the VFO t une d-ci rc ui t in ductor. Howe ver,
ye llow no . 6 powdered i r on i s the best cho ic e if a tor oi d or s lug is used . It
is a highly s t abl e cor e mater i al , and provi de s a hi gh tuned-circuit Q up t o 50
MHz. An examp le of a good VFO toroi d core i s t he Am idon T68-6 unit . The wind in g
s hou l d cons i s t of the l ar ge s t wire s i ze practicabl e and it s hould be ce mented
i n pl ace by doping i t wi t h two or th r ee coati ngs of Gener al Cement Pol yst yr ene
Q Dope or an equ ival ent high- Q glu e.

How to Wind Toroids

A major ar ea of confus ion amo ng inexper i enced buil der s i s how t o wi nd a t or oi d
in duc tor or transformer . People have asked me such que s t ion s as, " I s t he wi ndi ng
wrapped around t he outer perimeter of the toro id , or do you l oop t he turn s t hr ough
t he core? " The answer i s , of course, t hat the t ur ns are pas sed through the cor e
and wou nd ar ound it progre s si vely. Although t he t ur ns cou l d be wrapped arou nd
the outs i de of t he t oro id ( a diff icult task , in dee d! ) , t he inherent se lf-s hi e ld­
in g property of the toroid i nduct or wo uld be lo st. Ot her questions asked are
"How do I wind t he secondary wi th respect to t he pr imary? " an d "Should th~ win din g
occupy all of t he cor e area or sh au l d it be bunched ove r a sma l l par t of the
cor e?" Fi g 4- 1 s hows some i l l ustr ations that re lat e t o the se que sti ons .

Broadband t r ans f or mer s t hat are designed f or use from 1 to 30 MHz gener al ly co nt­
a in a hi gh permeabil ity cor e materi a1 (800-900 mu). No. 43 core mat er i a1 f r om
Amidon As soc iate s fits t his de scription. Fig 4- 1 a lso s hows a met hod you may
adopt t o fa s hi on a hi gh-power ferrite bi nocul ar core fr om f er r i te t oro i ds . Thi s
type of core is used ge ner all y f or the outpu t transformer s in high - power sol id­
s tate RF amp lif iers. One- piece binoc ul ar or ba lun cores are a lso available fr om
Am i don.

Most ferrite t oroids have sharp edges alon g t he inner and outer per i met er s . Care
must be t aken during the wind ing pr oce s s to avoid cutting through the ename l
insu l ati on of the ma gne t wir e. If you have a rock t umbler ava i lab l e, use it t o
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smooth t he rou gh edge s before yo u apply the wi ndi ng . Alter nat i vel y , yo u may di p
the co r e in c l e ar polyur ethane var nis h before you us e it . Large co r es may be
wrappe d with i nsu 1at i ng tape before the wind i ng i s added. The se measu re s he l p
to preven t damage t o the wire in s ul at i on .

A
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WINDING
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TAP

REMOVE ENAME L.
TWIST AND TIN
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BUS WIRE
TAP
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PRI
FT-5 0 - 43
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BIN OCULAR
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Fi g 4 - 1 - - A 30 -degree gap s hou ld e xi s t be twee n t he e nds of t he win din g
( A). At 8 the li nk i s show n as occ upy in g t he same co r e a r ea as the main

wi nd in g. I l lu strati on C sh o ws how a t ap may b e pla ced o n a to r o id win d ing .

One t u r n of t he wi nd i n g is pu l l ed a wa y f ro m the co re t its i nsul a ti o n sc r ape d
a wa y. and t he n i t i s t wi s t ed to f o r m a co n nec t i o n poin t . Th e ta p me thod
a t C r e q ui r es the r em o v a l o f t h e wire in s u l a ti on o n o n e co i l t ur n . A piece

of pa pe r or o t he r i ns u lat i ng ma t er i al is s l ipped und er th e tu rn a nd a tap
wi re i s so lde r e d to the t u r n . Two r o ws o f to r o i d c or e s ma y be ce men t ed
to ge t h e r wi t h e pox y ce ment ( E) to fo r m a h ig h -powe r RF t r a ns fo r me r. At

F is a U- sh a p e d p iece o f in su lated wi re t h a t ma y b e u s e d wi th t h e co res

at E and G a s t he l ow- impeda nce p rimar y o f t h e trans f ormer . On e t u rn i n

h ig h - pe r mea b i lity c o r e mat eri a l pr o v ides amp l e i n du c t a n c e at HF . T h e U­

s haped wi re r e pr e se nt s o ne t u r n o n t he tr a ns fo rm e r .

Although Fi g 4-1 B s hows the l i nk wound over all of t he pr imary or main win din g,
you can bunch t he l i nk turns at one end of the pr i mary . "I t i s gene ra l l y he l d that
t he transformer eff iciency i s better when the windin gs ar e appli e d as shown at
C of Fi g 4-1 . For tuned , nar r ow-band tor o i dal c i rcu its I prefer to bunc h the l i nk
turns at the col d or grounded end of t he ma in wi ndi ng. " Thi s r ed uces unwanted
capac itive couplin g between the t wo windi ngs. Thi s can be espec i a ll y impor t ant
toward reduc ing the transfer of har moni c curren t s.
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Multifilar Windings

Bifi lar , t ri f i lar and quadrifilar t r ans f ormer wind ings ar e commonp lace in our
mo dern so l i d- s t at e c i r cuits . Bifi lar and t rifil ar wi ndings are us ed i n ba lun
t r ans f or mer s for matc hing ampl i f i e r inp ut and output i mpe dance s t o the amplifie r
loads. They ar e use d al so f or ant enna ba lu ns . Bif ilar ind icate s a t wo-wire wind ing ,
t r if i lar s ignif ies th r ee wind ings and quadr i f i l ar transformers have fou r wi ndings.
These wind in gs are plac ed on the tr ansformer cor e at t he same ti me. They may
be 1a id on t he core in par a11e1 with one another, or they are somet imes t wi sted
t oget her (about ei ght t wi st s per inch) befo r e t he wi ndi ng i s pl aced on the core .
The tw ist i ng of t he wires i s done e asi ly wi th a hand-operated dr i l l or an el ec t ri c
one th at is slowed t o a few RPM. One end of the wire bundle i s pl ac ed in a vise
and the ot her end is c lasped i n the chu ck of t he dr i l l to accompl ish t his.

I dent ifi c ati on of t he multi fil ar wi ndings may be carried out by "ringing" t hem
out with an ohmmet er. I f you use a differen t co lor enamel wire for e ach of the
windi ngs t he j ob wi 11 be eas i e r . The magnet wi res may each be spray pain t ed a
differe nt color bef ore t hey are wound on t he core. Thi s ma ke s it an easy matter
t o t ell wh ic h wire i s whi c h wh en connect i ng t he t r ans former t o the c ircuit .

Checking Toroid Inductance

The i nductance of a toroi d- or rod - core i nduct or can be determi ned befor eh and
i f you know the AL f ac t or of t he core . Thi s information i s av ailable f rom t he
ma nufact ur er or ven dor. Once t hi s fac tor i s know n th e cor r ec t number of turn s
c an be obta in ed fro m

Eq 4-1

or

N = 1000 JLmH-7- AL Eq 4- 2

where N i s t he number of turns and AL i s the manuf actu r er' s t ur ns vers us permeabil ­
ity factor . Eq 4-1 i s used gene r al l y f or smal l i nduct anc es on powdered-iron core s ,
where as Eq 4-2 r el ate s t o ferri te cor es with their high per meabi l i t y .

I f you do not know the AL of parti cul ar co r e, you may l e arn what i t i s by placing
an ar bitrary number of tu rn s on t he core, t hen me as uring t he induct'ance. Once
yo u know t he induc tance of t he windi ng and the number of tu r ns requ i red f or t his
indu ct anc e you can obt ai n the AL f r om

Eq 4-3A =
L

L)jH X 104

N2

You can me asu re the induct ance of a toro i d or ot her type of windi ng if yo u own
a di p met er. This t es t i s done by pl ac ing a known -v a lue capacitor i n para llel
with t he wind i ng of unknown i nduct ance . Win d a two - t urn 1in k over the unknown
co i l wind i ng, t hen att ach an ident i c a l lin k to t his one as s hown in Fi g 4-2 .
The di p-met er probe i s i ns er t ed i nt o the extern al l i nk , as sh own. The dipper
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is t une d f or a dip in meter r e ad i ng , which indi c at es t uned- c ircu it resona nce.
The XC of C(known) i n Fi g 4- 2 i s obta i ne d from XC= 1/ (2pi f C) , where XC i s t he
capaciti ve r eact ance i n ohms , f is t he f reque ncy i n MHz and C is in uF. Once
you have t his informat ion you can learn the L1 induct anc e fr om L( uH) =XL/ (2pi f). At
ci r cui t reso nance the XL is eq ua l t o XC.

11 (unknown)

C(known)

lIHl
PROBE

DIPPE R

Fig 4 -2 - - Il l ustrat io n o f how to us e a d i p mete r to chec k t he i nd u ctance
ot an unknown to ro i dal indu c t or . C i s a c a pa c i t o r o f know n v a l ue . L2 i s
a tem pora ry t wo - turn l i n k a nd L3 a lso ha s two tu r ns. Ci rc u it re s o na nc e
is fo u nd wit h the d ip meter . X C = X L at r e so na nc e ( s e e a bo v e text).

The tes t met hod s hown in Fig 4- 2 i s adequat e f or mos t amate ur wor k. You s houl d
be awar e t hat t he pr e sence of L2 and L3 has some effec t on t he tr ue i nduct ance
va lue of L1 . In ot her wor ds, t he me asu r e d va l ue wi ll not be exact ly t he s ame
as the co i 1 inductance wi tho ut L2 and L3 connected. The di fference i s r at her
minor at HF, and s hould not be a matter of grea t concer n. The Fig 4-2 tech ­
ni que is necessar y because of t he self-s hie ldi ng property of a t or oid al co i l .
The l i nk met hod of sampl i ng may be avo ided if the pigtai ls on C of Fi g 4-2 are
suff i c i ent ly long to per mit i nser t i ng t he di pper pr obe betwe en the 1e ads . The
pigtai l s and t he capac i t or f orm a one -t urn l oop t hat c an be probed with the'd ipper.
The coil- inductance r ead ing i s mor e accurate i f th is is done.

Wire Size versu s Tor oid Turns

The Am i don Asso c ., Inc . catalog has t abl es t hat l ist popular toroid - core s i ze s
versu s the max imum number of wi r e turns. The l arger the wire t he fewer turns
poss i ble on a gi ven core . Al so, there becomes a pr ac t ica l limit to the wi r e gauge ,
since large-d iameter magnet wir e can ' t be wrapped on a small core without end ing
up with t ur ns of unequal diameter . Thi s i s caused by the st iffnes s of t he l ar ger
wire . Furthermore , l ar ge-d i ameter wi r e requ ires co ns i der abl e tensi on when winding
i t on a toroid cor e . The excess i ve str es s can cause a core t o break .

Wire Length Before Windin g

Yo u may wonder how muc h wi re t o cut from the r oll f or , say , a 20- t ur n t or oi d
windi ng. Wra p one tu rn of wi r e on the core, t hen remove i t and meas ure t he length .
Multip l y t hi s by t he number of t ur ns , t hen al low f our addi tiona l i nches of wire
to ensu r e ade quate l e ad len gt h at the ends of t he wi ndi ng. Be careful to avoid
kinks or l oops in t he wire as you are wind in g t he t oro i d . I f they de ve lop, be
sure to s t ra i ght en t he wire be fo r e pr oceedin g wit h t he wi ndi ng.
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Flux Density of Cores

Magnet ic cores are rated in gauss or f l ux density. Th i s is t he density of the
l i nes of f or ce , as measur ed at a cr oss sect i on of t heir f low. Th i s may seem rat her
compl icat ed to ponder , but i t is an impor tant aspect of any desi gn that concer ns
toroids or ot her magnetic-core devices. Th i s parameter i s specif ied as B. B(max)
is t he maximum core f lux density as expres sed in gauss . Cores are r at ed in gauss,
and t his data may be found on th e manuf act ur er s ' specif icat ion sheets. We must
use care t o not exceed, in an operating ci rcu it , t he ra ted flu x density of t he
core . Exceedin g thi s l imit causes core saturat ion an d heati ng . Dur i ng saturat ion
a core can produce harmoni cs and i t s permeabi l ity wi l l change. Best per formance
occurs when we al l ow a subst ant ia l margin between the max imum gauss of t he core
and th e fl ux densi ty, B(max) devel oped in our circuit. If you know certa in f actor s
t hat r elate to th e core and circuit you are usi ng it i s poss ible to calculate
t he B(max) f rom th is equati on :

B(max ) = gauss Eq 4-4
4.44fNAe

where E(rms) i s the2 applied ac or RF vo ltage, Ae is the equivalent area of t he
magnet i c path in cm , f i s the fre quency i n Hz and N is the number of inductor
turns. A good r ule of thumb i s t o choose a core t hat i s larger t han that indi cat ed _
by Eq 4-4. If t he cor e yo u ar e using r uns warm or ho t , replace it with a l ar ger
core . A core sho ul d never be more t han moderatel y warm t o t he to uch after f i ve
minutes of operation. Con s iderab ly greater i nformati on on this subject and t he
genera l theory and appl ication of magnetic cores may be found in D. DeMaw, Ferro­
magneti c Core Design &Application Handbook, 1981, Prent ice-Hal l, Inc. , Engl ewood
Cl iffs, NJ 07632 . Ava i lab le also f rom Ami do n As soc. , Inc. , N. Hol lywood , CA 91607 .

Table 4-1

Cor e Mater ia l Permeabi l ity Fre q. Range Co lor

0 1 100 t o 300 MH z Tan

1 20 0.5 to 5.0 MHz Blue

2 10 2.0 t o 30 MHz Red

3 35 0.05 t o 0.5 MHz Gr ay

6 8 10 t o 50 MHz Yellow

10 6 30 to 100 MHz Black

12 4 50 to 200 MHz Grn &Wh

15 25 0.lt0 2.0 MHz Red &Wh

Data for t he mo st popu l ar Amidon Assoc . and Micrometals Corp. powdered-
i ron toroid core s. Each core type may be used below t he lowest i ndic ated
frequency to obtain hi gh Q. The upper fre quency limi t s are those where
t he induct or Q starts t o drop.
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Table 4-2

Number of t urns f or a sing le- layer toroid win di ng

Wir e Gauqe

Core 00
(inch es )

20 22 24 26 28 30 32 34 36

0. 12

0.1 6

0. 20

0. 25

0. 37
0. 50

0.68

0.80

1. 06
1. 30

2.00

2.25

1

3

4

5

12
21

28

39

45

66

109

123

2

3

5

7

17

28

36

51

58

83

139

156

4 5

5 8

6 9

11 15

23 31
37 49

47 61

66 84

75 96
107 137

176 223

198 250

8 11 ; 15

11 16 21

14 18 25

21 28 37
41 53 67

63 81 103
79 101 127

108 137 172
123 156 195

173 220 275

282 357 445

317 400 499

21 29
29 38

33 43

48 62
87 110

131 166
162 205

219 276

248 313

348 439

562 707

631 793

Wi nding informati on for the most popu lar t oroid cores. The number
of turns i ndica ted above i s for complet ely fil ling the core. In pract­
ice a 30° gap i s provi ded bet ween t he ends of th e wi ndi ng, and t hi s
must be taken i nt o account when usi ng thi stab1e. Man ufacturers'
ass igned core numbers relate to t he 00 l i st ed above. A T50 -2 powdered­
i r on toro id has a 0.5 -inch 00. The number 2 sig ni f ies th e core mater­
ia l. An FT-50-43 ferrite toroi d has an 00 of 0.5 in ch. The 43 let s
us know the cor e mi x.

PC BOARDS and BREADBOARDS

Those of you who ar e new t o experimenting may be afraid t o attempt the layout
and etc hi ng of a PC board . Perhaps the most impor t ant consideration is t hat the
board wi 11 do t he j ob i nt ended. It need not l ook 1i ke a work of art. Af ter all,
it wi ll become buried i n a cabinet when t he circu it is assemb led on it. Chances
ar e t hat you wil l be the only per son to see your Ug ly Duc kl i ng, shou ld it t ake
on an un profess iona l appearance. A li t tl e experience wit h mak i ng your own boar ds
wi ll lead t o a qu al ity product, so don ' t avoid t his sat is fyi ng part of your work­
shop exper i ence .

Doi ng the Layout

Co l lect t he component s t hat mount on your circu it board. Use li ned quadr i l le
paper wh en dra wing your PC-board pattern . Sketc h the l ayout by plac ing each part
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on t he quadr ill e paper , s tage by st age, t o le arn t he spacin g you need betwe en
copper pads . Draw an out l i ne f or eac h pad as you pr ogr ess, and t hen dr aw i n the
connect ing copper fo ils t hat j o i n the var io us i sol at ed pads . Be caref ul to
avoid havi ng component s cro s s over one ano t her. Re s i stor s and some of the other
compone nts can be mount ed vertically on a PC board t o save sp ace.

IJhen you have completed your sketc h of the boar d 1ayou t set it as i de and cut
a pi ece of PC boar d t o t he size of your pat tern . Next , cover t he copper si de
of the board with mas kin g t ape. Pr es s t he t ape f i r mly i n pl ace by r ol l ing a pen
back and f ort h over t he t ape s urfac e. It mu s t adhere f irmly t o t he cop per. No w,
l ay a pi ece of car bon pape r (c arbo n si de down ) on t he mas kin g tape. Put your
sketc h at op the car bon paper and anc hor it in place wit h two s tr ips of Scotc h
Brand tape. Trace t he pattern wit h a ba ll-point pen, press ing down firm ly as
you trace . Remove t he sk et ch and observe the pattern that you have transferred
to the masking t ape. Be sure tha t al l of yo ur pat ter n has been trans fe r red .

Your next j ob i s t o cut away t he maski ng t ape , us i ng a hobby knife , for th ose
ar eas t hat are to be et che d fr om t he copper s ur f ace of t he boar d . Pl ace th e PC
board in et chan t , agi t at i ng the wor k every three minu t e s , unt i l al l of the unwant ­
e d copper i s gone. Wash t horo ughl y and remove t he rema ining masking t ape . Pol ish
t he copper with s t ee1 woo l , Your boar d is now ready to dr i 11. Use wide mas ki ng
t ape when you cover the boar d copper . Seams caused by using str ips of tape side
by s i de (over l appi ng s l i ghtly) do not seal well agai nst t he etchant solu tion.
I have used duct in g t ape su c ce ssfull y as an etch- r es is t mat er i al . Var iou s kin ds
of adhe s i ve -back ed mater i al s len d t hemsel ves to t he f or egoin g app l icat i on . Don't
be afr ai d t o exper i men t .

Perf Board Construction

I f you do not wi s h to use e t chi ng chemica 1s you may use Per f Bo ard ( phenol i c
board mat er ia l th at has many holes, but no cop per) as t he base f or your c ircu it.
In f act , you can make your own perfor ated board s f rom Formi c a , li nol eum t i le
and ot her dur abl e materia l t hat has i nsu lat i ng pro per t i es. Dril l r ows of holes
i n the mater ial to f ac il it at e mount i ng t he components. The hole si ze shoul d be
1/ 16 i nch i n di ameter .

You can now mount your components by passing the i r leads t hrough the hole s in
t he board. Bu s wire may be used to j oi n t he rela t ed componen ts, and to f orm ground
and vol t age bus cond uctors .

Piggy-Back I s l and s

A c i r cuit boar d can be made eas ily by cutt ing many t i ny sq uares of s ing le-s i ded
copper -c lad PC board s tock. These li ttle squares become i sol at ed pads or islands
when t hey ar e gl ued to a blank piece of PC- boar d stock . Quic k-sett ing epo xy ce men t
works we l l f or th i s appli cat i on . The componen t s can now be so l dere d t o the var ious
i sol at ed pad s . Use no . 22 or 24 t i nned bus wir e t o jo i n t he ci r cuit-r e l ated pads.

Grid of Squar es Boards

A bl ank pi e ce of cop per-c l ad PC board may be cut with a hac ks aw to deve lop a
gr i d of square or rectangu 1ar i so 1ated pads. Pl ace the work on a fl at surface
and cu t across the co pper si de of the board with a shar p hacksaw blade . Tur n



87

the work gO degrees and cut across t he board severa l t i me s aga i n . Be su r e to
cut al l of the way t hr ough the copper to ens ur e t hat yo ur i s 1ands are free and
c lear of t he adjacen t ones . Solder the compone nts t o the pad s and j oin the approp­
r iate ones wi t h bus wire .

The Etching Process

Ferri c chl or i de i s the most popul ar et chant for amateurs. I t is a br own f l ui d
that leaves stains , so handle with care. Warning: Avo id contact with the s ki n ,
eyes or mout h . Wear rubber gloves when working with any che mic al . Another etchant
i s ammonium persu lphate. Thi s chemica l produces a c lear so lution that does not
st ai n objec ts that come i n contact with it.

You ca n purchase ferr ic chlor ide and ammonium persulphate crystals from various
amateur out lets . Exe r c ise ext r eme care when mix i ng them wi th water. Fol low cl osely
t he i ns t r uc ti ons . Fer r ic c hlor i de crysta ls, in par ti cu lar , must be adde d to t he
water s lowly . I f not, the mi xtu r e become s hot and may s pur t out of t he con tainer
with a "whoosh! " If thi s occ urs your f ace and hands can become spattered with
a dangerous chemica l. Premixed f err i c chlor ide is ava i l ab l e at Radio Shack stores
and ot her out l ets. It i s entire l y s t able , once i t has been mi xed .

The cir cuit boar d t o be etched s houl d be c leaned t hor oughly befo re immers i ng
it in t he so luti on . St ee l wool works nice l y f or c l ean ing the copper . Th e et chant
s hould be heat ed t o 90- 110 degrees F t o ass ur e f ast action. Typi cal etc hi ng t i me
i s 15 to 30 minut es at thi s temper ature, depend i ng upon the th ic knes s of t he
cop per and the age of t he etchant .

It i s important to agit at e the work e very f ew minutes wh il e the etc hi ng pr ocess
is tak i ng place. Thi s remo ves t he depos it of ex haus t ed co pper and a llows t he
etc hant to r each the copper s urface of the board . An aer ator for a fi sh tank
works we l l t o keep t he sol ut i on ag i tated . The etc hant may be br ought to the desir ­
ed t emper at ur e by pl acing t he container on a warming pl ate of t he t ype used to
keep f ood warm.

Whe n t he etch i ng i s complet ed, was h the boar d with hot water and dr y it with
a towe l . It i s now ready t o use , unl e s s you want to tin plat e it . Tin -p l at ing
powder i s ava ilab le from some ama t eur radi o out lets . You s imply mi x it with a
prescribed amoun t of water, st ir in t he c hemi cal , and store the sol ut i on in a
pl as ti c con t ai ner . To add tin plating to your PC board, simply lay the boar d
i n the so l ut i on f or approx i mat e1y 15 mi nutes at room t emper atur e . The copper
surface mu s t be clean and free of finger marks and oi l if you are to obt a i n a
fl awless pl ating job. Rinse the board in hot water and dry with a t owel . The
addition of t i n plating pr event s t he PC board fo ils from tarni shing, and it ma kes
so ldering easier: Solder adher es to plated boards mor e quickl y than to bare copper.
Warning : Exhausted etchants s houl d never be poured on t he gr ound or down the
sink drain . Keep them in bott l e s and di s pose of t hem t hrough your are a waste­
disposal f acility . Ident i f y t he c hemica ls as "hazar dous was t e . "

"Universal" Breadboards

You can create your own pattern for a "uni ver sa l " br eadboard . I kee p severa l
of the se on hand f or protot ypin g and f in i sh ed proj ects . They consi s t of a PC
board with numerous i sola t ed pads . Some of t hem conta i n s ites f or 8- pi n ICs as
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we ll , while others have provis io ns for 16-pin ICs. A var iet y of th ese usef ul
breadboar ds is avail abl e f r om FAR Ci r cui ts (N9ATW), 18N640 Field Court, Du ndee ,
IL 60118 at th is t ime. A brochure and pri ce li st i s avail able from the suppl ier.

Cert ain ly, a breadboar d of t hi s type el imi nat es the need t o des i gn a PC-board
pattern for each new proj ect . Thi s assumes t hat t he proj ect in question is relat ­
i vely simpl e . Comp l ex circuits , such as high- performance rece ive rs, deserve a
more elegant and el aborate PC board . Fi g 4-3 provi des an etchi ng pat tern for
one of the bre adboard s th at I use fr equentl y .

F i g 4 -3 - - Sca le et c h i ng pattern fo r a uni ve r sal bre ad bo ar d . Th i s W1 FB de s ig n
incl u des a + volta ge bu s a t t he c en ter of t he pat t e r n. Va rio us gr o und fo ils
come fro m t he oute r pe r imete r o f t he bo a r d to pe rmi t s ho rt l ea ds f o r g ro un de d
co mpo ne nts. A 1 6 - p i n DIP I e s it e i s at t he l ow e r r i g h t . No . 6 0 ho l e s ar e
d r i lled i n th e co ppe r pa ds to f a c i lit a t e par t s i nsta l la ti o n .

I have bu i lt a number of t est -eq ui pment i t ems , QRP t r ansmi t t er s and some si mple
re ce ivers on boards with t he Fi g 4-3 pat t er n. If you wi sh t o have a ground plane
on the compon ent side of t his bre adboard you can use doub le- s i ded (copper on both
sides ) PC -board st ock. A smal l dril l may be used t o remove t he copper from around
the holes (gro und- pl ane side ) th at accommodat e leads that are not gro unded.

TEC- 200 Etch- Resist Tr ansf er Fi lm

The Meadow lake Corp. , 25 Bl anchar d Drive, Northport , NY 11768, se lls sheets of
8-1/2 X 10 inc h clear f i 1m t hat i s used to phot ocopy patterns such as th at i n
Fi g 4-3. A dry-copi er or any-paper copi er i s used for th is. The PC pattern app'ears
on t he clear f i lm, and t his image i s transferred to a bl ank pi ece of circuit bo ard
by us i ng a ho use hol d iron. In ot her words , t his is a heat-tr ansfer method. The
bl ack image t hen appear s on th e PC boar d and serves as the etc h re si st agent.
Th e only gimmick associated with t hi s quick -a nd -easy pr ocess i s t hat t he artwork
that i s placed i n t he copy machi ne must be a mi r ror image of the actual PC-boar d
pat tern desired. I use TEC-200 frequen t ly for one- shot circu it board s. Inst ructi ons'
are suppl ied wi t h th e TEC- 200 f i lm .

I have at tempt ed t o use ov er head-pro jecto r cl ear-fi lm sheets for t he above process .
I was unable to t r ansfer t he pattern with an i r on, alt hough I have heard t hat
th i s i s poss ib le . Yo u may want to experi men t wi t h t his type of f i lm .



89

Home-Made Heat Sinks

Commerc i ally made extru ded heat si nks are cos tly. Wors e s t i ll, i t i s not always
easy t o fi nd a heat s i nk of the correct ar ea f or a parti cul ar pr oject you are
deve1opi ng . Amate urs have a lways been known f or thei r abi 1i ty to i nnovate , and
bei ng able t o create heme-made heat s inks f its t hat descr i pt i on. Many ordi nary
mat er i al s are at hand f or th i s f r equent neces s ity. For exampl e , hardware s tore
a1um.i num ang l e stock works well when cut t o an appropr i at e 1engt h. I t i s easy
t o bolt t o a PC board, and it may be dr i ll ed fo r a press - f it to accommodate t he
body of , fer example, a TO-5 or TO-39 transistor. Devi ces of the TO-220 c l as s
(with the meta l mount in g t ab) may be bolt ed di r ect l y to t hi s t ype of heat sink.
Fi g 4- 4 shows var ious met hods for creat ing home-made heat sinks .
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Fig 4 -4 -- E x a mp l e s o t home-made heat s inks t hat a re f a s h i on e d t r om r e adil y
a vai la ble mate ria ls . A 3 /4 - i nch cop per p ipe cap is shown at A and B. Ha rdware
s to r e e xtruded aluminum ang le s t oc k ma y be used, a s shown at C. T he hole

to r t he 1 0 -5 or 1 0 -39 transistor is made s l i gh t ly small e r than the trans is t or
bo d y t o allow a press fi t . I l l us t r a t i o n 0 shows an al uminum o r bra ss heat
si nk t ha t i s s ha pe d aro un d a d ri ll b it that is slightl y sma lle r in di ame ter
t ha n th e t ran si s tor body . The ea rs ma y be made l arg e to inc rea se th e heat­
si n k a r ea . Two (o r mo re) al u mi num cha n nel s ma y be made fr o m 16 -gauge b r a s s
o r a l u mi n u m s t o c k a nd bol te d to get he r to fo r m a la rg e -a rea heat s i nk f o r
TO- 3 . TO- 2 20 and o t he r la r ge t r a ns ist o r s. Si l ico n gr e a s e s ho ul d be u s e d
be twee n t he c ha n nel s u r f aces .

When us ing heat s i nks it i s i mpor t ant t hat you apply a t hi n l ayer of s ilicone
heat- s i nk compound to t he mating surf aces of t he tr ans is tor and heat s i nk. Thi s
help s t o ensure effic ie nt heat t ra nsfer from t he tr ansi s tor to th e s i nk . The t rans ­
istor needs to mate fi rmly with t he hea t s i nk . Do not use exce ssi ve t or que when
aff ix ing any transistor t o i ts heat s i nk . A snug fi t wi l l suffi ce.
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Sma11 t r ans i stors wi th p1ast i c bodi es , s uch as those in TO-92 c ases , need heat
sink s in certa in critical applications . A good example i s when we use one or more
2N22 22 trans istors as QRP RF power amp li fiers. It i s not easy to attac h a heat
sink to t he half-round body of such a t ransistor. One method is to use an expended
22-ca l i ber r ifle shell as a heat si nk . it can be compressed slightly at t he open
end t o provide a snug fi t on t he t ran si s tor body. QUi ck-s et ting epoxy cement is
then allowed to flow between t he t rans is t or and the she l l c as in g. One or t wo dr ops
i s ample. Thi s affi xe s t he transi stor to the heat sink and he l ps t o as sure t he
transfer of heat, although epo xy is not an especially good cond uctor of he at.
Brass or copper tu bin g may be s ubs t itut ed for s he l l cas ings. TO- 92 plastic tran s ­
is tors may s imply be epo xy cemented to a small tab of copper, bras s or aluminum
when a heat s in k is requ ired. Clamp the transistor to the metal until the ceme nt
has hardened.

HOME-MADE COIL FORMS

Mo dern s hotgun she 11s with thei r hard-p 1ast i c sleeves make exce11ent coi 1 form s .
Remove t he discharged center- f ire cap from the expended shel l by driving it from
the inside out wi t h a meta l punch and hammer . The result ing hole i s now availab le
as a mount i ng point when using a 6- 32 screw and nut. Small holes c an be dri lled
i n t he plasti c sl eeve to anch or the ends of the win ding. I place t wo small hole s
side by side at each end of the wi ndi ng ar ea . I thr e ad each end of t he windi ng
th rough the t wo ho1es. Thi s keeps the turns in pl ace and allows the ends of the
winding to project outward from the coil form . Various gauges from 410 to 12 gauge
are suitab le . Warning : Do not at tempt to remove t he contents or cap from a
l i ve she l l! Use only casings t hat have been discharged in an appropriate we apon.

Pl ug-i n coil f orms can be made from expended shotgun she ll s. After removi ng t he
di s ch arged cap , en 1arge th e hole t o accommodate an RCA phono pl ug. Solder t he
plug to the brass base of the shel l wi th the t i p of t he phono plu g pointin g out­
war d from t he s he l l. The brass base and phono pl ug outer body are made common
to one end of t he coil . The remai ni ng co i 1 wir e is so 1dered into the prong of
t he phono plug. The smaller she l ls (410 and 20 gauge) are best for t his appli cat-
i on because of t he i r smal ler size and redu ced weig ht.

PL-55 phone plugs with p1ast i c out er covers ar e al so suitable f or use as p1ug­
i n co il forms. The co il i s wo und on the pl asti c end c ap and gl ued in place with
polystyrene Q Dope or two coat i ngs of polyurethane varn i s h . A stereo plug allows
you to have three coil connections , whereas a mono type of plug provide s only
two co i l termina ls .

What Abou t PVC Pipe?

PVC pi pe i s often acceptabl e for us e as coil - f orm s tock. I do not recommend it
where hi gh RF voltage s ar e present , s i nce it c an melt or burn at hi gh RF power
levels . An examp le of a que stionable appl i cation is t hat of a top- loadi ng co il
fo r a vert i c a l antenna . I me lted a 3- i nch diameter PVC l oadi ng- coi l f or m ' i n t hree
mi nutes when using it for a loading -coi l form at the top of my 160-meter ver t i ca l
antenna. I was us i ng 300 watt s of RF output power . Ny lon is a si mi l ar ly poor fo r
use wher e hi gh RF voltage s are present , and it should not be us ed f or any VHF
and higher circuit .

PVC pi pe i s okay t o use fo r coil forms in l ow-impedance circu its and f or QR? powe r
level s at high-impedance point s in an MF or HF circui t . I prefer the type of PVC
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pi pe th at i s specif i ed f or hot -water l i nes . It i s harder and seems t o have better
insul ating properties t han does t he sof t er cold-water pipe.

Insulating mat eri al s may be tested for di electri c quality by plac ing a sampl e
of the materia l i n a microwave oven and operating the oven at full power for two
minutes . If the i nsu lat i ng compound does not me lt , burn or become excessi vely
hot , i t snould be satisfactory f or most RF circuits .

Good Insulators

A number of modern p1asti cs work we 11 as i nsu1at ors at RF and for ci rcu its t hat
contain hi gh dc vo ltages . Pl ast i cs such as Del rin , polyethy l ene, Lexan an d poly­
st yrene are excell ent. I recommend hi gh-impact polystyrene tub i ng and rod for
outdoor app lications. Thi s is a milk-colored plastic, wher eas regular po lyst yrene
mater i al i s clear. The for mer type doe s not shatter when placed under stres s in
cold weat her . Your loca l commerc ial plast ics dealer should have the aforementioned
mat er i al s in stock. Yo u may be able to purchase end lot s and scr ap pie ces at l ow
cost.

Glazed porcelain and steat i te has l on g been an excel lent i nsul ati ng material at
RF . Gl ass is also good . Ungl azed porce lain and st eat i t e accumul at es moisture and
dirt qu ic kly , and t hi s r enders t he materi al lossy and conducti ve.

Glass-epoxy resins (f iber glass) make good i nsul at or s also. I have used th is mat er­
i al successfully for ant enna i nsulators and coi l f orms . Thi s substance i s use
as t he base for most circuit boards of qual i ty .

I do not r ecommend phenol i c rod and t ubi ng f or outd oor app1i cat i ons because it
i s porous and absorb s mo is ture . It may be used if t he phenol i c coil form or an tenn a
ins ulator i s coat ed with glypt ol , spar varnish or some ot her weather -prote ct i ve
substance. If you mu st use pheno 1i c i nsul ators -I recommen d t hat you do not
ut i l i ze paper-base pheno l ic . Cloth- base phenoli c is mor e durable and i s l ess porous.

HOME-MADE PROJECT BOXES and CHASSIS

Ther e is probably no more frus trating an undertaking t han t rying t o find a small
cabinet or chass is for your new proj ect . The cost f or commer ci al proje ct boxes
i s f ast becomi ng proh ibiti ve for those of us who buil d a lot of gear. Also , it
i s not always easy to find a commercial cabinet t hat has the r i ght dimensi ons
for th e proj ect at hand . What , th en, is the sol ut i on to t hi s knotty problem? We
can make our own foundations and boxes for penni es . We can size th em t o fi t t he
need.

Food Contai ner s as Cabinets

The next ti me you stro l l th rough a food store take a f ew extra moment s to examine
the metal cont ai ners for the vari ous edi b1es . It wi 11 become apparent that you
may have over looked an impor t ant hobbyist resource for many years ! Sar di nes an d
ot her t ypes of sea food are packaged in a variety of containers . Some are round ,
wh i le ot her s ar e rectangular . These serve nicel y as smal l chassis for home-made
t est equipment , QRP r i gs and power supplys . Fig 4- 5 shows how th is may be done .
If you consume th e cont ent s of the cont ai ner, you may consider th e chassis a f r ee
commodi t y. If you don 't wi sh to get involved with a f ood that doesn't appeal t o
you, mo ve along to the cook-ware department. Her e you will see all manner of smal l
and 1arge bread pans and cake tins . These items serve we 11 as f ound at ions for
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home-bui lt equ ipment . The fi nished product may be sprayed your favorite color
of paint, or you may e lect t o cover the chassis with con tact paper of your cho ice.
Don 't over look the aluminum cook ie sheets in t he coo k-ware department . These are
r e l at i ve l y inexpen s ive, and they prov ide a source of a lumi num f or maki ng cabinet s
and chass is. I n a li ght er ve i n , I don 't recommend t hat you use Life Saver s or
bage 1s as t or oi d cores! But , gett i ng bac k to metal f ood con ta i ners, one of t he
more popular QST pr oj ect s of the 1970s was t he "Tuna- Tin Two , " which was a 1/ 4­
W QRP transmitter f or 40 meter s : It was built on a t unafi sh can . Anot her popu lar
projec t of th at era was t he W1V D "Sar di ne Sender, " whi c h was an aD-meter QRP trans­
mi t ter assemb l ed on a rect angul ar sar di ne can .
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Fig 4 - 5 - - S im p l e , in e x pen si v e chassis a nd bo xes ca n be mad e b y fo l lowing

t h e s e metho d s. At Ba nd C s how how t o u s e a foo d c a n as a pro je c t c ase.

A mou nting s a d d le attache s to the c a n wi th tw o no . 6 she e t - me t a l screws
t o ke e p the c a b i n e t f r om r o llin g . A ci rcula r PC-b o a rd or meta l pa nel ee)
is a t ta c hed to a PC b o ard o r a l u mi n u m c hass is. The chass i s i s at ta ch e d to
t he c lose d e nd o f the ca n wi th a s heet -meta l sc r ew. At D is a sardin e t i n
tha t i s mod i f ie d f or u s e as a chas s is. The PC -boa r d p ro jec t moun t s at t he
o pe n e nd o f the ca n b y mea ns o f tw o me t a l l br a c ke t s. Con tro l h o le s may
be d ri ll ed i n the s i d e s of t he ca n. Th e bo x at E is made from secti o n s of

s i ng l e - o r do u ble -s ided PC board . The wa l ls a re j o i ne d b y ru nn ing a seam
o f so l d e r a lo n g th e mati ng edges. L b rac kets at t he open end of th e - b o x
pe r mit aff i xing t he panel.

Don ' t over l ook metal recipe-card boxes when searching for a small c abi net. Check
off ice - s upply s tor es f or other metal boxes that can be used as c abi net s . Bond
boxes wit h handl es are exce llent f or hous i ng portable amateur s t at i ons or t es t
equ ipmen t t hat mus t be carr ied af ie l d. I once knew a ham who bui lt hi s entire
ham s tat ion i n a t wo- dr awer met a l f ile cab inet. Don' t be afra id t o break away
f r om conve ntiona l t r end s when housin g your circuits .
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Surface Pr eparat i on &Fi ni shi ng

Most of us try to impart the "commer c i al " l ook t o our fin ished products. This
f acet of ~orks hop pr act ice can be as cha l lenging and satisfying as i s the design
and debuggi ng of our pet c ircuits . Obta in i ng a smoot h and bl emish -free pa in t job
is no s i mple mat t er i f you l ack experience . Tas k no . 1 is gett i ng t he pa i nt t o
adhere well t o t he raw surface . Some t edi um and pat i ence i s nece s sar y if we ar e
t o have r epeat ed succes s with our paint j obs . The fo ll owi ng steps ar e the ones
I fo l l ow .

1) Scrub t he r aw me ta l or PC-board mat eri al with hot wat er , kitc hen c l eanser
and a br us h. Rinse it t hor oughly in warm water, then dr y it with a cl ean
clot h . 00 not touch t he sur f ace of th e work :with your fi ngers, 1es t oil
fr om your sk in create pai nt -res istant spots .

2 ) Pain t wi ll adhere muc h better if the surface of the work is abraded with
a f ine gr ai n sandpaper before you c lean the work . Move the san dpaper bac k
and for th in a constant direction (no t circular rotat ion) by press i ng down
li ght ly on t he sandpaper block. Many fi ne grooves wi ll appear as you work .
These he l p t he paint to st ick t o t he work . Cleanse t he work as described
in s t ep no . 1, before pain t in g .

3) App ly a t hin coati ng of aut omoti ve pr i me r pain t . Auto- parts deal er s se l l t his
in handy spray cans. Al low th e pain t to dry f or 12 hour s , t hen appl y a second
coat i ng . Set the wor k as id e and all ow the pa i nt to dr y fo r 24 hour s . Thi s
may be hastened to t wo hours by p1aci ng t he pa i nt ed work in t he oven. Set
the temperature control to WARM.

4) The f ini sh coat of pa in t may be appl i ed next. Agai n, use spray-can pain t ,
of your col or choi ce . Avoid us ing bargain -price pa int. The resu lts may be
di sappointing with cheap paint . The nozzles often go bad, and blobs of dye
tend to squi rt out with the pa i nt. Thi s can nega te all of your ef f or t s to
get the work r eady for pa i nting .

5) Wor k the spr ay can left and r ight as you pai nt . Keep t he paint-c an noz zle
approxi mat e l y one foot from your work t o prevent excess ive buil d-up and
runs . Be patient ! App ly a l ight l ayer of pa int, wait 5 mi nut es , t hen apply
a second th in layer, and so on. Norma lly, fo ur or f ive t hi n l ayer s of pain t
wi l l suff i ce . Al low t he work to dr y in a dust-fr ee env ironment f or 24 hour s.

6 ) A protective coat i ng of pol yur eth ane var nis h may be added with a qual i t y
(fine bri st le) brus h if you wish a hi gh gloss pro tect ive fi nis h. Thi s type
of var ni s h i s also avai lable i n spray ca ns i f you wis h a more perfect fi ni sh .

Adding Function Labels

Press-on dec als ar e di ff icult t o keep straight and l eve l when you apply t hem.
You need a steady hand and the patience of Job if you are to have results that
l ook pr ofe s si onal. I appl y my decals before cont r ol s are mounted on t he panel ,
and prior t o attach ing the pane l t o the chassis. Thi s allows me to l ay t he panel
on a fla t surface and use a T-square for alignin g t he l abel s . It is vi t al t hat
you wash a l l dirt and grease f rom your hand s bef or e start ing this j ob . Grime wi l l
tr ans f er f r om your fin gers to transparent pee l -off labels , and i t wi l l s how aft er
t he l abel is affi xed to the panel . Thi s i s not a major concern when you wo rk with
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pres s-on decal s of th e Dat ak brand var iety .

After yo ur labels are i n place, lay a th in piece of paper over th em and ru b each
l abel fi r ml y with a smoot h object, such as t he rounded body of a plastic pen .
Thi s secures t he l abel s t o t he panel . A coat i ng of Krylon no. 1301 ar tist' s spr ay
(c le ar acryl i c) or equiva l ent may now be added to help protect th e l abel s . Thi s
protecti ve spr ay is avai lab le at most ar t i st and offi ce-supply sto r es .

It is helpful t o place the knobs, met er s and ot her hardware on the panel before
you commence addi ng your l abel s . Thi s wil l pre vent labels f r om bei ng locat ed to o
close t o t he panel ho1es . Otherwi se, knobs and such may cover th e 1abe1s when
t he equipme nt i s assembl ed.

Plast ic Dymo t ape l abel s are ef f ect ive for ident i fying t he cont ro l s on your project .
I keep a se lecti on of tape col or s on hand for t his purpose . I use t he same colo r
paint as t he label color , whic h tends to make the lab el l ess obtrus i ve when it
is at t ached t o the equipment. I prefer the sma l l er 1/4-i nch wi de t ape to the r at her
overwhelming 3/8- inc h tap e.

An exce11 ent 1abe1 can be made with a Kr oy 1etteri ng mac hi ne. Some art i st -s upply
and of f i ce-s upply stor es have t hese machines . You can purchase custom-made l abels
for a modest fee. Yo u can get wh ite le t ter s on a cle ar adhes i ve-backed tape, or
you can obt ai n l abel s on cl ear t ape wit h blac k l etters. The chapt er headings in
t hi s book wer e made wi t h my Kroy model 80 machine . Var ious t ype siz es and styles
are availab le t hr ough changing the Kr oy print wheels as needed .

WIRE SELECTION and HINTS

Copper antenna wi re i s expensi ve and not al ways easy t o locat e if you 1i ve i n
a rural ar ea. I 'm referring to stranded no. 14 and no. 16 gauge conductor. Although
th i s is an excellent ant enna wi re, you may use ot her types of copper conductor
as we ll. Stranded wire is better than si ngl e-conduct or wi r e because it can t ol er ate
a l ot of stress (wind-related mo vement) without · br eaki ng. Such wi r es as singl e
strand no. 18 copperwel d have good tensil e st rengt h, but break easi ly from flexi ng.
This i s a common pro blem when we use 450-ohm ladder line for f eedi ng an ant enna.
Thi s f eed 1i ne cont ai ns no. 18 copperwe 1d conduct ors, and they t end t o br eak at
t he antenna feed point unl ess th e polyet hyl ene i nsul at i on below t he at t achment
po in t i s clamped to the feed point junction bl ock.

I f ind t hat no. 18 st r anded-copper speaker wire i s ent i re ly suitabl e for antenna
and fee der use . The t wo conductor s are encased i n a cl ear vi nyl materi al , and
they pul l apar t easily . In eff ect , a 100-foot ro ll of t hi s wi r e pr ov ides 200 f eet
of conductor , once separ at ed. The plasti c i nsulation add s st rengt h to th e ant enna,
but i t i s not und uly heavy. I f i nd t his kind of wire to be r esist ant to UV det er i or ­
at i on, and the i nsul ati on doesn 't become br i tt l e or crack when used out of door s.
Speaker wi r e costs l ess than 5 cents per foot at curren t mar ket prices.

If you wish to use no . 18 copperwel d wire , don't over look your f arm-supply sto re
as a source for this wi re . It i s sold in 1/ 4-mil e spools for use in el ect r i c f ence
systems . I have paid as l i t t l e as $10 a ro l l for thi s wire.

Project Wire

Mul t i conduct or telephone cabl e pr ovides countl ess color-coded and in sul at ed strands
of si ng le -conductor copper wi r e. Thi s type of wire is suitable f or short connect i ng
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l e ads in small projects . I do not rec omme nd thi s wi re f or mo bile gear, s i nce t he
vi br ati on c an stres s thes e ti ny wi res to the breaki ng poi nt . They s hould not be
us ed f or any l ead th at is subjected to freq uent f lexing . Scr aps of this phone
cab l e are ofte n free f or t he as king if yo u know a phon e in s t al ler that i s wi l l in g
to s ave a f ew pi ece s f or you .

I prefer to use no . 22 or no . 24 stranded, i ns ul ated hookup wi re f or mo st of my
pr oject s. Thi s wi re is abl e to withstand a lot of str ess and mo vement before the
conductors break . I use t his ki nd of wir e also f or maki ng power - supp l y cabl es.

VHF Coil Wire

St iff, s e lf -s upport i ng RF co i l s are often require d when we bui ld equ ipment f or
28 MHz and higher. Tinned bus wire i s hard to f i nd. My i nexpensi ve solut ion to
t his nee d i s f ound by s tr ipping the viny l -p lastic i ns ul at i on f r om si ngle str and
no . 14 or no . 16 house wi r i ng . I c lean the copper wit h stee l wool, then lay it
i n a t in -plat i ng bath (see pag e 87) . It i s better to s ilver pl ate t he wi r e in
the in t er e s t of i mpr oved Q, but I ex per ience f ine re sult s with t i n- plated wire.

I us e 1/8- and 1/4 - in ch copper tu bing for some VH F ap pl icat io ns . You ca n c lean
the tubing wit h s t ee l wo ol and t i n plate i t t o pr event discol orat i on and cor r os i on
of the co ppe r .

Do ubl e-s i ded gl ass -epoxy c i r cui t board mater i a l may be us ed f or constructing VHF
and UH F s t r i p 1i nes . The co pper on one s ide of t he PC - board stoc k i s j oi ne d to
the cop per on t he oppos ite s i de at severa l po i nts by so l deri ng t hin copper s heet i ng
or bras s s hi m stock t o t he conductor s .

Ground Straps

Yo u may r emov e the co pper s hi e l d bra i d from RG- 58 , RG -59, RG- 8 or RG - 11 coaxial
cable and us e it as a gr ound strap from you r s t ation to t he dc and RF grou nd i ng
sys t em. This conduc to r may also be tin plated t o extend i t s l i f e span i n an outdoor
environmen t .

Ground Radials

Car e mu st be exer ci sed when c hoos i ng t he wi re you plan to bury i n t he grou nd for
an ant enna ground scr een . Some areas have so i l t hat i s high i n ac i d or al kal i ni t y .
Bur ie d wire, if bare, can di s i ntegr ate in a f ew mo nt hs - - es pec i a lly al um inum
wire -- unde r the se so il co ndit ions . The he avier the wir e gauge the l onger it
wi l l l ast , but r adi al s need not be of l ar ge cr oss sec t i on t o wo rk wel l. In t heory,
no. 30 wire is as s at is fa ctory as no . 10 wi r e, s ince t he rad ia ls c arry very l ittle
RF cur rent .

I prefer t o use vi ny l -covere d no . 14 hous e wi re for my buried radi als . The ends
of the wires are se al ed wit h epoxy ceme nt t o preven t moi st ure and pol l ut ant s fr om
migrat i ng bet ween the co pper and t he in s ul at i on . Enamel-insulat ed magnet wire
is okay for soi ls of nor mal PH fac tor . I s ugge s t t hat yo u us e t he type of ename l
wi re t hat i s in t ended for a hos t il e enviro nme nt of ac i ds and oi ls . For mvar i s
one t ype of ru gge d ename l i ns ul ati on . I have had t he ename l coating vanis h wit hin
12 mont hs when I buri e d i t i n high l y ac i d so i l .
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Buried Coaxial Cable

The war nings offered in the previous sect ion about soil aci dity and alka linity
app ly t o buried coaxial cable as wel l . It i s not uncommon t o find t hat new RG­
8, for examp le, becomes contaminated and los sy i n a f ew months when it i s bu r ied
i n the ground . The ground pol lutants cause t he out er viny l-p la stic jacket t o break
down and r elease chemi cal s tha t spoi l the i nsul ating propert ie s of the po lyethylene
i nner i nsul ati on. When t his occur s t here is a power l oss through the cable .

Impregnat ed 50-ohm cabl e is avai labl e . Thi s materia l is elec tri cally equi valent
to RG-8, but has a sticky substance pumped into it . Thi s compou nd res ists dama ge
from po 11 ut ant s and prevents mo i sture from enteri ng t he cable . The outer jacket
of the cabl e i s UV-resistant, whic h makes it good for any outdoor appl i cation.
The i mpr egnant imparts a sel f-hea l ing characteristic. This i s hel pful i f rodent s
chew i nt o t he cable, whic h i s not an uncommon event . Th i s cabl e i s sold as VB­
8 (Dec ibel Products Corp ., Dall as , TX) an d as Impervon (Ti mes Wi re & Cabl e Co .,
Wallingfor d, CT).

Ordi nary coaxi all i ne t hat is used out of doors shou l d always have weather sea ls
at t he open ends. Thi s prevents moist ure from enter ing the cable between the shield
braid and inner insulation . Coax Seal , a putty type of commercial sealant , works
well for this purpose . Quick-sett ing epoxy glue may al so be used. Flexible caulking
mat er ia l (non-acet ic ) is a good mater ial for sea l i ng coaxial cable .

STANDARD COMPONENT VALUES

Capaci tors, r es is tors and RF chokes are avai labl e i n standard val ues. It i s helpful
to know t hese val ues when designing a circu i t or placing a parts or der . Table 4-3
l ists standard RF- choke in dic tan ces .

Table 4-3

Microhenr ies ()J H) Mil li henri es (mH )

0. 10 2.2 15 . 0 9 1 390 1 .0 2 . 7 8 .2
0. 15 2 . 7 18.0 100 470 1 .2 3.3 9 .1
0 . 22 3 . 3 22 .0 1 20 500 1 . 5 3. 9 10 . 0
0 . 33 3.9 25.0 150 680 1 .8 4 .7
0 .4 7 4 .7 2 7 .0 18 0 750 1 . 8 5. 6
0 . 6 8 5.6 33.0 200 820 2 .2 6.8
0 . 75 6.8 39. 0 220 9 10 2 .5 7.5
0.8 2 7 . 5 47. 0 25 0 10 00
1 . 0 8. 2 56.0 2 70
1 .2 9. 1 68.0 300
1.5 10 .0 75.0 330
1.8 1 2 . 0 82.0 35 0

Th e c ho ke val ues ab o v e ar e r epr esent a ti ve of t hose th a t are u s e d b y ama teur
ex pe r ime nt ers . Milli he n ry va l ues e xte nd to 5 0 0 fo r com mercial use. A co mpl e t e
l i s t ing o f RF choke st y les an d va lue s i s p rovided in the J • W• . Mil l e r Co .

c a t al o g ( 19 0 70 Re yes Ave. I P.O. 80 x 58 25 . Compt o n , CA 90224 ) •
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I Tabl e 4-4

S i lve r Mi c a ( pFl Polystyrene ( pF I Dis c ( p Fl

3.3 250
1 270 20 1300 5 270
2 330 33 1500 6 300
3 360 39 1600 6.8 330
5 390 47 1800 8 360
7 430 56 2000 10 390

10 470 68 2200 12 400
12 500 82 2400 15 470
15 510 100 2700 18 500
18 560 120 3000 20 510
20 620 150 3300 22 560
22 680 180 3600 24 600
24 750 220 3900 25 680
27 820 270 4300 27 750
30 910 300 4700 30 820
33 1000 330 5000 33 910
36 1100 360 5100 39 1000
39 1200 290 5600 47 1200
43 1500 430 6200 50 1500
47 1600 470 6800 51 1600
50 1800 500 7500 56 2000
51 2000 510 8200 68 2500
56 2200 560 9100 75 2700
62 2400 600 10,000 82 3000
68 2700 620 12,000 100 3300
75 3000 680 15,000 120 3900
82 3300 750 16,000 130 4700
91 3900 820 18,000 150 5000

100 4300 910 20,000 180 5600
110 4700 1000 22.000 200 6800
120 5000 1100 24.000 220 8200
150 5100 1200 25.000 240 10000
160 5600
180 6200
200 6800
220 7500
240 8200
250

St a nda r d sil ve r -m i ca, pol yst yrene and d i s c - c er a mi c ca pacito r v a l ue s . Va ri o us
dc - vol tage r a t i n g s a re avail able. For di s c ce ramic th e r an ge is 50 to 10 0 0 .
The highe r t he opera tin g vo lta ge o f al l o f t he abov e capac it o rs the gr e a t e r
t he ph y s i c a l size of th e c a pacito r.

St andar d val ues for comput er -9ra de, el ectrolyt ic and t ant alum capaci t ors ar e li st ed
in The ARRL Electronics Data Book, second edit i on, 1988 . Informati on concer ni ng
capacitor col or codi ng i s al so avai lable i n that pu bli cati on. The Dat a Book also
con ta ins a l i st of st an dard power -resi stor val ues i n ohms .

It wo ul d be a diff i cul t task t o compi le an accura t e and me anin gfu l l i st of standard
val ues for t r immer capacitors, s i nce no t wo manuf actu r er s seem t o have th e same
capacitance r anges for t heir components . Gener al ly speaki ng, t hese values are
representati ve (spec if ied i n pF ) : 1-10, 1.5-15, 3-30 , 4-60, 5-80, 10-100, 12-180,
25-280, 50-380, 80-480, 110-580, 140-680 and 170-780. Lar ge mi ca t r immer s are
av ai l abl e also for pF r anges of 265-880, 340-1070, 425-1260 and 525-1415. Ceramic
and pl asti c t ri mmer capacitors are avai lable in t he ranges below 10-100 . Glass
piston tr i mmers are made general ly f or a maxi mum capaci t ance of 10 pF.

Monol ithic cer amic chi p capacitors (for VHF and above) have values i n t he ra nge
l i st ed for t he di sc-ceramic units i n Tabl e 4-4.
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Resistors

Carbon composition and carbon f i lm r esis tors are used most of ten in amateur work.
1/4 - and 1/2-wat t uni t s are suitabl e for most soli d-stat e circui t s, al t hou gh t her e
ar e some appl icat ions that cal l for power ratings of 1, 2, 3 or 5 watts . These
hi gher watt age rat ings are necessary in a number of dc ci rc uits. Non i nduct ive
power resi stors (NIT) are used for ac and RF power ci r cuit s . Some hams use Gl obar
res is t ors (noninduct ive) for RF app l ications, but the res istance val ue changes
with heati ng (a design character i st ic), and th is makes t hem unsu itable f or cr i t i cal
ci r cuits .

Car e must be t aken when choosi ng the wattage ra t ing of you r r esis tors . If a given
circui t causes a re sis tor to di ss ipate 1 watt , use a 2-wat t or hu skier res istor .
You can cal cul at e t he power di ssipation if you know the current th at fl ows th rou gh
the r esis t or, plus t he vo ltage drop across it (W = EI) . Under no circumstances
shou l d a res istor be mor e than warm t o t he touch af t er extended circu i t operation .
Power r esi stors should be moun t ed at l east 1/ 4 inch above chass is and PC boards
in order t o pr ovide r easonable air fl ow around t he r esi stor body. They may be af fix­
ed to a heat si nk by means of epoxy gl ue if greater cool i ng i s needed. Thi sis
not recomme nded in circu its that have volt ages greater than 100. St andard res is t or
val ues are listed i n Tabl e 4-5 .

Table 4-5

1 . 0 7.5 56 430 3 .3K 24 K 18 0K 1 . OM 5.6M
1 • 1 8 .2 6 2 470 3.6 K 27K 20 0K 1 • 1M 6 . 2M
1. 2 9.1 68 510 3.9K 30 K 220 K 1 . 2M 6 .8M
1 . 3 10.0 75 560 4. 3 K 33K 24 0K 1 .3M 7.5 M
1 .5 1 1 . 0 82 620 4.7K 36K 270K 1 . 5M 8 . 2M
1 . 6 1 2 9 1 680 5 .1 K 39K 30 0K 1 .6M 9.1 M
1 .8 13 100 75 0 5.6K 4 3K 330K 1 .8M 10 .0M
2. 0 15 1 10 820 6.2K 47K 360 K 2 . 0M 11 • OM
2.2 16 120 910 6 .8K 51K 390K 2 .2M 12. 0M
2 . 4 18 130 1000 7. 5K 56K 43 0 K 2 .4 M 13 .0M
2.7 20 150 1 10 0 8.2K 6 2K 470 K 2.7M 15. 0M
3 .0 22 16 0 1200 9 . 1K 68K 5 10K 3 .0M 16 . 0 M
3.3 24 18 0 1 300 10.0K 75K 560K 3.3M 18 . OM
3 . 6 2 7 20 0 1500 1 1 • OK 82K 6 20K 3.6M 20 . OM
3.9 30 220 16 0 0 12 .0K 9 1K 680 K 3 .9M 22.0M
4 . 3 33 240 1800 1 3 . OK lOOK 750K 4 .3 M
4 . 7 36 270 2000 15 .0K 1 10 K 820K 4 .7M
5. 1 39 300 2200 16 . 0 K 120K 9 10K 5 . 1M
5.6 43 330 2400 18.0K 130K
6 .2 47 360 2700 20 . OK 150K
6 .8 5 1 390 3000 22 .0K 160K

Th e res i s t o r s i nd ic a t ed in bo l d - f a c e t yp e a r e 10$ v al ues . Tho s e in sta nda rd -
we i ght ty pe ar e 5$ (gold band ) val ue s . All re sist ances ar e g iv e n i n ohms.
K = 1000 and M = 1 , 0 0 0 , 0 0 0 .
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NETWORKS ANO ATTENUATORS

Attenua tors , l ow- pass filte r s and broadband tr ansformer s are used freq uent ly
in amateur ci r cui t s. Basic information about t hese net works is wo r thy of in clu s i on
i n t hi s chapt er. The tabu l ar data elimi nates your need to do lengt hy calcu lations
when bUilding a resis tive at tenuator or constructing a l ow- pass f ilter f or use
as a harmonic at tenuator .

Resistive Attenuator Pads

Resisti ve attenu ators are used to red uce signa l l evel s whi le mai nt ai ning a 50­
ohm ci r cuit impedance . They are used also t o ensure a 50-ohm termi nation f or
var i ous circ uits . Table 4-6 l ists resi st or values for pi and T net wor ks that
provide up to 40 dB of attenuat i on .

Tabl e 4-6

PI ATTENUATOR T ATTENUATOR

dB Rl R2 dB R l R2
atten. (ohms) (ohms) atten. (ohms) (ohms)

1 870.0 5.8 1 2.9 433.3
2 436.0 11.6 2 5.7 215.2 PI ATTENUATOR
3

,
292.0 17.6 3 8.5 132.0 R2-

4 221.0 23 .8 4 11.3 104.8 "AAA

5 178 .6 30.4 5 14.0 82.2 U

6 150.5 37.3 6 16.6 66 .9 ..
~ Rl7 130.7 44.8 7 19.0 55.8 R1 :

8 116.0 52.8 8 21 .5 47.3 ?
9 105 .0 61.6 9 23.8 40.6 ~ ~

10 96. 2 70 .7 10 26 .0 35. 0
11 89.2 8 1.6 11 28.0 30 .6
12 83.5 93.2 12 30.0 26.8
13 78. 8 106.0 13 31.7 23.5
14 74.9 120 .3 14 33 .3 20 .8
15 71 .6 136.1 15 35 .0 18.4
16 68.8 153 .8 16 36.3 16.2
17 66.4 173.4 17 37.6 14.4 T ATTENUATOR
18 64.4 195.4 18 38.8 12.8 AAA A ~
19 62 .6 220.0 19 40 .0 11.4 V R1 ~Rl'-V
20 61.0 247.5 20 41.0 10.0
21 59 .7 278.2 21 41.8 9.0

~ R222 58 .6 312.7 22 42.6 7.8
23 57 .6 34 8.0 23 43 .4 7.1

0 ~
24 56 .7 394 .6 24 44 .0 6.3 ~

25 56.0 443 .1 25 44 .7 5.6
30 53.2 789.7 30 47 .0 3.2
35 51 .8 1406.1 35 48.2 1.8
40 51 .0 2500.0 40 49.0 1.0

Ta b le o f r e s ist a nc e values fo r pi and T t y pe s of atte nua tors. The r e s i s t o r
wa tt a g e is selected i n a c c o r dan c e wi t h t he po we r t ha t i s dissipated i n
th e att e nuat o r . Non i nd uct i ve resisto rs ar e req uired . Equ a t i on s f a r desig n ing
resi s t i v e att e nuato r s fo r 50 ohms and o ther i mpe d a nc e s a r e pr o v id e d i n
The ARRl Electron i c s Data Book.
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Broadband Transformers

The four most common broadband transformers for amateur work are s hown in Fi gs
4- 6 and 4- 7 . Thes e are transmiss i on- l i ne tran sformers rather t han con ven ti ona l
ones , the l atter of whic h have pri mary and seco ndar y win di ngs t hat are separ at e
from one another (not mult i fil ar -wound ) . The tr ans f or mer s s hown her e ar e the
bifi lar and t r if i lar t ype. These t ransf ormers may be wound on toro i d or rod cores.
The perme abi lity of t he f er ri te cor e i s 850 to gOO f or MF and HF appli ca tions.
Ami don Asso c . no . 43 core mi x i s suitab l e. You may use 125 per meabi li t y cor es
fo r broadb and t r ans f or mers t hat operate from approximate 1y 14 th r ough 148 MHz
(Ami don Asso c . no . 61 core materi a l ) . Choose a cor e t hat can accommodat e the
ant i c i pate d power leve l. Core s may be stac ke d and glued t ogether wit h ep oxy ceme nt
t o in cr ease t he effecti ve cros s -s ec t iona l area . An excel lent t ext concer ni ng
t he des ign and appl ication of br oadb and t ransfo rmers i s Transmi ss i on Li ne Trans­
f ormers by Jerry Sevi ck, W2 FMI (an ARRL pub.). Al so see Fer romagnet i c . Cor e
Design &Appl ication Handbook by Doug DeMaw (avail . f r om Ami don Assoc. or Prentice­
Hall, Inc . , Engl ewood Cliffs, NJ) .
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Fig 4-6 -- Ci rc u i t a nd wi nd i ng i nformat i on for thr ee popular bro adb and t r an s fo r m­
e rs o f th e t rans missio n - li ne v a riety . Hi gh- perme a bil i t y f erri t e o r r o d c o r e s
s e rve as the fo undati on s f or t he s e t ra n sforme rs.

It i s i mport ant t o obs er ve t he phasing of the above t r ansformer wind ings. If the
phas i ng i s not observed the trans f ormer wi ll not perfor m as specified. Th is j ob
can be made easier i f you use a di f f er ent co lor of wire for each of t he t r ans f or mer
conductor s. The completed transformer may be dipped in pol yure thane or gl ypt ol
var ni s h to pr ot ect it . Thi s also keeps t he wi ndi ngs f r om shif t i ng on the cor e .
I have used t ool-h andl e di p as an encaps ulant f or broa dband transformer s t hat
ar e i ntende d f or out door use . The clear di p is t he leas t s ubj ect to det eri or ati on
fr om ultr a-vi ol et rays . This mater i al i s ava i lable in pi nt and gallon cans from
Un i t ed St ates Pl astic Corp., 1390 Ne ubr ec ht Rd . , Li ma , OH 40801 .
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Fig 4 - 7 A 4:1 balan c ed
to unbalan c ed broadband
t ra nsfo r mer. This co n f i g u r ­
a t i on i s u sed co mmon ly tor
i n t erf a cin g a Tran s ma t ch
t o bala nce d f e ede rs , o r
t o match a 5 0 -oh m coa x lin e
t o a bala nced an t e n na t hat
has a 20 0 - o h m teed im pe d -
ance. Su i t a b l e a l s o for
matc hing 75- o hm coa x t o
a 3 00 -ohm an t enn a . s uc h
a s a f old e d dipol e .

It i s importan t t o ke ep in mi nd that any broadband tran sformer shoul d be used
in an enviro nment th at has l oad impedances whic h mat ch the transformati on r at i o
of t he t r ansf ormer . These l oads shoul d be r es i st i ve r ath er th an r eact i ve i n
or der for th e t r an sf ormer to funct ion correctly . Broadband t ransformer s ar e
i ntended for use at impedance level s le ss than 500-600 ohms.

Fi g 4-8 I ll u str a t i o n

o f a b r o a d ba nd t r an s f or m-
e r t ha t ma y b e u se d

t o mat c h a sol i d -sta te
power tr an si stor t o
a 50 - ohm ha rmoni c fil t er .
PC bo a r d · mat e r ial i s
u s ed for t he e n d pI a t e s ,

Two r o ws of ferr i t e
toro id s ser ve as t he
co re mate r ial . Cop pe r
o r b r ass tu b i ng i s u s ed

-e s a l- t u r n p ri mar y

(

wi nd i n g . <Ar twor k c our t e s y
o f Th e ARRL. )

.c>:

5

'B'4 I-II -Z [>,10

n. 2 el l
REMOVE
COPP [ R~

BE]
5

LO - Z

<. PC,/'
BOARD

Hl -Z

,()-~lJ i=..::..l..::..:.t:..:..:~ ~--c

l O-Z END
SOLDER TUBE [ NOS
TO COPP ER FOil S .
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The transformer shown i n Fig 4-8 i s si milar to the uni t il l ustrated in Fi g 4­
1. They ar e e lec tr ical ly t he same . However, t he Fi g 4- 8 t r ansf or mer is superior
physi call y t o t he Fi g 4- 1E t r ans f or mer . Mo unt i ng of t he tr ansformer is s i mpl er,
and t he PC-board end pl ate s pr ovid e a shor t path f r om the ends of the wi ndi ngs
t o the PC- board conduct or s . Stray i nducta nce , however sma l l it may be , can cr eate
mat chi ng prob l ems at very/ low i mpedances. The stray i nductance i s r eact i ve (XL).
Capac i t iv e reac tance is-someti mes i ntr oduced i n a broadband trans former circuit
i n or der t o ca nce l unwan t ed. induc t i ve r eac t ance .

Two l ength s of coppe r or brass tu bi ng (t hi n wall ) are placed i ns i de the r ows
of tor oi d cores. The end pl at e i n Fig 4-8, number ed 3, 4 and 5 , j oi ns the two
t ubes. Thei r ends are sol dered to t he copper on the end plate . Thi s f or ms an
elect ri ca l and physi cal U. Thi s conductor become s a one-turn low- i mpedance wi ndi ng
for t he t ransformer . The hi gh per meabi 1ity of t he fe rr it e core ens ur es ampl e
in duct ance f or th i s win din g. The hi gh-imp edance wi ndi ng i s looped back and f or th
t hr ough the tu bi ng holes unt i l t he des i r ed turns r at i o i s obt ained. The end plate
at t he l ower r i ght i n Fi g 4- 8 has the copped e tched away at t he mi ddl e , Thi s
cr eates t wo copper sur f aces to whi ch t he t ubin g ends are so l dered . These t abs
may be solder ed di r ectl y to t he PC -board conductor s . Th e t wo rows of cor es may
be cement ed t oge t her , but t hi s is not neces s ary .

Harmonic Filters

Sol i d- st at e RF power amp l i fier s require a har mo ni c f i lter at t he amp li f i er output .
High-leve l harmoni c currents occur in t he co ll ect or c i rcu it of RF t ransi s tor s ,
and st eps need to be taken to ens ure acceptab le spec tra l purity of t he output
s i gna1. It i s not uncommon t o obs erve 2nd and 3rd harmoni cs that ar e only 10­
15 dB be1ow t he f undament al energy at t he out put of an unf i ltered amp1if i er .
FCC r egul at ions s t at e t ha t all spur ious outp uts mus t be 40 dB or gr eat er bel ow
peak out put power f or MF- and HF- band opera tion .

The more fi lter sec t i ons or poles us ed t he greater t he har moni c atten uat ion .
Low- pas s f i lter s are most often us ed f or f i lteri ng the out put of an RF power
amp 1i f i er , alt hough band-p as s f i lter s may al so be us ed. There ar e ma ny th i ngs
t o cons i der when se l ect i ng a f i lt er , suc h as t he SWR it cr eate s i n t he l i ne ,
pl us it s ri ppl e f act or . Ripp le refers t o humps and di ps acros s the t op or nose
of the f i lter response . An idea l filte r has a perfectl y fl at nose respon se, but
t hi s se l dom occurs i n practice. We can t olerate dips i n t he response if t hey
are no dee per t hat , s ay, 1 dB bel ow t he flat par t of nos e.

The ARRL Handbook conta i ns table s of normal i zed f il t er cons t ant s f or des i gni ng
hi gh- pas s and l ow- pas s f i lters f or 50-ohm lo ads . Var i ous cho ices are ava i lable
with r egard to r i pp1e f ac tor and SWR . To use t hese ta ble s all you need do is
deci de t he f i lter cutoff fre quency , t hen di vide the f r equenc y in MHz i nto t he
numbe r s l i s t ed in th e t ables fo r C and L. Th e va l ues are in mi cr ohenr i es and
picof ar ads .

Fig 4-9 shows two low-p ass f ilters t hat you can use for f i lter i ng the output
of a sol id-stat e RF ampl i f ier . The t abl es i n Fi g 4-9 are based on s tandard val ues
of capac i tance , as der ived by Ed Wet herhol d, W3 NQN. The two- pol e f i lter i s acc ept ­
abl e f or QR P t r ansmi tter s t hat de l i ver l ess t han 2 or 3 wat ts of out put power .
It i s f i ne als o fo r use i n f ilter i ng lo w-l eve l st ages of a local oscill ator or
transmitter . The three-pol e f i lt er i s Fi g 4-9 is better in terms of harmoni c
attenu at i on. I recomme nd it , even f or QRP appli cat i ons.
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BAND (m) C1, C3 (pF) C2 (pF) L1. L2 ", H) leo ("' Hz)

L1 L2 - 60 560 1200 2.5 4.056

t e l

T T T

t
T T T

to
40 240 560 1.12 7.818

30 220 470 0.98 10.39

20 ' 50 330 0.678 15 .00- '5 ' 00 220 0.462 22.00

L1 L2 L3

1 T 1 T T T 1 T T T
Fig 4 -9 -- De t a for two -

te l tca te4

and th ree- pole fi lters wit h
, a l o w- pa s s r e s pon s e . f c oI cs is t he cutof f f r e qu e nc y whe re

a t t en uation co mmences. Silver-

i J7 ~
mica o r po lystyre ne capacitors

a re recom me nded .

BAND (m) C' . C4 (pF) C2. C3 (pF) L1. L3 ", H) L2 ",H) 'co ("'Hz)

BO 5' 0 1300 2.637 3.261 3 . 61

40 330 750 1.508 1.789 7 . 2 3

30 ' 80 470 0.9 52 1.188 14 , 4 0

20 160 390 0.773 0.90 4 14.4 0

15 130 270 0.526 0.606 21.4 8

'0 82 '60 0.359 0.421 30 .90

The f ilters i n Fig 4-9 s hould use i nduc tors t hat are wound on powder e d-iron to ro i d
cores . 137 (0 .37 i nch 00) cores are suitab le f or power leve ls up to 10 watts .
.Use T50 (0.5 inc h) cores for power amou nts up to 50 watts . T68 (0 . 68 inch) cores
may be used fo r powers up to 100 watts . I recomme nd Amidon or Micro meta ls no .
2 core mater ial (coded red) f or freque nc ies up t o 11 MHz . I pr ef er no . 6 (ye l l ow)
core mat eri al for 10 t hro ugh 30 MHz. The proper cho ice of core mi x ensures t hat
the inductors have a l oaded Q well abov e t he f i lter desi gn Q. Fer rite cores ar e
not s uitab le f or use in fi lt er s because they saturate eas ily and are unst abl e
wit h regar d to permeabi lity versus heat .

The se lf -s hield i ng characterist ic of toroi dal induct or s he lps to i sol at e the
fi lter i nductors . This reduces unwanted cou pl i ng between t he i nput and output
port s of the filter. Fi lter leakage (stray i nput-o utput co upling) can great ly
re duce th e over al l harmoni c at t enu ati on of a fi lter. This i s espec ia l ly crit ica l
at th e upper en d of t he HF spec trum , where smal l amo unts of i nducti ve and capacit­
i ve couplin g become s i gni f icant .
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PARTS PROCUREMENT

I have hear d co unt le s s amateurs say , "I'd build equipmen t if only I .coul d fin d
the parts fo r t he pr oject s. " Fr ankl y, th at i s not a good r eason t o avoid t he
ham wo rks hop. Par ts are more abundant and i nexpens ive t han ever befor e - - at
l eas t wit h respect to sol i d-s ta t e circ uits . The l ament may be true, i ndeed , whe n
we cons ider ava i labi l ity and cost f or vac uum t ubes, l ar ge ind uctors and var iab le
ca pacitors. As t he demand for t he se par t s decline , up goes the pr ice. But , fo r
the sol id-s t ate enthus ias t , thi ngs co ul dn ' t be better .

Sources for Parts

The bes t ar en a in whic h t o s t al k t hos e fu gi ti ve componen ts i s t he ham r adio fl e a
mar ket. A f ew doll ar s and a gunnysack wi ll equi p you for a pr oduct i ve sor t ie
among t he hawker 's di s p1ay t ables. We hams ten d t o buy onl y thos e par t s f or a
project of i mmed i ate i nt eres t. If you'r e an expe ri ment er it i s better to stock
up on commo n parts t hat you wi l l need f or futu r e projec t s . Suc h i t ems as switches ,
met ers, r es i s tors, c apac i to r s , semi conduct ors and bl ank PC boa r ds are amo ng t he
t hi ngs I l i ke t o hor de . It's j oyfu l t o reach i n t he part s dr awers and pull out
t he components I need f or exper iment in g . Don't be t i mi d when you see a good de al
at a swap-and-s hop sess i on!

Surp lu s PC boa r ds and equ i pment are often ava i lab le at rock - bot tom pr i ces . These
i t ems co nt a in a we alt h of reu se abl e part s i f you 're wi l l i ng t o s t r i p the goodi es
and s tore t hem f or use lat er on . Cast-off tr ans istor ra di os and TV r ec e ivers
al so y i e l d many excel lent parts f or ham proj ects .

Sur pl us Parts Vendors

It seems th at some new surp l us dealer pops up e ach day . EXi s t ing ones tend to
wax and wane , whi ch make s it dif f i cu lt f or me t o off er an act i ve l i s t of name s
and addres se s for thes e deal ers. The fo 11owing r un-d own repres en t s de al er s fr om
whom I buy many of my component s at t he ti me th i s book i s bei ng wr it ten. Eac h
de al er in t he l i s t of fers a cat a l og. I t i s helpful t o encl ose $1 wit h your cata log
r equest. This he l ps t o off set t he dealer's cost fo r havi ng the cata log prin t ed .

All E l ect ro n i cs Co r p .
P. O. Bo x 56 7
Va n Nu ys. CA 91 4 0 8
1-800 -826 -5432

BCD E lec tr o

P . O. Box 45 0 207
Ga rl a n d . TX 750 4 5-0 20 7

Digi -K e y Co rp .
701 B rook s Ave. , S .

P.O . Bo x 67 7
Th ie f Rive r Fa l l s, MN 5 670 1 -0 6 7 7
1- 8 0 0- 3 4 4 - 4 5 3 9

Mar li n P. Jones & As soc.
P. O. Box 12685
Lake Pa rk. FL 3340 3 -0685

Mo u s e r Elec t ro n ics
2 4 0 1 Hwy 28 7 N.
Ma ns f i e l d , TX 7606 3
1 - 8 0 0-346 -68 73

Fa ir Radio Sales Co .
P . O. Box 11 0 5
L i ma , OH 4 580 2

Ja meco El e c troni c s
13 5 5 S ho r ew ay Rd .
Be l mon t . CA 94002

Ho st e lt El e ctr oni cs , In c .
2 70 0 Suns et Blv d.
St e ube nv i lle , OH 4 3 9 5 2
1-800-5 24 - 6 4 6 4

Ci rc u it S pe cial ists
P . O. Bo x 3 0 4 7
Sco tts d a le . AZ 8 52 7 1
1 - 800 -5 28 - 141 7

Mi d -Ame ri ca Corp .
23 0 9 S . Arc he r Ave.

Ch i c a go . IL 60 6 1 6
1 -80 0-6 21 - 15 30

Oak Hil l s Resea rch
2 0879 Mad i so n Ave .
Bi g Ra p id s. MI 493 0 7
( 6 16179 6 -0 9 20

Send la r g e s c e i s v e •
w/50¢ po s t age fo r
c ata log.
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I wish to st ress the "caveat emptor" (let the buyer beware) princ iple . Although
I have always found the dealers i n the fore going l i st t o be entire ly reputab le ,
t he ARR L, Inc . and I are in no way r esponsi b1e for th e quality of t he serv ice
and mer chand ise of t hese dealers .

Suppl iers of Other Materials

We amateur s need a number of products that aren't avai lab le from mo st sur pl us
ven dors. Hardwar e , etched and dri lI ed PC boards for QST and Handbook proj ects, ·
plus pl ast ic material s. The foll owing list of dealers i s worth add i ng to your
r oster of names . Be sur e to r eques t a cat al og.

ETCHED &DRILLED PC BOARDS

A & A Engin ee ring
252 1 W. La Palma Av e.

Unit K
Anah ei m, CA 9 280 1

Ci rc u i t Bo ard S pec ial ist s
P . O. Bo x 95 1
Pu ebl o , CO 8100 2

FAR Cir cu i t s
18N640 Fi eld Co urt

Dundee , I L 60118

TOROIDS, RO DS &POT CORES

Ami do n Ass o c ia t e s , Inc .
1 20 33 Ot s e g o St .

N. Ho ll ywood . CA 91 607

TU BI NG &HARDWARE

S mall Parts , I nc.
6891 N. E . Th ir d Ave.
P . O. Bo x 381966
Miami , FL 3 323 8 - 1 9 6 6

PLASTIC TU BI NG, RODS &SHEETS

Uni t e d Sta t es Pl astic Corp .
1 3 90 Ne ub recht Rd.
Li ma . OH 4 5 8 0 1
1 - 8 0 0-5 3 7- 9 724

Toroids ar e availab le also fr om Palomar En gi neer s , Box 455 , Escond i do, CA 92025 .
A large li st of RF power trans istors i s availab le f r om RF Part s , 1320 Grand
Ave. , San Marcos, CA 92069. Try to keep a c lose watch on t he ads i n QST. Many
par ts and equipmen t suppliers use th e pages of QST for t hei r advert ising .

Chapter SUlllllary

I have t r ie d t o pr ovide most of the information th at experimenters need t o pl an
and construct projects. The success of your workshop efforts depends in 1arge
measu re upon your i ni t i ati ve toward col lect ing cata logs and parts . The var i ous
diagrams and t ables i n t his chapter have been incl ude d so that you can avoid
i nve st i ng your t ime i n cal cul at i ons an d re la t ed re fere nce work. Be sure to check
the expanded l i st ing of par ts suppliers in the Componen t Dat a chapter of the
latest edi ti ons of The ARRL Handbook .
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PRACTICAL RECEIVERS & TECHNIQUES

CHAPTER 5

Per haps t he most f asci nat i ng part of our hobby is as soc i ated with the des i gn
and bui ld ing of rece ivers . Many of us experienced t he th r il l of he arin g a crysta l­
c lear AM broadcast s ignal when we bui lt our first crystal det ect or radio wi th
a ga l en a cr ys t al and a cat's whis ker electrode. This crude form of rece i ver was
common ly available in ki t form at "five and dime" stores when commercial broad­
cast i ng commenced many de cades ago . All t hat was needed was a t uned ci rcui t ,
a pai r of earphones, a l ong pi ece of wire for an antenna, and a good ear th grou nd .
The higher t he Q of the tuned c irc uit t he gr eat er the rece iver se l ec t iv ity f or
separ ating t he stat ions . Unfor t unat el y , a s t rong, l oca l AM stat i on t ended t o
overwhelm these rece ivers , and th is prevented us f r om copyi ng the weaker s tations
that were nearby i n f r equency . The ga lena crystal (carborundum was us ed also)
and its cat-wh is ker cont act or fo rmed a semiconductor diode junction, whi ch in
tu rn conver ted the RF (ac) s ignal t o pulsating dc, and th i s was audible i n the
ea r phone s in t he form of voice and musi c energy. The user s had to keep adj usting
the posit ion of t he eat's whisker i n order t o f i nd a "hot spot, " as t hey were
ca lled . The hot s pot pr ovid ed t he l oudest s igna l i n t he earphones .

We have come a l ong way since t he days of the crystal de tector . Vacuum tu bes
were developed and the TRF (tuned r adio frequen cy) rad io came i nt o being. Several
tu ned c ircuits wer e employed in order to ac hiev e suffi cien t se lectivi t y t o separ­
ate the many AM stat ions fr om 540 to 1600 kHz . One or more RF ampl i f i er stages
were used ahead of a vacuum- t ube detecto r . The audi a signa l was then amp 1if i ed
with more tubes to pr ovi de headphone or l oud- speaker volume .

Fi nall y , t he superheterodyne r adio was concei ved. It pr ovi ded exce ll ent gai n
and se l ecti vi t y , and it has remained t he standard c ircuit to dat e . Moder n radios
have r eached a level of pe rfor mance and sophi st icat i on that was onl y a noti on
in the ear l y 1930s. Analog fr eq uency r ea dout is fast beco mi ng a method of the
pas t as the newer rece i ver s beco me equi pped with di gi ta1 f reque ncy di s p1ays.
The abi lity of a receiver to withstand t he ons l aught of strong s ig nals (dynamic
range) withou t perfor man ce degradat ion is a desi gn criterion for mos t of the
ded i cated manu facturers . Fr equency s t abi l ity i s another design object ive . Thi s
has been s at i sf i e d in a s ati sfac tory manner th r ough t he introduct ion of PLLs
(phase-locked l oops ) and synthesi zer s . Fewer and fewer LC ( indu ctance - capacit ance)
loca l oscill at or s or VFOs are being us ed in r ece i ver s and transmitte r s , owing
t o the i r tendency t o drift.

The Si mples t Rece i ver

Yo u will enjoy cons t ru cti ng a crystal-detector radio if you hav e never tr i ed
your hand at th i s facet of exper i ment i ng . A pract i ca1 ci rcuit that tuned f rom
540 to 1600 kHz i s presented in Fi g 5- 1 . No e at ' s whis ker i s nee ded because we
ar e using a mo dern germani um diode as t he detector . The c i r cui t can be as sembl ed
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on a piece of wood, or you may want to bui ld it on one of the universal bread­
boar ds described on page 88. The most ted ious part of thi s proj ect i s the winding
of L2. You may wind the coil i n i ncr ement s . Take a break peri odi call y and anchor
t he already-wound t ur ns tempor arily with a pie ce of adhesi ve tape .

ANT

I I

l 2

C2

100

Cl D2

J65

1NJ4A

CJ
1 NJ4A 0 .01 .---<J

HEADPHONES

2000 OHMS

OR GREATER

EARTH
GROUND <cold -water pipe)

F i g 5 -1 -- Pr a ct i c a l c i r c u it fo r a s i mp le br oad c a s t ba nd c rystal -detect or

r e c e i ver. 01 a nd 0 2 a r e d e t e ct or s t hat o pe rat e a s a voltage d ou b l er to
prov i de gr e ater headphon e v ol ume. C1 t unes L 2 t o t he desire d fr eq u en c y .

C1 i s a 36 5 - p F v a ri a b l e ca paci to r ( Mou ser E l ect r o n i cs n o . 24 T R218 s uitable.
Use bo th s e ctio n s i n p a r e l l e Lc ) , L2 is wou nd on t he ca rd boa r d t u be f r o m
a rol l of toil et tiss ue ( 1 - 1/2 i nc h d ial a nd o c c u p i es 3 - 3/4 inch e s of the
tube . Us e 16 8 t u r ns of n o . 26 e na me l wire, close wo und. to o b tain 380 uH

of i nd u c ta n ce . Ot he r c o i l f or ms ma y be u s ed . l1 co nta i n s 20 tur ns o f no.
26 enamel wi r e, clo se wound ove r the g r o u nd ed e nd of L2.

Moder n-day low- impedance headphones are not suit abl e for use with the circuit
above . You wi l l need a pai r of t he older hig h-i mpedance phones i n order to obtain
ample vo lume . You may wish t o add a si ng l e tr ansis t or audio amp l if ier at the
r eceiver headph one termin al s. Th is wi ll permit the use of 8-ohm phones . See Fig
2-1A f or an example of a suitab le audio amp l i f i er. Cl and C2 in Fi g 5-1 are
in pF . C3 i s in uFo

Regenerative Receiver s

One - and two-tube "gennys" or regenera t ive re ceivers were popu lar i n t he ear ly
days of Ama teu r Radi o. The circuit was constructed to permit se1f-cscill at i on
of t he detector stage by me ans of a regenerat io n (feedback) cont r ol . Th i s cont ro l
was adj usted so tha t t he detector was osci ll ati ng weak ly (for CW r ecepti on) and
it was set j ust at the brink of osci llati on for AM recept ion . Thi s was th e most
sensit i ve conditio n for t he detector. A regenerat i ve re cei ver may be used t o
copy SS B and CWsignal s by al lowi ng t he osc i l lating detec t or t o create the needed
beat note for CWand th e carrier f or the SSB energy . This s imple t ype of recei ver
shou 1d not be over looked if you wi sh to bui 1d a small portab l e recei ver with
mi nimum components .

A bad feature of "r egens" and DC (di r ect conver sio n) rec eivers i s that they rad iate
a weak s igna l on the f r equency t o whic h t hey are tu ned. If you l i ve near another
ham an d mon itor his QSO, chances are t hat the ener gy f rom your r ece iver wi ll
interfere with hi s recept io n. Thi s unwant ed rad iat io n can be minimi zed if an
RF amp l if ier is .used ahead of t he detector .
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There are a number of way s t o co nt ro l se l f-osc i l lation in a r egen er ati ve rece iver .
The s i mplest me t hod i s to vary th e ope r at i ng voltage of t he de tec tor . Be t t er
performance genera lly results if the re gene rat io n co ntro l i s arranged to ch ange
the , amount of feedback energy in the de t ector . Fi g 5-2 s hows t he circu it of a
so l id-s tate regener at ive r ece i ver .
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Fi g 5 -2 - - Pract ic al c i rcui t tor a two -stage r egen er a t i ve r e c e i ver . De c i ma I­
v a lue c apac itors ar e i n uF o Ot her s ar e i n oF .; Po l ar i z e d ca pac itors ar e
t an t a lu m o r e l e c tr o l y ti c , 16 V o r g reate r . F i x e d - v alu e r e sist o r s a re 1 / 4 ­

o r 1/2 -W ca rbo n fi l m. Rl is a l in e a r t ap e r ca rbo n -co mpositio n co ntro l .
R2 i s an a u dio taper c ar bon - c omp o s i t i on co n trol . L2 ha s 22 u H o f i nducta nce

t o cove r 3 .4 - 8 .5 MHz with C'l , Us e 46 t urns of no. 26 e n a m, wire , c los e

wound , o n a l - in c h d i e X 2-inc h co i l fo r m. P lace t a p at 11 t u r ns above
the gro unded end o f t he co il . Ll ha s 5 t u rns o f no . 26 e n am. wi re. close

wound , o ver t he g roun ded en d of L2 .

Regenera t ive receivers ar e su bject t o t he effec ts of hand capac itance unless
care i s taken when plan ning th e r ecei ve r l ayout. I ncor r e ct layout and assemb ly
will l e ad t o s hif tin g of t he f r equency whe n your hand i s pl aced near t he pa ne l
of t he rece i ver . I n t he days of yore we ofte n j oked a bout t he nee d to tu ne our
gennys with a wooden br oom hand l e in or der t o avo i d hand- c ap ac it ance effects .
It is wise t o us e a me t a l pa nel on t he rece iver . Rl needs an ins ul at ed tu n ing
shaft brought to t he fr ont pa ne l. Thi s i s because it i s "hot " wit h fee dback energy .
A piece of 1/ 4- in ch wooden dowel ro d may be used as an in sul at ed s haft .

The recei ver may be f i ne t uned by placi ng a 10-pF va r i able capacitor in pa ral l e l
with C1. I n do i ng t his you caus e Cl to f uncti on as a bandset control, whi le th e
10- pF variab le capac itor acts as a bands pr e ad co nt ro l . A vern ier dr ive ca n be
us ed f or the ban ds pre ad ca pacitor t o make t uni ng easier. Other f req ue ncy r anges
are possib le by s imply cha ng i ng t he ind uct an ce of L2. The same tap and t ur ns
rat io for Ll and L2 s hou l d be mai nt a in ed if t his i s done .

If yo u construct a se t of p l ug- i n co i ls f or the Fi g 5-2 c ircuit, you can l is ten
to many MF and HF bands by s i mply cha ng i ng co i l s .
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You are probabl y wonderin g why I bothered to discuss crystal detectors and r e gen­
erat i ve recei ver s . After all, t hey ar e somewhat arc hai c by t oday ' s s t andards .
Fi r s t , I want you t o be f ami liar with bas i c r ece i ver c irc uits and secondl y , I
wis h t o encou rage you t o ex per iment wit h bot h circu i t s as par t of a lear ni ng
exercise. The busi ness of l ear ni ng "how t o cr aw l befor e l ear nin g to wal k" has
merit for the neophyte exper imenter, and that 's what this book is all about .
The Fi g 5-2 r ecei ver ca n be built eas i ly on t he uni ver sa l breadboard .

DC Rece iver s

DC in t hi s exampl e means "d i r ec t · co nve rs ion" r at her th an d i rec t cur r en t. Ther e
has been some conf us i on about thi s t er m. Some amat eurs r ef er to DC rece ivers
as homodyne or sync hrodyne rece i ver s. In ef fec t, the r ece i ver detector (f ront
end ) is a pr oduct det ect or t hat is t una ble. I t requ i res t he in jecti on of a VFBO
(var i ab1e fr equency beat osc i 11ator) in order f or it to fu nction as a detector
for CW and SSB. The out put from t he detect or i s at audi 0 fr equ ency . Thi s type
of receiver has become a favorit e among hams who bui l d por t abl e QRP equ i pment.
It appea ls also t o t hose who wis h t o co ns truct s imple but effec t i ve ham-band
recei vers .

The s hor tcomin gs of t he DC r ece i ver have been out li ne d i n The W1FB QRP Notebook,
but t hey ar e wo r t h repeat i ng her e. (1) Suscept i bi 1i ty t o unwanted AM detec t i on.
(2 ) Subject to common-mode hum caused by VFBO energy en te r ing the ac power s uppl y
diodes ' and bei ng re rad iated with 120-Hz hum mo dulat ion . (3) They require 80- 100
dB of audio amp l i f i cation to exhi bit good overa ll sen sit i vity. The hi gh audi o
amp l ifi cat i on c aus es f r ont-end mechani ca l noi ses t o be ampl ifi ed . These noi se s
appear as microphon ics when the r ece i ver i s bumped.

The good circuit f eature s s houl d be dis cus sed also . (1 ) Min i mu m compon ent count.
(2) Easy and i nexpensi ve to constru ct . (3 ) They do not requ ire har d-to- f i nd par t s .
(4) They do not su f fer f r om "dea d sp ots" in t he t uni ng range, whic h i s t he c as e
wi t h a regenerati ve recei ver .

How mi ght we def eat s ome of t he prob lems t hat are attend ant t o DC receivers?
Fi r s t , mi crophonics can be r ed uced i f we us e an RF ampl i f ier or pr ese l ector . ahe ad
of the detector. Thi s additi onal gain (10 to 25 dB , depend ing on the pre amp desi gn )
can be subtracted from the gai n of the aud io-ampl i f i er c hannel . However, t he
greater the ga in ahea d of the detector t he wors e t he recei ver DR (dynamic range) .
Thi s i s t r ue al so of s uperheterodyne rece ivers.

Commo n- mode hum can be mi ni mized by using an RF choke in e ac h of t he power supply ·
output l e ads , di r ect l y at the power -s upply t er mi na l s . Each di ode rect i f i er i n
th e power su pply s houl d be bypass e d with a 0 .01-u F di sc cer ami c ca pacitor. A
good eart h ground on t he DC rece i ver helps t o l es sen the effects of common- mo de
hum. This i s not a pr oblem when operati ng a DC recei ve r f rom a battery.

Unwanted AM det ect i on ( i nt erfer en ce and bl anket i ng fr om commer c i a1 AM s hor twave
stations) ca n vi r t ua l ly be cured by us i ng a doubly ba l anced pro duct detector
(four diodes or an ac tive detector with an IC).

Another DC Recei ver Shortcomin g

Sing le -s i gna l recep t ion i s not poss i ble wi t h a DC rece iver. The system responds
to signal energy t hat i s e ither s ide of zero beat . For example, i f you are li s t en­
in g to a CW si gna l t hat corresponds to USB (upper s i de band), and i f t here i s
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another signal l oc at ed on t he oppos i te s ide of ze ro beat (e quiva lent to LSB in
th is case) , it will seem that the unwant ed signa l is on or near th e f r eq uen cy
of the des i red one. The i nterferi ng s i gna ls wo uld not be he ard if you were us i ng
a super heterodyne rec ei ver of good des i gn . Thi s performance t r adeoff is acce pt­
ab le t o mos t experimen ters in re turn f or c irc ui t s impl ic ity an d otherwise good
performance .

The add ition of a pass i ve LC or RC ac t ive ba nd-pass f i lter i n t he aud io cha nne l
wi ll l e s sen the effects of QRM s ign if ican t ly with regar d to s igna ls that are
above and be low t he operating freque ncy .

DC Receivers

There are countless designs f or DC rece ivers. You wi ll want to obtain copies
of The W1FB QRP Notebook and Sol id State Desi gn f or the Radi o Amat eur . Both books
conta in many DC rece iver ci r cuits , a lo ng wit h de s i gn data . A s impl e but pr acti c a l
ci rcu i t ex amp le i s provi ded in Fi g 5-3 .
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Fig 5 - 3 A si mp l e DC rece iver f or 40 me ters . Cl i s a 10 0 -pF t rimme r .

C2 i s a 25 - pF miniatu re air v a r ia ble with vernier dri ve . 0 1 a nd 02 are

matc h e d ( preferab l y) l N9 1 4 d iodes . D3 is also a l N9 14. L2 i s a 9 -u H to roidal

c o il ( 4 0 t u r n s o f no. 26 e n e m, wire o n a n Amid on T6 8 - 2 t o r o i d ) . Ll has

4 t ur ns of no . 26 e n a m , wire. L 3 is a 4 .8- uH coi l (3 2 t u r n s of n o. 2 6 e n e m ,

wire on a n Am id on T68-6 to roid) . L4 h a s 6 t u r n s of n o . 26 e n e m, wi re . Po lar ­

ized c apaci t o r s are tan tal um o r elec t rolytic . Deci mal-va lue capacito rs
are in uF o Ot h e r s are in p F . Resistors a re 1 / 4 -W carb on f i l m. T ap L 2 a t 5 ts

a nd t a p L 3 at 8 t u rns .
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The lo cal oscill ator (VFBO) in a DC r ecei ver operates at th e r ecei ve frequency,
as indicated in Fig 5-3 . The VFBO i s offset from the inc oming s i gnal f r equency
suffi ci entl y t o pr oduce the desi r ed beat note f or CW (5 00 t o 1000 Hz typical ly).
The VFBO i s adj us ted dur i ng SSB recept ion to provide the mis s ing carrier f or
the USB or LSB signa 1 . The product of the i ncomi ng si gna l and that of the VFBO
i s , therefore, an audi o f r equency . A regenerative r ece iver funct ions in a simi l ar
manner , except t hat t he det ector se 1f - os ci 11ates t o pro vi de the equi va1en t of
t he VFBO output frequency .

The detec t or (D1 and D2 ) i n Fig 5-3 was devel oped by V. Pol yakov , RA3AAE, and
was descr i bed i n Radi o f or December 1976. I t i s in t en ded to pr ovi de an a1terna t ­
i ve to a doubl y ba l anced di ode detector. However, t he confi gurat i on s hown in
Fig 5-3 does not match the performance of a diode-quad dou bly ba lan ced mix er .
An improved ver s i on of this circuit that use s four diodes was described i n t he
RSGB book ent it led Amateur Radi o Tec hniques , 7t h ed iti on, page 131 .

RFC1 i n combin ati on wit h t he t wo 0. 01- uF capac i tors ac ts as an RF f i l ter t o keep
th e VFBO energy out of th e AF ampl if ier , 02 . Sma ller va l ues of c apacitance in
t he f i lter wil l provi de greater hi gh- f r equency r e sp onse i n t he audi 0 ch annel.
One stage of audio ampl ifi cat i on is shown . This is adequate f or experimenting
with t his circuit, but two mo r e i dent i c al stages of amplification are necessary
i n order to ensu r e ade quat e weak -signal r ecept i on .

The VFBO circuit may be i mproved by r egulati ng the 01 dr ain voltage wi th a 9. 1­
vol t, 400-mW Zener dio de . The Fig 5-3 ci rcu it is in cluded pr imarily t o illustr at e
i n a s i mple manner how a DC recei ver opera t es . I recommend th at you cons t r uct
the c ircuit f or th e pur pose of becomi ng fami l iar wi t h how DC r ecei ver s per form.
The c ircuit i s enti r e l y adequ ate (with added audio ampl if ication) f or use in
simple emergency and por table transcei vers. Best VFBO stability will res ul t
i f the two 100- pF c apaci t or s are NPO ceramic types. L3 s houl d be t r e at ed with
thr ee co at i ngs of General Ceme nt Pol yst yre ne 0 Do pe or equi valent hi gh-O cement.
Thi s wi ll keep th e coi l tur ns f rom s hifti ng and causing frequen cy changes. A
2N4416 J FET wil l provi de better overa ll VFBO performance t han wi 11 an MPF1 02 .
It has a higher t rans condu ct ance ( be tter for oscil lat i on) and a bet ter pi nchoff
c haracteristic (a l lowi ng great er power output) . Hot -c ar r ier or Schottky diodes
at D1 and D2 wi l l also l e ad to improved performa nce .

An Improved DC Re cei ver

The Signet i cs NE602 mixer I C i s a l ow-cos t chi p th at off ers good performance
as a product detector or mixer . I t was populari ze d in QST fo r Fe br uary 1988 ( "The
Neophyte Rece i ver ") by D. Di 11on , WA3RNC . I recomme nd th at you read hi s ar t i c 1e
and dup l icate the rece iver . It i s a monument t o s i mpl icity, but it offers good
performance for t he smal l parts co unt he spec i f i ed .

Although t he NE602 i s des i gned wit h an i nt erna1 osc i 11at or, r equ t r t ng on1y a
f ew externa l LO component s , I prefer t o us e a separate LO or VFBO . This is because
all osc i ll at ors cont a i n a s ubst ant ia l amount of harmoni c curre nt, and t hi s energy
l e ads t o unwant ed i nject ion f r equ enci e s t hat caus e spur i ous res ponses . When t he
act ive devi ce s f or an osc i l lator are on th e same su bstrate as the ot her IC e lements ,
it is impossib le to iso late t he harmonic currents. If we use an outboard LO we
do not encounter t hi s problem. However, fo r s imple rece i vers intended f or c as ua l
use, the NE 602 may be used as an osc illator and mixer or PD wit hout ser i ous il ls .
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Fi g 5- 4 shows t he circuit for a DC r ec e iver that uses t he NE602 IC. It l acks
some of the ref i nement s t hat ar e f ound in hi gh- perfor man ce DC r ece i ver s (suc h
as a t hr ee-pole RC act i ve fi H er), but it gi ves a good account of it self fo r
gene ra l ama teur us e .
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F ig 5- 4 - ~ Schema t ic d i a g r a m of a 40 - me t er DC r e c ei v e r . Op e ratio n on o t he r
bands can be a ch ie ved by ap p roximate ly d o ubl ing t he tuned - ci rcuit v a l ues
t o r 80 m o r hal ving the m f o r 20 m. Fi xe d - v al u e c a pa ci to rs a r e disc c e r amic .
Po l ari z ed c ap a ci t or s a r e ta n t alum o r e lect rol yti c . 1 6 V o r g r e a t er. F i xed ­
va l u e r e si st or s a r e l j4 - W ca rbo n f il m. Cl is a 60-pF tr im mer and mai n-tunin g
c a pa c i t o r C2 i s a 25 -pF mi n i a t u r e a i r v a ria b le (p l u s v e r n i e r d r ive>. L2
i s 9 uH. Use 40 t u r ns o f n o . 26 e na m, wire o n a T6 8- 2 to ro i d. Tap 4 t u rns

a b ov e gr ound ed e n d. L2 a nd l 3 ar e 10 bi fi la r t u r ns of no. 26 wi r e ov e r
Ll wi n d i n g (obs e rv e po l ar i t y). L4 i s 4 .8 uH (3 2 t u r n s o f n o. 26 e n e m, wi re

o n a T6 8- 6 to ro i d . Tap at 8 t u rns abo v e gr ounde d e n d. T1 i s a 4K-ohm c t
to 6 0 0 o hms ct a u dio t ra nsf o r me r ( Mouse r 4 2 T L02 1 o r e q u Lv s L, R2 is an au di o ­
tape r, 10K - o hm ca r bo n -c o mpo si t i o n co nt ro l . Po l yst yren e c a pacit o rs ma y be
subst it u ted f or t he NPO c a pacito rs .
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The Fig 5-4 r ecei ver l ack s a high de gr ee of select ivity. R1 and C3 have been
inc l uded t o form a s impl e l ow- pass f i lter t hat has approxima t e l y 16 dB of att en­
uat i on at fre quenc i es above roughly 800 Hz . The pr i mar y of T1 is tuned by me ans
of t he t wo 0 .005-u F bypas s capac itors. It has a band- pass r espons e in t he audi o
range of inter es t . If you us e a different i nt er s t age transformer, such as a 10K­
ohm t o 2K- ohm type, meas ure th e pr imary i nduct ance and use two c apacitor s th at
prov ide a peak audi o res ponse at 1000 Hz . Thi s i mproves the overa ll se lectivity
of the rece iver .

The VFBO in j ecti on to pi n 6 of U1 shou l d be 200 mV P-P or greater, but not greater
th an 500 mY . Measure t he pi n 6 vol tage wi t h a scope and s e l ect a capac i tor va l ue
(22 pF in Fi g 5-4) t hat prov i des r oughl y 350 mV P-P at pi n 6.

C1 i s adj us t ed for pe ak si gnal r e sponse at 7.1 MHz . You may wis h t o add a 25­
pF NPO t rimmer capac itor in par all el wit h C2 to facil it at e c ali brat i ng the ma in­
tun i ng dial of the r ece i ver .

An RC act ive audio f ilter may be in c l uded t o enhan ce the r ecei ver se lect iv ity.
I t s houl d be i nserted be t we en Q1 and U2 i f t his i s done . Eli mi nat e R1 and C3
if you use an active f i lter .

An LM386 audio I C can be added after U2 i f you wis h t o us e a l oudsp e aker . See
Fi g 5-2 f or t he c i r cu it whic h uses an LM386 chip.

The Fig -5- 4 capt i on indicat es th at t hi s r ec e i ver may be used on ot her HF bands
by chan gi ng t he t une d-c i rcuit const ants. I do not recommend that you use this
ci r cuit above 14 MHz. Thi s i s bec ause osc i llator s t abil ity become s diff icu lt
to ach ieve above 20 meters . Also, s i nce the noi se fi gure of the NE602 i s fair ly
high (12 dB), a low-noise pr eampl if i er sh ould be us ed ahead of U1 for 20-meter
operat ion . It i s not require d fo r fr eque nc ies bel ow 14 MHz .

AGC for the DC Recei ver

Automat ic gai n co nt ro l (AGC) i s a desirabl e f eature i n any rece iver. Witho ut
it we are s ubjected to ear discomfor t when we t une acros s an very l oud s ignal,
or when one of thes e whopper s igna ls s udde nly appears on or ne ar t he frequency
of inter es t . This annoyan ce i s compounded by the use of e arph one s . Various me t hods
f or app1yi ng aud i o-der i ved AGC have been deve l oped . Modern IC techno l ogy makes
i t a s i mple mat ter t o use an aud io compr essor in a DC or super heterodyne rece iver
at mi nima l co s t. A compressor f uncti ons s omewhat l ike an AGC c i rcui t.

2 .2 uF

Fig 5-5 - - Sug ges te d AG e circuit
for use i n the audio channel
of DC a n d s u pe rhete ro dyne r e c ­

e ive rs . The NE5 75 has add itional
in t e rn al ci rc u itry that pe rmits
t he c h ip t o fun c ti o n also as
a com pa ndo r (see Sig netics
data sh e et ) . Out pu t varies
o n ly 1 dB for a 60 -dB change

i n t he inpu t level.
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Fig 5-5 shows a Signetics circu it t hat is designed t o operate as an ALC ( aut o­
mat i c l imiting control) system. Irrespect i ve of the audio-input l evel over a
o to 60-dB range, t he output changes by on ly plus or mi nus 0 .5 dB . This type
of c ircuit lends i t self well to AGC us e i n s i mple receivers that are not capab le
of prov i ding an I F si gnal f or I F- der i ved AGC . The NE575 can be used as an ALC
or compandor chip, depending upon how i t i s co nfigured . It can be made switchable
t o prov i de bot h f unct ions.

Full audio-deri ved AGC can be had by sampl i ng t he AF ener gy ahead of t he AF ga in
contro l , amp l i fy i ng t he s amp l ed aud io , then rect i fyi ng and filt ering it . The
deve loped dc volt age is t hen used to r ever se bias one or mor e of the l ow- l eve l
AF stages ahead of t he AF gain contro l . Norma l ly, a 0 . 5 to 1 secon d decay t ime
is provi ded for t he AGC act ion. A s imp1e par a11e 1 RC net wor k may be s hunted to
grou nd from the r ect i f i ed AF 1i ne to pr ovi de thi s t i me cons tan t . A 5 met er may
be opera t e d from the AGC l ine if you des ire a re lative i ndi c at i on of the strength
of i ncomi ng signals. Fi g 5-6 shows an audio -der ived AGC c i rcu it .
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Fi g 5 -6 -- A p rac t ica l a ud io-der ived AGe ci rc u it fo r use in a supe rhet

receive r tha t u s e s MC1 5 90 G and MC1 3 50P r c s as IF amp l if ie rs . Cl and R3
es tab l ish a 1 secon d AGe d el a y t ime. A ta ntal u m c a pacito r i s best fo r Cl .

0 1 a nd 0 2 a r e 1 N9 14 o r e q uiva le n t s i l i c on di od e s . Ma x i mu m IF gain occ u rs
whe n t he AGe vo lta g e is +3. T he g r e a t er t he AGe v o l ta ge the low e r t he MCM

1590G o r MC135 0P g ain . Rl is adjusted f or on l y e n o ug h a ud io -i np ut vo lta ge
to pr o d uce the d e vo ltages ma r ke d o n th e diag ram. R2 sets the AGe o utput ­

v o l t a g e r a n g e a t +3 to +12 vo lts . OF F i s whe n no a ud i o i npu t v o l t a ge is

a pplied to pi n 2 of Ul . ON indicates f u l l AGe ac ti o n .

I have used the Fi g 5-6 c ircuits a number of times. The major l i mi t at i on is the
somewhat nonlinear voltage change at the collector of Q2. In other words, the
l ev e l change is gradual at low AF input leve ls , but i s r apid over the upper 2/3
of the AGC range. A PNP trans istor may be subs tituted at Q2 to obtai n an AGe
t hat i s l ow at hi gh input-si gna l l eve l s and high at l ow i nput -s igna l l eve l s .
The Q2 res istance val ues may requir e modi f i cati on t o obt ai n the des ired AGC ran ge.
A PN P transistor at Q2 ma kes th is ci rc uit s uitab le f or usi ng t he AGC voltage
to cont r ol a l ow-l e ve l audio -amplif i er stage rat her th an an I F amp l ifi er.
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Superheterodyne Recei vers

It i s i nt eres t i ng that we have moved f or ward f r om t he crystal detector to t he
TR F radio, t hen on t o the regenerat iv e rec e iver and f i na lly , t he s uperh et er odyne
c i r cu it, wit hout any fu rther change in t he gener al co ncept of t he superhet. Many
circu it ref i nements, suc h as hi gh orders of select iv ity , exce llent AG C, doubl e
and tr ip le co nvers ion sc hemes and high dynamic range have come to pass, but we
st i ll prefer the general format of the s uperhet. Certa i nl y , somewhere i n the
f uture , a new and better pri nc i p1e wi 11 evo 1ve . But for now, 1e t 's f ocus our
attenti on on the s uperhe t er odyne type of c ircuit . Fig 5-7 is a block di agr am
of a s i ngl e-convers i on (onl y one IF [i ntermedi ate frequency]) r ece i ver . It s hows
t he di r ec t i on of t he s i gna l f low withi n the c ircu it .

5 .0 - 5 . 5 MHz

ARROWS SHOW DIRE CT ION
OF SIG NAL F LOW

AF
PREAMP

SPKR

9 MHz

IF AMP PROD DET

USB1- LS B

YI CJ CJ Y2

8.9 985 ~9.00 15
KHZ . ~ KHZ

AGC
AM P

9 MHz

IF AMP

2.4

9 MHz

BW

MIXER

3 . 5 - 4 . 0 MHz

RF
AMP

RF
GAIN

MAIN
TUNING

ANT

F ig 5 -7 - - Bloc k d ia g ram of a s in g le-c on ve r sio n s uper he terod y ne recei ve r .

The ope r a t i n g fr eque nc y is 3 .5 t o 4. 0 MHz . T h e I F s i g na l i s sa mple d at

th e o u t p u t o f the s eco n d I F a mp l i fi e r and r ou t e d to th e AGe a mpli fi e r .

Audi o-d e r i ved AGe ( s e e F ig 5 -6 ) ma y al s o b e use d i f the a ud io energ y is

s a mpl e d a t the o utp u t o f the aud i o pr eampl ifier s t a ge .

Pl e as e refer to Fig 5- 7. The si gna l fr om the antenna is amp lified ( 10 t o 20 dB)
by the RF am plifier stage , wh ic h i s s ome t i mes ca lled a "pre sel ector . " The amp lif ­
i ed RF ener gy i s f ed to t he mixer along wi t h l oc al - osc i ll at or RF voltage . Output
f r om the mixer may be taken at one of two i ntermediate f r eq uen c i e s (signa l freq ­
uency pl us t he LO fre quen cy, or the s igna l f requency minus t he LO fre quency).
In t hi s exa mp le we have add ed t he s igna l f r equ ency t o t hat of t he LO f r eq uency
to provide a 9-MHz intermediate frequen cy (I F). Thi s i s known as the "sum" f req­
uency . With thi s arr angement r ec ept i on at 4 .0 MHz occurs when the LO i s tuned
t o 5 MHz, and 3.5-MHz recepti on corresponds t o an LO frequency of 5. 5 MH z . Se l ect ­
i vity i s estab l i shed by means of the 9-MHz I F fi lter, whi ch has a narrow band­
wi dt h of 2.4 kHz i n t his example. Fi l t e r s for CW recept ion are of t en as nar r ow
in re sponse as 250 Hz .
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IF energy from th e filt er i s amp l if ied by the two IF amp li f iers by as muc h as
40 dB per s t age. A small amount of t he 9- MHz output sign al f r om the l as t IF am p­
l ifi er is samp l e d, amplified and r ec t if i e d to provide an AGC contro l volt age
f or the two I F ampl i f i ers (and s ome times also for the RF -amplif ier stage ) . Max i mum
IF gai n occu rs when weak s ignals are pre s en t , and minimum IF gain t ake s pl ace
wh en strong s igna ls are present.

IF ener gy i s s uppl i e d to th e product detector along with bea t-frequency os ci l lator
(BFO) voltage to prod uce aud io - f requency outpu t f r om t he produ ct detector ( PO) .
Du r ing CW r ece pt i on t he product of t he I F and BF O s i gnal s provides a beat note
th at i s he ard in th e spe aker. Durin g SSB recep tion t he BFO s uppl i e s the mis s ing
carr ier for the SSB s igna l ( carri er re inser t io n). The BFO crystals , Yl and Y2,
have fr equ encie s t hat fa l l 1. 5 kHz e i t her s i de of the IF filter cent e r fr equency
(9 MHz ) to pr ovide e ither USB or LSB recep t io n . An audio pr e amplifier and an
audio power ampl i f i e r are us ed between t he PO and the sp e aker or e arp hones.

Var i ous fr equen cy combinations ar e us ed for the LO and IF sy stems . Intermedi ate
f r equ en cie s from 455 kHz to 30 MHz ar e not unc ommon . We mu st exerci se car e in
choosi ng th ese f requenc i e s in or der t o avoid f r equen cy combinati ons that produ ce
spur ious response s ( har mo nics and mi xing products ) i n the t uning r ange of the
r ece i ver .

Multipl e -Conversi on Receivers

A number of commerc ia l des ign er s use double- and t rip l e-conversi on s uper he t ero ­
dyne c ircuits to enhance overall performance . The circuits are s i mi l ar t o t hat
in Fi g 5-7 excep t f or addi t iona l local osc i l l ator s, mixer s and in termedi at e fre q­
uenc i es. Anot her mixer and LO i s needed for e ach additi ona l frequen cy con versi on .
I pr ef er t he s i ngle - conver s i on concept bec aus e it minimize s the pos s ibi lity of
unwante d sp ur io us r esp onses (ca ll ed "bi r die s ") and mak es the over a ll r ece i ver
gain dist ribut ion eas ier to ma nage. Proper gain distribut ion and LO injection
l eve l s are es sent i a l t o good r ece i ver perfo rmance . Too litt le s t age gai n ca n
degrade the rece i ver overall no t s e figure ( NF ), wh ereas too muc h ga in at vari ous
poin t s in t he circuit can over load su cceeding s t age s and destroy the r ecei ver
dynamic r ange . Thi s subject i s t re at ed in det a i l in Solid State Design for t he
Radio Amateur . In simple l anguage , the noi se fi gure of a parti cular st age
s hou ld be l ower t han th at of t he s ucceedi ng s t age, and it s houl d have no mor e
gain th an i s abs ol ute l y nec es sary to override the noise of the foll owing s t age .
Some amateurs bui ld or buy ext ern al pr eampli fi e r s f or us e ahead of th e ir rec e iver s .
Thi s i s se l dom ne ce ssary, and more ofte n t han not the r eceiv er dynamic range
i s ser ious ly i mpai r ed by t he pre sence of t he out board pr e amp l ifi er. S-met er read­
in gs are always hi gher whe n t he se pr e amps are used , but the noi se fl oor i ncr e as e s
pr opor ti onally . Thi s usua lly means th at ther e i s no impr ovement i n the over all
s igna l-to -no i se (SNR) rat i o of th e rece iver . The additi onal f ront-end gain
can cause t he RF amp lifi er and mi xer stages t o pro duce unwanted IMD product s ,
and t hese may be he ard in t he r ece iv er t un i ng r ange as sp ur ious s i gnal s.

IF Fil t ers

We experi men ter s l ike t o avoid th e high- cost of comme rc i a l cryst al - latt ice and
mec hanica l IF f i lters . Thes e cost upwar ds of $50 today . Ther e are way s t o buil d
re l at ive ly in expen si ve home-made I F filt er s f rom r eadil y avai lab le componen t s .
Fi g 5-8 s hows two appr oa c hes t hat I have us ed for cons truct i ng my own filter s .
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In the first examp le we can cascade some inexpens i ve 455-kH z IF tr ansfor mers
from discarded transistor AM radio s . Light coupl i ng is used between th e trans ­
f or mers to pr eserv e t he Q and pr event unwanted bumps and dip s (r ipp le ) i n across
t he nose of the fil t er response . The in sertion l oss of t he fi lter i s compensat ed
by the r addition of an extra IF amp lif i er .
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Fig 5-8 - - Ci rcuit A shows 455 -kH z IF t ransf orme r s connec ted as an LC IF

f i l t e r t hat is suitab le f o r AM or SSB recept ion . C i r c ui t 8 utiliz e s two ­
l o w-c o s t co mpute r c r ys t a l s t o p rov id e I F sel e c ti vi ty (se e te xt) .
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Fi9 5-8A shows how one or more st andar d t ra ns i s t or -r adi 0 IF t r ansfor mer s may
be used t o f orm a ban d-pass f i lter. The 56-pF t op-coupl in9 capacitors ar e select ed
to pr ovide a mi nimum f ilter r ipple (see ear l ier t ext) . Yo u may want to use t rimmer
capacitors (10-100 pF) at these ci r cuit po ints t o permit adju stment of the to p
coupl i ng. The 3- dB bandwi dt h of t hi s t ype of f i lter i s on the order of 3-6 kHz ,
dependi ng upon the i nput and out put terminat i on val ue and t he degree of top coupl­
ing used . The unloa ded Q (Qu) of t he IF tr ansf ormers af f ects the bandwi dth also.
Some t ran sformers exhib it highe r Q than oth ers. Ql yi el ds some 15 dB of gain
to compens ate for t he ins ert ion los s of t he fi lter The 100-ohm emi t t er res i stor
may be replac ed by a 1000-o hm tr immer cont rol to per mi t adj ust ing t he stage gai n.

The Fi g 5-8A scheme does not provi de nar row bandwidth when usin g, f or example,
st andard 10.l-MHz IF t ran sformers . The hi gher the opera t i ng fre quency the greater
t he tu ned-c ircuit bandw idth f or a specif ied value of Q. The tu ned-c ircuit band ­
width doub les approximate ly each time the frequ ency i s r aised one octave. In
ot her words, i f the Fig 5-8A f il ter has a 5- kHz bandwidth at 455 kHz, it become s
10 kHz at 910 kH z (for a specif i ed Q), and so on .

Low-cost surplus computer crysta l s are used in Fi g 5-8B to provide IF sel ect iv i t y .
Yl is i n se r ies wit h the IF s i gnal, th ereby all owi ng only t he 10-MHz energy to
pass throu gh i t. Y2 f unct i on s as an emitter-bypass element, but only at 10 MH z .
Ther efore, Ql has very low gain at f r equenci es above and bel ow 10 MHz, but yie l ds
high gain at 10 MHz . Monol ithi c cer amic crystals ar e often used in th i s manner
by man uf acturer s of entertai nme nt ra dios . Once again we mu st be concern ed wit h
ban dwidth vers us freq uen cy . Low-freque ncy crys t als have very high Q and may cr eat e
bandwi dth s t oo narrow f or SSB recept ion. I f in d t hat crystal s from, say , 4 to
15 MHz ar e sui t abl e for th e circuit in Fig 5-8B, re specti ve t o AMor SSB r ecepti on.
I use crystals that are cut for 400 to 1000 kH z for CW recept io n. Crysta ls in
the 10-MHz regi on ar e nice for t he Fi g 5-8B circu it because we can use stan dard
10.l -MHz IF transfo rmers f or the mi xer tuned ci rcuit and Tl.

I want t o stress that neither circu i t i n Fig 5-8 i s out stand ing in t erms of selec t ­
i vi ty and un iformity of the band- pass response. These ci rc uits ar e, howe ver ,
entirel y adequat e f or use in simpl e , l ow-cost r eceivers .

Ladder Fil t ers

A hig h-quality crys tal f i lter can be f ashio ned f r om inexpensi ve sur plus crys tals
by using the crysta l s i n a l adder network . An examp l e of t his type of f i Iter
is seen in Fig 5-9.
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The capac itor va l ues i n a ladder f ilter depend upon the crys ta l 0 and ser ies
res istance . These par amet er s can be measu r ed with t he c irc uits descr ibed by
W. Hayward , W7 Z0I , in "A Unif i e d App roach to t he Design of Crystal Ladder Fil te rs"
(05T f or May, 1982 ) . Also see D. DeMaw, "A Tes t er fo r Cr yst al F, 0 and R" (QST
f or Jan . 1990 ) . The filt er en d res istance depen ds also upon t he fi lter band­
wi dth , plus th e crysta l 0 and R. An empiric al approach t o the desi gn of ladder
fil t e r s is de scr i bed by Hayward i n QST fo r J ul y 1987 . (See appendix .)

Ladder filters can be designed f or very narrow CW bandwid ths as well as for
various SS8 bandwidths . It i s importan t t hat t he crysta l freq uenc ies be c lose ly
matched . Li kewi se for th e s hunt and end capac itors . You ca n match the fi lter
end i mpedances t o the load impedance s by means of bro adband trans fo r mers of
the appro pr iate tur ns ratio .

The f i l te r in Fig 5-9 has an end res istance of 128 ohms. A broadband tr ans f or mer
wit h a tu r ns ra tio of 1. 6 :1 wi ll mat ch t he f ilter t o a 50-o hm te r mination .
The capacitors are s il ver mi ca to ensu re hi gh 0 and st abi 1ity . The cost of the
Fi g 5- 9 filt er ( us i ng s urp lus crys ta ls t hat cos t $1 e ac h) is $4 . Thi s i s far
better t han paying upwar ds of $50 f or an eq uivalent commerc ial fi lt er ! I want to
urge yo u to r e ad the above-refere nced ar t ic les. Th ey wil l make th e jo b of de s i gn­
i ng yo ur own l adder fi lter s an ea sy one.

The Local Osc i l lator

Fr equency s tabi lity i s pro bably the mos t di ff i cult cha llenge yo u will face as
an exper i men t er . No body enjoys usi ng a receiv er th at won ' t "s t ay put " wh en it
i s t une d to a par ti cul ar fr e quenc y . Ther e ar e many causes of tun abl e- osci l l ator
dr ift. Notab le amo ng t hem i s i nternal and exter na l he ating of t he f r eq uency­
determi ni ng compo nents . RF cur rents f lowi ng thro ugh th e components c ause t hem
to have temperatu re i ncreas e s , and the s e el evatin g temperat ures cause changes
in th e i nt erna l capac i tance and res is tance of t he compo ne nts . In a like man ner ,
var iat io ns in air t em per ature aroun d th e component s causes va lue changes . Coi l s ,
capacitors , mag ne t ic core ma t eria l and t he tr ans is tors themsel ve s can unde rgo
va lue changes from heati ng .

An other common cause of LC os ci 11ator i ns tabi 1i ty i s stray RF t hat en ters the
ci rc uit on th e dc and signa l lines . Ener gy of t his type may originate f r om an
osc illator or RF power amp l if ier e lsewhere in the overa ll c ircuit . This ki nd
of i nstab i lity genera l ly mani f est s i t s el f in t he for m of abrupt f reque ncy changes .
It is for t hi s reaso n t hat we s hou l d a lways bui ld our LC osc illators in the ir
own shie ld enc los ures. The opera tin g- volt age to t he c irc uit s hould be filtere d
fo r RF energy by us in g an RF choke and bypass capacitors where t he power l ead
enters t he box . Sma ll coax ia l cab le , suc h as RG-1 74 , may be us ed for carryin g
t he osci llator RF out put voltage t o it s de s t in at i on e lsewhere in t he r ece iver
or tr ansmi tt er . Thi s wi l l he l p pr event unwanted RF energy f r om en teri ng the
osc i ll ator c ircu i t. The osci llator s hie l d box s hould be gro unded to the equip­
me nt ma i n f r ame at severa l point s .

Zer o- t emper at ur e capacitors (NPO) are best f or t he cr it i cal poin ts i n' t he VFO .
An acceptab le s ubst itute i s t he polys tyrene cap ac itor for fr equenc i e s up to
ro ughly 10 MHz . The se capac itors ex hi bi t a slight negati ve dr i ft characteris tic ,
and when used in ci r cu its t hat have sl ug-tu ned or tor o i da l VFO co i ls t hey will
hel p compensate fo r th e posi ti ve drift of t he core mat er i al (pe rmea bi lity ten ds
to incr e as e wit h heat ) . Si lver-mic a capacitors may be s uitab le if you grade
t hem out f or temperature st abi li ty . They are, however , t he l e as t stable of the
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types under discussion her e .

Th e ef fec ts of circu lat ing RF current (in terna l heati ng) can be min i mized by
us in g two or more capacitor s in parallel in an osci llator. For example, we may
use three 33-pF NPO cap acitors in par a l lel i n pl ace of a s i ngl e 100-pF capac itor .
The incr eased i nterna1 s ur f ac e ar ea di s tri butes the RF cur r ent over a wider
ar ea, and hence l es s heat ing withi n any one capacitor .

. Try to us e t he l argest wire gauge pr act icab le when wind ing your VFO coi l s. The
larger the wi re diame ter t he hi gher t he coi l Q (desirable ) . The heavier wire
gauge mi ni mizes RF heat ing of t he winding , and th i s he lps stabil i ty. The co il
tu rn s need to be cemented in place with a hi gh- di el ect ri c and stab le cement
such as Gener al Cement Pol ystyrene Q Dope . I have made my own Q Dope by di s so l v­
i ng smal l pi eces of pol ys t yrene in carbon te t r achloride. Caution : Do not i nhale
the fumes or a l l ow t he car bon tet t o con tact your skin. It i s considered a hazard­
ous chemica l .

I f you have a VFD that uses a s l ug-tuned coil in the freq uency-determining part
of the circu it, you may di scover t hat abr upt or long-term frequen cy drif t occ urs.
Thi s i s us uall y caused by movement of the co il slug f r om vibration or changes
in t empe r atu r e . Th i s malady can often be cured by me lt i ng a drop of bee 's wax
or canni ng wax on t he end of the slug . Thi s wi ll l ock it i nto posi tion , but you
wil l be able to move i t l ate r on when ad j ustme nt i s nee ded. Do not use gl ue !

VFO Active Devices

Shor t - and l ong- ter m osc il l ator dr i ft i s re la ted al so to intern al hea tin g of
t he t r ansi s t or or I C you use in your VFO . The dc and RF current wi t hin the t ran s ­
i s t or cau ses ch anges i n junction capac itance , and t his leads t o dr ift. The l ower
th e osc i ll ato r volt age the l e s s heating . It is an easy and inexpens i ve matter
to bui 1d up th e LO-cha in power with buffers or amp1ifi ers. Reg u1ated volt age
should, of course, be appl ied t o any LC oscil l ator .

Some exper i ment er s use VVC (varactor) diodes in place of air var iab le tu ni ng
capac itors . Alt hough th is pract ice lead s to l ower cost and all ows t he circuit
to be mi ni at ur i ze d , the VVC di ode incre ase s the f r equ ency dr ift. Thi s i s beca use
t he di ode junct i on capacitance c hanges when cur r ent flows through it . Agai n ,
we have bot h dc and RF cur r e nt to con s i der . Therefore, I do not recommend a
VVC - tuned osc i ll ator if you are design i ng for optimum stability . These devices
are, however , quite accept able f or med ium- pe r f ormance r ec e iver s and t ran smitters.
The poi nt I am attempt i ng t o make here is t hat ea ch act i ve de vice (one that
r equi res an operat i ng voltage ) we add to an osci 11ator wi11 contri bute t o the
dr ift pr oblem .

VFO Vari abl e Capacitors

Trimmers , padder s and main-tu ning vari abl e capacitors i n LC osci llatorsshou ld
be mech ani call y st able . NPO tr immers he l p to ensure frequen cy stability. Small
air-die lectric t rimmers ar e best. You r main - t uni ng capac i t or s houl d have a bear­
i ng at each e nd of the r ot or and i t needs to rotate freely (not lumpy). Vari able
capacitor s t hat have ball bearings at each end of the r otor are exce llent for
VFO tu ni ng. A no-backl ash ver ni er dr ive is recommended for rot ating the main­
tun in g ca pacitor. Plated bras s capacitor vanes ar e muc h more stab l e than aluminum
ones . Tr y t o avoi d us in g alumi num-plate var i abl e ca pac i t or s .
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VFO Tuned-Circuit Q

A high-Q tuned circuit in an oscillator is mandatory f or two reasons in parti c­
ular: (1 ) The higher the Q the lower the noise at the osc illator output. (2)
The hi gher th e Q the more readily the circu i t will os cil late and the more uniform
t he out put powe r across the VFO tu ni ng range.

The circ uit Q can be preserved by using the l igh t est coup l ing possible between
th e osc i llator trans is t or or Ie and the tu ned circuit. Thi s mi ni mi zes l oadi ng
on the tun ed circuit, and lo ading l ower s the Q. Use t he lowe s t va l ue of capacit ­
ance pos sible f or th e coupling ca pac i tor, cons is tent wit h osc i l la t or r api d start -
i ng and unifor m out put powe r . The Q i s dependen t in part on the t ype of core
materi a1 used if you empl oy a t or oi d or s lug-tuned form. No. 6 powder ed- i ron­
core materi ali s t he bes t for fre quenci es up to 50 MHz. Thi score materi ali s
ca lled carbonyl J. The co lor code for toroids is yellow and for most slugs it
is green. This mixture is the most t emper at ur e- s t abl e of the various HF core
recipes. When using a slug-tuned coi l, try to set up the circuit constants so
that the co i l slug just enters one end of the co il. Thi s will permit inductance
adjustments and wil l result in mi ni mum core-change drift . The farther the s lug
is moved i nto the coil t he worse the effect s of permeabil ity changes with var i at ­
i ons i n temperature . Once a sl ug- tuned co il i s adjusted, the t uning screw
shou ld be l ocked i nto posit i on with a j am nut. Kee p your VFO coi ls we ll away
from nearby conduct i ng objects such as t he wall s of t he shi e l d box . Spac i ng
sho ul d be no l es s than one co il di ameter from these cond uctors. Thi s will also
help to pr eserve the coil Q.

VFO Isolation or Buffering

The most s table of LC oscill ators wi 11 perform poor l y if they are over-coup led
to t he ir l oads (subs equent stages). Exce s s i ve coupl i ng can make an oscill ator
s luggish, or it may f ail to operate when it is t urned on. At l eas t two buffer­
amplifier stages should follow an oscillator. The coupling capacitor between
the osc il lator output and the i nput of the first buffer should have a ver y low
value (100 pF at 80 meters, 50 pF at 40 meters, and so on). Smaller val ues of
capac itance are even better, but t he l ower the capac itor value the lower the
out put power of the overal l VFO system.

Avoi d us i ng a ser ies res is tor i n combination with an out put - coupl i ng capac itor .
Al t hough t hi s pr act i ce helps t o i sol ate an osci l lator f r om it s l oad , the current
that flows t hrough the resis tor gener at es noise that will appear in t he outp ut
of the sys t em .

VFO buff er stages i solate t he osci l lator f r om t he circ uit to whic h t he VFO cha in
i s connec ted. Load-l eve1 changes often occ ur, and t hese ch anges cause phase
s hi fts that may af fec t the freq uency of osc i llator operati on. The buffers tend
to keep these l oad changes fr om being "seen" by the osc illator. See chapter
2 (Fig 2-15) for an example of a practica l VFO that has two buffer stages. The
first buffer is a J FET. This transistor has a very high input i mpedance (100
K ohms) that is set by the gate resistor. Thi s high- impedance termination for
the osc illator res ults in minimal loading. A bipo lar transistor is used as the
second buf fe r . It ampl ifies the s ignal and prov ides additional VFO isolation .

Fi g 5-1 0 conta i ns a pract ica l c i rcu it f or a "un iversal" VFO. Yo u may use it
as a basis f or desi gnin g a VFO for your rece ivers or transmitters.
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end ot c o il.

BUFFER/AMPLIFIER

f (MHz )

1 .8-2

C1

100

C3

220

C2, C5

100

C6

400

C7

910

L1

24 uH, 71t no .
30 on T6 8- 6
t or oid

L2

60t no . 30 on
T50-2 to ro i d,
17 .8 uH .

3.5 -4 50 150 68 200 470 9. 5 uH , 44t
no. 260na
T68-6 to roid .

9 uH, 47t no.
26 on a T50­
6 t or oi d .

5-5 .5 50 130 50 150 330 5 uH , 33t no.
24 On T68-6
t oro i d.

6 .4 uH, 40t
no. 28 on a
T50- 6 to ro i d.

7-7.3 25 110 50 100 240 3.6 uH, 27t
no. 24 on a
T6 8-6 t oroid .

4 .7 uH, 35t
no . 26 on a
T50- 6 toro id .

Fig S-10-Circuit of the uni versal VFO. Fixed -va lue c apac itors in the ch art above are NPO c era mic . C1
is an air var iable . Res ist ors are 1/4 -W car bon film or carbo n co mpos ition . The 01 case is g round ed. If
0 3 shou ld ten d to self-osc ill ate, plac e a 3.3K ·ohm resis tor in para llel wit h L2 . Toroid c ore s are ava ilab le
from Amid on Ass oc. , lnc. : PO Box 956 , Torrance, CA 90508. VFO tu ning rang e for each band extends
abo ve and below the listed fr equen cies. The L 1 tap is 1/4 the tot al coi l turns near the grounded end of
L1 (11 turn s fo r 80 mete rs . and so on) .
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The Fi g 5-10 VFO is structured for speci f ied operati ng-frequency ranges . You may
alter t he circu it const ants f or var ious tu ning ranges that wor k into the scheme
of your receiver des i gn . The f req uenci es and component values listed in t he fi gure
can serve as approxi mat ions when tail or in g t he circ uit for other fr equencies .
A rough ru l e of t humb suggests determi ning t he reac tance values f or t he var io us
cr i t ica l capaci to rs and i nductors , then us in g t he re act ance val ues for cal cul at ing
th e approximate val ues f or ot her frequency r anges . Eq uat ions for l ear ni ng the
XC and XL reactance val ues are presen t ed i n The ARRL Elect r oni cs Data Book and
The ARRL Handbook. They i nvol ve only si mp l e alg ebr a and ar e no more compl icated
th an t he Ohm ' s Law formulas .

Do not use double - s i ded PC board f or any VFO circuit . The copper conductors on
the etched side of then boar d act as capacitor pl at es i n comb i nation with t he
ground-plane s i de of t he board. The glass-epoxy insu lati on bet ween th em is a poor
di electri c at HF, and these unwanted capacitor s are ext reme l y unstable .

Keep all of th e s ignal l eads shor t and direct in any VFO. Similarly, t he l eads
on th e capac itors and res i st or s need to be short t o prevent unwan ted str ay in duc t ­
ance. Make certa i n the capaci tors and r esi stors ar e snugly against th e component
side of th e PC boar d.

There is no r eason why you can ' t use a quality sl ug- t uned i nduct or for L1 in Fig
5-10. In f act, I prefer t hem to toroi d cores because ther e i s le ss magnet i c core
mater i al to cause dr ift . Bl ank , cer amic s lu g-tuned coil f orms are expensive and
scarc e, but don 't hesitat e to use th em i n the i nt er est of good VFO per formance .
Ma ke cer ta in t he core materi al i s powdered i ron, and that i t i s t he no. 6 ma ter ia l
men tioned ear l i er , wh ich is speci f i ed par t i cularl y for 20-50 MHz use. C4, which
was not ment i oned in the capt i on f or Fig 5- 10 i s a 25 -pF NPO cer ami c t r immer .
Yo u may also use a 25- pF mi ni atur e ai r-variab l e tr immer . Avoid us i ng mica trimmers
or tho se made f rom plast ic.

Coat L1 in Fig 5- 10 with two or three appl ications of high- O coi l ceme nt , such
as Polystyrene 0 Dope. Th i s wi ll keep the coil t urn s firm ly in place and wi ll
pre vent mo isture from changi ng the coi l charac terist ics .

The uni ver sal VFO may be used for gener at in g f r equencies above 7.3 MHz by dri vi ng
a push- push doub ler wi th t he 03 out put power . Fig 5-11 shows how a push-push dou b­
l er may be const r uct ed.

F i g 5- 1 1 -- An

exam ple o f a pu sh
RF push do ub ler t ha t
OUT uses t wo t r a ns is t ­

ors . See te xt.

22

• T1 PHAS I NG

2f

l4

0.1

LMiV:.......::::::::::::::::=======::::::!~.-:..::..:...J~.JV\IY---o+ 1 2 V

10K

L-_. ,
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You may us e any HF tr ans i s tor f or Ql and Q2 in Fi g 5-11 . I suggest t he 2N2222A
or 2N4400/ 2N4401 t ype s of tr ans istors f or l ow-power appl icat ion s . A power type
of doub ler might use 2N3866s or s imilar TO-5 de vic es . Tl i s tu ned t o t he dr i vi ng
or fun damen ta l fre quency ( f). L4 i s tune d to the s eco nd harmoni c of t he i nput
f requency . L2 and L3 are a bifilar windin g wi th s uf f i ci ent i nductanc e to permit
r e sonance wi t h Cl at f. A 300 -pF t r immer i s s uit ab l e for C1 when the i nput f req ­
uency i s f rom, s ay, 7 t o 14 MHz . a 100 -pF t rimmer may be used f r om 14 to 30 MHz .
C2 i s a 100 -pF t r i mmer . L4 has t he proper induc tance va lue to caus e re sonanc e
wi t h C2 at t wice the doub ler input frequen cy .

Circu it balance, by means of PC cont r o l Rl , i s necessary in or der to nnnum ze
t he presence of the doubler input energy at t he out put of L4 . Adjustment may
be carri ed out while sampl i ng the doubler out put and monitor in g it with a r ece iver
t hat i s tuned to the doubler input f r equen cy . Set Rl f or mi nimum S-meter indicat­
i on , r e spective to f. A s cope can be us ed fo r t his adj us t men t by ad j us t i ng Rl
fo r the purest waveform obt ai nabIe at t he doubIer out put port. The L4 t ap i s
se I ected i n accordance with the load in to whi ch t he doub Ier operates . Maxi mum
power trans fer occ urs when t he tap is l oc at ed correct l y . Tap L4 at 10% of its
total tur ns (near t he +1 2- V end) for l oa ds of 100 ohms or l e s s . The t ap wi ll
need t o be moved higher up on L1 f or l oad s th at have a hi gher i mpe dance . You
ca n br oaden t he re spons e of T1 and L4 , if neces sary , by plac ing a 2 . 7K- ohm r es­
i s t or i n para lle l with Cl and C2 . Thi s wi ll , howe ver , l ower t he doubl er outpu t
power .

A pus h- pus h doubl er operates as eff i c ient ly as a straight-throu gh RF ampl i f ier .
I t mu s t ope ra te in c l as s C in or de r t o provid e good eff ic ien cy . The f orward bi as
on Ql and Q2 i n Fi g 5- 11 makes t he doubler e asi er t o dr i ve, but doe s not caus e
it to f unc t i on i n c l as s A. The dr i vi ng power sends t he doubl er i nt o the de s ­
i r ed cl as s C mode. Suppre s s ion of t he fun da men ta l i nput s igna l is on t he orde r
of 40 dB if t he c i rc uit i s well bal anced and t he Q of t he output tu ned c i rc ui t
is r easonably high .

Si ngle-ended doublers and t ri pl er s are not efficien t (40% for a doubler and 25%
for a trip Ier, typically, when us i ng bi pol ar t r ansi s t or s ) . Pus h- pull t r i pler s
are better than s i ngl e- ended ones, and t hey hel p to at t enuate har moni cs . Har moni c
re jection i s general ly poor wit h sing l e -ended f reque ncy mult i pl iers . Li kewi se wit h
su ppr es s ion of the fun damenta l energy that i s supplied to t he freque ncy mu lt ip l ier .

VFO s tabi l i t y i s easier to ach ieve, f or example , at 7 MHz th an it wou ld be at
14 MH z . Therefore, the use of a doubler i s hel pfu l wh en it i s ne cessary to gen er ­
ate LO energy at the higher frequencies .

IF Amplifi ers

The overall ga in of any sens it ive rece i ve r i s on the order of 90- 100 dB. The
recei ver gai n di st r ibut i on we discussed e ar l ier i s dependent in par t on the gain
of t he IF amp l i f i er section . Also, if AGC i s i ncorporat ed in t he des i gn , two
I F ampl if i ers are nece ss ary in order to ensure good AGC dyn am i c range . Among
the more popular I F- ampl if ier ICs ar e t he Motoro l a MC 1350P , MC 1590G and RCA CA ­
3028A, a l t hough the ir is a host of ot her excell en t c hips . Gener all y , the Motoro la
and RCA components are eas i er to obt a i n in small lots t han are ot her U. S. brands.

I t i s not essent ia l t hat IF ampl if ie r have tu ne d input and out put c ircuit s . If
a nar r ow-bandwi dth I F f ilter i s us ed ahead of t he 1s t I F ampl ifi er , t he two IF
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stages can be used as broadband amp l ifiers . Ther e wi ll be very litt le difference
in ga i n eit her way. Tuned circ uits are used mainl y to establ ish selectivity .
Sta bi lity i s easier t o re al ize wh en using untu ned ampl if iers -- a plu s feat ure .
On the "down s ide " of t he broadband concept, wide-band noi s e is genera lly greater
when we don 't used nar row-ban d tuned IF amp lif iers. Imped ance matc hing is , however, ·
mandatory between stages to ensure maximum ava ilable amplif ier ga i n . Thi s is
true of broadband and nar r ow-band amp lifiers. The mor e e legant su per het rece ivers
of to day use two I F filters . The nar r owe st one i s placed ahead of t he 1st IF
amplif ier and the second one is located just after the la s t IF amp lif ier . The
s econd filter has a wider response t han t he firs t one, and t he ce nter freq uency
of eac h filt er must be t he same. The second or "t a i l - end" f i lter greatly reduces
wide -band noi s e t ha t i s generate d with in the I F- ampl if i er c ha i n . The ne t effect (
i s an improvement in overa ll rece iver noise figu re. The ta il -e nd filter need
not have as many poles as t he f irst f ilter . For examp le, we mig ht use a 2 .2 -k Hz
bandwidth , 6- pole fi lt er immediately after t he mixer. The ta il -e nd f i lter may
have on ly two poles and a bandwi dt h of 3 kHz or greater .

Bipo lar trans istors or dua l -gate MOSFETs may also be used as IF amp l ifiers . Good
AGC dynamic range is genera lly l e s s difficult to obtai n when us ing ICs that are
desig ned f or t he appl ication. There i s no r ul e th at says we mu st us e AGC in a
receiver, and many hams bui ld s imple r ecei ver s that do not have AGC . Rat her,
t hey use a ma nua l gain co ntrol f or vary i ng t he gain of t he IF str ip . Fig 5-12
il lu s t r at e s a pr act ical I F amp l ifier t hat us es RCA CA3028A ICs .

C3 9 MHz

T 2

+12 V

BO TTOM

TO
AGC
AMP

Ul t U2

l K ;h

IF AMP

1 . 2K

2.2K

560

Ay = 80 d8

+ 1 2 V
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~0.01TO C1

3 4
MIX 0---1 1or
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6
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2.2K 7 U1

1 . 2K
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AGC 51 1K
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Fig 5 - 12 -- Sche ma t ic di a g ram o f a p ractica l I F amp li fie r. Fr e qu e nc i e s

from 4 5 5 kHz to 30 MHz may be used with CA3028A les. T h i s is based on the

pop u lar 9-MHz I F . F i x ed - v al u e capacitors a re d isc ceramic. Re s i s t o r s a re

1 / 4 - W carbon f il m. The Cl val ue is chosen i n ac co rdan c e wit h the output
Z of the mixe r o r IF filte r. C2 and C3 a re 150 -pF t rimme rs . T1 primary
is 3 uH (27 t no. 28 e n a m , wi re on a T5 0 - 2 to roi d) . T1 secondary has 6

t u rns of no . 28 wire . Th e T 2 p ri mary is t he s a me as f or E 'l , Th e seconda ry

turns a re de t er mi ned by t he l o a d presented by the prod . d e t , CA3028A inp ut
Z is 1000 oh ms, and o ut put Z i s 4K ohms. R1 is a linea r -tape r ca rbon contro l .
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IF ener gy is sampled at pi n 6 of U2 via C4 . Thi s c apac itor sh ould be as small
i n va l ue as prac t icabl e, cons i st ent wit h f ull AGC r ange . The l ar ger yo u make
C4 the gr e at er its effect on the C3/ T2 tu ned c i rc ui t. A typical C4 value fo r
9 MHz i s 27 pF. In an idea l s itu ati on t he sampled IF energy i s f ed to the ga,te
of a JFET AGC amp l if ier or a si mi lar hi gh-i mped ance l oad . Thi s pract ice assures
min imum i nt er ac t i on betw ee n the two circuits.

S1 i n Fig 5- 12 prov i des an option between AGC and ma nua l IF qa i n control. R1
and its end res i stor s s hou 1d be set up to prov i de a voltage range of +2 to +9
vo l ts, s ince t his i s the prescri bed range for t he CA3028A. The AGC voltage shou ld
a lso be +2 to +g volts.

Ins t abi lity i s a lways l urk i ng in hi gh- gain IF ampl ifi ers . Therefore , it is imperat ­
i ve t ha t you keep all s igna 1 1eads short . Bypass cap ac itors need t o be located
at t he I C pin s , where appl icable . Use l ow-pr ofil e IC sockets if you don 't mount
the t he ICs directl y on t he PC boa rd . Shoul d i nstab i lity s t i ll become ma ni fes t,
t ry pl aci ng a 3 .3K-ohm r e si stor i n para lle l wit h t he primar y wi ndi ng of eac h
tuned c ircuit (T1 and T2 ) . This technique is a "b and a id" of sor ts, and it wi ll
bro aden t he r e sp ons e of the t uned c i rcuits. Thi sis not an impor tan t matt er if
you use a se lective IF f il ter ahe ad of U1 . In ot her words, "when all e lse f ail s,
swamp the tun ed circu it. "

MC1350P or MC1590G IF Amplifier

Fi g 5-13 cont a i ns t he ci rcuit f or a pr act ical IF ampl ifier strip th at empl oys
Motorol a MC1 350P or MC1590G ICs . Eac h type of IC offe r s the s ame over a l l perf orm­
ance , but the pin -out for these chi ps i s dif f erent. The MC1350P i s lower in cost
t han t he MC 1590G, It has an 8- pi n DI P fo r mat and it i s e asy to obta i n.

F i g 5- 13 -- Pr a c t i cal c ir cui t t or an u n t u ne d (b roa db an d) IF ampli fie r that
u se s l o w- c o s t MC13 50P r c s . Cl is c hosen fo r mi nim um r e q u ir e d co upling to

t he AGe am p l ifie r sy s t e m. Th is ampl if i er ha s 6 0 dB of AGe d yn a mi c r a ng e .
It may be u s ed f or any IF f r o m 2 to 30 MHz as shown .
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The Fi g 5- 13 c ircuit diff er s f r om th at i n Fi g 5- 12 i n two maj or ways . Fi r st,
t he IF ampl if i e r gain i s maximum at t he l owest AGC volt age when us i ng MC1350
or MC1 590G ICs . The oppos ite i s tru e of t he CA3028A. Secondly , t he Fi g 5- 13 I F
s t r i p i s untu ned . As sh own . it may be used for any I F from 2 to 30 MH z. RF C1
and RF C2 s houl d be change d to 10-mH uni ts f or 455- kHz operat i on . Ther e i s no
r ea so n why the Fi g 5-13 circui t c an ' t be c hanged t o a narrow-band ampl if ier ,
as s hown i n Fi g 5-1 2 . The t uned c ircuits are neces sary if no I F f i lter i s used
ahead of U1. The CA302 8A amp l if i er i n Fi g 5- 12 can be co nve rted t o an unt uned
c i rc uit by rep l ac i ng T1 and T2 wit h RF choke s. Shoul d yo u encount er in s t abil i t y
wit h t he MC 1350Ps, simp l y put a 1 . 5K- ohm r e s i stor in par all e l with eac h of t he
RF c hoke s . This wi ll not deg r ade the ampl i fier per formance . In fa ct , t he WlZOI
"Competit ion Gr ade Recei ver" t hat i s des cr ibed in Sol id State Desi gn for t he
Radio Amateur us e s carbon resis t or s in pl ace of RF c hokes . That I F amplif ier
us es MC 1590Gs . The WlZOI recei ver i ncor por at e s an exce ll en t AGC amp l i fi e r and
cont r ol sys t em t hat i s s uitable for use wit h t he Fig 5- 13 c ircu it .

AGC System f or the CA3028A I F Ampl i f ier

An AGC and S-meter co ntrol c i rcu it f or the Fig 5- 12 c i rcuit i s de pi cted i n Fi g
5- 14. I t was used by W1FB i n "His Em i nence , t he Rece iver , " which i s a l so descr i bed
in Solid State Desi gn .
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Fig 5- 14 - - A p racti c al I F - d e r i v e d AGe s ys tem t o r CA3 028 A I F a mp li fier s.
An aud i o - de ri v ed AGe ci r c u it f o r CA302 8 As i s sh o wn i n F i g 5 -6. Rl is s et
fo r th e s i g nal l e v e l a t wh i c h AGe act i on c ommen c es ( an 52 o r 53 s i g n a l
s ho u l d ca use 01 a nd 0 2 to c om me nc e r e cti f y i n g t he sampled IF ene rgy . R4

i s c hos e n t o pr o v i d e +9 V a t pin 6 o f tjl , R5 an d R6 a r e PC- mo un t co n t ro ls.
R5 i s ad j us t e d fo r a fu ll - s c a le S -me te r r e a di n g and R6 s e ts th e me t e r to

ze r o whe n no s ig nal i s p re se nt . Cl , R2 a n d R3 e stab li s h t he AGe t ime de cay
ti me . 0 1 a n d 0 2 a r e 1 N9 14 o r eq u i vale n t s il i c o n di od e s . Ca pa cit o r s a re
dis c ce r a mic . 50 V o r gr e a t er . F i x e d - v a l u e resi s t o r s are 1 /4 -W ca r bo n f i l m.
Rt , R5 a nd R6 a re c a r bo n -co mpos it ion linear PC- mo u n t cont rol s . Change RFC l
to 2. 5 mH f o r IF s y s t e ms be l ow 2 MHz. The po la r i z ed 1 00 - u F c apa citor i s 25 V

t a n t a l u m o r e l ec t ro l yt ic .
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Mi xers and Produ ct Detectors

Mixers and pr oduct detector s are de scr ibed in t he e ar ly chapt er s of t his book .
The r e is no poin t in coveri ng the same s ubj ec t aga i n . Eac h of t he se c ircuits
f unctions in a si mila r mann er , an d t he same genera l rul e s apply i n eac h case.
I t i s i mportant that you use t he correc t amo unt of LO or BF O in jection . Too li t t l e
or too much inject ion power or voltage l e ads t o i nf eri or mixer or de tec tor perf­
or ma nce. Take the t ime to me asure t he inj ecti on leve l wh i l e t he mixer or product
de t ect or i s operat ing . Ad just it f or the presc r i bed val ue by rais ing or l ower i ng
the ou t put power of the VFO or BFO .

Beat Frequency Oscill ator

The beat -frequ ency os ci ll at or ( BFO) i s as important as any ot her c i r cuit i n your
rece iver . I t nee ds to be stable , provide the requ ired output power , and the ou t put
s i gna l mu st be fr ee of hum and noise, wit hin r eas onabl e co ns tra in ts.

It i s pos sib le t o co ns t r uct an acceptable LC type of BFO f or l ow fre quenc ie s ,
such as 455 kH z. Stabi lity i s easy to ac hieve , and t he tu nable BFO all ows yo u
t o move th e BFO f r equency abou t in t he IF pass band. This can be advant ageous
when dea l ing with certain t yp e s of QRM. Many ear l y day ham receivers wer e equ ipped
wi t h tunabl e BFOs th at were adjus table f rom t he r ecei ve r fro nt pa ne l.

Modern rece ive r s have crys t a l -c ont r o ll e d BFOs . The freque ncy sta bi l ity they pr o­
vi de is es s en t i al in cons ide r at ion of the hi gh or ders of I F se lecti vity we use .
Fi g 5- 15 co nt a i ns the circuit f or a pract ica l BFO t hat has pro visions f or USB
and LSB by means of swi t c he d osci ll ators . I t has more out put power t han is need ed
f or mos t pro duc t de t ector s . It 's a lways better t o have too much th an t oo little
avail abl e out put power fr om a VFO or BFO !

The Fi g 5- 15 ci r cuit has a pair of J FET s t hat operate as crysta l os c i ll at or s .
They ar e arranged i n a s tandard Pierce circui t. C1 , C2, C5 and C6 ar e fee dback
c apac it or s. The smaller t he C1 and C2 val ue the hig her t he operating frequ ency .
You may wish t o rep laced these f ixed -va l ue capac itors wit h 50- pF t r i mme rs t o
all ow s ome t rimming of th e osc i llatio n frequen cy . Sl switc hes th e dc volt age
from Q1 to Q2 fo r chan gi ng f r om USB to LSB operatio n.

More extens i ve cont r o l of t he oper at i ng frequ ency may be had by insert ing a 50­
pf tr imme r cap ac i t or and a 5- uH RF choke i n series between Y1 and the ju nc ti on
of C3 and C5 . This pro vides VXO act i on, and hence a mu ch wider range of f requency
contro l . Lar ger va lue s of ind uc tanc e resu lt i n gr e at er f r equen cy s hi ft below
the mar ked va lu e of t he crysta l . When usi ng a 9-MHz cryst al , for example , you
sho ul d be abl e t o sh ift t he operatin g frequ ency 1 khz vabove th e Y1 marked freq ­
uency and 3 kHz be l ow i t wi th the va lues suggested . The l ower t he bas ic cr ysta l
f r eq uen cy the smal le r the avai labl e fre quency change.

Q3 i n Fi g 5- 15 is a J FET s our ce f ollower . It has mi n i mum l oadi ng effec t on t he
two oscillators by vi r tu e of t he high in put impe dance of Q3 . Outp ut from Q3 is
approx imately 0 .9 the i nput vo lt age , wh iC;h i s t he ru le for s ource fo llowers .
Out put f r om Q3 is at l ow impe dance (Z = 106/gm) for provi di ng a r e as on abl e mat ch
t o t he base of Q4 , th us ens uring maximum power t r ans f er .

Q4 i s a c las s A amp l i fi er th at y ields roug hly 42 mW of maximum output power at
50 ohms . Thi s equates t o 1 . 4 V RMS or +16 dBm.
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The out pu t power f or Q4 of Fi g 5-15 may be set by se lect ion of t he value of t he
emi tter r es i stor, Rl O. The greater the R10 value the lower t he ou tput power .
T1 is t uned t o resonance at the cryst al frequency. R13 may be used as a carrier­
in serti on control if the BFO is used as a carr ier generator i n an SSB exciter.
Elimi nat e R1 3 i f you use t his circuit for the BFO in a re cei ver .
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F i g 5 - 15 C i rc u i t f o r a p r a ct i c al two ·c han nel BFO t ha t has mo re t h a n
am p le o u tp ut po wer f o r mo s t app li cat io n s . Th is c i r c ui t may be u s e d a l so
a s a ca r r i e r gene rat or i n an SSB t r a nsm i t t e r . wi th R13 se rv i ng a s a c ar ri er ­
inse r t i on le v el cont ro l . The c i r c u it i s s u i t a b le to r use o n fr eq ue nc i e s
fr o m MHz to 30 MH z b y c ha n g in g the cr y s tals, f eedb ac k c a pacito r s and
t he o u tp u t t u ne d ci r c uit a c c o r din g l y. Di s c c e ra mic c apaci to rs are us ed
f o r all bu t e 1 7 . F i xe d - v a lu e r e si st or s a re 1 /4 · W ca rb o n f i l m. R13 is a
ca r bon-co mpo sit io n , l i nea r - tape r co nt r o l. 5 1 i s a S POT r o t a r y or toggle
ty pe, pan el mounted. T l prima r y i ndu c t a n c e i s 1 6 uH and has 17 turns o f
no. 26 en am. wi r e o n a n Ami don FT- 3 7 - 6 1 ferr i te t o roi d . T1 l i n k has 3 t u r n s
of no. 26 e n e m, wi re . C17 is a 6 0 - p F p l a s t i c t rimm e r .
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+ 1 2 V

Fig 5 - 16 X ray view o f the co mpo nent s ide o f t he B FO PC board ( n o t to

scale ). Com ponent s ha pes a re not necessa ri ly r e pr e s e n t a t i ve of the actual

co mponent sh a pes . Etc hed. d ril led an d p late d PC boa rd s t or this p roject

ar e av ailab le fr o m FA R C i rc uits, 1 8 N64 0 F i eld Ct .. Du n d e e . I L 6 0 1 18 .

E t ch e d s i de o f c i rc ui t boa r d , s hown t o

scale.
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A parts placement gui de and an et chi ng templat e f or t he Fi g 5- 15 circuit are
pre sented i n Fi g 5- 16. Ci rcu i t boards are avail abl e (s ee Fi g 5-16 c apt i on ) .

There i s no reason why t he BFO c an' t be used a lso as a QRP transmitter. I t s hould
be f ol l owed , if this i s done , by a 50-ohm pi- sect i on har monic f i lter to ensure
mi ni mum har moni c output. Keyi ng can be accomp li s hed by a11owi ng t he osc i 11ator
t o run whi l e key ing the +1 2- V su pply l i ne to Q3 and Q4 . The ci rcuit would t hus
provide a two- fr equency 50- mW transmitter, or i t can be used t o excite a c lass
C transi stor ampl if ier f or RF power l eve l s up to 1 .5 W.

Extensi ve l e ad filter ing and stage decoup ling is evident when you examine Fig
5- 15. This was done to keep BFO energy from reac hi ng only t he des ired injecti on
poi nt at t he product detec tor . My ve rs i on of t his ci rcuit i s co ntai ned i n a s hi e l d
box made from PC-board secti ons .

Filter Switching with Diodes
r:

It i s awk war d t o switc h RF f r ont - en d and I F fi lt ers by means of a mechanical
switc h . We may use di odes fo r th is pur pose in the i nterest of e l i minat i ng l ong
s ignal leads that can eas i ly degr ade th e fi l t er perf ormance. The di ode s are tu rned
on and off f or selecti ng t he des i r ed fi lter by way of a mechan i cal switch t hat
routes a dc con t r ol volta ge to t he switch i ng di ode s . Thi s i s i ll us t r at e d in Fi g
5-17 .

1 . 5K

0. 1

sIC IN

R l

o.',L

.....--0 SIC OUT

R9
·""()-lV\M._-o.l 2 V

47
51

FI L TER
SE LE eT

Fi g 5 -17 - - Exa mple o f diode - sw itched RF o r I F f i l t e r s . D1 - 0 8 , i nc .• are

t y pe lN91 4. Capa c i t a nc e i s i n u f" , Re s i stance is i n oh ms. Res i st o r s a re
1 / 4 - W c a rb o n fil m o r ca rbo n c ompos i tion. RF chok es a re min i 10- mH f or f req ­

uen cie s u p t o 1 MHz. Use mH to r fr eq u e nci e s f r o m 1 MHz t o 3 0 MH z. 51

is a DPST t o gg le o r wafer t ype. This c i rcuit is s u i tab l e t o r fil t e rs with
t e rm in al impedances of 10 0 o hms o f l e s s. See tex t f o r a d iscu s s i on o f par ts
v al u es a nd met hods whe n F l l a nd F L2 h a ve impeda nc e s greate r th a n 10 0 ohms.
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Care must be taken to avo i d terminating any switched filter with too low a resist­
ance. If you use resistors as t hey are appl ied in Fi g 5-17 be sure that they
are at l eas t 10 times greater in va lue t han t he character ist ic impeda nce of the
f i lter, since t he ends of t he f ilters and the di ode-bi asin g r esi s t or s are ef fect ­
ively i n par allel. The Fi g 5-1 7 c i rc uit i s f or switched f ilter s t hat have 50­
ohm impedances . RF bandpass f i lter s with 50-ohm input and output coupl in g links
are ex amp les of filt er s t hat may be us ed f or FL1 and FL 2.

R1 through R8 i n Fig 5- 17 s houl d be no greater in va lue th an 1 .5K ohms . Larger
va l ues wi ll pr even t the di odes f rom hard-switching to the ON state . Oi odes th at
are not tu rn ed on compl ete l y are fairl y resisti ve , and wh en us i ng them i n series
with t he signa l path th ere wi ll be s i gni f icant l os ses . If the Fig 5-17 resis tors
were changed to, say, 2.7K ohms , the inser t ion l os s th rou gh the system wou ld
be on the or der of 6 dB or gr eat er .

Suppose that you are us ing I F fi lters t hat have a 2000-ohm character istic imped­
ance. What can you do to t he Fig 5-1 7 circu i t to all ow the use of these filters?
R1 through R8 need to be r eplaced by RF chokes of t he s ame value as RFC1 and
RFC2. We now have only 47 ohms of resis tance (R9) in the di ode supply l i ne . This
wou 1d cause t he di odes t o f ail f rom exc ess i ve cur ren t . Thi s can be remedi ed by
chang ing R9 to a 1K-ohm res i s tor .

Yo u wi ll not e t hat back- t o- back diodes ar e locat ed at ea ch switchi ng point . A
si ngle diode coul d be used at tho se c ircuit l ocat ions, but poor i solation of
t he f i lter s woul d r e sult. The pr obl em becomes worse as the fi lter f requen cy i s
incre ased ( l eakage). Ther efore , I rec ommend that you use t wo di odes at e ac h sol i d­
s t at e switch l oc ati on , as s hown in Fi g 5-1 7 . You may swit ch as ma ny filt er s as
requi red by s i mply addin g addit i ona l diodes , filter s , capacitor s , RF chokes and
resis tors, as i ll ust rated. S1 wi ll then requi re add it ion al t er minal s i n order
to accommodate t he extra filte r s . Exampl es of appl icat ions for which you mi ght
use the Fi g 5-17 c ircuit are when switchin g f rom an SSB t o a CW I F filter i n
a receiver, or when switching bandpass fi lters i n a r ecei ver front end. The diodes
are too frag i le to be us ed in fil t er s for RF power amp lif iers .

Four-Pol e RC Active CWFi lter

In t he absence of se lec t ive IF f ilters f or CW reception we may use an ac ti ve
audio filter of t he RC ( res istance-capacitance) t ype t o provi de a peak aud io
r esponse at so me c hosen f reque ncy . Most CW operat or s prefer a CW bea t not e t hat
occ urs betw een 500 and 800 Hz. The filt er s hown i n Fig 5-18 has provi si ons f or
switchi ng i n as many as f our pole s . As additi onal pole s or f ilter sect ions are
adde d, we enj oy t he benef its of s har per sk i rt r e spon se (improved se lect iv ity) .
In f act , wit h all fo ur pol e s ac t iv at ed you may obser ve an annoyi ng "r i ngi ng"
(an echo or pi ngi ng type of sou nd on the CW beat note ) effect, but a weak CW
signal wi ll stand out above the backgr ound noi se when usi ng t his degree of se lect­
ivity. Normally, we wi ll will use one or t wo f ilter sect ions for average and
good s ignal l eve l s .

Although the Fig 5- 18 f i lter may be used outboard from the receiver at the head ­
phone jack, it i s better t o con nect it bet ween t he audi 0 preamp 1i f i er and the
audi o-output s tage of th e r ecei ver. Thi s he 1ps prevent excess i ve aud i 0 power
from over lo ading the f i l te r .

Th e aud io f ilter in Fi g 5- 18 has a volt age gain of 2 .1 and a Q of 3. Ther efor e ,
it wi ll boos t the audio s i gna l appr oximate l y 6 .5 dB . The peak f r eq uen cy for
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th e f ilter i s 750 Hz . You may use t wo inexpensive uA74 7 dua l op amps in this
c ircuit, but a quieter f ilter (less i nt er na l noise generation) may be had by
us ing TL082 dual bi - FET op amps. The pi nout is t he same f or either type of IC.
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Fi g 5 - 18 -- Pr a c ti c a l c i r c u it fo r a fo u r - pol e RC acti ve audi o f i lt e r th a t i s
s u it a bl e f o r CW r e c ep t i o n . Re si st o rs a re 1 / 4 - W c a r bo n film o r ca r bon c omp o si ti on.
The res is to r s s ho u l d be matche d for va l ue with i n 5$ . De cima l -v alue c a pa c i t o r s
a re i n uF a nd are di sc ce ram i c . The po larized c a pac i t o r is e lect rol yt i c o r
t a n t a l u m. 1 6 V or gr ea t e r. The f r e q u e n c y e de t e r mL n i n q capa cito rs ar e i n p F (2200
p F) an d need to be mat ch e d wi th i n 5 $ . Pol y s t yrene capac ito rs are r e c ommen d ed .

S l i s a si ngle - pole, 4- po si ti on pheno lic or ce r a mic s i ngle -wa fe r s witc h. 5 1 ma y
be r e pla c e d with a swit ch that ha s more po le s a nd po s i t i on s to pe r mit bypa s sing
t he filte r fo r SSB rec ept io n.

I t i s pr ac t i cal to have pr ovi si ons for removi ng t he audio f ilter from the rece iver
aud i 0 system when you do not wi sh t o operate t he CW mo de . 51 of Fi g 5-1 8 may
be change d t o a three-pole , fi ve-position switch for this purpose. One switch
section can be used to tu rn t he operating volt age on and off . Another switch
sect i on can be ut i 1i zed at t he AF in put port of the f i lter to a11 ow the audi 0

to be r out ed ar ound the f ilter when yo u are copy i ng 55B or some ot her wide-band
s i gnal . An extra posi t i on on t he thi r d wafer (51 of Fi g 5- 18) may be used to
compl ete t he or igi nal r ecei ver audi o c i rc ui t duri ng filt er non- us e . If , on the
ot her hand , yo u plan t o use the f ilt er in a CW-only r ece i ver you may use the
circuit as it is s hown above .
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Ul

AF
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+ 1 2V
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TO 3
51

4

U2
Fi g 5 - 1 9 - - Scale pat t e r n to r t he a udio f il t er in F i g 5 - 18 as see n t r o m
t he et che d si de o f th e PC boa r d . T h e b lac k a reas a r e e tc h e d away a n d t he

li g h t a rea s a re co p pe r co nd ucto r s . P i n n o. 1 o f e ach Ie i s id en t if i ed .

as a re so me o the r ke y po in t s t hat ma y be u s e d to d e t er min e pa r t s p l a c e men t .
A pa rt s - p lac e me nt o ve rl a y t or t h i s p r o ject wa s no t ava il abl e a t t he ti me
thi s boo k wa s writ ten.

A 40- dB Gai n Preamp for 160 M

When we use sma l l r ece ivin g l oops and Bever age antennas f or r ece l vlng it i s often
nece s s ary to use a l ow- noi s e pr e amplif ier be t ween the ant enna and t he i nput of
t he station r ece i ver . I de all y , t he pream pl if ier pr ovides t he necessary ga i n to
make t he i ncomi ng weak s i gna l on par with t he same s i gna l when it i s r ece i ved
vi a t he trans mit t i ng antenna . A pre amp l if i er wit h an RF ga i n contro l make s t his
poss ible . The input device of the preamp nee ds t o have a l ow noise f igure in
order to avoi d ampl ifyi ng t he int er nal noise of the f irs t stage in t he preamp.
Thi s i s of specia l s ign if icance when dea l ing wit h very weak signa l l eve l s from
t he rec ei vi ng an t enna . A small recei vi ng l oop may de l i ver a signal that i s 25
dB or greater be low the s tren gth of t he s ame s i gnal when it i s rece ived by a
fu ll -si ze antenna . The same is generally true of a Beverage ant enna . Too 1i tt le
s i gnal strength makes it necessary t c operate the rece i ver wit h its aud io ga i n
wide ope n, or near ly so , i n or de r to have amp l e s peaker of he ad phone vo lume.
A high-gain preamp el i mi nates thi s pr obl em .

Fig 5- 20 co nt ains a ci rc uit f or a pract ica l pr e amp th at has variab le RF gain .
Q1 i s a groun ded gate JF ET l ow-noi s e amp l i fi e r . It has a gai n of roughly 10 dB.
A broadba nd i nput tr ans f ormer (Tl ) transforms the 50-o hm antenna imped anc e t c
t he 200 - ohm i nput i mped ance of Q1 . D1 and D2 ar e protect ion diode s t hat conduct
when the energy on th e ant enna exceeds 0 .7 V pe ak . Thi s protect s t he pr eamp f rom
transmi t ted en er gy t hat may appear on t he r e cei ving an ten na.

A tuned circui t i s used at the out put of Q1 . RF ener gy f r om Q1 i s fed to U1 ,
whic h i s an I F-ampl i f i e r If that ca n pro vide up t o 40 dB of ga i n. R1 sets t he
ga i n of U1 to t he de si r ed l eve l . Outp ut f r om U1 i s s uppl i ed t o a bro adb and s t ep­
down t r ans f ormer whi ch prov i des an i mp ed ance mat ch to a 50- ohm r ece i ver i nput
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port . A prin ted -ci r cuit boar d and par t s-p l acement gu ide for thi s ci rcu it (an
80/160-meter vers io n) are avai lab le fr om FAR Ci r cui t s (s ee page 106 for addr ess ) .
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Fig 5 - 20 - - Sch e ma t i c d iag ram of a 40 - dB p r ea mp l if ie r for 160- me te r Be vera ge
o r smal l loop a n t e n n a s . F i x e d v a l u e capaci to rs a re disc ce rami c. Th e po l ar ­
iz e d capac ito r is tanta lum o r elect rol y ti c. Resist or s a re 1 /4 -W c arb o n
film o r ca rbo n c o mpo s iti on . Ci r c u it may be used t or othe r ba nds by c ha ngi ng
th e i n d u ct a nc e v a l u e o f Lt , C l is a 300-pF mica tr immer (ARGO n o . 42 7) .

0 1 a nd 02 a re ty pe lN914 sili c o n diodes. L1 = 32 uH ( 2 2 t u r ns of no . 26
e n a m, wi re on an Amid o n FT- 50 - 61 ( 1 25 mu} fe rrite t or oi d) . Rl i s a 1 0 K­
o hm l i n e a r - t a pe r ca rbo n compos i t i on c o n t r o L, panel -mount ed . 11 ha s a 4 : 1
im pedan c e r a ti o Lp r I ha s 10 tu rn s o f 2 6 e ne m, wi r e o n an Amid on FT- 50-4 3

( 850 muI fer r i t e to roid. Se c ha s 20 t u r ns of no . 26 e nam. wi r e . T2 has
a 10 :1 i mpe d anc e rad io . Us e 30 p ri ma r y t u r ns of n o 28 e n e m, wi r e o n a n
Am id on FT- 5 0- 4 3 t o r o i d. Sec ha s 10 t u r ns of no . 2 8 e ne m, wir e .

A BC -band tr ap may be req ui re d bet ween th e Beverage antenn a and J1 of Fi g 5- 20
if you li ve near a strong BC - band AM st ati on, si nce t here i s no fron t-end sel ect ­
i vity at Q1 . A simpl e hi gh -pass f i lter may be subst ituted for t he t r ap if several
BC stat io ns are opera t i ng i n your regiDn. See The ARRL Handbook for fi l te r tables
you may use t o desi gn a suitab le f i l ter . The cutoff freq uency shoul d be 1. 7 MHz.
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Some ama teu rs have r epor t ed a hi gh noise l evel wit h the pream pl if ier in Fig 5­
20. This is an abnormal condit i on, and i s t he re su lt of U1 s e lf-osc i llat io n at
hi gh gain sett ings. The usua l cause of t he malady i s i mpr oper bypass i ng at t he
pin s of U1. The bypass capacitors and r esi stors need t o be l ocat ed as c l ose to
t he U1 body as practi ca ble, and t hei r l eads mus t be s hort. I f you use an IC socket
be sur e to i nst al l one th at i s the l ow- profi l e type (th in so cke t with short pi ns)
becau se the ef fect ive l engt h of the U1 pins must be short in order t o prevent
se lf-osci l lation when so much ga in is ava i lab l e .

SI MPLE SUP ERH ET RECEIV ERS

I wi l l not desc r i be elaborate, hi gh- performance s uperheterodyne recei vers i n
t hi s notebook. After all, th is text i s ai med at experimenters! Pr actica l examples
of high -performan ce r eceiver s ar e pub lished in Solid St ate Desi gn f or the Radio
Amateur , shoul d you wi sh t o become i nvo1ved wit h a mor e comprehens i ve r ece i ver
pro ject.

The pr inc i'p le adva ntage of a s uper hete r odyne rece iver , by comparison with a DC
or r egener at i ve rece iver, i s t hat t he s uper het provides what i s called "sing le ­
s i gna l" reception. There i s a s igna l r esp onse at only the upper or l ower s i de
of the i ntermedi at e f requency. Th us , we can se 1ect upper or lower s i deband
r espon se by ch ang i ng t he rece i ver BFO freq uency , respect i ve t o t he center of
t he IF pass -band r es ponse . The hi gher the or der of I F se lec tivity (f i lteri ng)
t he greater the re j ect ion of th e unwanted s i deband. Th i s fe ature he lps t o mi nimi ze
t he effects of QRM tha t may be pre sent near t he desired f r equ en cy dur ing CW or
SSB recept ion.

A superhe t rece i ver can be ver y bas i c , wh i 1e st i 11 de 1i ver i ng good performance .
Such fea tures as an RF gain contro l, S meter, AGC, digital f requency di splay,
synthesized loca l OSCillator, noi se bl anker or notch f ilter are not requi red
f or most amateur operat ion. As exper i ment ers and equipment user s we ca n save
money and enjoy good per fo rmance without the added conven i ence of t he f ri ll s
pr ovided by commerc ia l eq ui pmen t manuf act urer s. If f act, i t i s not necess ary
t o have an IF-ampl i f ier sys tem in a superhet r ece i ver , provi ded the overal l rec­
e iver gai n i s 75 dB or greater. Fi g 5-2 1 i ll ustr at es how simple a super het can
be .
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Fig 5 - 2 1 -- C i rc u it e x ample of a minimum -component superhet r e cei ver wit h
no IF am pl i f i e rs . Q2 s e rves as a B FO and p roduct detec t o r. Se e t ext for

fur th er di sc uss i on o f th is t ype o f c i r c uit .
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Du al - ga te MDSF ETs serve as t he mi xer and combi nat i on pr oduct de t ect or and BFD.
01 and 02 each have a convers ion gain of rou ghly 15 dB. Yl fun ct i ons as a s i mple
IF f ilter . Yo u may use an I F of your choi ce by c hangi ng t he LO f r equency accord­
i ngl y. There are many l ow-cos t comput er crys t a ls ava i lab le for use at Y1 and
Y2. The BFO freque ncy that i s determi ned by Y2 needs to be offset by 1. 3 to 1. 5
kHz , respecti ve to the Y1 f r equency . The BFO must be 1 . 5 kHz abo ve or below the
IF center f r equency , dependi ng upon which s i deband you wi sh to copy. Thi s is
not an i mpor t ant cons i der at i on for CW reception, although most rece i vers operate
i n t he US B mode during CWrecepti on . 01 and 02 may be any dua l -gate MOS FET , suc h
as t he RCA 40673. The 3N21 1, 212 and 213 FETs are su itable substitut es for a
406 73 .

A l ow- noi se f ir st -audio ampl ifier s houl d follow the product detector, s ince the
audio noi se coul d otherwise over r i de the weaker s ignals f r om 02 of Fig 5-21 .
A JF ET (03) serves t hi s purpose. Output f r om 03 s hou l d be r out ed to an audio­
gai n co ntrol, and then to an audio ampl ifi er s uc h as an LM386N (see page 61 ,
Fi g 3-10).

The t una bl e local oscil l ator that pr ovides i nj ect.i on volta ge f or Ol af Fi g 5­
21 mu s t have su f f ic i ent output power t o ensu re a gat e no . 2 P- P vo lt age of 5
t o 6 for opt i mum mixe r co nvers i on ga in. n i s t uned t o the s i gnal f r equency by
means of Cl. An inductan ce of 6 . 5 uH i s appr opr i at e f or the T1 s econdary win di ng
when operat i ng t he circuit at 7 MHz (3 7 tu rn s of no . 28 enam . wi re on an Ami don
T50-6 t or oi d core) . A 4- t urn primar y wind ing may be used f or Tl , L1 has a 2 .2­
uH i nduct ance (2 1 t urns of no . 26 enam. wir e on a T50- 6 t or oi d ) .

Al t hough t he Fi g 5- 21 c ircui t i s s ugges ted as a s tar t i ng point for experi menter s ,
many l ow-cos t r efinement s are poss i bl e . For exampl e , bette r perfor mance and f ewer
di s cr e t e act ive de vi ces may be had by us ing an NE602 doubly bal anced mi xer in
place of 01. Thi s chi p has on- board devi ce s fo r t he loca l os c i l lat or, whi ch wou ld
t her eby e l iminate t he need f or an exter nal LO sy s tem . A s econd NE602 c an be s ub­
st ituted f or t he MOS FET at 02 . The i nt ern al LO de vi ce s wo ul d then be used for
t he crysta l - cont r o11ed BFO . The combi ned conve rs i on ga i n of the t wo ICs wo u1d
be approximately 40 dB, wh ic h me ans th at on ly 40 or 50 dB of audio ga in wo ul d
be needed t o en su re ample over al l r ece i ver ga in . Two cryst als (1. 5 kHz f req­
uency separation) could be us ed in a hal f -l atti ce arrangement in place of Y1
of Fig 5-21 . Thi s wou ld i mpr ove the IF se l ecti vi ty.

With the bar e - bone s appr-oach fo r a superhet rece i ve r you wi 11 discover t hat
f r ont- end mechanical noise (microphonics) are apt to be obs erved, as is t he cas e
when working with DC recei ver s. Therefore, us e care wh en mount i ng the mechani cal
components. Tighten them wel l and try t o use a doub le bear ing variable c apac i t or
f or the loca l oscil lator. In any event, you will f ind l it t l e difference in the
sound of a rece i ved s i gna l with a bare- bones su per he t when comp ar i ng i t against
a su perhet rece iver th at has an IF- amplifier system .

Si mple Superhet fo r 20 and 75 Meters

Let ' s con t i nue f ollowi ng the phi losophy of t he expe r i men ter. Fig 5-22 i l lustrates
a pr act i c al bar e - bones superheterodyne rece iver that c an be used on 20, 75 and
80 meter s . The l oca l osci llator operat es f rom 5 .0 t o 5 . 4 MHz . Thi s freq uency
r ange re s ul t s in USB recepti on on 20 meter s and LSB recep t i on on 75 met er s wi t hout
chan gi ng the BFO f r equency . It 's a very ol d sc heme th at dates bac k to t he ear 1y
days of SSB.
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L1 and L2 in Fi g 5- 21 are 2 .0-uH i nductors. Use 20 turns of no. 24 enamel wire
on an Amidon T50- 2 t or oi d . L3 and L4 ar e 0.4 7- uH inductors . They r eq uire 11 turns
of no . 24 enamel wire on a T50- 6 tor oid cor e. VFO coi l L5 i s 4.8 uH. Wind 32 t ur ns
of no. 22 ename l wire on a T68-6 t or oid cor e , t hen appl y at l east t wo coat i ngs
of Polys tyrene Q Do pe or an equiva lent hi gh- Q co i l ce ment . Allow 24 hours between
coi l -dope app licat i ons.

T1 i s a br oadband t r ans f or mer that mat che s t he 50-ohm fi lter s ( FL 1 and FL2 ) to
5100 ohms (v ia Q1 gate res istor). The T1 secondary has 20 turns of no . 24 enamel
wire on an Am idon FT-50- 43 ferri te tor oid . Use 2 tu rn s of no. 24 enamel wire for
the pr i mary windin g . T2 i s a trif il ar-wound inductor t hat has an induct ance
of 4 uH. Us e 28 tri f i 1ar turn s of no . 28 en amel wire on a T50- 2 t or oi d core. The
wi res may be f irst twi s ted t ogether wi t h a hand dr il l to provide r oughly 8 twis ts
per in ch. Be s ur e t o connec t the T2 l eads acc or di ng t o t he pol ar ity i ndi cated .

Main- t uning ca pac i t or C3 i s an ai r var ia bl e t ype t hat t ur ns fre e l y. Use a ver nier
dri ve to provide eas e of t uni ng.

Circu it Descript ion

The Fig 5- 22 circu it has no fr il ls . It i s des igned for maximum ·per f or mance with
minimum par ts . A l ow-pa s s f ilter ( FL 1 ) is swit ched i n by 51 dur i ng 75- and 80­
met er operat i on. The low-pass conf i gurat i on keep s 20- me t er s i gnal s f rom be i ng
rece ived al ong with the 75-meter ones. I t is de signed t o s t ar t attenua ti ng at
5 MHz . FL2 , on t he ot her hand , i s a hi gh- pas s f i lt er t hat a l lows s i gnal energy
above 13 MHz t o r eac h Q1. It prevents 75-met er s i gnal s f rom be ing hear d while
l i s t eni ng on 20 met ers. Ver y s t rong l ocal s igna ls may s t i ll l e ak through f r om
the unwant ed band . I f t hi s become s a probl em, s impl y add a 20-meter paral lel t r ap
between SlA and FL1. I n a l i ke manne r , add a 75-met er tr ap between SlA and FL2,
shou ld a nearby amateur di sr upt your 20-meter r ec ept ion .

Oscillator i nj ecti on volt age for Q1 i s taken direct ly from t he gate of Q3. This
circuit point has a near ly pur e s i ne wave (mi nimum har moni c current) , wh i ch ensures
mini mum s pur ious respons e f r om t he mi xer . D1 ser ves as a bi as st abi li zat ion di ode
f or Q3 , whi ch i n tur n minimizes osci l la t or dr if t .

You wi ll observ e t hat there are no I F amp lif i er s in t he rece iver. An overall rec ­
e i ver ga i n of approxi mately 70 dB i s av ai l able , and t hi s y iel ds mor e th an ample
audio output i nt o 8-ohm headphone s. Ins ert ion l os s throug h t he I F filt er , FL3 ,
i s on the order of 3 dB.

Product de tector Q2 serves also as the BFO. Thi s t ech ni que proved s ucces sf ul in
t he W1 FB 75-meter rece i ve r desc r i bed i n QST for May 1989, page 25 ( "A Four-St age
75-Met er SSB Super het " ). C2 adju s ts t he cryst al f r equency t o t he desi r ed poin t
on t he IF response curv e. I t is adj ust ed f or mi ni mum r es ponse of t he unwant ed
s i deband, co ns istent with voi ce fid e lity and minimum l oss of rece i ver gai n . A
1N914 dio de may be adde d f r om gate no . 2 t o gr ound at Q2 . Thi s wi ll he l p re duce
harmoni c cur r ents i n the BFO por ti on of t he s t age.

If you desire to use a s peaker with t his rece i ver it wi11 be necessary to use
an aud i o preamplif ier bet wee n Q2 and U1. Suitabl e c ircuits are described in t he
ear l y c hapter s of thi s book. Audio shap i ng i s accomplished by way of the 0. 01­
uF ca pac itor at t he dr ai n of Q2 , and by vi r tue of the O. 05-uF capacitor at pi n
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3 of U1. The se capacitor s , plu s t he re si stance i n R1 , do doub le duty by keepi ng
BFO energy at t he 02 dra in from reaching U1.

Local osc i llator 03 has regulated voltage appl ie d to its dr ain . Thi s ai ds VF O
st abil ity. Ther e i s more t ha n enoug h RF voltage at the 03 gate to pro vi de the
required 5-6 vol t s of P-P inject ion voltage fo r gate no . 2 of 01. The 33- pF series
capacitor from 01 to 03 may be changed to obta i n the des ired i nj ect i on voltage,
s houl d your c i r cui t have too much or too l i t t l e VFO volt age at gate no. 2 of 01.
Meas ur ements of this vol t age are done with a scope and a X10 probe. If you don ' t
have a scope and pro be you may use a VTVM and an RF probe. You wil l need 2.12
volt s r ms at gat e no . 2 of 01 with th is measur ement techn i que.

Construct i on Tips

It i s impor t ant t hat you kee p all RF s igna l l e ads as s hort and di r ect as pos sible
in or der to ass ure hi gh ga in and to avo id se lf -osc i llat i ons. The uni ver s al br e ad­
boar d de scri bed ear lier i n th i s book may be used as a fo undati on f or t he r ecei ver .
Certai nl y , i t s houl d not be a major cha llenge to l ay out your own PC board f or
thi s pro j ect, owing to the smal l number of parts used .

Improved perf ormance may be had by f ol l owi ng the sugges t ion for the ci rcu it of
Fig 5-21 , where I ment i one d the possib l e use of NE602 I Cs i n pl ace of 01 and 02
i n t hat c t r- cu t t iTha overa ll gain wou ld be gr eat er , and t he mi xer performance
(dy namic r ange) wou ld be vas t l y i mpr ove d .

Yo u s hould be aware t hat when usi ng t he fre quency sc heme s pec ifi ed fo r the Fig
5-22 c ircuit , t he tun ing will be "bac kwards " on one of t he bands. To be co ncise,
t he l ow end of 80 me ter s wi l l be at one end of t he mai n-tunin g di al , but t he l ow
end of 20 me t er s wi l l be at the opposite end of the r e adout dial. It is for this
r ea son t hat separ at e c al i br at i on sc ales are necessary.

Receiving t he Other HF Bands

The Fi g 5-2 2 c i r cui t may be used f or recept i on on 10 , 12 , 15 and 17 meter s by
using a con verter ahe ad of the rece iver. The tu nabl e IF (ma i n r ecei ver ) becomes
3 .5 to 4 . 0 MHz . The conve r ter can be bui lt as a separ at e mo dule t hat f it s into
t he cabi ne t of t he recei ver. You may pr efer t o have a co nve rter t hat co vers one
addit i onal HF band , or you may e l ect to band switc h your co nver ter t o prov ide
mult i band coverage . Alternati ve ly , you may choose to buil d a separate conver t er
f or each add i tiona1 band of interest. The con verters may be se l ect e d by means
of a band switch i f t hi s is done . Switch i ng i s l e s s diff i cu lt under the latter
condit i on, bec ause all of the switching i s done at l ow i mpedanc e (50 ohms). A
three pole, mu lt i pos i t i on wafer swi t ch permi ts switchi ng the converter i nput and
out put l i ne s , along with t he +1 2-V su pply li ne s .

Fig 5-2 3 s hows t he c i rc ui t f or a minimum-par t s HF conver ter. Only t wo tr ansi stor s
are used i n t hi s c ircu i t - - a mi xer and an over t one crys ta l oscil lator. L2 i s
t he hi gh- O i nput tuned ci rcu i t. On ly two va l ues of inductance are r equi red t o
provide cover age of the 10, 12, 15 and 17 met er bands. In other words, two bands
are accommodate d by one induct ance value. A l ow- pas s network matches the mi xer
out put imped anc e (es tabl i s hed by the 1 .2K-o hm r e s is t or ) to t he 50-ohm input of
t he rece i ver . The low-pass netwo r k he lps to prevent 02 os c il l at or energy f r om
be i ng passed to the input of t he ma in recei ver.
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Fi g 5 - 23 ~ - S~hema tic d ia gra m o f an HF- ban d c o nve rt e r t hat may be u s ed with
the re c ei v er i n Fig 5-2 2 t o c o ve r t he 10, 12, 15 a nd 17 me t e r ba nds. F i xe d ­
valu e capa c i t or s ar e di sc c e ra mi c . Re s i sto rs a re 1 / 4 - W c a r bo n film or carbon
compos it i on. el f C2 and C3 a re 10 0 - p F c e r a mi c o r mica t r imme rs . L2 is 0.5
uH f o r 10 a nd 1 2 me t e r s ( 10 t urns ot n o . 24 enem a wi re o n a n Ami d on T5 0 ­

6 t o r o id ) . l 2 i s 0 .95 uH f o r 15 and 17 me t e r s ( 14 tu rn s o t no . 24 e n e m,

wi r e o n a T50 - 6 toroid) . Ll h a s t wo t ur ns o f no . 24 e na m, wir e . L3 is a
lO . 2 - uH i n d ucto r ( 4 5 t u rn s of no . 3 0 e ne m, wir e o n a T5 0 - 2 t oro id . l 4 h a s

0.5 uH o f i n d ucta nc e f or 1 0 a nd 1 2 me ters ( 13 t u r ns o f n o . 24 e n e m, wire
o n a T37- 6 tor o id ). L4 i s a O. 7 - uH i n d uct o r f o r 1 5 a nd 1 7 me t e r s ( 15 t u r n s
o f no . 24 e ne m, wi r e on a T3 7 - 6 t o r o i d ) . RF Cl i s a mi n i a t ur e l- mH RF ch o ke .
Yl i s a t hi r d -ov e r to ne c rysta l, 20 - p F l o a d ca pacita nce .

C1 i s adj usted fo r peak s i gnal res pons e at t he ce nte r of the band of i nt er e st.
C2 i s adj us t e d f or maxi mum s i gna l at 3.75 MHz . C3 is set for r e l iable st ar t i ng
of t he os c i ll at or . Gener all y , t he t uned circu it is set f or a f requency t hat i s
sl igh t l y hi gher th an t he marked crys t al frequen cy .

Thi s co nverter i s by no means a monumen t t o hi gh ga i n and l ow noi se f i gure. The
noi se fi gur e may be i mpr oved by adding a l ow-n oi se RF amp l i fi er ahead of the mi xer .
However, t his c ircuit del i ver s adequat e perfor mance f or a ll but t he we akest of
s igna ls .

The r es ponse of t he L3 net work may be br oadened by pl ac i ng a 3 . 3K - ohm r esis tor
in paral lel with L3. Thi s wi l l r educe th e co nver t er ga i n s l ight ly .
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Chapter Sunmary

We have covered t he fu nd ament al s of r ecei ver s and vi ewe d some si mp le but prac t ica l
circuiJ;s for rece iv i ng . Many of t he circu its I have presented can be massaged
t o gre at ly impro ve t hei r feature s and performance . Ac t iv e mixer s have been hi gh­
li ght ed t o prov i de conver sion gai n as a cont r i but ion t o th e over al l r ecei ver gai n.
Dou bly balanced di ode mi xer s are bet t er per former s , bu t th ey r equ i r e higher l evel s
of LD inject ion (+7 dBm or better), which cr eates the need fo r an RF amplif ier
after t he osci ll ator. Also , t he NF of diode mi xer s i s hi gh, which dict at es the
need for an RF preamp 1if i er ahead of the mi xer . Ow i ng t o t he convers i on l oss of
diode mix er s, it i s necessary t o employ IF amplif i er s after the mixer . This is
def i ni t el y t he cor re ct r oute to t rav el when we build hi gh- performance r ece ivers.
But , for t he pu rpos e of lear ni ng an d bu i l di ng s impl e equi pment, we can enjoy many
hour s of accept able per for ma nce with th e circui t s pr esent ed her e . You wi ll f in d
a more elegant approach to re cei ver des i gn in Soli d State Desi gn for t he Rad io
Amateur.

The Uni ver sa l Brea dbo ar d descri bed ear l ie r i n th i s book i s sui table as a foundat ­
i on for t he ci rc uits i n th i s chapter . These board s may be purchased from N9ATW
for a nom ina l f ee .
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TRANSMITTER DESIGN & PRACTICE

CHAPT ER 6

We shoul d not t r eat sol id- st ate t r ansmit t er desi gn i n a casua l fashio n. Although
t he circ uits we use may seem simp le compared to vacuum t ube ones, we must play
an ent i re1y di ffer ent game if we are to expect good per formance . Some amateurs
t ry t o use vacuum- t ube pr i ncipl es when t hey design a sol i d- st at e t ransmitter.
In part icular, they attempt to use hig h-impedance t uned ci rc ui t s in ci r cui t l ocat­
ions where the impedance i s typ icall y very low. Whereas a 5-watt vacuum-tube RF
ampl i f i er may have a plate impedance of sever al tho usands of ohms , a 5-watt trans­
i stor RF amp1ifi er may have a collector impedance as low as 10 ohms. The severe
mi smat ch can destroy a t r ans i stor quick ly, and even i f t he trans is to r could endure
so hosti l e an enviro nment , t he avai labl e output power wo uld be red uced dr asti call y
because of t he mi smat ch .

Inexper ienc ed designers general ly shor t -change t hemselves by not inc luding adequate
harmonic f ilter ing for the ir solid-state t r ansmit t er s. The r equi r ements are more
stringent for semiconductor devices than they are when work ing with tu bes. Har mon ic
ener gy is genera t ed i n t ubes by way of envelope di stor t i on. Tr ans i st or s not only
produce harmo ni c curren ts by t his me ans , but also from t he i nherent var act or act ion
withi n t he tr ans istor j unc t ion. This non l i near change i n j unct io n capacitance
i s we l l known f or harmoni c generation. It i s not unusual to f in d harmoni c cur r ent s
at the unfi ltered out pu t of a soli d- st at e transmitter a mere 10-15 dB be1ow the
des ired f undamenta l energy. Should we worry about thi s? Definitel y! TV I and ot her
for ms of RFI are a potenti al threat, even when operating a QRP rig. High le vel s
of harmon ic energy can ruin t he effic iency of a t r ansi s t or ampl if ier when the
dri vi ng energy i s not r easonably pure . The net effect is th at t he dr i ven stage
dr aws more cur re nt than it wou l d when exci t ed by a clean wav eform, but the output
power (fun damenta l ) does not incr ease i n proport io n. A transis tor amp li fi er that
is dr i ven by a dirty signal may r un very hot, whereas if excited by a clean signal
it wi ll operate i n cool manner. Harmonic f ilter ing i s si mple and i nexpens ive .
It is also requ ired by FCC regu lat ions .

Ga i n di s t r i but io n i s also an i mpor t ant fac tor in transm i tter des ign, j ust as it
i s i n a wel l -designed r ece i ver . I have seen a number of home-made t r ansi st or i zed
t ran smi tt er s t hat were 1iter al ly gasping for ai r because some of t he stages were
so sever ely ov er dr ive n. Tr ans i st or manuf act ur er s rate th ei r RF dev ices for "sat ur at ­
ed out put power." Sat ura t i on occur s when no addit i on a1 out put power occurs with
an increase i n exci t at i on power . As t he dr i vi ng power i s i ncr eased beyond sa t ur at ­
ion, the co11 ector current ri ses wit hout an attendant change i n RF output power.
Bingo! The amp lifier eff iciency goes sour . Furthermore, harmonic energy in cre ases
beyond t he saturation state, an d t he safety of t he transi stor becomes suspect
under t hes e adver se con dit io ns . If I may offer a rule of t hum b at th i s juncture ,
I suggest t hat you check each t r ansmi tter st age for sa t ura t io n. Use on ly enough
dri vi ng power to reach t he saturat io n po int, th en red uce the dr i ve sl i ght ly to
j ust bel ow the saturat i on condit ion. Thi s may be done wi t h an RF probe and VTVM,
or with a scope. Be sure that each stage checked i s termi nated by its proper
load.
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In suffi cient dri vi ng power is another common diffi culty . Wit h vacu um t ube s we
always knew how ma ny gr i d no . 1 mA were r equi r e d to dr ive a par ticul ar tu be t o
it fu 11 rated outpu t power . The s it uat i on is somewhat di ffer en t when we des i gn
wi t h transistors. Dev ice s th at ar e designed fo r RF power serv i ce are r ated f or
a specif ic dr iv i ng power i n watts or mW. Thi s dat a i s pr ovided on t he dat a s hee ts
t hat ar e pr ovi ded by t he ma nuf ac t urer . For exampl e , a particul ar power transistor
may be capable of del i ver ing 10 watts of RF power (Po ) . The dri vi ng power required
mi ght be 1 wat t (P in). Thi s equ ate s t o a devi ce power ga i n of 10 dB. If we know
the s pec i f i e d gain of a gi ven power t r ans i s t or , but do not have the dr iv i ng-power
dat a , we c an approxi mate t he r equir ed dr i vin g power by knowin g t he ga i n and out put
power of t he devi ce. It i s i mpor t ant to have s l i ght l y mor e dri vi ng power ava i l abl e
t han i s spe c i f ie d . Thi s wi ll compensate for l os se s i n t he coupl ing network between
t he dr i ver s tage and t he power amplif i er. If t he transistor I pl an to use ca lls
for, s ay , 500 mWof Pi n, I de s i gn t he dr iver for at l e as t 750 mW of output power .

.We amat eur s frequent ly wo rk with t rans i s t or s that ar e not earmar ked f or RF power
serv ice . Many hi - f i audi o power trans istors have high fT r at i ngs, and t hey l end
t hemselve s well to RF se rv ice . It i s necess ar y at ti mes to "f ly by t he seat of
one 's trousers, " as the s ay i ng goes , to determine how mu ch RF i nput power i s need ed
to make t he audio dev ice percolate we ll at RF . This c an usua lly be determined
by ex peri me nt ing wit h t he dr i vin g power . Fi nd t he point where s atur at ion occurs ,
then reduce the dr i ving powe r s l i ght ly below t hat va l ue . Such audi o t r ans i stor s
as the MPSU02 and MP SU05 are examples of l ow- cos t de vices th at perf orm nice l y
as RF power t r ans i st or s up t o 30 MHz.

Once aga in I want t o s t r e s s t he i mpor t ance of correct imped ance matchi ng bet ween
the s t age s of a t ransmi tt er . A s i gni f ic ant mi smatch condit ion will reduc e the
ava ilable output power f rom the dr iver stage or ear l i e r s t age s . Even t hough t her e
i s ampl e power ot herwise availab l e, t oo l it t l e excitation power may r eac h the
stage be i ng driven bec ause of t he mi smat ch . Adju st t he t ur ns r ati o of the tune d
c ircuit or broadband tr ansfor mer betw een st age s for opt imum exc itat ion if you
do not know the load impedance of t he s tage bei ng dri ven . Don ' t be afrai d t o exper ­
iment. After all, t hat 's what ham radio is all about !

Instabil ity Problems

Self- osc i l l at i on i s a common problem in home made trans i s tor i zed t r ansmitters.
Gener a lly sp eaki ng, s tab ility i s ea s ier to ac hieve wit h tr ansistor s th an it i s
wit h tubes . Thi s is be cause th e inp ut and output impedances of t rans i stors are
s ubs t ant i all y l ower t han they ar e wit h vac uum tu bes . No net he le ss , t ransi stor s
wi l l "t ake of f " if cer t ai n pr ecaut i ons are not t aken when desi gnin g a ci rcu it.
A contri buti ng fa ctor to i ns t abil i t y i s t he phenomenon as so ciated wi t h an i ncreas e
in de vice ga i n as th e oper at i ng fr equency i n MHz i s l ower ed . Thi s en cour ages se lf­
osc i ll at i on at LF, VLF and even at aud i 0 freque nc i es . Therefore, we must en s ure
that bypass i ng of th e voltage (Vcc) s uppl y li nes i s ade qua te a lso for l ow f r eq­
uenc ies. Thi s is why you gener a l l y f i nd a 22- uF or s i mi l ar value capacitor i n
parallel with, say, a 0 . 001- and a O. I - uF bypa ss c apac itor at key point s i n an
RF power circuit. The us e of s hunt f eedback (co llecto r to base ) a lso serves to
prevent self-o sc i l la t ion in class A and AB types of RF amplif ier s .

Ci r cui t - boar d l ayout , of course, plays a ro le i n amp lif ier stab i lity also . I prefer
what I c a l l "i n-l ine" layout. The obj ec t ive i s t o i solate, as muc h as pos si ble,
the input of eac h st age f r om t he output por t, and to keep each stage as far away
f r om t he previous and fo l lowin g s ta ges , phys i call y , as neces s ar y.
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I n t he case of grou nded- or commo n-emitter amplif iers it i s impor t ant t o keep
t he emit t er gro und l ead sh ort and di rect. The PC-boar d f oi l t o which t he emitter
connec ts s houl d be as wide and di r ect (to t he ma in gr ound bus ) as pract ic able .
Thi s mini mi zes stray i nduct ance , which can cause i ns tabi l i ty and a l oss of ampli f ­
i er ga i n (degenerat ion). Thi s co nsidera t ion is not so i mpor tan t when us ing push­
pull power transistor s because the RF cur rent i s flowing from emit ter t o emi t ter ,
and the PC board emitter foil simp ly provides a dc ground. Push -pu l l trans i stor s
s houl d, however, be mount ed as c lose to one anot her as possible i n order t o keep
the emi t te r l eads s hor t.

Self-os c i llat ion gener a lly oc curs at l ow dr i ve l evel s . As t he co llector cur r ent
increases at higher dri vin g power, a se lf-osc illati on may cease. The usual cure
for t his ma l ady i s to reduce the Q of the amplifier inpu t c i r cui t . Resi s ti ve swamp­
ing i s often used f or this purpose (base t o RF grou nd). The lower t he r es istor
va lue t he great er the dr i vi ng power needed to fu lly exc ite the amplifier , s i nce
dri vi ng power i s di s s ipat ed in t he de-Q in g r esis tor. I f an RF choke i s us ed as
a base r et urn el ement , t r y pl ac i ng an 850 mu f er ri t e bead on one or bot h pigtai l s
of t he RF ch oke . Thi s l ower s the choke Q to 10 or l es s . Alt ern at i ve l y , the RF
c hoke may be us ed i n par all el wit h a l ow- val ue res istor. This also lower s the
Q of t he choke . Fig 6-1 i l l us t r at e s some of t he techniques we have treated here .

RF PA
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F i g 6-1 -- Ex amp l e o f a b roadband cl a s s C RF amp l i fie r st rip that has been
t rea te d tor in s t a b i l i t y . Ci rcu i t po in t s 1 and 2 (em itte r ) r equi re s ho r t .
d i r e c t groun d c o n ne c tio ns . Z l i s an 850 u I f er rite be ad t hat l o wer s t he
Q o f RFC1. Rl o r a com binat i on of Rl and Zl ma y be u sed fo r t he s ame pu rpo se .

A ty p ic a l v a l u e fo r Rl i s 10 to 1 0 0 o hms. R2 i s used a lso t o low e r t he 0
of t he i n pu t t r a ns f o r me r, 'Tl ; A f er r i t e be a d is someti mes s lipped ove r - t he
T1 s ec o nda ry r e tu r n l e a d to l o we r t he win d ing O. C4 a nd C6 a r e VH F b ypasse s .

C3 and C5 a r e e f fec t ive by pass capaci to rs f or H F a nd MF. C7 i s tor by pa s s i ng

LF , VLF a nd a udio e ne rg y. Cl da mp s VH F self -osc illatio ns a nd hel p s r emov e

VH F ha r mo ni c c u r ren ts . R2 i s 10 to 4 7 o hms for H F . Se e te x t f or f u r t her

c omments a bo u t t h i s circuit.
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RFC1 in Fig 6-1 shoul d have an i nduct ance val ue th at corresponds with an XL that
is four to ten times t he characteristic base impedance of Ql at t he lowest operat­
i ng fr equency. For example, i f t he base impedance i s 15 ohms and t he operat i ng
frequency (lowest) i s 3.5 MHz, RFC1 should have no less t han 2.72 uH. A 5- or
10-uH choke wi l l work wel l in t his example. RF C2 and RFC3 are part of t he Vcc
decou pli ng circu i t, whi ch pre vent s RF ener gy from mi gra t i ng along th e supply l i ne
from Q2 to Q1 or vi se ver sa. Unwanted RF current s on t he supply 1ine , if of t he
proper phase, can cause sel f -osci l lat i on. RFC2 and RFC3 need not have high induct­
ance because th e Vc c 1ine has a very l ow impedance , assumi ng t he power supply
i s designed correct l y . A 5-uH inductance is adequ ate . These t wo chokes mu st have
hav e wire t hat can accommo date t he cur r ent drawn by Ql and Q2 wi t hout a resul tan t
voltage dro p acr oss them. For th e Fig 6-1 ci rcu i t you may use 6 tur ns of no. 22
enamel wire on an Ami don FT-37-43 ferrite t oroid.

Tl and T2 in Fig 6-1 are broadband t r ansformer s th at are wound on type 43 (850
ui ) fer r i t e toroids. The turns rat ios are adj usted t o provi de an impedance matc h
bet ween t he tr ansi stors and thei r l oads. The secondary wi ndi ngs of these trans­
former s, or wh ic hever windin g i nt er f aces with the lowest circuit impedance, need
t o have an i nduct ance t hat equals an XL that i s fo ur ti mes or grea ter th e l oad
impedance (as with RFCl of Fig 6-1) .

C2 and R3 in Fi g 6-1 f orm a negati ve f eedback networ k t hat hel ps stabi l i ze Q2 .
The val ues for these components may be determined exper iment ally. In a t ypi cal
case we mi ght have a C2 capaci tan ce of 1000 pF and an R3 re sis tance of 500 to
1000 ohms . The values sho ul d be chosen t o provide only enough f eedback, collecto r
to base, that ensur es stabi l i ty and f lat gain across the ampl i f i er oper at i ng ra nge
i n MHz . Remember t hat t he gre ater t he f eedback t he lower th e amp1if ier out put
power. I gener all y des i gn for one to t wo dB of fee dback power ,wh en I work wit h
high gain power t r ansi st or s (13 dB or greater gai n) . I use less than one dB of
feedback power for tr ansi stors that have l ower gain. Negat i ve feedb ack may be
appl i ed t o any RF ampl i fier , i r r especti ve of the operat ing class.

A common cause of ampl i f i er i nst abi l i t y can be traced to a mismatched or react ive
load. This means t hat we mu st ensure t hat t he transis tor matches t he har moni c
f i lter , and that t he f ilter i s termi nated by t he cor rec t r es is t i ve loa d impedance .
The same is true of low- l evel RF stages . They need t o be ma t ched t o one another.
Ther e are situat ions, however , where a desi gner may i nt r oduce an i nt ent i onal mi s­
mat ch between amp l i f ier st ages i n order to establi sh suitable gain di str ibuti on.
Thi s pract ice provides an i nvit at i on to inst ability. It is f ar bet t er to alter
t he stage gai n by changing t he transis t or bi as or through t he use of negati ve
fee dback.

Thermal Consi derat i ons

Heat i s t he enemy of most electron ics components, and tr ansis to r s are no exception .
As the tr ansi stor ju nct ion temperature r i ses above t he manuf acturer' s maximum
all owances the devi ce gain can i ncrease . With t his elevat ed gain comes higher
col lector current, and eventua l ly self-destruct ion (therma l r un away) . It i s i mpor t­
ant that we provide a heat si nk of sufficien t area to keep t he transistor t emper­
ature at or below t he maxi mum rat i ng. No t r ans i st or shoul d be all owed t o become
so warm t hat one can't ho ld hi s f inger on th e cas e f or a per i od of t ime. If the
t r ans i st or body i s t oo ho t t o hand le, it' s to o hot to operate safe ly .

Th e t r an s i stor has t o be wel l bon ded t hermal ly t o t he heat s ink i n order to ensure
t he effect ive t r ansf er of heat. A th in coat ing of t r an si st or heat- si nk compound
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(s i l ico ne grease and z i nc oxide) s houl d be place d on the surface of the trans istor
t hat mates with t he heat s i nk . A sn ug f it (but not exce ss i ve l y tigh t ) betw een
t he t r ansi stor and the heat s i nk is al so es sent ia l . Some commerc i al equ i pmen t
uses fo r ced- ai r cooli ng t o keep the hea t s i nk and the tr ansis tor s at s afe opera t ­
ing t emperatures. Need less t o s ay , the heat s i nk won ' t be damaged , but it wi ll
do its j ob better if i t i s kep t co ol .

Li near so l i d-st ate ampl if ier s require l ar ger heat s i nks t han do c l ass C ampl if iers.
Th is is because a c l as s - C ampl if i er dr aws only mi croampe r es of cur r ent when no
s i gna l i s pr esent. Li near amp lif i er s , on the ot her hand , dr aw i dli ng or standing
coll ector cur r ent durin g no- sign al condit i ons. Thi s cur rent caus es heat , and the
heat si nk does not cool down as effect i ve l y as it does in c lass -C oper at i on. Al so,
t he operat ing duty cyc l e i s oft en gre ater dur ing SSB operat ion th an i t is f or
CW se r vi ce . Thi s pr ovide s le ss oppor t uni t y for cool i ng during t he ove ra ll operat­
i on of th e equi pment. RTTY operat i on i s espec ia lly stressful r e spec t i ve to dut y
cyc l e and t r ans istor heat in g . Li kewise wi t h AM operat i on . I recomme nd t hat you
reduce t he dc i nput power to your soli d-s tate amplifier by 50% when using the
AM or RTTY modes . If not, your t r ans i stors may have s hor t l i ves ! In f act , it i s not
uncommon to r educe t he power by 75% f or t hese modes . It depends upon th e power ­
out put ca pa bi l ity of your t rans is t or s and the effect i ve nes s of t he heat - s in ki ng
har dwar e .

The effect i veness of a heat s i nk depe nds l arge l y on the case styl e of the tr ans ­
i s tor us ed with it . A TO-3 t ype of t r ans i stor has gr e at er area f or mat i ng to t he
heat s i nk t han doe s , · for ex ample, a TO- 220 devi ce . Al so , t he mat eri al fr om whic h
the heat s i nk i f made pl ays an i mportant r ol e in heat reduct i on. Alu mi num i s t he
preferred meta l for he at s i nks, although some (such as the TO-5 press -on s i nks)
ar e made from bras s . It is bel ieved general ly tha t a f lat black anodized or pai nted
heat - s ink su r face improves t he thermal qua l i ty of the si nk, compar ed t o bar e a lum­
in um hardwar e . In any event , t he heat - s i nk s ur fa ce mu s t be as smoot h and f l at
as possibl e at t he point of t r ans i stor contact . I f not , heat tr ans fe r wi ll not
be ef fec t i ve .

The RF PC Boar d

El ectri cal st abi lity may be enhance d by us i ng a doub le- s i ded PC board fo r RF amp­
1i fi ers . A doub1e-s i ded board i s one t hat has copper on bot h sides . One of the
surf aces i s et ched in accordance with t he desi r ed PC or etche d pat t ern . The r emai n­
i ng side i s 1eft i nt act to serve as a grou nd pl ane f or t he etc hed s i de of t he
boar d . Th i s pr acti ce r edu ce s c i rc ul at i ng currents t hat can ot her wi se creat e what
are known as "grou nd l oops" or RF hot spots along t he gr ound f oi ls of t he PC boar d .
The gr ound f oil s on the etc hed s i de of t he boar d ar e made common to t he ground
pl ane . The etc hed conduc tors t hus f orm small ca pac itors with the ground plane ,
with the PC-bo ard i ns ulat i ng mater i a l serv i ng as t he ca pac itor di e lec tr ic. These
ca pac i tors do not hi nde r t he c i r cui t per f ormance from aud io t hrough the HF spectr um ,
s i nce t hey are sma l l in va lue (5 t o 30 pF t ypi call y ) . The norma ll y l ow- i mpedance
c i rcuits on the PC board are not af f ected s i gni f i c ant ly by t hese capac i t i ve react ­
ances . A benefit of t hi s parasit i c ca pacitance i s the bypassing of VHF and UHF
current s that might otherwise encoura ge VHF se l f - osc i l lati on .

I do not recomme nd th at you us e doub l e - sided PC board s f or VFO or ot her s ta bi l i ty­
depende nt c i rc uit s . The par as it i c capac itor s wit h t he i r phenol i c or f i ber -g l as s
die l ec t ric are not temperat ur e st able. They can cause severe osc illator frequency
dr ift. Furt her more , f lexing or vi br at i on of t he PC boar d can alter the va lue of
t hese parasit i c capac i t or s and af f ect fre quency s t abi lity .
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Dealing with Power MOSFETs

Owing to t he f rag ile nat ure of th e insulat i on between the gat e and drai n- sour ce
junct ion of MOS FETs, it i s necessary to t r eat t hese devi ces with speci al care .
Static charges can perforate the gate i nsula tion easi ly if the transi st or i s no t
held in conduct ive foam plastic unti l it i s ins t alled in t he circu it. This i s
not necessary for power MOSFETs t hat have in ternal gat e-source protecti ve Zener
diodes . It is wi se t o ground the sol deri ng i r on t i p while sol deri ng a MOSF ET t o
its PC board. The t r ansi st or should be t he last component you pl ace on th e board .
Avo id using excessi ve heat wh en sol der i ng t he gate pi n of th e devi ce .

Power MOSFETs are sens i t ive to excessive gate vo l tage and cur re nt in an opera ti ng
ci rcu it. The peak-to -peak vo ltage at the tr ansi sto r gate shoul d not be allowed
t o exceed 30 under any circ ums tances, le st the gate insul ation become damaged.
Signal -vol tage transien ts or spi kes, no mat t er how short the duration , can dest r oy
t he t r ansi st or i nstantl y if th ey exceed t he 30-V val ue . Thi s causes a gate- source
short circuit . For th is r eason it i s import ant t o ensur e that t he l ow- level stages
t hat precee d the MOSFET ampl i f ier are f r ee of spur ious osc i ll at ions and switching
t r ans ients . The same i s true of th e forward -bi as voltage that i s app1ied t o the
FET gat e . External back-to-back Zener diodes may be bridged from gat e to ground
as a prot ect ive me asur e . I generall y use a pair of 15-V , 400-mW Zeners f or t his
pur pose . The addition al shun t capacitance f rom t he diodes does not seem to create
diff i cul ti es at MF and HF . The si tu at ion i s mor e critica l at VHF .

Excessive voltage , sustained or momentary, from dra in to source can al so destroy
a MOSFET quickly . Some of the moder n power swi t chi ng FETs conta i n a bu i lt-in drain ­
source Zener diode . One may be used ext ernall y if th e transistor does not have
one bu i lt in. It shoul d be rat ed for twice the drain supply vol t age to allow f or
t he s i ne-wav e excurs i on in an RF or audi o ci rc ui t. I use a 50- or 55-V Zener diode
for a +24-V supply .

Power MOS FETs are especia l ly susceptib l e t o VHF se l f -osc i l l at io n. Thi s i s because
RF power MOS FETs in particul ar r equire an interna l geometry th at makes them work
we ll up to approximately 175 MHz . This mal ady can be pre vented by de-Qing t he
gate ci r cui t . A good pract ice i s to plac e a 10- or 15-ohm, 1/ 4-Wcarbon film or
car bon composit ion re s i stor in seri es with t he energy supp1ied to the gate. The
res istor shou ld be located at t he gat e t ermi nal . It i s somet imes hel pf ul t o use
a ferr ite bead over the lead of a 10-ohm resistor for this purpose. Another t ech­
nique for discourag ing se lf-osci llat ion i s to keep t he gat e at low impedance .
The char act er i st i c gate impedance of a MOSFET i s one megohm or gr eat er . The effect ­
i ve gat e load is estab1i shed by means of th e gat e r es i stor used. I try t o keep
th e impedance at 500 ohms or l ower . Thi s re qu i res add i tional power f r om the dri ver
sta ge in order to develop the gate-voltage swi ng th at is needed t o t ur n on t he
trans istor. Power MOSFETs are enhancement -mode devices . Thi s means t hat a specif ic
gate voltage i s requi r ed t o t ur n t hem on. This is not the case wi th deple t ion­
mode trans istors such as th e JFET (MPF102 for example) .

Alt hough t he for egoing comment ary may seem 1ike an indictment of power MOSFETs ,
it ' s no t th e case . Unlike bipolar tr an s i stors, t he MOSFET interna l capacitances
do not change wi th var i at i ons in oper at i ng vo ltage , f r equency and dri ve power .
This makes it an easy mat ter to desi gn a fe edback network t hat works wel l across
a wide ra nge of f requency. Input and output matching transformer s or network s
are al so pr edi ct able in te rms of perform an ce ver sus frequenc y . Power MOS FETs ar e
immune t o t herma l r unaway, un li ke bipola r t r an si stors .
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An uncomplicated gate- bia s system i s accep table f or power FETs bec ause the gate
dr aws only uA of current. Thi s make s regu 1at i on of the bi as voltage unnecess ary .
An ordinar y res is t i ve di vider t hat is connec t ed to the dr ain s upply (V dd) can
be us ed s ucc ess f ully. A for war d bias of approx i ma te ly +1 V is required to t ur n
on a power MOSF ET. A bias as great as +3 V i s commo nly ap pl i ed t o the FET during
l i near service. The des ired res ting dr ai n current, which varies with t he device
used and t he clas s of service, i s est abl is hed by means of the fo rward-b ias va l ue.
A res t in g dr ain current of 100 t o 200 mA i s t yp i c al f or c lass AB ope rat ion.

Anothe r plu s fe atur e of power FET s i s t he i r ef f ic i ency . Whereas a c l as s AB bipolar
trans istor amp l ifier i n bro adban d s erv i ce has an ef f i ci ency of roughly 50% , a
power FET in the s ame operating class may yiel d an effic ien cy as great as 65 or
70 percent. I have built c l ass C FET amp l ifiers t hat had ef f ic ienc ies as great
as 80%. Ed Oxn er , KB6QJ, who i s an engi neer at Si li con ix , In c . once t ol d me th at
his col le agues at Si liconix had re por t ed 90% eff ic iency with s ome MOSF ET amp l i f iers
t hey had deve l ope d i n the l ab. Helg e Gr anberg, K7ES, who i s an RF app lications
engi neer at Motoro la in Phoeni x, reported to me some ye ars ago t hat the IMD (inter­
modul at i on distort ion) pr oduct s , espec ia l l y t he high-or de r ones, were subs tant ia l ly
lower i n a FET amplif ier t han i s typi c al with a bipol ar-transi stor ampl i fier .

Ma ny audio and dc swi t chi ng power FETs are sui table for RF us e i n t he HF spectrum.
The IRF511 is an example of a low-cost FET that can deliver up t o 15 watt s of
RF output power when opera ted f r om a +24 vo l t power s uppl y . However, t he per f or m­
ance of s ome dc and audio types of power FETs f a ll s of f markedly above 10 MHz.
Alt hough t hey can be dr i ven eas ily t o full drain curren t , t he out put power sag s
miserab ly, and t his s po i ls t he effi ci ency .

PRACTICAL TRANSMITTERS

A small so l i d-state CW t r ansmi tt er can be built more qu i ck l y t han a vacuum-t ube
equ i valent mode l. Ther e i s no nee d to dr i ll hole s i n a ch ass is, mount large har d­
ware items and purch ase cos tly tubes (an d air var i abl e c ap acitor s!). A c i r cuit
ca n be t acke d together on an unetched scrap of PC board material. The fi e l d for
exper i mentat i on i s wi de open f or thos e of you who have the cur ios ity and zes t
fo r thi s rewar di ng pas t ime . I c an ' t s t r es s en ough th e t hr i ll of communicat i ng
with another ham whi le usin g somet hi ng t hat you buil t f r om scr atch.

If you have not attempt e d to construct a so li d-s tate transmitter, I recommend
t ha t yo u comme nce with a one - trans istor crys ta l-co nt ro lled osc i llator . This wi ll
he l p t o enhance yo ur se l f - as s ur ance, and yo u wi l l ga in knowle dge in t he process . An
amp l ifier st age may be add ed lat er to boos t the power of yo ur t r ansmitt e r . Fi gs
6- 2 t hrough 6-4 co ntain c ircu it s for a progressive CW t ransmitt e r of t his t ype.
Build one st age at a t i me, use i t on the a ir, then move along to t he next s tep.
The univer s al bre adboar d descr ibed ear lier i n thi s bookl et may be used f or your
ci rc uits. Bu ild the f i rs t s t age (c rys ta l oscillator ) in one cor ner of t he board .
Thi s wi l l prov i de ample s pace f or t he t wo amp l ifier s t hat follow.

I have specif i ed the 40-meter ban d fo r t hi s pr oj ec t , s ince 7 MHz i s generall y
open both day and nigh t . Fur t her more, t here i s plenty of CW act iv ity on 40 meters .
Yo u sho ul d have no diff iculty getting s omeone t o ans we r your CQs if yo u use an
ef fe ct ive antenna, s uc h as a dipo l e , en d- f ed wire or ver t ic a l t hat is mat che d
to t he f eed li ne and transmit ter.

Fi g 6-2 co nta i ns t he c ircu it fo r s t age no. 1 of t he tr ansmi t ter . The RF 'out put from
t his c irc uit i s on the or der of 1/4 wa t t, whi c h wil l ne t you many QSOs .
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Fi g 6-2 -- Sc he mat ic dia gram of a 15 0 -mW CW t ra nsmitte r . Fixed-value capacit ­
o rs a re d i s c ce r a mi c . 50 -V or gr e a t e r . Re sist or s a r e 1 / 4 - o r 1 / 2 - W c a r bo n
fi lm o r ca r bo n c ompos i t io n. Cl a nd C2 a re f e edb a c k c a pa cit or s ( se e text) ,
C3 is a 10 -1 0 0 pF c eramic or mi c a com p r essio n t r imme r. A t wo-ci rcu it p ho ne

jack i s u s ed for J l and an RCA phon e co nnecto r o r 50 - 239 co ax c o nnec t o r

ma y be used f o r J2 . Ll is a 2 . 3 - uH to roi dal i nd uct o r . Use 24 t u r ns o f no.
26 e n e m, wi r e o n a n Amidon T3 7 - 6 t or oid co r e . L 2 has th r e e t u r ns o f no .

26 e n e m, wi r e wound ov e r t h e +12 -V e nd o f t he L l wi nding . 0 1 is a 2 N4 4 00
or 2 N4 4 0 1 t ran si st or . A 2N2 2 2 2A ma y be s u bst it u t e d , bu t will deli ve r le s s

output powe r . Yl i s a fundam e n t a l c rysta l. 3 0 pF l oad capac ita nce .

Yo u s hould have no difficu lty gett i ng t he above cir cuit t o work pro per ly. If Yl
does not osc i llat e on the f irst try, adjus t C3 until osc illat i on occur s. If t hi s
f ail s to r emedy the prob lem , and as sumin g t he crys t a l i s okay, i ncr e as e t he val ue
of feedback capac itor C2 s l ightl y. Use no more capac i tance at C2 th an is ne cess ary
to ens ure reliab le osc i l l at i on . Too muc h f eedba ck c an ca us e s pur i ous out put energy
and a c hirpy CW not e . C3 needs to be adjusted for a chi rp -free CW note when key ing
t he transmitter. Initi al t esti ng s hou ld be carried out wh ile us in g a l -W, 47­
or 56-o hm re s istor as a dummy antenna .

The Fi g 6-2 Ci r cu i t may be us ed on 20 and 30 meter s by reduc i ng t he i nduc t ance
of L1 accord ingly . The 270 -pF capacitor at the j unc t i on of C2 and L1 wi 11 need
to be reduced t o 100 pF f or 20-meter operat i on. Yl s hou l d be c hosen fo r t he des ired
20- , 30- or 40-meter operating frequency .

You may use a 2N3866 or equi va l ent transistor at Ql in Fi g 6-2 i f you de si r e s light ­
ly mor e output power. A 2N3866 s hou l d y ie ld appr oxi mat el y 1/4 watt of power out put .
A small incre ase i n power is pos s i b1e if you redu ce t he val ue of t he Ql emi t t er
r es i s t or ; Do not us e a valu e be low 68 ohms, l e s t the t rans is to r dr aw excess ive
current and become defect ive . You may wis h a lso t o ex per i ment with the tur ns ratio
of Ll and L2 towar d obt a i ni ng max i mum osc i llator outp ut power, co ns istent wit h
a non- chi rpy CW note. Thi s may be done by changing the number of L2 t ur ns . More
tu rn s r esult s i n tigh ter coup l ing to t he an t enna . An RF probe or scope, plu s a
dummy antenna, may be use d for thi s tes t.

,
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Adding a Dri ver/Amplifier f or I nc reased Output Power

Phase 2 of our be ginner' s tran smitter cal ls for t he ad di t i on of an RF power stage
t hat you can use to extend your communicat io ns range . Thi s part of the t r ansmi t t er
i s ar r anged for c las s - A li ne ar s er v i ce . Alt hough it i s not nece s s ar y to use a
li near ampl if ier fo r CW or FM ampl i f i cati on , t here are s ome advan t age s : ( 1) a
lin ear ampl if i er pr oduces a l ower l evel of harmoni c currents; (2) it is e as ie r
to dr ive when a l ow- power stage is us e d t o excite i t ; (3) the keyed wavefor m of
t he over all t r ans mi tter i s l e s s c l ic ky than when us i ng a c las s -C amplif ier aft er
t he keye d s t age .

The s eco nd stage of our t r ansit ter i s des cr ibed in Fi g 6-3 . Ou tp ut power fr om
Q2 is appr ox i mate ly 1 watt. Thi s l eve l of power will ena ble you to wor k OX wh en
band cond i t i ons ar e good .
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Fi g 6 - 3 -- Sch e matic d i a g r a m a t the l in e a r d ri ve r / a mp l i f i e r for the p r o g ress ­
iv e CW t r a ns mitte r . F i x e d- v a lu e ca pa c ito rs a re di s c c e r a mi c excep t whe re
ot he rw ise spe ci fie d . Re sist o rs e xc ep t f o r Rl a re l j 4- W ca rb o n fi l m. C4 is

a ce ra mic o r mi ca co mpressio n t ri mme r . Fll i s a hal f -w a v e h ar mo n i c fi l ter
with a l ow-pa s s r e s pon s e . Cu tof f t r e q , i s 7 .8 MH z . C5, C6 an d C7 ar e s ilve r

mi ca o r pol y s ty re n e . L 5 a n d L6 o f FL l a re 1. 2 ul-l , U s e 1 5 turn s of no 24

e n e m, w i r e o n a n Amido n T5 0 - 2 t or oid ( s e e text). 01 ma y al so be a 2N 3 55 3

o r 2SC7 9 9 t ran si st o r. Rl is a 0. 5 - W ca rbon composit io n c on t r o l, l i ne a r ta per .

RFCl i s 6 t u r ns o f no . 2 4 e n e m, wire o n a n Amido n FT-37 -43 ferri te to roi d .
L3 of T1 is a 2. 3 - uH i nd ucto r . Use 24 tu rns o f no 2 6 e n e m, wi re o n a n Ami don
T5 0 - 6 t o r oid. L4 h a s 3 t u r ns o f no . 26 e na m, wi r e ove r + 1 2 - V e nd of L3 wind­

i ng . The pol a r ize d 2 2 - ~F c a pacito r i s elec troly t ic o r ta n ta lum.
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You wi l l not e t hat a har monic f ilter is s hown at the lower l ef t i n Fi g 6-3 . Even
t hough the amplif ier circuit c an be used wi t hout the filte r , I s t r ongl y recomme nd
t hat you i ncl ude it when ope ra t ing in to an antenn a . Thi s wi ll l es sen the chance
f or TVI and wi 11 al l ow you to adher e t o t he FCC regul at ion s for spectra l pur ity .
The fi l t er can be used al so when you use Q2 to dri ve the th ird s tage of our tran s ­
mi t t er . I t wi l l as s ure a c lean wavefor m at t he i nput of the fi na l amp l ifier s tage .

R1 i n Fig 6- 3 has been included f or use as a dri ve co ntro l when you add the l ast
ampl if i er st age. It wi ll permit varyi ng th e transmitt er power over a wide range
for those specia l QRP QSOs you may desir e . It i s used also to preve nt dr i vi ng
t he third transmitter stage beyond t he saturation point . R1 may be i ncr e ased to
500 ohms if you desi re greater power range.

I f you s houl d expe r ience i nstabi lity wit h Q2, try pl aci ng a 3 . 3K-o hm, 1/2- Wres i st­
or i n par all e l with l3. Thi s wil l reduce t he power output s l ightly becau se some
of the RF energy wi l l be di ssipated in t he res istor.

Keep all s ignal l eads as shor t and direc t as practi cab l e. Place the Q2 c ircuit
at l e as t an inch away fr om the Q1 circuitry to reduce unwanted stray coupl i ng
bet ween the ci r cuits. A push-on fi nned TO- 5 heat s i nk i s requi red on Q2 t o keep
it f r om over heat i ng . Us e a thi n coat ing of he at - s ink compound or clear s il i cone
gr ease between t he t r ansi s t or case and t he heat s i nk .

The Fi nal Amplifier Section

Phase 3 calls for bui l di ng a 5-wat t power ampl i fi er (PA). Det ai ls for t his c irc ui t
are given i n Fi g 6-4 .
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Fig 6-4 -- Ci rc u it for the 5 -W c lass -C amp lif i e r t hat r e pr e s en t s pha s e 3
o f t he p rog r e s s i v e CW t ra ns mi tter. Capac it o r s are d is c c e ra mi c e xce pt th ose
f or FL2 , whi ch are s ilv e r mi ca o r po l yst yre ne. The polari zed capa ci t or is
el ec trol y tic o r t a ntalum . Resist or s are 1 / 4 - W ca rb o n film. 0 1 i s a Ze ne r
diode. L8 a nd L9 a r e 0.8 uH (1 4 turns o f no . 24 e n e m, wi re o n a n Ami do n

1 5 0 - 6 to ro id) . L9 is 1 . 6 7 uH ( 20 t u r ns o f no . 24 e ne m, wire o n a 1 5 0 -6 to roi d
co re) . T2 has 1 2 p r i ma ry turn s of no .. 26 e ne m, wi r e o n a n Am id o n FT -37 -43

f e r r i t e to ro i d . S e c . ha s 6 t u r ns o f no . 26 wire. L5 o f T3 is a 1- t u r n , U­
s ha pe d lin k . l 6 has 6 turn s o f no . 26 e n e m, l o oped throu gh an Am i don B l N­
4 3 -202 bin o cu l ar core . l7 ha s 12 tu r ns of no . 2 6 e n a m, wi re. Do t s i ndi ca t e
star t o f e ach wi nd i n g ( o bser ve th is po lar i t y ) . RFC2 has 6 tu rn s o f No . 2 2
e na m. o n an FT-37- 4 3 ferr ite to roid . 21 a nd 2 2 ar e mi ni 850-m u fe rr ite be a d s .
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The amplifier i n Fig 6-4 r eq uire s approx imate ly 0 .4 wat t of dri ve t o produce 5
watts of out put power . A c hanne l t ype of heat s i nk is needed for ke epi ng Q3 cool.
I recomme nd an ext r uded al umi num he at sink no smaller than 4 squ are inches with
a th ick ness of no l e s s than 1/ 8 inch . The bi gger the better up t o an area of 9
squar e i nc hes.

L5 , R2 , Zl and Z2 f orm a negati ve fe edback syst em that level s t he amp li fier gain
and ens ur es s t abi l i ty. R2 determ ine s t he amount of feedback ava i l abl e. The greater
the R2 valu e t he lower the fee dback power. L5 sample s the co l lector current and
di odes Zl and Z2 act as inducti ve reactances in the fe edback path , particular l y
at t he l ower opera t i ng fr equenci e s , su ch as 3 .5 and 7 MHz. This broad band amplifier
may be used on any band from 160 through 10 meters by mere l y changi ng the cons t ants
for FL 2. Normal i zed tabl es f or t hi s fi lter are provi ded in The ARRl Handbook .

Dl pro tects Q3 f rom the effects of high SWR, sh oul d the load become s horted or
open. The diode also protect s th e transi stor from positive voltage s pi kes that
may appear on t he +1 2-V s upply l i ne . The Zener diode doe s not conduct dur i ng normal
conditi ons .

Al l of t he l eads f or L5 , L6 and L7 exit f rom one end of the T3 bal un or binocular
core. The t r ans f ormer may thus be mounted vertically on the PC board . Once in
place it shoul d be af f ixed t o t he board by mea ns of epoxy cement. Thi s will keep
the transformer l e ads f r om br eaking under stress .

This amplifi er may be opera ted l i ne arl y (c l as s A or AS) by lifting the secondary
r eturn of T2 , bypas s i ng it and rou t i ng +0 .7 t o +1 V through t he wi ndi ng t o Q3 .
Thi s bi as volt age s houl d be fair ly "s tiff" (regu lat e d) t o preser ve the li ne ar i t y
of t he amp 1if i er . A heat s ink with no 1ess than g squar e inches of fl at ar ea i s
necessary f or linear oper at i on.

FL2 al so has a l ow-pa s s response . The cutof f f requency i s 8 MHz. I t ensures t hat
all sp uri ous out put ener gy is 40 dS or greater be l ow t he pe ak carri er value. Thi s
meets the FCC r eg ula tion s for HF oper ation.

Rl in Fi g 6-3 s houl d be adj us t e d for t he corr ec t dr iving power f or Q3 of Fi g 6­
4. Increase the dri ve l evel unt il you obtain 5 watts of output power from Q3 .

A l-Wat t CW Tr ansmitt er for 10 &15 Met er s

Wor ldwide communica t i ons are possib le with ver y l ow power i f you operate on 21
or 28 MHz when propagation condit ions are f avor able . A l-watt r i g and a di pole
antenna t hat is hi gh and in the c lear c an provide r emarkab le re sul ts . The circuit
i n Fi g 6- 5 ca n be built on the universa l breadboard if you do not wi s h to des ign
and etc h a PC boar d f or t he proj ec t. Low-cost parts are used in t he c ircuit . It
sh oul d t ake no mo re than a few hour s t o as semble the t r ansmitter and have it i n
oper at i on .

Ql of Fig 6- 5 i s an over tone osc i ll ator . It is followed by a broadband (un t uned )
c l ass - A RF amplif ier , Q2 . The PA stage, Q3 , i s an inex pens ive pl as t i c - cased audi o
transis tor t hat can be purchase d as s urplus f or l e s s th an $1. Output f r om Q3 is
f il t ered by FL1 , a fi ve-elemen t l ow-pas s networ k.

Ampl if ier Q2 i s t he only st age keyed in order t o mi nimi ze the pos sibil ity of ch irp.
Q4 i s a PNP dc switch that has waveform shapi ng components to preven t the si gnal
f r om bei ng c l i cky . The l e adi ng and trai l in g e dges of the keyed waveform ar e r ounded



Fig 6-5 -- Schematic diagram of a practical 10- or 15 -mete r , l- W CW transmitter . F i xed­
va l u e c a pa c i t o r s are disc cera mic un les s o t he r wi s e specif ied . Pola rized capacitors a re
tantalum o r el ectrol y tic . Resis tors are 1 / 4 - W carbon film or c o mpo s i t io n. Cl is a 10-100
pF ceram ic o r mi ca trimmer. C2 = 27 p F fo r 15m and 12 pF for 1 0m . C3 , C4 = 180 pF fo r 15m

(sil ver mi c a ) a nd for 10m , 1 30 pF . 01 is a 3 3 -V , 400 -mW Ze ne r diode . J l is a t wo -ckt ph one
ja ck and J2 is an RCA p h o n e or 50-2 39 c on nector . Ll = 0 .8 uH for 15 m (1 4 t s , no 26 e n e m,

o n a T50 -6 toroid) . Li n k has two turns o f no . 26 wire . Ll = 0 .48 uH f or 10 m ( 10 t s , no
24 e ne m, wi r e on a T5 0-6 t o r oid) . Lin k has t wo tu rns . L3 , L5 = 0 . 2 6 uH for 15 m (8 t s , no .
24 e n a m, o n a T50 - 6 to roid) . L3 , L5 f o r 10 m = 0. 1 9 uH (7 t s , no . 24 on a T5 0-6 c ore) . L4

0 .55 uH f o r 1 5 m (12 t s , no . 24 on a T50~ 6 core ) . L4 = 0 . 4 uH f or 10m ( 10 t s , no . 24 on
a T50 -6 c o re ) . T1 = 12 p r t • t s • no . 26 e na m, o n FT-37-4 3 toroid . Se c = 3 ts no . 26 wi r e .
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Q1 of Fig 6-5 oper at es on t he t hi r d over to ne of crys t al Y1. C1 and L1 f orm a t uned
circuit at t he crysta l ov ertone f requency. C1 i s adjus ted for r el i able oscil l ati on
of Q1 . Gener ally , t his requ i r es that th e tuned ci rc uit be adj ust ed for r eson ance
sl i ght ly above th e over t one f r equency . No ot her transmi t ter tu ni ng i s re qui r ed.

Var io us tr ansi stor s may be used in t hi s ci r cui t . Ther e is no r eason why you can't
use a 2N2222A or 2N4400 f or Q1 and Q2, al t hough t he 2N4401 wil l provi de sl ig ht ly
more gain. A 2N51 79 or 2N5770 may al so be used. A 2SC 779 i s a sui tab le substitute
for the devi ces l i s t ed abov e Q3.

Y1 i s not especi all y cr it i ca1 provided it i s a pl ated 3r d- ov er to ne crystaL The
load capacitance may be 20 or 30 pF. I pre fe r crys t al s t hat ar e in HC-6/U sty l e
hol ders rat her th an t he sma l ler HC-1 8/U t ypes. I do not r ecommend t hat you t ry
to use sur pl us FT- 243 crystal s on their over t one mode . Sl ugg i sh per formance an d
low outp ut f rom Q1 may resu l t fr om thi s pr acti ce .

Ther e i s no r eason why you can't add t he ampl i f i er i n Fig 6-4 i f you wan t to boost
t he power to 5 watts. The only changes r equ i red are for t he components i n FL2.
The Fig 6-5 FL 1 values may be used for t he 5-Wampl i f i er . Do not bunch the filter
component s close t oget her . I t i s bet t er to keep th e toro i ds separ ated by at l east
1/2 i nch and i n a st ra i gh t l i ne . Thi s wi l l help ensur e good input - out put i sol at ion
for FL1 , and hence bet t er harmoni c suppressi on. Too clo se a spacin g l eads to
unwanted stray coup l ing between t he el ement s of th e f ilter . Mak e certai n th at
t he an t enna system pre sents a 50-ohm non r eacti ve l oad t o t he Fig 6-5 transmitt er.
Fi l t er s such as FL1 are desi gn ed f or a speci f i c impedance (50 ohms in t his examp l e) ,
and a mi smat ch can spoi l th e f i lter per formance.

Experi mental TTL IC Tr ansmi t ter

The Spri ng 1990 edition of SPRAT , t he of fic i al j our nal of t he G- QRP Club, carried
a cut e ci rcu i t for a s impl e CWtransce i ver t hat uses two ICs and a pair of diodes.
It was des i gne d by WBIilNQ M f or oper at ion on 40 meter s. The aut hor states t hat it
deli ver s 360 mW of outp ut power when oper ated fr om a +6- V supp ly. The t r ansmi t t er
circuit i s worth pr ese nt i ng here , should you wi sh t o exper iment with TTL chi ps
for RF serv i ce. Fig 6-6 shows th e circui t .
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Fig 6 - 6 - - Di a gr a m of the TTL QR P t ra nsm i tt e r .
Ll i s a s l u g - t u ne d l - uH i nd ucto r. Ca pa c ito rs
a r e d isc c e ra mi c. Res i s to r s a re 1 /4~W c a r bon
fi l m o r compos it io n . Yl is a fu ndam en t a l c rysta l
t o r 7 MHz . U2 need s a he at si nk f or +6 V ope rat ·
i o n , b u t no t tor + 5 -V u s e. Power o ut put is

3 50 mW a t + 6 vo lts .
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I want t o stres s that I have not t ried t he circu it i n Fig 6-6 . Were I t o put it
on t he air I woul d def inite l y add a har mo nic fi lter after t he pi networ k. I pr es ume
t hat t he c ircuit ca n be keyed by breaking t he +6-V l ead t o pin 14 of Ul . Yo u may
wis h to key t he Ul pin 7 l ead in s t ead . Cer ta i nly, t hi s l i tt le t r ansmitt er coul d
be use d ni ce l y as a mi ni at ur e emergency ri g fo r hi ker s and campers .

A Simple 1.5 Wat t er fo r 30 Meter s

Fi g 6-7 i s t he c i rcu i t f or a pract ica l CW t r ansmit ter t hat uses only two trans­
i s t or s . I t deli ver s 1. 5 wat t s of out put power when a +12 . 5- V dc su pply is used .
The ci r cuit is a var ia t i on of the popul ar "Cu bi c Incher" th at was pr esent ed in
Jul y 1982 QST by D. Montice ll i, AE6C . Inf or mat ion conce rnin g 40- and 80- mete r
operat i on may be obta in ed f r om the 1990 ARRL Handbook, page 30- 41 .

My vers ion i nclu des CW wavef or m s hapi ng vi a a PNP keying switch. I al so i nc l uded
a ha l f- wave harmoni c filter at the tran smitter output. All spuriou s energ y i s
40 dB or gr eat er be l ow pea k car r ier val ue . The key i ng tran s i stor may be e l i min ated
if you key the +12. 5-V 1i ne to Ql. The CW not e wi 11 be somewhat hard (c 1i cky )
without the keyi ng trans i s t or, Q2. I have no reaso n to doubt t hat th i s c i r cuit
can beu sed success f ul ly on 20 meter s if appropr iate chan ges are made t o th e t uned
ci r cuit , the va l ues of Cl and C2 and FL1 .
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Var i ous types of tr ans is tors may be used at Q1 and Q2 pr ovi de d t hey have similar
e lectr ica l characteris t ics. An MR F472 i s a good s ubs t itu t e for Q1. Li kewi se f or
a 25C799 . The 25C devi ces are ava i la ble from ORA Elect r oni cs i n Chatswort h, CA
91313 and from Oak Hi 11s Research, 20879 Madi s on , Bi g Rapids, MI 49307 . Any PNP
transistor th at can handle 0.5-A or greater may be us ed for Q2.

C1 and C2 in Fig 6-7 are feedback capac itor s . The C2 val ue may be i ncr e as ed if
you r cr ys t a l does not oscillate when T1 is tuned t o the operating freque ncy. Adju st
C3 for a chi r p- f r ee CW note, cons istent wit h opti mum RF outpu t power. Adj us tment
of C3 wil l cause s ome change in t he operating fre quency. Z1 . i s a mi ni ferri te be ad
(85 0 mu) . It he lps prevent VHF se lf-osc i llation. Likewise for t he 33-pF capac itor
from t he Q1 collector to ground.

Q1 draws 100 mA ( key down ) when Y1 i s removed. Operati ona l key - down current is
200-250 mAo The transmi tter effic iency i s roug hly 52%. Out put power is 1 .75 W when
a 14- V power supply i s used . The waveform has a 5 ms r i se and fa l l t i me.

A small heat s i nk i s requ ired f or Q1. I us ed a 1- 1/ 2 i nch piece of har dwar e s t or e
al um i num ang le s t ock. The mat e ri al is 1/ 8 i nch thic k . No heat s i nk is needed f or
Q2 . My trans mitter i s built on one of the un i vers al PC boards described earl ier
i n th is book . (ava i labl e f r om FAR Ci rc ui ts) .

A 10-W Li near Ampl i fi er for CWor 55B

Alt hough it i s pos sib le to use bi pol ar t r ans i s t or s or power FETs i n para l l e l t o
obta i n i ncre as ed RF out put power , a better sc heme i s t o us e t wo devi ces i n pus h
pull . Thi s ma kes the indi vi dual col lector i mpe dance s high er , and th er ef or e easier
to mat ch to t he lo ad . Al so, t he pUSh-p ull arrangement tend s to cance l even harmoni cs
of the operating frequ en cy . Fi g 6- 8 shows t he c ircuit for a practi c al 10-W l inear
s ol id -s tat e ampli f ier. I t may be used from 1.8 to 30 MHz by onl y changing the FL1
c ircu it cons t ant s f or t he band of choi ce . A group of harmoni c f ilters may be band
switc hed at t he out put of T2 t o prov i de mu1ti band oper ati on. The swi tch in g process
i s uncompli cated, ow i ng t o the 50-o hm termi na l imped ance of t he filte r s. A two
pol e , mu 1t i pos ition ro tary waf er switch may be us ed f or th is purpose .

T1 and T2 i n Fig 6-& ar e broadband t r ans f or mer s th at are wound on 850- mu ferrite
cor es (Ami don no . 43" mater i a1) . T1 mat ches t he 50-ohm source t o t he bases of Q1
and Q2 . T2 matche s the Q1 and Q2 col lectors to the 50-ohm harmoni c fi lter.

C1 is a r eac t ance compensat ion c apacitor that he lps ensure a low 5WR bet ween the
s i gnal so urce and the amplifier. C2, C3 , R1 and R4 ar e used in gain-leveli ng net ­
work s . In effect, the amp1i fi er rece i ves maxi mum dr i ve at t he upper end of the
HF spect rum, whereas the dri vi ng power de cli ne s (a t t he Q1 , Q2 bases) as t he ope rat­
i ng frequency i n MHz i s l ower ed . Thi s he l ps to assure uniform amp 1if i er out put
power ac r os s the MF and HF s pectrum. R2 and R3 are us ed t o de -Q the amp l if ier input
circuit for s tab il i ty enhancement. They hel p t o l ower t he Q of RF c hoke s RFC1 and
RF C2 .

In or der t o estab l is h l i ne ar i t y i t i s ne ce s s ar y to apply forward bias t o the amp ­
li fi er t r ans i s t or s . This is accompl is hed by way of 01. It sets the base bias at
+0 . 7 V and caus es a r est i ng collector cur r en t to flow fo r c las s AB operat ion. C8
char ge s and helps t o st abi l ize t he f or ward bias .

Ne gati ve f eedb ac k is provided by me ans of R6 , Z1 and Z2 . The f eedbac k also he l ps
t o equal i ze t he ampl i f i er gain f rom 1.8 t o 30 MHz, whi le a i di ng t he sta bi l ity .
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TABLE 6-1

BA ND C4 , C7 (pF) C5 , C6 ( pF) L4, L6 (u H) L5 (u H)

80 510 1300 2 . 64 , 21 ts . 3 .26, 24 ts no .
no . 24 on T68- 2 24 on T68-2 toro id .
t oroid .

40 330 750 1 . 5 , 16 t s . no . 1 .79 , 18 t s . no . 24
24 on a T68- 2 on T68-2 t or oi d .
t or oid .

30 180 470 0 .95 , 14 t s . no . 1 .1 9, 16 ts . no . 24
24 on T68-6 core . on T68- 6 t or oid .

20 180 390 0 . 77 , 13 ts. no . 0 .90 , 14 t s . no . 24
24 on a T68 -6 on a T68-6 toro id .
t oroid .

15 130 270 0 . 53 , 11 t s . no . 0 . 6 , 11 t s no . 24 on
24 on a T68-6 a: T68- 6 to ro id .
tor oid .

10 82 180 0 . 36, 9 ts . no . 0. 42, 10 t s . no 24
24 on a T68-6 on a T68- 6 t or oid .
t oro i d .

Comp onen t valu es f o r F L1 o f Fi g 6 -8 . The s e 7 - el e ment l ow - pa s s f i l t er constants
we r e d ev el oped a round s tan dard-v alue ca pac it ors by E . we t be r ho L o , W3N QN. F i lte r
c uto f f freq uencies from 8 0 t hr ou gh 1 0 me t e r s . respe c t i ve ly , i n MH z , are

3 .8 1 . 7 .23 . 1 0 . 3 3 . 14 . 4 . 2 1 . 4 8 a nd 30 . 9 . Va l ues f o r 12 . 1 7 and 16 0 me te r s

ma y be obt a in e d f rom th e norm al iz e d f i l t e r t a b l e s in The ARRL Ha nd boo k.

The Fig 6-8 amplif ier may be built on doubl e-s i de d PC-board stock . Iso lated pads
can be etch ed on one surfac e of t he board , or t hey may be estab l i s hed by way of
a hobby motor wi th a smal l cone -sh aped abr as i ve bi t . Al l of the compo ne nts ca n
be mounted on the et ched s ide of th e board .

Ql and Q2 requ ire a fa i rly l ar ge he at s i nk for li near s e r vice . I r ec ommend t hat
you us e an ex tr uded alum in um sink t hat has an area no l e s s than 16 s quare inc hes .
The TO-220 trans istors must be in sul ated from the he at s ink by means of mi c a wafe rs
and ny l on insu lating washer s . Heat- sin k compound i s nece s s ary be t ween the tr ans­
istors and the hea t sink .

Ql and Q2 are Motor ola Cit izen ' s Ban d tr ans i stors . They ar e c apable of deli verin g
in excess of 5 watts of out put ap i ece . Power output fr om thi s c i rc uit may r each
15 watts wi th a 14 . 6- V dc su pp l y . Effi ci ency is approxi matel y 55%. Mi nimum driv i ng
powe r (P in) is 0 .75 W. Full output power will occur with 1. 0 t o 1 . 5 watts of exc it ­
at i on power into Tl , A regulated +1 2- volt power supp ly t hat can del iver 1 . 75 A
or gre ate r i s requ ired f or t hi s amplifier . 01 , a 2- A, 50-P IV rec tif ier diode,
draws par t of the overall ampl ifier current. Al l spuriou s out put from t he Fi g 6­
8 ampl i f i e r is 40 dB or greater be l ow pea k output power .
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Deta iled i nf or mat i on about how to de s i gn an SSB t r ansmitt er , along with practica l
circuits, was presented i n QST by myse lf. See Sept , , Oct., Nov. and Dec . of 1985
QST. The f i na l i ns t all me nt of "Pr i nc i pl e s and Bu i ld i ng of SSB Gear" was publi sh ed
i n Jan. 1986 QST .

Comp Iete i nformat i on and PC - boa rd patterns f or a 60-watt so l i d-state amp 1i fi er
are available f rom Motor o l a , P. O. Box 20912 , Phoeni x, AZ 85036. The En gi neerin g
bulletin i s entit l ed "60 Wat t VHF Amp l if ier , " no. EB-93 . A 1.8 to 30 MHz 600- W
power FET l i ne ar ampl i fi e r is tre at ed i n detail in Mo t or o l a EB-1 04 . Also , numer ous
pract ica l circuits and PC l ayout s f or HF- band amplifi ers ar e f oun d i n t he Motorola
RF Devi ce Data book, no . DL1 10.

25 Watt Power FET Amplifier

There are many power FETs t hat wer e not des i qned for RF. servi ce. These devi ces
are in tended pri mar i l y f or ac .and dc switc hi ng and co nt r o l serv ice . A number of them
work wel l at MF and HF. Two l ow- cos t IRF511 swi tching FETs are us ed in t hi s c ircu i t .
They wi l l de li ver up t o 25 wat t s of RF out put after f ilter i ng when used i n para l le l .
Fi g 6-9 i l l us t r at es the circuit .
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ceramic . Po l ar i z ed u ni ts a r e ta ntal um o r e l ec tro l y tic. Res isto rs are 1 /4 ­
o r 1 J 2 - W ca rbo n f i lm o r compos itio n . 0 1. 0 2 and 03 a re Ze ne r di ode s. RFCl
has 8 t ur ns of no. 2 2 e n e m, wi re o n an FT-50 -4 3 t oroid. T1 has 1.2 se c. turn s
of no . 26 e ne m, wi re on an FT-50 -4 3 to roi d . Pri. ha s 6 t u r ns o f no. 26 t o
cover al l o f t he sec . wi nd i n g . T2 p r L , ha s 2 tu rns o f no. 24 ho o kup wir e
o n an Amido n BN- 4 3 - 3 3 1 2 ba l u n c o r e . Se c . ha s 4 t u r n s of no . 24 e n e m, wi re.
0 1 a nd Q2 a re in su la ted f rom t he hea t s i n k. or the sink mus t be in su l a t ed
f r o m t he PC bo a r d ground bus. Hea t - s ink a re a i s 1 2 squa re i nch e s o r g r ea te r.
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You may use the filter constants i n Tabl e 6- 1 for t he FET amp lifier in Fig 6-9.
The normal ized low-pass filte r tables that are pr-esented in The ARRL Handbook may
be consu lted , shculd you wish to design yo ur own f i lters.

The two 10-ohm gate res istors are for l owe r i ng t he input-c ircuit Q and to serve
as VHF parasitic suppressors . They need to be placed as close to the Q1 , Q2 gate
pins as possib le . 01 protects the del icate transistor gates from excess P-P vol tage
(posit ive excursions) . R1 estab lishes t he amp lifier i nput impedance at 200 ohms.
R2 and R3 serve as ballast resistors whic h tend to ba lance t he currents of the
two trans istors so that one won't draw more current (current hogging) than the
ot her when the trans istor ga i ns aren 't c losely mat c hed .

02 is a back-up protection Zener diode. Q1 and Q2 have bu i lt i n 50 -V Zener diodes
from drai n to source. Thi s di ode i s probab ly not necess ary . The forward gate bi as
may be c hanged i n accordance with t he class of service you desire f or this amp lif ier.
I use +2 V for CW operat io n and 3.5 V fo r line ar service. The rest i ng drain current
(no s ignal) for l i ne ar ampl if icat io n s hou ld be 100-150 mA for the pair of IRF511s .
The amp li fier in Fig 6-9 has an eff ic iency of 70% .

. ,
The performance of t hese particu lar FETs is poor above 10 .1 MHz . Eff iciency drops
quickly at 14 MHz, and decl ines as t he operating f r equ en cy is , increased . N7RK at
Motoro la suggests t he MTP3055 E as a more r ugged subs t it ute for the I RF511. The
maximum power-d iss ipa t ion r atin g for t his trans is to r i s 40 Wand the ROS(o n) i s
a mer e 0 . 15 ohm, which sugges ts t hat i t shou ld be an excellent performer at HF .
It is a l so a low-cost switc hing FET . Power FETs t hat are designed for RF service
at HF an d VHF are very costly.

Un like bipo lar RF power de vi ces , power FETs do not oper ate eff iciently at red uce d
dr a i n- sour ce voltage . For examp le , an IRF511 del i ver s a maxi mum outpu t power of
rough ly 5 watts at +13.6 V, whereas it can yie ld up to 15 watts of output power
at +24 V. The l ower ope r ati ng voltages cause t he device to saturate qu ic kly (no
furt her increase i n output power) even t houg h t he same amount of driv ing power
is app lied . I nc r e as i ng t he f orwar d bias, an d he nce the res t i ng dra i n current , will
increase t he out put power , but the eff icie ncy will be very poor.

A Switch-Around 15- W, 2-Meter Amplif ier

It i s conven i ent and somet i mes necessary to e 1ev ate t he output power of a 2-meter
FM han di-talkie from one or two watts to 10 or more watts . This can be done easi ly
wit h a s ingle VHF power t rans istor suc h as the Motoro la MRF262. A c lass-C amplifier
i s su itab le for CW and FM ampl if icat ion , but not f or SSB operat ion . The c ircu it
in Fig 6- 10 is a practical example of such an ampl i f i e r . A l es s e laborate version
of t hi s amp lif ier was presented i n QST for August 1984 by W1 FB ( "Some Basics of
VH F Design and Layout" ) .

It is necessary t o employ an RF-sensed TR switch when you operate a handi-ta lkie
in t o an external amp lif ier . This featu re i s inc l uded i n the Fi g 6- 10 c ircu it . Also ,
effect ive har moni c filter ing i s used at t he amp l if ier output to ensure purity of
emissions i n accordance wit h FCC r equ l at i ons . Photographs of the amp lifier are
prov ided in t he August 1984 i s s ue of QST. .

The amplifier may be dr i ve n to 10- W output wit h an RF input power of 1 W. A 2-W
handi-ta lk ie wil l increase t he amp lifier output power to 15 W.
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Fig 6 - 10 Pr a c t i c al 2- mete r s wit c h- th ro u gh 15- W a mplif i er. F i xed-val ue

ca paci to r s are d i s c ce r a mic un l e ss othe rw i s e n o t e d . Al l FL1 ca pacito rs a r e
silv e r mi c a . Po l a r i z e d capaci to r is ta nta l um o r el ec t roly tic. Th e r e s i s t or
i s a 1 / 4- W c a r b o n f i l m u ni t . Cl and C2 are 1 0 - 100 pF ce r a mic o r mica c o mp r e s s ­

io n . C3 i s a 2-2 5 p F ce ramic o r pla s t i c t r im me r. 01 . 0 2 and 03 a re 1 N91 4 s .
J 1 and J 2 a re t ype BNC or 50- 239 , chass i s moun t. K1 is a OPOT 1 2 - V d c min i

r ela y. L1 and L2 ha ve t wo tu rn s of n o . 14 wi re. 5 /16 " 1 0 b y 3 / 8" lo n g . L3.
L4 and L5 h av e f ou r t u r n s o f no . 20 e ne m, o r bu s wi re. 5 /16 " 10 by 3 /8 " lo n g .

S h i e l ds ar e used between L3 . L4 and L5 . 2 1 u ses f i ve mi n i 40 -m u Amid o n fe rri t e
bea ds (no . 64 mate r ial) on a p iece of b u s wire . 22 is a s i n g l e 850 -mu mini

be a d tno • 43 mate rial) . 23 " c o n s i st s of f o ur mini bea ds . 850 mu , no . 4 3 mix.
RFC1 ha s 1 3 c lose -woun d t u r ns o f no , 24 e ne m, wi re o n t he body of a 1 / 2 - W.
5 .6 K-oh m ca rbo n co mposition r e si s t o r. The e nds of t he ch oke win di ng a re
common t o t he r e s i s t o r pig t a i l s .

RG- 174 coa x i a l cab le is us ed f or t he s ignal leads in t he abo ve circ uit. The shield
braid of each coaxia l l i ne should be grounded at ea ch end. A heat s i nk with no
les s than g squar e inches of flat area, 1/ 8 inch Dr greater t hi ck ne s s , is requi red
for Ql of Fig 6- 10 . All s ignal l e ads must be as short and direc t as you ca n make
them . The PC- boar d cond uc tors s houl d be wid e i n or der t o minimize unwanted stray
i nduct ance . A PC -board e t c hi ng t empl at e and par t s - pl aceme nt guide f or t he bas ic
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ampl if i e r was publ ished in t he W1FB Aug ust 1984 QST art ic l e . FL1 may be built in
a sma11 s hi e 1d box made f rom doub 1e-s i ded PC - boa r d s ect i ons . The re 1ay sens i ng
and cont r o1 ci rc uit can be as s embled on a small pi ece of perf boa rd or r egul ar
PC boa r d .

Adj ust C3 for maximum c apac itance before t e s t i ng t hi s ampl if i e r . Next, apply 1­
watt of exc it at i on whi l e a 50-ohm dummy antenna is connected t o J 2. Adjust C1 and
C2 f or max i mum outpu t power as i ndic ated by an RF wattmeter or RF pr obe . Adjus t
thes e tr immers a s ec ond t i me t o compensate fo r any i nt er ac t i on that may occ ur.
Fi na lly, adj ust C3 fo r t he l e as t capac itance t hat wil l ensu re re liab le tri ggerin g
of K1. This ad ju stmen t wi ll need to be repea t ed i f yo u i ncr e as e the dr i vin g power
t o two wat t s . Li kewi se with the s ett i ngs of C1 and C2 .

Tran s istors other t han the MR F262 may be used at Q1 i f t hey have s imi lar ch ar acter ­
i s t i cs . A 2N2222A or a 2N 4400 may be used fo r Q2 .

A 1.5-Watt 40-Met er CW Transcei ve r

. . .. It i s co nve nien t and f un t o c arry with you a smal l, l ow-power transcei ver wh en
on vacat ion, campi ng or hikin g. I deve lope d t he circuit i n Fi g 6-11 for t hos e t i me s
when I am af ie l d and have access to a 12- V ve hi cu lar or boat battery . Yo u will
note the rel ati ve s implicity of the c i rc uit. The low parts count and cos t r esults
from t he us e of a DC recei ver and cryst al control .

The Recei ver

A doubl y ba l anced product detector i s used at U1 . Thi s popul ar NE602 provides high
convers i on ga in and by vi r t ue of be i ng a doub ly balanced detector it does a ni ce
j ob or r ejecting AM signa ls th at genera ll y blanket DC r ecei vers tha t have suc h
detectors as the 40673 or s imi lar dual -ga te MO SFETs . A l ow-n oi se , hi gh- ga in audio
pre amp f ol l ows t he de t ect or (Q1). A 741 op amp, U2, pr ovid es more th an amp le aud io
gain f or dr i ving a pai r of 8- ohm headpho nes . Transmitting cr y stal Y1 i s "r ubbere d"
during recei ve t o provide RIT action when Q2 is us ed f or i nj ect i ng the U1 detector .
RIT (VX O) cont r ol is by me ans of C2 1 , a 100 - pF min i t unin g c apa citor. The loca l
os c i l l at or , Q2 , is swi tc hed f or non -VXO us e dur i ng tr ansmi t by Og and 010 . A side­
tone s i gna l for mon itor i ng your s endi ng i s routed to U2 dur i ng transmi t.

Transmitter Circuit .

The loca l osc i l la tor out put i s rou ted t o Q3 via tu ne d t ransformer n . You may su b­
s t it ut e a 2N3553 trans istor for t he NEC 2SC799 de vice shown i n Fig 6-11 . A heavy­
duty a l umi num press-on he at sink (TO- 5) i s requ ired if you use a 2N3553. Output
f r om Q3 i s fil tered by FL1 . Q2 and t he s i detone os c i l l ator (Q5 and Q5) are keyed
during t r ansmit. SWR prot ecti on for t he f i na l ampl if ier , Q3, i s en s ur ed by Zener
diode 05.04 pro tec ts t he t r ans cei ver from a cr os s - po l ar i zed connect io n t o t he
power su pply .

Tr anscei ver Performance

The r ece iver i s sensiti ve enoug h to make a 0 . 1- uV s ignal j us t discernibl e above
t he rece iver noi s e flo or. Du r in g te s t i ng I act ua lly hear d some CW signa l s with
the ant enna di sconnec ted from t he tran scei ve r . Touchi ng my fi nger to front -end
pr ot ect ion diode s 01 and 02 cau sed these s i gna ls to be quite loud .
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Fig 6 - 1 1 - - B l o c k d iag ram o f t he 40-met e r CW t r a ns c e i ve r. The ar row s indi ca te
the di rect io n of si g nal and d c cu r rent f l o w. 02 and Yl op e r a t e a s a VXO d u ring
re c ei ve t o p r ovid e the RIT fun c t ion . D9 and Dl0 d i sable th e VX O c i r c uit du r in g
t ransmit to allo w 02 to ope r ate a s a st rai g ht c ry sta l -c o nt r ol led os ci l l a to r .
The NPN dc swi tch . 06, sho rts o ut t he keyi ng li ne duri ng r e c e i ve to a llo w
02 to oscil late con ti nuo usly. A d iode g a t e ( 0 6 ) p r e ve n t s t he s i d eto ne oscil l ­
ato r from f u nc ti on i ng when 06 i s in th e ON state .

The block d i agram abov e s hows how t he t ransce iver c i rc uit s mate with one anot her .
TR switc hi ng i s done by means of 51 , a DP DT toggle switc h . Diode and bipolar- tr an s ­
i s t or switc hing is i nit i ated a l so when 51 i s cyc led fr om t r ans mit t o rec e ive.

Fig 6-1 2 s hows t he rece iver por tion of th e c irc ui t. Thi s part of t he transce iver
may be bui lt as a sep arat e recei ve r i f yo u wish. A t unab l e os c i ll ator ( VFO ) can
be su bs t ituted f or t he crysta l os c ill ator i n Fi g 6-13 to prov ide f ull cover age
of t he 40 - meter ba nd, or a differ en t ba nd of yo ur c hoi ce. The onl y ci rcui t c hanges
necess ar y for receiv er operatio n on 160, 80, 30 or 20 me t e r s i nvol ve the i nput
tuned circuit (C1 and T1 ) and t he pro pe r cho i ce of VF O operating fr equ ency .

The 2N5089 used at Q1 i s a l ow nois e , high ga i n audi o t r ansistor. I chos e it in
the i nteres t of mi ni mum rece iver nois e . Ther e i s no r eas on why you c an 't subs t i tu te
a 2N3904 or similar tr an s i stor fo r the dev i ce sp ecif ied . A f ur t he r redu ct ion of
receiver no i s e (h i s s ) may be poss i bl e by us in g a biFE T op-amp at U2 .
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F i g 6-12 -- Schem a t i c d ia gram of t he r e ceiver se c t ion

o f t he 4 0- me t e r QRP t r a nscei ve r . F ixe d -v a lu e c a pa c it o rs
are di s c c e r a mic. Pol a r iz ed capaci t ors a r e t ant a l u m
o r e lectr o lytic . F i x e d - v a l u e res ist o rs are 1 j4 - W c a rbon

fi l m o r composi t i on . Cl is a 10 -100 p F t r i mme r . R6

is a 10K-ohm audio-taper pan e l-mount c a rb o n c omposition
control. T1 ma i n windin g is 3. 7 5 u l-l , Use 30 t s , no .

26 e ne m, o n an Ami do n T50-6 tor oid . Tap a t 4 t s • above
gnd . Se c on d a ry wind ing s co nt ai n 8 bi f i l a r tur ns o f
n o . 3 0 e n e m, ( obser ve po l a rit y o r phas ing dots ). T2

is a Mouse r no. 4 2 T L02 1 4K o h m c . to t o 600 ohm c . to
PC- mo unt a u dio t ra ns fo r me r o r e quiva l e n t . Second ar y
c e nte r tap no t u se d. C5 a nd C6 t u ne t he T1 p rim ar y
to 7 0 0 Hz to ai d CW s e lect ivity . C15 r ol l s of f th e
high -fr equen c y re spo nse .
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The tr ansmitter and sidetone section of the transcei ver is sho wn in Fig 6- 13. When
Og and 010 are i n the OFF state the osci llator becomes a VXO by virtue of C21 and
RFC1 . Thes e reactances i n the crystal ground path make it possibl e to shift an AT­
cut pl ated cryst al some 7 kH z at 40 meters. The diodes are switched on durin g t rans ­
mit vi a S1B , at whi ch time they conduct and shor t out C21 and RFC1 . Y1 sho ul d be
cap ab l e of be i ng shifted appr ox i mat e l y 1 . 5 kHz above the marked va l ue when t he VX O
i s engaged . Thi s allows the circu it to be used as an RIT during r ec ei ve -- a need ed
featur e whe n s omeone answers your CQ and is not exactl y on your frequen cy . .

The LO , Q2 , i s emitter keyed during t r ansmi t. The sidetone osci llat or (Q4 and Q5)
i s keyed al ong wi t h Q2. NPN switch Q6 is turned on by S1B during rece i ve t o comp lete
t he emitter circuit of t he osci llator . Gat ing diode 06 prevents the sidetone os c­
ill at or from rece iv i ng + voltage f r om t he emitter of Q2 during key-up . C36 r ounds
off t he sharp edges of t he keyed waveform to prevent c lic ks.

R19 is a de-Qing base resistor to enha nce t he Q3 stability . 05 protect s Q3 f rom
SWR dam age or sp ikes that may appear on the +1 2-V supp ly line . It doe s not conduc t
unt i 1 t he pe ak co 11ector voltage reac hes 33 . Normal pe ak co llector volt age is 24 .
FL 1 s uppr es s e s harmonic currents and mat ches the Q3 co llector to a 50-ohm ant enna
l oad .

Q4 and Q5 form a multi vibrator for which the operating f r equency i s appr oxima t el y
700 Hz. Outpu t from the sidetone osci llator is routed to the 741 op amp , U2 , t o
pr ovi de a 700 -Hz tone for mon itor ing your sending . R20 is adjusted for comf ortable
headphon e volume while listening to the sidetone .

Power output f rom t he transmitter is 1 .5 wat ts when a 12 . 5- V power suppl y i s us ed .
Ther e is a 0 .7-V dr op across pol ari t y- guar di ng diode 04 . Tota l t r ansce iv er dc curre nt
wi t h th e key down is 190 mAo At +13 V the current increases to 210 mA and th e out ­
put power ri ses to 1 .75 W. The transceiver draw s roughly 55 mA during r ece i ve.

You may want to build only the transmitter port ion of t hi s tran scei ve r . It may be
used on 160 , 80, 30 or 20 meters by changing the Q2 tuned ci r cui t (C2 and T3 ) accord­
i ngl y . It should res onate at th e crystal frequency . FL1 wil l a l s o need t o be mod if­
i e d fo r the band of operation . Yo u may use the normalized fi lter tabl e s i n The ARRL
Handbook to obt a i n the new FL 1 values. RFC 1 shou ld be i ncreased t o 100 uH f or 160
and 80 meters . Use a 15- uH RF c hoke f or 20-meter operat ion .

R19 may r equi r e changing for var ious other frequencies . I suggest 10 ohms f or 160
and 80 meters , and 47 ohms for 20 met er s . The indicated val ue is okay fo r 40-met er
ope ra tion .

C22 at Q2 act s as part of a feedback network in combination with the intern al ca pac i t­
ance of the t ransi s t or. The C22 val ue wi ll need t o be i ncr eas ed t o 220 pF f or 80
me t er s and 470 pF for 160 meter s . A 56-pF va lue shou ld be correct fo r 20 meter s .
Experiment wit h the C22 value unti l you obt a i n re li ab le osci ll ator s tart i ng and
ch i rpl ess keying . The tun ing of C23 also affects the keyed wavefo rm. It sho ul d be
s e t fo r a chi r p- f r ee note , cons i s t ent with maxi mum Q3 power output .

A number of crys t als may be us ed at Y1 if you add a crysta l-se l ector swit ch . The
l e ads f rom t he swit ch t o the crystals and PC board sh ou ld be sh ort and direc t if
thi s is done . The lower the operating f r equency (80 met er s , for example) the les s
f r eq uen cy s hif t fo r Y1 . A typica l VXO s hi ft on 3 . 5 MH z i s 1 . 5 kHz . At 20 meter s
it may be as gr e at as 15 kHz .
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view e d f r o m t he co mpon e nt s i de o f t he boa rd. Wl ma y b e o mi tt e d i f bot h b a b d 9
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e l e ctr o l y t i c c ap ac ito r s sho u ld be in stal l e d i n a c c o rd a nc e wi t h th e po l arit y s ho wn .
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Fig 6-15 -- Scale pattern o f the etched side ot the
transcei ver PC board. The notched areas at the top
and bo ttom of the pattern were made t o a llow the

bo a r d to fit into a Pac-Tee plas tic utilit y bo x .

The PC board in Fig 6-15 is available as a drilled and plated i t em from FAR Ci rc ui ts ,
18N640 Field Court, Dundee, IL 60118. I do not recommend that you attempt to build
this project on the universal PC board described earlier i n this book . Perf Board
or "ugly construction" is not recommended e ither .

CW select ivity may be enhanced considerably if you use a two - or three-pole RC
active audio f ilter at the output of the receiver (J1 of F i g - 6 ~ 1 1 ) . Fig 5-18 s hows
the circuit for a four -po le RC active CW filter that may be used with thi s t rans ­
cei ver .

Many of the components for the 40 -meter trans ceiver are availab le by mail fr om
Oak Hill s Research, 20879 Madison Ave . , Big Rapids , MI 49307 (KE8KL) . For example ,
mini tri mmers C1 and C23, the transistors, RF chokes , diodes and numerous ot he r
components are available from that source . A catalog is availab le in r e t ur n .t or
an s .a .s .e . wi th 50 cents U.S . postage . QRP CW transmitter kits are a l so available
from KE8KL.

Double Sideband Suppre s s e d Carr ier Gear

We can bui ld simp le DSB (double sideband) equipment for experimental low-power
app lications . I certainly do not recommend th is type of gear for day-t o-day fi xed­
station use . Spectrum conservation ru les out the use of any double -sideb and equi p­
ment in our HF bands . Good carrier suppression (50 dB or greater) i s also import­
ant in terms of spectrum conservation . However, QRP DSSC transmitter s may be use ­
ful to t he hiker, camper or user of emergency equipment . The relative s i mplicity
of DSSC gear , along with the l ow cost of the pac kage , appea ls t o many builders .
Carr ier suppression may be as great as 40 dB, but mor e typica lly it is on the order
of 30 dB . Equi pme nt that produces l e s s than 10 watts of RF output power i s sel dom
offe nsive whe n operated in the DSSC mode . QRM from the unsuppre s sed sideband is
minima l un less you l i ve very c lose to another ham who chooses to operate near your
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f requency . I t is i mpor t ant t o be aware that two DSSC t ran smit te r s and t wo DC rec­
ei ver s in a single communi c ati ons ci r cuit are unsat isf actor y . Ei t her one i s suitable,
however , whe n us ed wi t h a stat ion t hat is equ i ppe d fo r SSB tr ansmi s si on s or r ec ept­
i on . The lack of compa t i bil ity be t ween t wo DSSC t r ans mit t ers and two DC receivers
r esults f r om t he tr ansmitter pro duc i ng both US B an d LSB ener gy whi l e t he DC
receiver res ponds to or copies both s i de ba nds . at the s ame time .

The ad vantage of DSSC t ransmis s ion i s that the s igna l i s devel oped at the chosen
operat i ng f r equency rather th an bein g heterodyn ed to a se l ected f r e quen cy . Also ,
t here i s no crystal or mechanic al f i lter used . The l ack of a f i lter i s part of
the reason why the carr i er s uppr ess ion i n a DSSC t r ansmitter i s not as effective
as it i s in an SSB tr ans mitter . In other wo rd s, t he filt er get s r id of s ome of
t he carr i er ener gy along wi t h t he bal anc ed modul ator.

22 uF / 16 V

FLl
RFC I
1 " H

LO -Z
MI C ~I+

BAL MOD

LO
IN PUT

T1

II

+1 2 v O---~

uF

u F
V
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+ 47K
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lOOK
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16 V

0. 00 5

~
II FL2

0 .01

~

Fig 6 - 16 -- Ci rc ui t fo r an e x pe ri me ntal DS SC e xcit e r . Capa c i t or s are di sc

ce ramic . Pola r i z ed uni ts a re ta n ta l um or el ect roly t ic . Res is to rs are 1 /4 ­
W car bon fil m o r co mpos i tio n. Cl a nd C2 ar e sm a l l c era mi c t ri mmers . 0 1 and
0 2 are HP- 2 800 ho t -ca r r ie r d i od e s o r lN91 4 s ma t ch ed f or f wd resista nce . Rl

i s an a ud i o t a pe r c ar bon co nt rol. T1 ha s 1 2 tr i fi l a r turn s o f no . 3 0 e n e m,

wire on a n FT - 3 7-43 t or o id . T2 ha s 1 2 pr i t u r ns o f no . 30 e n em , o n an FT­
37- 43 fer r ite toro id. Sec ha s 6 t u r ns o f no . 30 e na m. wire.
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Fi g 6- 16 s hows a c i r cuit I have use d as a low-l eve l OSSC generator . FL 1 preven ts
RF energy from en te r i ng the aud i o c i rc uit via th e mic cord. It does not i mpai r
the f requency re spons e of t he audi o system i n t he voi ce communi cation range . Op
amp Ul deli ve r s audio energy t o t he bal anced mod ulator , 01 and 02 . FL 2 pr event s
RF ener gy in Tl from f lowi ng i nto along t he au dio l ine. 01 and 02 s houl d be c lose ly
mat ched in order to ens ur e good carr ier su ppression . The T1 , 01 and 02 circuit
l ayout needs to be as symmetr ical as t he art permits t o aid carri er su ppress ion.
Cl and C2 compensate for c ircuit imbal ance . Only one tr immer may be required. Adjus t
Cl and C2 for maximum carr ier suppr es s ion, s tar t i ng with t he tri mmers at min imum
c ap acitance. Yo u may e l i mi nat e t he tr i mmer t hat has t he l e as t or no effect. Q2
and Q3 ar e li ne ar broadband ampl i f ie r s. Wit h t he f eedb ack networ ks shown they ha ve
an i nput i mpe dance of 50 ohms and a collector i mpe dance of 200 ohms. Ql and Q2
are c apabl e of so me 15 dB of ga in eac h. Output from T2 i s at 50 ohms . Power output
from Q3 i s approximately 50 mW.

The Fi g 6-16 c ircu it may be us ed as s hown from 1 . 8 t o 30 MHz . Car r i e r suppre s s i on
become s mo r e crit ica l ( layout and adju s t men t s ) as t he operat i ng fr equency i s in­
cr eas e d . The LO input power f or T1 is +7 dBm (5 t o 10 mW i s okay ) . You may use
a VFO or cryst a l osci l l ato r f or the LO syst em . A t hird-overtone os c i llator , fo l l ow­
ed by a stra i ght- t hrough 2N4401 amp lif ier, i s neces s ar y for crys t al con tro l on
10, 15 or 17 met er s .

You wi ll need t o add some l in ear power amplif i ers af t e r Q3 i n order to obta in enou gh
s i gna l capab i l i ty f or communicat ions . I s ugges t t ha t yo u operate the Fig 6- 16 OSSC
generator i nto a c l ass A 2N3553 or 2N3866. Exampl e s of two - s tage power amp lifi er s
fo r OSSC 2- and 6- met er t r ansmi tt e r s are pre sented i n Solid State Design f or the
Radio Amateur, c ha pt er 8. A harmoni c fil t er i s requ ir ed at t he out put of the f ina l
ampl if i e r of t he overall system. All amp l if i ers used after Q3 of Fi g 6-16 mu s t
be of the l i ne ar class. A suitable 5-watt output s tage f or the sys t em is an MRF­
476 or a 2SC1919.

I s ugges t ed ea r l ie r t hat a OSSC t r ansmit t e r can be us e d as a por t ab le or eme rgency
ri g . I f you cont empl at e s uc h a ven ture it i s import ant th at you keep i n mi nd the
dc curr ent r equi red by a qr oup of l ine ar ampl if iers. The Fi g 6-16 circuit a lone
draws approxi mat e l y 40 mA at +12 volts. Two add it i on a1 power st age s (de pendi n9
upon the c hos en output power ) c an increas e t he current dr ain subs tanti a ll y . Thi s
shou ld pres ent no probl em when operating from a boat or automobil e battery. It
can be cru c ia l when worki ng wi t h dry cells or a NiCd ba t tery pac k .

Car r i er su ppres s ion can be maximiz ed by us i ng careful c ircuit-boar d l ayout. The
l ocal osc i l l ator s houl d be co nta i ned i n its own s hi e l de d comp artme nt or box to
pr event s t r ay RF ene r gy f rom r e achi ng t he output s i de of t he bal anc ed modu lator.
It i s wi se t o enc l os e t he bal anced modu l ator in a small s hie l d compartment to ai d
the iso lat ion . I was ab l e to obtai n 35 dB of carrier su ppr e ssi on with t he c ircuit
in Fi g 6-16.

Generating SSB Energy

A s i ngl e- s i deband gener ator is not vast l y differe nt th an t he OSSC ge nerator. The
main diffe r en ce i s t hat e ither t he upper or l ower s i de band i s el i mi nated t o cut
t he bandwid t h of t he s i gnal in ha lf, so t o s pe ak . A mechanical or crys tal f i lter
i s us ed after t he ba lanced modul at or , and the c ar r i e r generator (crysta l osc .)
pr oduces t wo f r equenci es -- one for lower and one for upper s i de band . Thes e carr iers
ar e on f requenc i es th at fa l l approxi mate ly 20 dB down on e i t her si de of the filte r
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r espo nse cur ve. A typic al SSB f i lter has a 3- dB bandwi dth of 2 . 4 kHz. For a 9. 0­
MHz SSB f ilter we woul d generate carr iers at 8998 . 5 and 9001.5 kHz to fac ilitate
upper and l ower s i deband oper at ion . Amplified aud i o energy from t he mic i s appl i ed
t o the bal anced modul ator as it i s in Fi g 6-16 . The SSB suppressed-car rier s ignal
i s amp1ifi ed , fed t o a mi xer and heterodyned by way of a 1oca 1 oscill ator t o t he
desired oper ati ng frequency . RF amplifi ers f oll ow t hi s mi xer t o buil d t he signal
t o the required out put l evel .

Ind ividual c ircu its fo r SSB gener ator s ar e descr i bed ear l i er i n t hi s book . A number
of pr act ica l compo site SSB-tr ansmitter circu its are pub lished i n Solid State Design
for the Radio Amat eur . Addit ional infor mati on may be found i n The ARRL Handbook.

Measuring RF Power and SWR

An SWR bridge circuit appeared in the winter 1989/1990 edition of SPRAT, the ham journal of the G-QRP Club.
it was designed by D. Stockton, GM4ZNX. I experimented with his circuit and found the performance to be
excellent. The circuit is simple and bridge balance is easily achieved without the usual balancing trimmers found
in the classic Bruene bridge. The circuit yields good accuracy; has a low insertion loss and is not frequency
sensitive. It can be tailored for power levels from QRP to the legal amateur limit by adjusting the turns ratio of
both of the transtormers equally. Parts kits for this bridge are available from Kanga Products, 3 Limes Rd.,
Folkstone, Kent CT19 4AU, England. SPRAT is availabie to club members. Membership information is available

. from Rev. George Dobbs, G3RJV, the editor of SPRAT. Be sure to include sufficient IRCs for air mail when you
request information.
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Fi g 6 - 1 7 -- Sc h e mati c di a g ram o f t h e RF po we r me t e r a n d SWR b ri d ge . Ca pac i t o rs

a r e d i s c c e r a mic . Rl- R4, i n c l •• a re l-W ca rbon c o mp o s i t i o n t n o n t n d u c t t v e r ,
o r e q u iv a l e nt co mbi n a t i o n s o f l / Z- W c a rb o n c om po si ti o n r e s i s t or s . R5 a nd
R6 a r e PC- mo un t c a r b o n comp o si t ion t ri mme r s . 'r t , T 2 s pec i fic at io ns a b o ve

a re f or a 1 - t o 15 0 - W po we r ran ge. I nc rea se t o 20 t u r ns t or 1 kW .
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You may use si l ico n diodes , such as 1N914s , for 01 and 02 i n Fig 6-17 if you build
t he br idge for power level s above 100 W. It i s preferab le to use germanium diodes
for QRP power measurements. This is because they conduct at l ower voltage levels
t han i s chara ct erist i c of s i l icon diodes . This effect can re sul t i n no met er re adi ng
when the r eflected power is low, whi ch su9gest s the SWR i s 1 when it may be 1.5: 1
or grea ter.

The FWD and REF termin al s of t he Fi g 6-17 circ ui t ar e connected t o 100-uA met ers .
One meter i ndi cat es forward power and the other one reads reflected power . A si ngle
meter may be used with a FWD/REF SPOT switch may be used in place of t wo met ers
i f you want to re duce the cos t of the in st r ument. Ther e i s no reason why you can' t
take advantage of t he avai l abi l ity and low cost of the many surplus 200- uA edgewise
met er s t hat are l isted in sur pl us par t s cata logs . The red uced met er sensit i vity
wi l l decrease t he se nsiti vity of th e in str ument at the l ow-power end of i t s r ange.
I am able t o obtain a fu ll scale meter r espon se at 3/4 watt wi t h the component
val ues li sted i n Fig 6-17 whi le using a 100-uA meter .

The T1 and T2 pr imary windi ngs cons is t of a pi ece of RG- 58 coaxi al cabl e t hat passes
t hrough t he centers of t he toro id cor es. The shie ld bra id of each shor t ru n of
coax i s grou nded at one end to for m a Farad ay scr een. This prev ent s har mon ic current
f rom being pick ed up by T1 and T2. These unwanted currents can cause f al se meter
indi cations when the i nst rument i s not connected t o a nonres onant r esisti ve load.
The dashed lines show the Farad ay screens . Each coax sec tion re present s a sin gl e
t urn for the t r ansformer pr imary windi ngs .

XMTR ANT

Cl

RFCI

C2

RFC2

Fi g 6~ 18 - - Sc a l e pi ct oria l

la yout o f t he power me te r
a nd SWR br i dg e . All of the
parts a r e mount ed o n th e

f oil s i de of th e PC bo a rd .
Ci rc u it boa r ds t or th is
p roject a re available fr om
FAR Ci rc uit s , 18N640 Fie ld
Cour t. Du ndee. II 60 1 1 8.
Si ng le -si d e d PC bo a r d is
used f o r t hi s i ns tr u me n t.

METER 1

REF

METER 2
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The c i r c ui t boa rd in Fi g 6-1 8 need not be so l ar ge . The l ayout c an be compressed
to provide a muc h sma ll er ins trumen t. Wi de co nduct ors are des i rabl e i n order
to mi ni miz e stray i nduc t anc e . I made my pr ot otype PC boa rd by r emovin g t he unwant ­
ed copper wi t h a hobby mot or and small co ne - sh aped abrasiv e bit. Str ips of th in
copper may be gl ue d t o a piece of Formi ca or s i mi lar i nsul at i ng ma ter ia l i n l i eu
of a standard PC boa rd .

Instrume nt ba l anc e fo r t his sp i noff of a 4-p or t hybr i d combi ne r shou ld be no
prob l em if you keep t he s i gnal le ads sh or t and adher e t o a symmetrical l ayout.
Tes ting is done by connect i ng a 50-o hm r e s i st i ve l oad t o J2. Ap pl y RF power to
J 1 and observe t he FWD re ad i ng. Ad just R6 f or a f ul l - s c ale me ter reading . Next ,
r everse t he c ab les that connec t t o J 1 and J2 . Apply power and set R5 f or a f ul l ­
scale in dic at ion . Reverse t he cab les two mor e times and observe th e met e r read­
i ngs . Yo u s hou l d see zero def lec tion on one of t he me ter s whil e t he r e is f ul l ­
scale def l ecti on on the ot he r . Thi s indi cat es correc t c ircuit ba lance.

RF power ca l ibrat ion of t he meters may be done by me as uri ng the r ms vo ltage across
a 50-o hm res i stive l oad (J2 ) and c alc ul ating t he RF power . P-P readings t aken
wit h a scope may be us ed f or t hi s s tep i f you do not ha ve a VTVM an d an RF probe .
You wi ll need t o make a new meter scale in orde r to r e ad RF power . Addit iona l
sensit ivi ty co ntrols (R5 and R6 circ uit poi nt s ) may be added if you want t o bui l d
a multirange power meter . The se co ntrols may t he n be s e lected by me ans of a rotary
switc h.

Tor o id cores f or thi s projec t are ava ilab le f rom Am ido n Assoc ., I nc . , 12033 Otsego
St., N. Holl ywood , CA 91607 . The r em ain der of t he components, i nc l usi ve of t he
1- W carbon composit ion re si s tor s, is ava ilable from t he many Newark Electro ni cs
out lets i n t he USA. A li st of di s t r i butors i s av a i lab le f rom the centra l off ice
at 4801 N. Rave nwoo d Ave . , Chi cago , I L 60640 - 4496 . Che ck yo ur phone book Ye l low
Pages for the Newark outl e t in your area .

Chapter SURlDary

I have attempte d t o lay a f oundat ion upon whic h you ca n bui ld a bas e f or further
l e ar ni ng of trans mit t in g princi pl es and pr actic e . Cert a in ly , thi s chapter is
f ar f r om bein g all -i nc lu s ive. I enco urage yo u to s t udy The ARRL Handboo k and
Solid Stat e Design f or t he Radio Amat eur in quest of ad di t i onal knowledge that
is assoc iated with the topi c s tre ate d in t his vol ume . The W1FB QRP Not ebook is
s ti ll anot her source f or plai n- ta lk t heory abou t r ec ei ver s and trans mit ters.

The " l e ar n by do in g" phi los ophy wi l l work f or you i f you're wi l lin g to take that
so ldering i r on in ha nd and ex pe r iment. Start wit h a simple pro jec t if you l ack
exper i ence . Work with t hat c ircu it unt i l yo u have it perfected, t hen move on
to s ome t hi ng mo r e complex and make i t f unct ion as i t s hou l d . You wi ll gain con f id ­
ence and knowledge as yo u travel t his excit i ng road to adv e nture.
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Detector , 50
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Measuring RF power, 173
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MOS FET , power ampl i f ier , 149

Osci 11 ator

Cry stal cont r ol l ed, 33
VFO , 36
VXO , 34
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Push-push doubler , 124

QRP 40-m CWt ran scei ver , 164



Rece i vers

Di r ect convers i on (DC), 110
Regenerati ve , 108
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RC active audio fil ter, 133
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Failure , 8
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Transmi tt er design , 144
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From May 1982 QST, P 21

A Unified Approach to the
Design of Crystal Ladder
Filters
Have you turned
away from a
construction project
because of high-cost
crystal filters? Why
not build your own?

By Wes Hayward . W7Z01
rzoo SW Danielte , Beavert on, OR 97005

The design of crystal ladder filters has
been treated in the pro fessional literatu re I

and amateur journals. l However, the
design methods are specific - they treat
crystal filters as a special field with
isolated methods. Actually. the same
design methods for L-C bandpass filters
may be applied directly to crystal filters .
Such a unified design method should be
more pleasing to the designer . and will
allow more flexibility in the resulting
filters.

The amateur's interest is primarily one
of economics. Crystal ladde r filters are
easily designed and built with readily
available components, yielding great
savings for the builder. Television color­
burst crysta ls are attractive for ladder
filters. These are at 3.579 MHz in the
U.S. , while European crysta ls are at 4.433
MHz. The latter are popular with the
many builders in the G-QRP-Club .

Th is paper addresses a number of goals.
Simple methods are presented for the
crystal evaluation and measurement s
needed for the design of filters. The ac­
curacy is adequate for most ama teur filter
designs. Also, a simple set of design equa­
tions is given, which allows the measured
data to be used in the design of filters.
Tables are presented for Butterworth and

' Notes appear at end of article.

O.l-dB ripple Chebyshev filters.
Finally, some design subtleties are

presented to aid in the construction and
tu ning of rather precise filters. These
details may be ignored for many simple
amateur-built filters, but should be of in­
terest to the exacting designer. The results
of the more exact methods are compared
with the simplified ones.

All of the design may be done with a
hand-held scientific calculator . Detailed
analysis of filter frequency response may
be done with sophisticated programmable
calculators, such as those of fered by
Hewlett -Packard or Texas Instruments.
All of the analysis report ed by the writer
was done with an HP-4ICV calculator.

Some Filter Fundamental.
Fig. IA shows a traditional LC-coupled

resonator filter. This circuit uses two
coupled, parallel-tuned circuits . Many
more resonators (tuned circuits) may be
used to obtain a steeper skirt response.
Filter bandwidth and response shape are
determined by the loading caused by the
end terminations (the source and load
resistances) and by the couplin g between
resonators.

There is no reason to restrict the filters
to those using parallel resonators. Series­
tuned circuits are just as viable. This type
of L-C filter is shown in Fig. 1B, the exact
dupl icate of that using parall el resonators .
Design of multielement filters of both
types is covered in the literature.'
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A detail that is not generally ap­
preciated is the relative freedom available
to the filter designer. For example, a
S-MHz L-C filter with a 1OO-kHz band­
width could bedesigned with induc to rs of
less than 1 IoIH, with inductors greater than
10 ~H, or with anyth ing in-between. Some
values might be more practical, but this is
not a fundam ental restrict ion . Once an in­
ductor is chosen, the rest of the filter com­
ponents are determined. This applie s to
both filters of Fig. I.

Another overlooke d deta il can be the
termi nation of the filters . Any filter must
be terminated at both ends in the
resistance for which it was designed . The
filters of Fig. 1are doubly terminat ed with
equal resistances at each end . This is com­
mon, but not mandatory. It is not proper,
however, to design a filter for a given load
at each end , such as 50 ohms , and then to
expect the same response from that filter
with other terminatio ns.

Fig. 2A shows the equivalent circuit for
a quartz crystal. This is a model - a cir­
cuit that shows the same response as a real
crystal. The components of the model
may not be practical, but this is of no
significance for design work. For exam­
ple, a 5·MHz crystal used in some filters
built by the writer had a motional induc­
tance of Lm = 0.098 and a motional
capacitance of Cm = 0.0103 pF. Th e loss
resistance was R, = 13.4 ohms, and the
parallel capacitance was Cp = 5 pF.

The parallel capacitance, c, of Fig. 2A,



Fig . 1 - Double -tuned circuit s with equal termination at each end. Parall el resonators are used at
A; series -tuned circuits are used at B.

oscilloscope with a 50-ohm terminator.
Amplifier gain is switchable with S1.

With SI open , the net gain is somewhere
aro und 40 dB. Closing 51 changes the
emitter degenerat ion in Q2, causing the
net gain to increase by 3 dB.

A batch of crystals may be evaluated
easily for filter applicat ions with this test
set. A crysta l is inserted and the generato r
is tu ned for a peak response in the
voltmeter. That response is carefully
noted . The crystal is then removed and
replaced with the potentiometer. This is
adjusted to obta in the same voltmeter
respo nse as was obtained with the crystal.
The "pot" is then removed from the cir­
cuit and measured, providing a value for
R,.

The crystal is now reinserted in the cir­
cuit, with 51 open. The generato r is tuned
again for a peak response. Both the series­
resonant frequency, Fo' and the meter
response are carefu lly noted . S I is then
closed to produce an increase in output.
The generator is tuned to the two sides
(above and below F0) until th e meter reads
the same as it did earlier. The two fre­
quencies are noted and the difference is
recorded as 6.f , a parameter used for later
calculati ons. Note that there is no need
for amplitude calibrat ion anywher e in this
system.

This procedure is repeated for a
reason able sampling of the crystal s CI;

hand . The work that the writer has done
would suggest that the values for Fo' R,
and 6.f may be averaged fo r later calcula­
tion as long as the spread is not excessive.
One batch of 20 surp lus TV color-burst
crystals showed an average R, value of
20.78 ohm s, with a standard deviation of
7.2 ohms. The average series-resonant fre­
quency was 3577.257, with a standard
deviation of only 67 Hz.

The designs which follow are based on
having all crystals in a filter at the same
frequency. Hence, frequency matching is
required . A rule of thumb is that the
deviations should be less than about 300/0
of the band width of the filter. The center
frequency measured in the test set will be
the series-resonant value . Thi s is not
necessarily the value that would come
from an oscillato r. A simple oscillator is
shown in Fig. 4. It may be used for
matching the crysta ls. This circuit
operates at a frequency slightly higher
than th e series-resonance . It is still
suitable for frequency matching. It will
serve also for BFO applications. The
operating frequency may be increased fur­
the r by insertion of a variable capacitor in
series with the crystal.

SlmpUfied Filter Design

Now that data is available on existing
crystals, filter design may commence . See
Fig. 5. A few approximate equations may
be used. They require add itional data and
normalized filter parameters. These are
presented in Tables I and 2, respectively,

,.,

I.'

1 1

Next, the crystal is reinserted in th e
signal path and the generator is tuned to
both sides of center frequency. The two
frequencies where the response is down by
3 dB are noted. The differ ence is the
loaded bandwidth in the test circuit. Thi s
is used to calculate a loaded -Q value. But,
this is directly related to Lm. Using the
condition for resonanc e, Cm is then
calculated. Cp may be measured, but is
not vita l to the design of the filters
described in this paper. Instead , we have
assumed that Cp = 5 pF for all examples .

Fig. 3 shows the test set that is used to
perform the measurements . The first ele­
ment is a signal generator. It should have
an adjustable outpu t level (up to abo ut
- 10 dBm or more) and should have ex­
cellent stability and good bandspre ad .
Remembe r that we may be measuring fre­
quency differences of on ly 100 Hz or so.
A suitable genera tor is described in
Chapter 7 of Solid State Design.' The out ­
put of the signal source is applied to a fre­
quency counter and to the test set. The
counter should have a I-Hz resolution .

The generator ou tput is attenuated with
a 2O-dB pad and then applied to the
crystal. The high attenuation ensures that
low power is delivered to the crystal and
pro vides a 50·ohm termination for th e
crystal. Output from the crysta l under test
drives an amplifie r with 'a 50-ohm input
resistance. The signal is amplifi ed by four
gain stages and then app lied to a diode
detector , 0 1. The de output dr ives a high­
impedance voltmet er. The test set shou ld
be operated with output voltages of 2 or
less to prevent overdrive of the amplifiers.
Q4, the related compone nts, and the
detector may be eliminated, if desired.
Then, the output from Q3 is routed to an
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is rarely more than a few picofarads and
may often be ignored for a design. This
leaves the equivalent circuit of Fig. 2B.
This is nothing more than the series-tuned
circuit , exactly like that used in the L-C
filter of Fig. 1B. Realizing this, the same
methods may be used for th e design of an
L·C or crystal filter - one is no mor e
complicated than the other.

Crystal Measurements

If the methods of LC-filter design are
transferred to th e design of crystal filters,
it is mandatory that the vital inductance
and capacita nce values in the crystal , Lm
and Cm, be known . It is not reasonable to
substitute an arbitrary crystal of
"proper" frequency into an existing
design and expect it always to work . This
will be illustrated later .

The crystal parameters are measured in­
directly , but easily, with lab-quality in­
strumentation . A suitabl e measurement
may also be don e with equipment
available to most amateur experimenters,
and with a special test set constructed
from ordinary components.

The nature of the measurements is
understoo d with reference to the
simplified crystal equivalent circuit of Fig.
2B. The crysta l is placed between a source
of kno wn characteristic impedan ce and a
detector, also of well-defined impedance.
The generator is adjusted until a peak
respon se is found . Then, the reactances of
Lm and Cm cance l, leaving the result
dominated by Rs. This is evaluated easily
by replacing the crystal with a small-value
variable resistor that is adjusted for the
same respons e in the detecto r. The poten­
tiometer is then measured with an ohm ­
meter , pro viding a value for Rs'

Fig . 2 - Equivalent circuit fo r a quartz crys ta l. lm and em are "motional" components. Parallel
capaci tance, Cp' Is Incl uded at A while it Is Ignored at B.
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The simplified design equ ations are

Cjk = 1326 [B t.fF J 10 (pF)I Jk 0

(Eq . I)

Additiona l equations not mandatory
for simple designs are

1.2 x 10' F0
0

= ----.:.:.::.-,~:=----=-----

M R, (Eq. 4)

Cp = cryst al parallel capacita nce
(assumed to be 5 pF in all
equ ation s)

kjk = normalized coupling coef-
ficient, given in Tab les
1 and 2

q = normalized end-section Q,
given in Tab les 1 and 2

N = number of crystals to be used
in the filter

79 ohms

(Eq . 8)

606.5 pF

(Eq. 7)

A value for Ro may now be picked . It ma y
be any resistance great er than 79 ohms. A
value of 200 ohms is chosen, and an end -

The design process will be illustrated
with an example. Note that the equa tions
use the units given in the list of
parameters . Assume tha t a small group of
crystals is frequency matched and found
to have the avera ge par amete rs f = 294
Hz, ~Fo = 3.577 MHz and R, = 23
ohms. This data is typical of inexpensive
TV color-bur st crystals. These crystals will
be used to design a 3·pole Butterworth
crystal filter with a 2SQ-Hz ba ndwidth.
We eventually would like to terminate the
filter in .50 ohms, but will not pick a ter­
mination , Ro' just yet.

Th e nor ma lized cou pling and loadi ng
values are found in Ta ble I with N = 3.
We see that k12 = k23• Hence the
coupling capacitors (Fig . 5) will be equal.
The capacito r value is evaluate d with
Eq . I.

R = [120 X 2501 _ 23 =
rod I X 294 J

Th e end resistan ce neede d to ter minate
the filter is given by Eq . 2.

C12 = C2l = t326 X

[ 294 ] 10 =
~50 x 0.7071 X 3.577J

(Eq. 3)

(Eq. 2)

(Eq . 6)

(farad)

(Eq . 5)

R, nd = p~~~ j - R, (ohms)

e", = 1.326 x 10'" t~~]

c _rl.59 xlOl l x
end - [ RoFo J
J. R

o
- 1 - 5 (pF)

Rend
M = bandwidt h measured in test

fixture (Hz)
B = filter bandwidt h in Hz
Ro = end termination to be used

(must be greater than Rend)

Rend = end resista nce requ ired to
term inate the filte r without
matc hing capaci to rs

C end = matchin g end capacitor (pF)
C", = crystal motional capacitance (F)
L ", = crystal motional inductance (H)
Fo = crystal center frequency (MHz)
R, = crysta l series-loss resista nce as

measur ed in test set
c, = coupling capacito r (pF)

fo r the Butterworth and the O.I-dB ripple
Chebyshev filters. Mo re exacti ng designs
may be don e with the exhaustive tab les
presented by Zverev. ' His work considers
th e effects of response-shape d istortion , a
consequence of loss in filter elements. The
Zverev tables are term ed "predistorted."

Th e motional crystal component s, Lm
and em. have been factored in to the equa­
lions and need not be calculated . Equ a­
tion s are given for them, thou gh. An
equa tio n is also given for the unloaded
crystal Q (Qu)' Th is parame ter is no t
needed directly fo r filter design , but
should be evalua ted, nonetheless. Th e Qu
value should exceed the filter Q by a
factor of 10 or more to allow simple filters
to be built. Filter Q is defined by F center +
bandwidth, whe re both are in hert z. Som e
surplus crystals may have a Qu value tha t
is too low for filter applications . The
pa rame ters are defined with respect to
Fig . 5 as:
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Fig. 6 - Circuit and calculated response tor a 3-pole crystal t i lter at
3.577 MHz wi th a 250-Hz bandw idth. The design is based on
measu rements on surplus TV ector-burst crysta ls .

Fig. 7 - The response curves show the eff ect of usi ng the wrong
crystals in a design. The narrow response uses the circui t of Fig . 6
(FL11 with hlgh-quali ty crystals. The wide r response uses the circuit
show n (FL21. designed on the basi s of measurements on the crystals.
Crystal data: Fo = 3.579 MHz, Rs = 6.2 and Q u = 721,000.
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matching capacitor is calculated from
Eq. 3.

C _[ 1.59 x 10' ]
-end - 200 x 3.577 Jx

V27~ - I - 5 = 270 pF (Eq. 9)

The fina l circu it is shown in Fig. 6. The
calculated response is also shown. These
calculations were done using the Ladder
Method, ' and accou nted for the S-pF Cp
value.

The 200-ohm resistance levels may be
tr ansfor med to 50 ohms with ferrite
transformers. This may not be needed in a
circuit application , but is certainly useful
fo r measur ement s.

Note that the filter has an insertio n loss
of 4.2 dB. Th is results from the crystal
loss with a rela tively low crystal Q (Qu =
63,000), evaluated with Eq. 4. The band ­
width is very close to the desired 2SG-Hz
value, but the peak shape is much mor e
rounded than would be expected fro m a
Butterworth filter. This is also a result of
crystal loss.

Co nsider now the effect o f using the cir­
cuit of Fig. 6 with other crystals. A gro up
of high-quality 3.579-MHz crysta ls were
meas ured in the test set. Th e result s were
very different than those found with the
surplus crystals. The ..6.f was 96 Hz, and
Rs was only 6.2 ohms. The calculated Qu
was 721,000 - over 10 times that of the
surplus crysta ls. LIlI was also much
diffe ren t.

Th e filter o f Fig. 6, designed for the
low-Q sur plus crystals, was evaluat ed with
the para meters of the high -Q crysta ls. The

result is show n in the narr ow response of
Fig. 7. The bandwidth is much narrower
than the desired 250-Hz value, an d would
be near ly useless in a cw receiver , owing to
excessive ringing.

A filte r was then designed around the
measured crystal pa rameters . This
response is also shown in Fig. 7, as is the
circui t, FL2. This filter has a low inser tion
loss of only 0.4 dB and a sbape like that
expected of a Butterworth design . A com ­
par ison of Fig. 6 and Fig. 7 illustrates the
effects of shape distortion.

Th e da ta in Figs. 6 and 7 are calculated.
An ob viou s question regar ding any ex­
perim ental pursuit is how well do
calcula ted curves co mpare with measured
data? Thi s comparison is present ed in Fig.
S for a 5-MHz, 250-Hz bandwidth filter .
The th ree-pole circuit is also shown in the
figure . Th e co mparison between calc ula­
tion and measurement is very good . Th e
offset in center frequency is of no
significance - it resulte d from using
4.999 MH z for Fa during the calculation.
rather than a more accurate value. The
measur ements were done with the write r's
receiver synthesizer as a signal generator,
followed by a step at ten uato r and then the
filter . This was fo llowed by a broadb an d
amplifier and a 50-ohm-terminat ed
oscilloscope. Similar result s have been ob­
tained with filters at 3.579 MHz.

The experim ent al curve of Fig. 8 is
mar ked with a BFO frequency. This
would be the proper freq uency to provide
a 700-Hz beat not e an d to ensu re good
sup pression of the opposite sideband .
Th is filter would be very practica l in a

simple superhet receiver fo r cw ap plica­
tion . especia lly if it were supplemented
with an R-C active low-pass audi o filter.
This scheme has been used very suc­
cessfully by the writer in a po rtable Field
Day tra nsceiver . 1

A simple th ree-pole filter is also prac­
tical for some ssb app licat ions . Such a
filte r at 5 MHz is sho wn in Fig. 9.
Measured and calculated frequency­
respo nse curves are also show n. Note that
the filter shape is lacking in symmetry. In­
deed. this is an illustration of why this
type of circuit is termed a " lower side­
ban d ladd er. " Th is also justifies the posi­
tion of the BFO in Fig. 8. In spite of th e
poor attenuation slope on the low­
frequency side , the filter o f Fig. 9 wou ld
be practical for a simple ssb excite r . Th is
passband ripple may be eliminated by
tuning. a detai l shown in the figure and
covered in the following section.

FUler Tuning
Th e met hod presented so far has as­

sumed that all crystals ar e exactly at the
same frequency . This simp lifica tion is suf­
ficient fo r many applications, especially
with narrow-ban dwidth filters . It is not
adequate for critical designs. Additional
tuning is required if we want to design
filte rs with an exactly predicted band­
width , achieve a desired shape more ac­
curately, or build wide-bandwidth filters
with more than 3 or 4 crystals.

Mo dern filter theory ha s been used to
calculate co upling and end-matching
capacitors. The detail that we ha ve ig­
nored is th at the ind ividual crystals have
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Fig. 8 - Comparison of calc ulated and measured result s on a 5·MHz
cw filter. The crys ta ls had Fo = 4.999 MHz, Cp = 5 pF, As = 13.4 ohm
and au =230,000. A prope r BFO frequenc y is marked . See text for
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Fig. 9 - Measured and ca lcu lated (wit h and wi thout tuning) result s fo r
a wider bandwidth lilter for use In a simple ssb exciter. Cryst als are the
same as used for the filte r of Fig. 8.

183



FIg. 10 - Partial filter circuits used In evaluat ion of tuning of Individual loops. See text for
details.

design. Improved accuracy is obta ined
with the Zverev tables to supply the k and
q values. Suitable amateur filters may be
designed by increasing the design band­
width slightly over the desired one , while
using the Table I or 2 data.

The effects of shape distorti on are more
dramatic with narrow-bandwidth cw
filters. for the losses are higher with
decreased band width . The Butterworth
data of Table 1 provide a good starting
point for design . As losses increase, the
shap e of a narrow-band width filter
evolves toward one with a more rou nded
peak shape. approaching something like a
Gau ssian response. This rounded shape is
desired for narrow-band application , for
it offers an improved time-do main
char acteristic with less filter ringing.
Chebyshev filters should not be used for
cw applications.

The effects of filter tun ing were
examined experimentally in the filter of
Fig. 12. This was a 2SD-Hz wide design
using the 5-MH z crystals applied in othe r
filter experiments. A 5-pole design was
chosen. The measured responses with and
without tunin g are also shown with the
circuit. Without tuning, the attenuation
slope on the high-frequency side of the
response was poor. Tuning the filter im­
proved the shape and reduced the inser­
tion loss. The shape was still not t~ ::

Butt erworth response predicted . This was
tra ced to variations in the crystal frequen­
cies that had not been taken into account
during the design . This filter is destined
for use in a multi ban d portable
transceiver.

Conclusions and AppUcatlons

Home construction of crystal filters is
very practical, especially for the ex­
perimentally inclined amateur with the
usual amount of instrumentation.
Laboratory-grade equipment is definitely
not needed . It is importan t, however, that
the filters be carefully designed. and that
the designs be based on the crysta ls to be
used. Measurements are performed easily
in the hom e lab to obtain the needed
crystal parameters . Non e of the filter cir­
cuits presented in this paper is suitable for
exact duplication.'

Filter tuning may or may not be re­
quir ed, depending on the filter to be built.
An interesting filter tha t would never re­
quire tuning is a two -pole circuit. This
results from symmetry. Any detuning
would be the same in both crystals. Im­
proved stopband att enuatio n may then be
obtained with a cascade of several filters
with isolating stages of gain between
them.

Another inter esting special case is the
three -pole filter with all crystals at the
same frequ ency. The terminating
resistance. Ro. may be set equal to the
calculated Rend ' There will th en be no
shunt capacitors at the ends. This filter
may be tun ed by placing series capacitor s

L M e M

c~~
RUA. C n

,.,

crystals with F° = 3.577 MHz, R, = 23
ohms and Qu = 63,000. Assume for the
present that the two 96-pF capacitors are
shorted. The filter is symmetrical. so onl y
two frequency calculations must be done
- one for the ends and one for the in­
terior loops . The end loops are resonant
1220 Hz above Fo' while the inner two
loops resonate 1790 Hz above Fo-

Two methods may be used to tune this
filter . to force all loops to resonate at the
same frequency. One method requires
that the Fo of the crystals in the end sec­
tions be increa sed 510 Hz over that of the
inner loops (570 = 1790-1220). Thi s dif­
ference is small compared with the filter
bandwidth, so we would not expect a
dramatic difference in respon se shape .

The other method places capa citors in
series with crystals in those loops re­
quiring a frequency increase - the end
sections of Fig. 11. This is the circuit
shown in the figure . A value of 96 pF was
found to be necessary for the 510-Hz
shift . The addition of series capacitors
allows more design flexibility, especially
when work ing with surplus crystals. On
the other hand , it may be convenient to
use stagger -tuned crysta ls if the batch on
hand has the proper frequ ency spreads. It
is, of course, possible to use a combina­
tion of the two methods .

The frequency respons e of the four ­
pole filter is shown in Fig. 11 for the cases
with and without tuning. Th e center fre­
quency is raised with tuning, and pass­
band ripple is reduced to near the desired
D.I -dB level. Either filter would be prac­
tical for amateur applications.

The bandwidth of the ssb filter of Fig.
II was 2.2 kHz . It was designed for a
2.S-kH z bandwidth . The difference
results from simplifying assumptions used
to der ive the critical equations and using
the k and q values from Tabl e 2, where the
effect of filter loss is ignored during

t c t

c.c.

'A '

(Eq. 10)

c.

C( NO
"

GEN. ru

+ w2 ceni
R'C, = =0'-----:- _

been detuned by the shunt capacitors. The
detuning may be "fixed" through proper
choice of crystal frequencies or with the
insertion of additional capacitors in the
circuit .

Fig. lOA shows one end of a crystal
filter . The crystals have been replaced
with the simplified equivalent circuit
without loss resistance. All crystals are
assumed to be at the same frequency,
which implies that all Lm and Cm values
are the same throughout the filter .

Filter theory states that each loop in this
circuit should be resonant at the same fre­
quenc y when that loop is cons idered
alone . Adjacent loops are open-circuited
during this evaluation. Consider the in­
terio r loop shown in Fig. lOB. The crystal
resonance is dete rmined by Lm and Cm '

However, the resonant frequency of this
toop is determined by Lm and the series
equivalent of the three capacitors. C 12•

CZl and Cm' The loop wiJI resonate slight­
ly higher than the crysta l frequency . The
actual frequency is easily calculated with
standard formulas and a hand calculator.

Analysis of end-section resonance is
slightly more complicated. The end
resistance and the related parallel
capacitance must be resolved into a series
equi valent , shown in Fig. lOCo The series
capacitance is given by

where W = 2nFo X 106.

The resonant frequenc y of the end loop
is then calculated from Lm and the series
combination of CS' Cm and CIZ'

Consider an example, a 4-pole ssb filter.
This circuit , shown in Fig. II , was de­
signed for a 0.1 dB Chebyshev response
using the k and q values from Table 2 and
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Fig . 11 - Calcu lated respo nse for the a-pole ssb f ilter shown. Surp lus
colo r-burst crystals were used for the design. The two response curves
show the effe cts of fil ter tuning .

Fig. 12 - Measured response curves for a s-core, 5-MHz cw filter. The
two curves show the effe cts of tu nIng a filter with series capacitors.

in the end loops, which have a value equal
to the coupling capacitors. An example of
this is the ssb filter shown earlier in Fig. 9.
The tuning was realized with the addition
of 17~pF capacitors in series with the two
outside crystals. Variable capacitors may
be used, of course, in any of the circuits
shown. Instrumentation must then be
built for alignment.

The J.SS-MHz TV color-burst crystals
offer an attractive possibility for a simple
cw receiver. A single local oscillator could
be built at approximately IO.S MHz. This
will then allow both the 40- and 20-meter
cw bands to be received with no band
switching in the LO. Th is scheme is not

well suited to an ssb receiver, for har­
monics of the BFO appear at 7.16 and
14.J2 MHz. This harmonic relationship
could also lead to spurious responses in a
two-band cw transceiver.

Examination of the design procedure
reveals some interesting subtleties.
Careful choice of termination . Ro' could
lead to filters requiring no tuning. Useful
filters can be built from poorly matched
crystals, although the design may get
messy. Excessive tuning with series
capacitors will increase the loss of the
filter. Finally, careful choice of termina­
tion resistance will allow the construction
of filters with a switched bandwidth.~

Noles

' A. l. Z"'m:\I, Handbook of Filter Synthesis (New
York: Joh n Wiley and Sons , 1967). Chapter 8.

' J. A. Hardcastle, " Ladder Crystal Filter Design ,"
QST. No v. 1980, pp. 20·23.

' W. Hayward , Introduction to Radio Frequency
Design (Englewood Cliffs. NJ: Prentice-Hall, lnc. ,
1982). Both filler types are covered in detai l in
Chapt er 3.

·W . Hayward and D. DeMaw. Solid-Slate Design/or
(he Radio Amateu r (Newington: ARRL. 1977).
p. 171.

'Sec note I , pp. 341-379.
'Sec note 3.
'See note 4. p. 214.
'The author has madc arrangements to supply crystals

at a variety of frequencies that ha ve been char ­
acterized for filter app lications . Interested readers
sho uld send an S.8.S.C. for a data sheet .
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From July 1987 Q5T, P 24

Designing and Building Simple
Crystal Filters
A simple and inexpensive crystal filter that performs well makes
receiver and transmitter projects much more fun. Build one
yourself at a fraction of the cost of a commercial unit.
By Wes Hayward, W7Z01

nooSW Danielle Ave
Beaverto n. OR 97005

Fig l - Generalized crystal filter suitable for empirica l construct ion .

NOTE : AL L CAPACITORS ARE OF EQUAL VALUE,

ALL CRYSTAL S HAVE THE SAME
RESONANT FR EQUENCY

may use for crystal filter design is described
easily in a step-by-step procedure.

I) Obtain a collection of substan tially
identical crystals. The crysta ls are first
matched in frequency. The same oscillator
sho uld be used to measure all crysta l fre­
quencies. The error (freque ncy difference)
should be less than 10% of the desired
bandwidth of the filter. For example. a
filter with a I-kHz band width shou ld use
crystals match ed to within 100Hz or better.

2) P ick a cap acitance value to be used in
the filter . The capacitance (C) value deter­
mines the filter bandwidth. Larger C values
yield narrower bandwidth and higher
insert ion loss.

3) Vary the end termin at ions to obtain
a shape that is free of passband ripple while

Th e Cohn filter , crystal or ot herwise, is
a rat her simple circui t. This becomes
more apparent when we view the filter
using coupled-resonator methods.a All
normalized coupling coefficients are equal.
Moreover, the normalized end -section
load ed-Q factor is the reciprocal of the
coupling coefficient. The practical simplifi­
cation becomes apparent if we examine the
generalized crystal filter circuit shown in
Fig 1. All capacitors in the circuit are of
equal value! The shunt capacitors are
coupling elements while the series cap aci­
to rs in the filter end section s are included
to properly tune the circuit.

P ractical Cohn Crystal Filters

An empirical method that the amateur

The Cohn Filter

In the course of computer studies of both
crysta l and LC filters, I' ve noted that a
circuit called the " Cohn," or "Min-loss"
filter, lends itself to particular ly simple
designs) Th is filter config uratio n der ives
its name from its originator, and differs
from the more familiar Butte rworth and
Chebyshev circuits. The Butterworth band ­
pass filter is built for opt imum flat ness at
the filter center. The Chebyshev design
allows equal passband ripples, and is
designed for the best stop band attenuat ion
(steepest skirt response). The Cohn filter
is a compromise: It is optimized to exhibit
minimum insertion loss when built with
practical resonators , while prese rving a
good shape faclor. The Coh n filter , in LC
form , is not new to the radio amareura-s
It is not limited to LC resonators, however.
It works great with crystals!

I
am encou raged by the large number
of radio amateurs who want to build
their own rigs. The read y availability

of good -quality semicondu cto rs helps in
this pursuit. Other components are some­
times harder to find, at least at an
affordable price. One example is the crystal
filter-the heart of any superheterodyne
receiver of tr ansmitter.

Inexpensive cryst als are readily available .
They should be character ized and matched
for frequency prior to use in a typical
crysta l filter . Methods for building the
needed test equi pment and performing the
measureme nts have been presented be­
fore .t These methods are, un fortu nate ly,
somewhat complicated for the casual
experimenter who may hesitate to construc t
special lest equi pment when just one filte r
is to be built. What experimenters really
need is an emp irica l filter design method,
one that lends itself to casual "tweaking."
Such a method is described in this article.

YI • Y2 • Y3 • 3 .5 79 MHz

' Notes appear at end of article. Fig 2-A simple CW filter using three crystals.
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Fig 3- Frequency response of the fi lter of Fig 2. The dots show the input return loss,
indicating the quality of the impedance match.

Fig 4-Frequency response of the filte r of Fig 2 with changes in- the end terminations.
Curve A shows response with 150-ohm term inations; curve B shows the response using
300-ohm resistors. See the text for considerations of which is "better, "
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pro viding sufficien t stopband attenuation.
This empiric procedure is illustrated in

the following examples. I'v e cheated a
bit- I used a personal computer to simulate
the filter, and generate the dat a presented,
but I've obtained similar results with filters
I have built. The experimental results agree
well with the computer model s. All
examples shown are based on a collection
of crystals from my jun k box. They are
inexpensive 3.S79-MHz TV color-burst ·
crystals. The average motional inductance
for these crystals is 117mbi, with a (rather
poor) typical Q of 50,000. The parallel
capaci tance is about 4 pF.

A Three-Crysta l Cohn Filter

A simple and practical filter for a
beginner 's fir st CW superheterodyne
receiver is shown in Fig 2. Three crystals
are used . The capacitors are 200-pF units ,
a stan dard value. Experimentation (done
here with the computer) shows that a good
filter shape is obtained with an end termi­
nation of ISO ohms . Fig 3 shows the fre­
quency respon se of this filter . The - 3 dB
bandwidth is 403 Hz, and the insertion loss
is 3.8 dB. The loss will be lower with better
(higher Q) cryst als. The impedance match
is shown in the figure as a series of dots.
Th is is the return loss normalized to the
source impedance- I50 ohms for the filter
sho wn.

If different crystals are used, the same
ban dwidth can still be obtained, within
limits. The coupli ng capacito rs and end
ter mina tio ns will then be different ,
however . Insertion loss will also differ.

Decreasing the value of the capacitors
increases the bandwidth . Some practical
values are shown in Ta ble I, again the
result of tweaking with the computer. This
will provide some guidance in experimen­
tation.

Fig 4 illustrates the effect of alteri ng the
terminating resistance. Fig 4A shows the
result of 75-ohm terminations, lower than
the desired ISO-ohm value. The filter shows
some passband ripple and a higher insertion
loss. The effect of a 300-ohm termination
is shown in Fig 48, where the peak shape
becomes more rounded, with degradation
of skirt response. While the poore r fre­
quency domain shape is generally Jess
desirable, the filter with the higher termi­
nat ion has a significantly impro ved group
delay; this filter would be preferred for
high-speed data applicat ions.

A Six-Crystal Cohn Filler

The three-pole filter mentioned above is
practical. It does not , however, offer skirts
that are as steep as we would like for many
dema nding applications. Improved skirt
selectivity in a filter is obta ined by using
more crystals. The computer can be used
to generate anoth er tabl e like that shown
for the three-crystal filter. Alternatively,
the results of Table I can be used as a
sta rting point for experimentation . The
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CW fi lter no. 4 because series
resistors were used to adjust the
terminating impedance of filte r nos. 1
through 3. These resistors introduce
losses. In pract ice. each filter would
be coupled to its associated circuitry
through matching transformers, not
resistors.

Filte r no. 1 exhibits an extremely
sharp response, with a bandwidth of
approximately 240 Hz at the - 3 dB
points ; it may be too sharp for good
CW copy . Changing the 300-pF
capacitors in this filter to a lower
value will broaden the response.

Filter no. 2 is not quite as sharp as
filter no. 1, and exhibits a peak ripple
effect. The response asymmetry can
be corrected by trimmi ng the filter

NOTE I Y4· Y4 SAME FR EQUENCY

R ~ 5OO .n.

TER MINATION RESISTANCE (AI; R +50

c ; 30c:>-9F SILV ER MICA, 5 "I.

tolerance silver-mica capacitors. An
8:5 transformer is used for impedance
matching. The crystals are
microprocessor types purchased from
Jameco Electronics3 at a cost of
approximately $1 each. Of 12 crystals
purchased, only 10 were suitable for
fi lter use. The filter response is shown
in photo G.

Test Results

Photos C through F show the
response curves of the fou r CW
filt ers. Photo G shows the response
curve for the 12-MHz SSB filter.
Insert ion loss is quantified only for

3Jameco Electronics, 1355 Shoreway Rd,
Belmont, CA 94002 . lei 415·592·809 7.

Fig Be-Schematic diagram of the crystal filters. Capacitors are all of equal value.
Terminating resistors are variable 500-ohm units. Crystals are all of equal nominal
frequency with minor (up to 50-Hz) variation.

Fig A- Four CW crystal filters were built in this configuration. The PC-board mounting
surfaces provide a ground plane. Capacitors are soldered directly to the ground plane,
and the crystals are connected using the capacitors as standoffs. Phone jacks are used
for input and output connectors. The only variables in the construction of the filters are
the crystal characteristics and the length of the crystal leads. The 8SB filter is not shown.

lJ AN Crystals, 2400 Crystal Dr. PO Box
06 017, Fort Myers, FL 33906·60 17 ,
tel 813-936-2397.

stnternational Crystal Manufacturing Co, Inc,
PO Box 26330, 701 W Sheridan. Oklahoma
City, OK 73126-0330, tel 405 ·236·3741 .

ARRL Lab Experim ents w ith t he Cohn Filter

ARRL Lab staff members were .----- - - - - - - --- - - - - - - - - - ----- - - ---,
intrigued by the material on Cohn
filte rs presented by Wes Hayward,
W7Z01. We built four CW filters and
one 8SB fi lter, following Wes's
instruct ions. Tests confirmed the
computer mode ls developed by Wes .
This was no surprise!

CW Fillers

Four different batches of crystals
were used for the CW filters. The
crystal sources were identifiab le, and
the relative quality of each batch was
determined. Four filters were
constructed (Fig A). With the
excep tion of the crystals used in each
filter I the filters were identical. The
filter schematic is shown in Fig B. The
capacitors are 300·pF, 5%· tole rance
silver-mica types. The 500-ohm
terminations (variable resistor s) at the
ends of the filter were used to " trim"
the filt er for the best shape and
response characterist ics during
testing. An HP-8540 spectrum
analyzer was used to gene rate the
filter response curves shown in photos
C thro ugh G.

The units used in filter no. 1 are TV
color-burst crystals (3.579545 MHz).
They were purchased or iginally from
Radio Shack (about $1.60 each) for
another project. There were only five
of these crystals in the batch, so
frequency match ing (Within 50 Hz)
was not as close as with some of the
other crystal batches.

The crystals used in fllte r no. 2
were selected from an assortment of
ten 4.00Q-MHz microprocessor units
purchased from JAN Crysta ls.' These
crysta ls were frequency matched
within 40 Hz. The crystals cost
approximate ly $3 each .

Filter no. 3 uses crystals selected
on the basis of frequency matching
from a large batch (over 30) of
4.000-MHz micro processor crystals on
hand in the ARRL Lab (matched
within 30 Hz). These crystals can be
characterized as " grab bag " quali ty,
and similar units are availab le from
various dealers at a cost of less than
$1 each.

We bought the crystals used in filter
no. 4 from International Crystal CO.2
They can be characterized as high­
quality, moderate-cost units. Their
guara nteed frequency tolerance is
0.001% of 4.000000 MHz, matching
was within 6 Hz, and cost is
approximately $10 each.

SSB Fil ter

A four -crystal, 12-MHz SSB filter
was bui lt using 160·pF , 10%-
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Fig C-Spectral photo showing the
response of filte r no. 1. Horizontal divisions
are each 200 Hz; vertical divisions are each
10 dB. Sampling bandwidth is 100 Hz. The
center frequency is 3.579 MHz.
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Fig E- SpectraJ photo showing the response
of filter no. 3. Horizontal divisions are each
200 Hz; vert ical divisions are each 10 dB.
Sampling bandwidth is 100 Hz. The center
frequency is 4.000 MHz.

with the termination resistors , but
insertion loss increases significantly.
For CW use, however, this filter is
probably more than adequate.

Filter no. 3 shows a bandwidth of
approximately 350 Hz at the - 3 dB
points. It is symmetric and shows low
ripple. This is a very good ON filter .

Filter no. 4 is a good example of
what can be accomplished with high.
quality crystals and proper termina­
tions. This filter is used in a CW
receiver designed by Dave Newkirk,
AK7M (see cover of this issue). The
input and output impedances of this
filter are 200 ohms. To match the
50-ohm impeda nce of the test setup,
4:1 transfo rmers were used. Filter
insertion loss is 2 dB, with an ultimate
reject ion of over 90 dB.

The SSB filter shows a - 3 dB
bandwidth of approximately 2.1 kHz.
There is no discernible ripple , and the
inse rtion loss is 4.4 dB.

Conclusions
The empiric ap proach to designing

Cohn filters for CW or 5SB us e is a
viable alte rnative to purchasing com­
mercial filters . The re latively high
component cost for the bes t filte r
design tested (CW filter no. 4) still

Fig D-Spectral photo showing the
response of filter no. 2, Horizontal divisions
are each 200 Hz; vertical divisions are each
10 dB. Sampling bandwidth is 100 Hz. The
center frequency is 4.000 MHz.
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Fig F-Spectral photo showing the response
of filter no. 4. Horizontal divisions are each
200 Hz; vertical divisions are each 10 dB.
Sampling bandwidth is 100Hz. The center
frequency is 4.000 MHz.
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Fig G-Spectral photo showing the
response of the SSB fitter. Horizontal
divisions are each 1 kHz; vertical divi­
sions are each 10 dB. Sampling bandwidth
is 100 Hz. The center frequency is
12.000 MHz.

resu lts in an advantage of over 50%
when compared to the price of
commercial eq uivalents . All of the
filters tested are adequate for most
home-brew projects. They a re tun to
build, and resu lt in appreciable
savings.-Bruce O. Williams, WA6/VC,
ARRL Staff
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computer was used in the "construction"
of a filter with six crystals . The circuit,
again a narrow CW filter , is shown in
Fig 5. Th e 200-pF capaci to rs used in the
earlier filter are retained. The frequ ency
response of this six-crysta l filter is shown
in Fig 6, where the " reference sweep" is
the respon se of the previous three-element
filter. The new filter has a - 3 dB band­
width of 354 Hz, but much steeper skirts
th an the three-element filter .

A Simple SSB Filter

Table 1shows a num ber of simple three­
po le filter confi gurations. Bandwidt h is
increased for a given set of crystals merely
by decreasing the capacitance value. The
frequency domai n response for a three-pole
SSB filter with 30-pF capacitors is shown
in Fig 7. The "reference sweep" is the
response of the ear lier three-pole CW filter
with 200-pF capacitors . The skirt response
of the SSB three-crystal filter is certa inly
less than spectacular. More crystals will
improve this response significantly. This
simple three-pole filter is still prac tical for
some appl icat ions, however, such as a
portable VHF SSB tran sceiver.

Table 1

Cohn Three-Crystal Filler

Bandwidth C R end
(Hz @ - 3 dB) (pF) (Ohms)

(k = 1000)

380 200 150
600 130 238
1.Ok 70 431
1.8k 30 1.5k
2.5k 17 3.3k

Experimental Method s

The computer -based " experiments"
have proved to be useful. There are
generally no surprises. I've "built" filters
on th e com puter using mo re than a dozen
crystals. Some of the more practical designs
have been transferr ed to hardware for
'receiver applications. Many of these designs
operate at different frequencies, some using
4.433-MHz European T V color-burst
crystals. These crystals are harde r to
obtain, but their frequency is more com­
patible with the existing HF ham ba nds,
avo iding the spurious responses that can
sometimes occur with a 3.579-MH z IF.

Almost all of my test equipment is built
for an input and/ or outp ut impeda nce of
50 ohms. The test equipment is still easily
used for filter experiments. Extra resistance
is merely add ed at the filter input and
output to bring the level up to that desired .
Thi s is illustrated in Fig 8. Ferrite trans­
formers may also be built to transfo rm
impedance levels, but they cannot be
changed as qu ickly as resistor s.

It is often convenient to experiment with
a filter that is contained within a receiver
or transmitter . An example is shown in the



Fig 7- Freque ncy response of a simple three-pole SSB filter. The circuit is that of Fig 2
with all capacitors changed to 30 pF and terminations of 1500 ohms.

Fig 6- Frequency response of the s ix-crystal filter. The reference sweep is the res ponse
of the three-crystal filter of Fig 2.

par tial schema tic of Fig 9A. Q1 is a dual­
gate MO SFET mixer . Th e drain resisto r
determines the input loading impedance for
the filter . An ident ical resisto r terminates
the filte r outp ut. An NPN ampl ifier, Q2,
buffers the ou tpu t- insur ance tha t the
fo llowing stages will not alter the crystal
filter termination . Fig 98 is a modified
fo rm of the same filter . Tuned circuits have
been inserted to present higher impedances
to the transisto rs, affordi ng more gain. The
outp ut am plifier is changed to a l FET. This
mod ified circu it is bet ter suited to higher
impedance filters, as might be encount ered
with an SSB transmitt er o r receiver. Once
the circuit containing the filter is built, f ilter
respon se may be measured by tuning the
receiver throu gh a steady carr ier while
observing the output of a later stage with
an oscillosco pe or RF voltmeter.

It ' s often d ifficult to build a filter while
also building a receiver. If problems occur,
it is hard to tell if they arc related to the
filter or to the rest of the circuitry . Uncer­
taint y is removed if receiver construction
begins with a simpler, single-crystal filter .
This allows you to get the receiver working
befo re pursuing the better filte r. -I don' t
encourage you to retain the single-crys tal
filter as a final opti on. The enh anced
'perfo rmance afforded by additiona l crvs­
tats is more than ample justification for the
minim al added effort and expense.

Other Crys tals

T he exa mples presen ted have used
readily available color-b urst crystals. There
is nothing special about them . Indeed ,
they often represent the poorest poss ible
quality for a crystal, and their frequency
(3.579 MHz) can cause com patibility
problems in many of the ham bands. T hey
are, however, both available and cheap .

Many parts distributor s list crysta ls for
mic rop ro cessor applicati on s in their
catalogs. The only experience I have had
with these crysta ls was with two 4-MHz
crysta ls.v The average Q was 150,000,
mot ion al inductan ce was J48 mH and
the two crystals differed in frequency by
105 Hz. Fur ther da ta on other crysta l types
would be of grea t use to the ama teur com­
munity . Anyo ne out there with da ta to
share? [See the sidebar to this article.- Ed.]

Traditional intui tion might suggest that
narrow-bandwidth filters are more difficult
to des ign and build than those with wider
ban dwidth . Just the opposite is tru e;
CW filters are easier to build than SSB or
AM filters. Th is is fo rtun ate, fo r it seems
th at much of the present home-brew
activity is aimed at CW rigs.

Narrow -bandwidth CW filters are easily
built with the lower frequency crystals, such

- Fig a-External resistors may be added
to an experimental filter to allow use of
50-ohm instrumentation for circuit
evaluation.
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Fig 5-Circuit of a Cohn filter us ing six crystals.
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Fig 9-Part ial schematics of
receivers showing how ter mina­
tio ns may be altered to achieve
the proper filter shapes.
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piece of equ ipment. Unfortunately , this
ma y not be practical- the cost for a set of
crystals can be high when the crystal
charact eristics must be well specified an d
closely matched .

Before you attempt any cust om filter
design and con struction , spend some time
experimen tin g with the mor e readi ly
ava ilab le, and cert ainly less expensiv e
crystals I have used. I'm sure you' ll enjoy
the exper ience.

l--<:>"
OUTPUT

+v

CRYSTAL
FIL TER

(8)
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as those at 3.579 MHz. While an SSB filter
can be buill at 3.579 MHz, probably higher
terminating impedances will be required .
The terminat ion value drops with in­
creasing frequency, mak ing wider ban d­
width filters more easily realized at higher
frequ encies. I often build equipment with
a to-MH z IF because crystals with excellent
Q are readily available for thi s frequ ency.

Typical parameters fo r these crysta ls are:
mot iona l inductance = 20 mH , parallel C
= 3 pF and Q = 200,000. These charac­
teristics result in practical C\V filte rs with
terminating impedances as low as 50 ohms,
and SSB filters with 200- to 500-ohm loads.

You can, of course , order high-quality
crystals for any desired frequency. It is then
possib le to fit a new filler into an existing

Notes
IW . Hayward. "A Unified Approach to the

Design of Crystal Ladder Filters," OST, May
1962, pp 21-27.

2 S. Cohn. " Dissipation Loss in Multiple Coupled
Resonators," Proceedings IRE, Aug 1959.

3W. Sabin, " The Solid-State Receiver," OST,
Jul 1970, P 35.

4 0 . OeMaw, "His Eminence-The Receiver,"
QST, Jun and Jul 1976.

5A. I. Zverev, Handbook of Filter Synthesis (New
York: John Wiley and Sons, 1967).

6Mouser Electronics, 11511Woodside Ave, Lake­
side, CA 92040, part no. ME332-1040. IgsH
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A Tester for Crystal F,
Q and R
This instrument allows
you to analyze the
crystals you want to
use in IF ladder filters.
The design is based
on Wes Hayward 's
circuits in his classic
OST ladder-filter paper.
By Dou9 DeMaw , W1FB

ARRL Contributing Editor
PO Box 250
Luth er, MI 49656

D
o you need a CW or SSB filter for
a new proj ect? Does the cost of
commercial filters cur l your hair?

You can save doll ar s and design a filter for
your needs by bu ilding this tester and fol­
lowing the instruct ions in Wes Hayward 's
QS T articles on this subject. I

He described some circuits for crystal
analysis in his 1982 arti cle, bu t no PC­
board pattern s were offe red an d the prac­
tical data was not complete. I bui lt two
units that co nta ined the circuits Ha yward
recommended, but I found them awkward
to use because they weren ' t assembled for
con venie nce. Thi s third model puts all of
the key circuits on one sma ll PC board.'
I incorpo rat ed some circu it changes and
added some featu res you should find
usefu l.

Page space does not permit repeating the
high po ints of the W7Z0 1 QST articles .
Emphas is is on how to build and use this
instrument. There is not hing tr icky about
the construc tion, and the cost is modest ,
especially if you have a reason able supply
o f part s on hand .

Ci rcuit Notes

Fig I shows the circu it fo r the crysta l
evalua tor. A 20-dB, 50-0 at tenuator is used
at the input port (11). This helps to prevent
the signa l generator from overloading the
broadb and amplifiers , Q 1 through Q4. It
also provide..s a 50-0 inpu t ter minat ion for
the crysta l under test. These considerations
are impo rtant if we are to obtain accurate.
1Notes appear at end of article.

indications of (he crystal characteristics. QI
provides a 50-0 load for the output of the
crystal.

I added S I to perm it switching between
the crystal and R4. Origina lly, I had to plug
the potentiometer into the crystal socket
from ou tside the panel. TP 1 and TP2 are
in para llel with R4 to allow resistance
measuremen ts from the fron t pane l of the
box. It is vital that the leads from the PC
boa rd to the Y1socket, and from the board
to R4, be kep t very shor t. T his minimizes
stray inductance, which can cause improper
read ings, especia lly with crysta ls above
4 MHz.

Q I, Q2. Q3 and Q4 ope ra te as broad­
band amplifiers. Tot al circuit ga in is ap­
proximately 40 dB . A 3-dB atte nua to r is
located immediate ly aft er Q2. The au enu­
at or is switched in and out of the circuit
by means of 52. Hayward pro vided a 3-dB
ga in red uction by chang ing the Q2 em itter
components with a switch. I discovered that
this approach co uld be tr icky, depending
upon the particular 2N3904 used. Some
ta iloring of values was necessary to ensure
a 3-dB change . The resistive attenuator at
52 provides a dependab le 3-dB dro p in
signa l.

You can use a scope to measure changes
in circuit response. J2 is provided for this
purpose. If you choose this option, you can
eliminate Q4 and the meter circu it. If Q4
is drop ped from the circuit, termi nate C IO
(Q4 side) with a 56-0 resistor . You can at­
tach a frequency cou nter to J2 . Hayward
co nnected his counter to J I , but I found
th at my counter was not sensitive enough
to trigger at tha t circuit point. The counter
wor ks fine at J2 because of the amplifica­
tion provided by Q I, Q2 and Q3.

Q4 fun ctions as an amplifier for the
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metering circuit. D1 rectifies the RF energy
to cause deflection of the needle of M l.
R32 is a meter-sensitivity con tro l.

I included the test osci llato r, Q5, on the
PC board . It is used for measuring crysta l
frequ ency via 13. This is essential when
select ing closely mat ched crysta ls for a
filter. Q5 fun ct ions as a Pierce oscillator.
T he feedback compone nts (C 18, C 19) are
suitable fo r 1 to 20~MHz crysta ls.

Construction Informa tion

Fig 2 shows the interior of the tester . The
circuit is hou sed in a Ten-Tee TW -38 cabi­
net. It measures (HWD) 3-1/ 16 x 8-1/4
x 6- 1/ 8 inches . There is a lot of unused
space in the box. You may want to minia­
turize you r version of this teste r by
choos ing a smaller enclosure . The power
supply (see Fig 3) can be eliminated if you
already have an outboard power source
(12 V de at 100 mA or greater) .

The PC board is mounted on metal
spacers near the fro nt pa nel. It is situated
for the shortest leads practicable between
the bo ard and the related panel hardware .
RG-174 miniature coaxial cable is used be­
tween 11 and the board ; likewise from 12
to the PC board , Ground the shield braid
at each end of these cab les.

I used a Simpson lQO-JLA meter for MI
of Fig I . This is a high-priced component!
You can use a low-cost edgewise surplus
meter for M1. Most of these units have a
200-,uA basic movement, and they are plenty
sensitive enough for this circuit. Look for
these S meters and batter y indicators in the
surp lus cata logs ..·It is a simple matter to
past e a hom emade numbered meter scale
over the origina l one. This will provide
bett er reference mark s when checking the
- 3-dB points of the crystal response.
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Amidon FT-37-43 toroid. Secondary has 6
turns of no. 26 enam wire.

TP1. TP2-Small press-in- pin-type feed­
through bushing or small binding post.

Y1. Y2-Crystal to be tested . Use crystal
socket of choice or parallel sockets for
types of holders desired.

Fig 1- Schematic diagram of the RF portion of the crysta l tester. Capacito rs are disc ceramic , 100 V. Those with polarity marked are
electrolytic or tantalum. Fixed-value resistors are 1J4 -W carbon composition.
D1- Small-signal diode, type 1N914. R4- 100-0, linear-taper carbon-composition
DS1-Red LED. contro l. A 250-0 control is also suitab le.
J1, J2, J3- BNC chassis-mount connector . R32-50-kn, linear-taper carbo n-
L1-RF choke. Use 15 turns of no. 26 composition control.

enam wire on an Amidon Assoc FT-37-43 RFC1-Miniature 1-mH RF choke.
(850 it) toroid. 5 1, S2-DPDT toggle or slide switch .

M1-Small de meter, 100 or 200 p.A (see T1, T2- 4:1 broadband transformer. Use 12
text) . primary tu rns of no. 26 enam wire on an

Tl of Fig 3 is a surplus 12-V, 250-rnA
trans for mer. Th e output from the bridge
rectifier , at the filler capacito r, is 16.9 V.
A 12-V three-terminal regulato r can be used
in place of the LM3 17T variab le regu lator
I use. Be sure to put a small heat sink on
the voltage regula tor , U2. My rectifier!
regulator module is a unit (mod ified) I ob-

tained fro m a surplus dea ler . The re is no
PC pattern for this assemb ly.

The Basics of Tester Use
Crystals used in ladder filters need to be

matched within 100 Hz of one another­
the closer the berter, of course. Plug the
crystal into the Y2 socket and attach a fre-

quency counter to n .Select a set of crystals
that is closely matched.

Next , insert one of the selected crysta ls
into the Y I socket . Co nnect a signal
generator to J I and place St in the XTA L
pos ition . Set S2 for 0 dB and set R32 at
mid range. Carefully ad ju st the generator
to the crysta l frequency, as obse rved by a
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Fig 2- lnterior view of the tester. Note the RF PC board close to the front panel to ensure
short leads to the panel hardware. J2 is on the rear panel. Terminal strips are used as tie
points for the ac line and OSlo R35 of Fig 1 is mounted on one of the terminal strips.

mode . Now, measure the resistance of R4
across TP I and TP2. This prov ides the
resistive characteristic of your crystal. This
data is essent ial for designing your filter ,
as discussed in Hayward' s article.

Use the lowest signal-generator out put
amplitude practicable. consistent with a
midscale meter reading at crystal resonance.
Feeding too much dri ving power into the
tester will lead to inaccurate test results,
and excessive drive can damage the crystal
under test.

Some Final Remarks

I hope you will be encouraged to build
your own crystal filters for transmitters and
receivers. Certainly, the Haywar d pro ce­
dure is simple and easy to duplicate. The
practical data for this tester is meant to
stimulate you toward doing your own thing
with crystal filters. Surplu s computer crys­
ta ls are widely available at low cost. Check
the surplus catalogs for these units; most
are in the $1 class.

Notes
' W. Hayward, W7Z01, " A Unified Approachto the

Design of Crystal Ladder Filters," QST, May
1982, p 21. Also see Hayward's "Designing and
Building Simple Crystal Filters," QST, July
1987, P 24.

2Dri11ed and plated PC boards for this project are
available from FAR Circuits (N9ATW), 18N640
Field C1, Dundee, IL 60118 . ;qsR
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Fig 3-Circuit of the 12-V power supply. Decimal- value capacitors are disc ceramic, 1 kV;
those with polarit y marked are electrolyti c or tantalum.
F1- 1-A fuse in pane l-mount holde r. U1-Bridge rectifier, 50 PRV, 1 A.
R1-Unear taper PC-mount control , 5 kil. U2-Adjustable voltaqe regulator or fixed-
Sl- SPST toggle. voltage unit (see text).
T1- 12-V, 250-mA power transformer.

peak readi ng obtained on M1. Th is is a
touchy proced ure, since you can pass across
the crysta l serie s-resonant frequen cy
without seeing the needle of M1 move! A
generator with a vernier knob is essential
for th is test unless you are qu ite steady of
ha nd . Note the freq uency at which peak
response occu rs .

Now I switch in the 3-dB pad and log the
mete r read ing. It will drop to the left. Re·
move the 3-dB pad and adjust the generator
frequency above and below the crystal
series-resonan t frequency. Find the two

points where M I reads the same as with the
3-dB pad in the line. These are the 3-dB
response points for the crystal. Use your
frequency counter to measure the frequency
at the 3-dB point s. With this inform ation
you can determine the crysta l Q. in accor­
dan ce with the Haywa rd article referenced
in Note I.

The last procedure calls for relocating the
crystal series-resonant frequency (maximum
M l reading). Place 51 in the R position
and adjust R4 to ob tain the same meter
reading that was noted with 51 in the XTAl
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