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Tkre SuXrerheterodyne Beceiver - An Overvlew

t!:e superheterodyne reoej.ver is geaera.lly cousid"ered" to be the most

appropriate circuit for reception and demodulatLon of eleetromagnetl.o waYes

containing informatioa, ftre distingui-shing characteristio of this reeeiver

type is ttrat all incoming signals are m:ixed. r*ith the output of a local-

oscill"ato? and the differenoe freqrreney is eelected and. a,rnplified by

inte::*.rediate frequen*y (ff) a.mplifiers. Excellent psrformanee is obtainable

becagse these amplifiers remain at a fixed. frequeacy a,:ed only the BF a,mplifier

and local oseillator need be tnrnablo, Additior:a1 stability is irherent in the

d"esign due to the fact that the gp,in is concentrated at tvo (single eonversion)

or sometimes three (Aoutfe conversion) e.ifferent frequenoies.

St4rerhoterod;*re

Receiver

Fig. 1

A block Aiagram of

anpS-ifier should have a

oveeall noisa figure of

7

the reeeiver ls shor,m- abo're in 3'ig. 1. [lte B"tr'

6aln of apBrox{aa.tely 10 dB in order to establ"ish the

the reeeiver. tow noise d.esigR of this stage is

*ssential becan:"se noise g:eneratecl here propagates throrghout the entire

receiver. [tre Rtr'amplLfier also serves &s a, buffer to prevent looaI

oscillator rad.ia.tion ont to the antenna,.

Tkre mixer and loca1 oscillator heterodyne the input rf signal from the

H,F anrplifi.er d"or.r* to the IF frequency for ftrxther aapl"ification* fhe

nonlinearities of tlre mlxer create lrrmetous inte::srodulation productsr o:le

occrring at the IF frequency"



aa

{Ire m;ixer uay be passive (*ioAe mi.xer} o:s aotive (mt or tra,asistor} ,,nd

provJ.de gp,ia froa -10 dB ts as higli as 30 d3*

the IF a,rcp}ifier a,nd fil*er prorrlde the overall ban&'qi*th and mdjaeent

channeL seLes*lvity of the reeeiver* t}re m,jority of the receiverts gain is

ineorpora,ted here, integrated with some form sf au.tom,tic gain contr*]. to

prorride goo* dry:rasie ra.age for aLL inpnt simaa.l }evels. the freqaency of the

IF a**plifiers is nsrralLy 1* (455 kHa *CI 10.? lvHs) rrhere l:igh sigfi&l gain

is possible.

Slre deaoduLator reeov€r$ the infoeaation frm the IF s5.gna1 and is of

the aeeessaxy fom for the sigrral *ype being reeeitred (3ffi, 3I*, SsB). fhis

stage ua,y a,1so provLde aud.io*derived A*C to other reeeiver sta,ges.

ALthowh the eatrrerbe* reoetver offers exeeptioual perforaanee when

coapared. *o a supertegeaeratiye or tuned. rad.io {?eErency receiver, careful

desiga is necessary througiroat. the frequeney ehosen for the IF influences

the isage reJection of the recei:rer, toser IFrs provi.d.e lswer lmase reJeetion,

higirer signal galn and grea*er selectiwity. Hlgkrer Frs proride Lnproved

lmage reJeotion hut saerifiee othor eri*eria to be Sa.irred at lower II'rs.

The uixer and EF amplifier sta6es are the sejoir eontributors of noise in the

system so each mnrEt be of Iow-noise d.esign to'enhacree the rece{vers

sigral-to-noise ratio. I.rr d.olrbl"e esnvers{on reeeLters, where a secoad heter-

odyne m:ixer i.s present, noise ge:rerated si*hin the aixers is a. signiftcant

eonponent iafluenclng receiver perfor"ma.:seee T-n its most widespread.

apptr-ioatioyl a$ a soxffirrr:icatioms raeeiverp its ad.?axrt&Eies oirtldeigh its

di"sadvarttages. Hith tha phase*look lao3l teehrolory nsw avaiSabler direct

coarrersion reoaLvers are beoomlngi Eore pofrui.ar as *lterxatives to eope

applf.ea.tlons !"hich had in the past enpla'yed superheterodyne eseeivers.
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k an attempt to ftrther ry taaowLed.ge ln xry prima:y area of interest,

&F erlalL sl6ml designl this reoeiver, rqhose d.escript$.om and deve}opuent

follor,'s was first eonjectured. ia }eeember, 1981. eonslderable effort

uas sad.e to develop the entire design u.sing tJre engineering tooLs I had at

ttrat tines as well as furves*igate other trrrlnrovn ne*hods uhieb wcnrld. provid.e

a good engS.neer*"slg aBproaeh and a satisfaetorily fi:nstior]:lng reeelver* The

nost porirerful uethsd fo'iilxd appli*ab3.e to the receiverts deslgn was the use

of twe-port adstttaaee pa,reercters ic! the Btr'sma.Ll signaL d.eslgn portion of

the proJeet"

}ESIGII WItS [WO*?oRY pnRA]IHtffi,S

IesigE of solid. stater nlTtal1-siguel BF ampS"ifj.ers is a syste*atic1

mathenatleal prooedtrre with the use of two*port p*rameters. ?Iith this

tee'hn:Lgue aa exact solution is avaiLable ferr the eoqrlete d.eei6n problm,

the only sources of enror being due to para,moter nariations arrd. strays i"r:

the physioal clreait. grs6*polt parameters rrave the advantage of being

appi.ieable to antr ltnear astive device a.nd so readily describe tho I{C1}}0

integrated. eircnl*s trsed in the IF axrpltfieus of the receiver.

flre uaJor faetor 1n the overall d.esign is the potee*iaL stability of

the d.etice balng used. the s*ability m.y be d.etersriaed by evaluatioa of

*he LrinvilLe Sta,bility Eaetorn C, by *he use of expression (1).

(r)
?stlszz - P*(rt zyzt)



Uhen e ie less than one t}:e device is urieonditisss,Lhr stable. When C is
greater than one the d.esiee is potentially unstable, the relative stability

being'dependent upon the soqtree and load conaeeted. *o the d.evice. the S-

factor is a test for stabiS"ity rader $potl:e*ieal wsret-eace conditLoas;

the tnpnt arrd. ou.fuut o3ren-eireuited". tr:f the eonfigtration ie potentially

r:ns*abLe, neuteaJ.isatioml rmiLateraS-iaation or *he use of restriate& source

snd load w,lr:es is in ord.er for a stabJ.e oonfiguratioa.

.Another s*abi).tty fao*or whieh Ls used. in the deveLopme:rt of a

rcLatisa describing the uaximum ga.in possible with a patehed" load is the

BsLLet $tabili*y Ebotor, (Z). Srseonditional stability scelrrrs for 3s

greater tharr ome.

1r= (e)

t{re $tem StebiLity trbctor, rrrhie}r flnds usa.Es in eqaatioas (tt) through (ea)

denotes umeor,rd.ltior:al s*ability whea K ie greater than one*

,(*r, +Gsi(s22+G1)"=1ry tt)

x11"=91ra*Ytrr
Tlzc*Ytea.*s1ar
xz1*=$z1a+se1f
YZD'*YZ2A+feaf

In cases where r:rrilateraliaatLcn or nstrtralisation a.r6 &ecessary to

realize r:neond.itl-ona1 etabili$, eaaposite admittaaee para.meters (eig. 1)

may be calculated and usod" in all relationships to acsurately d.esoribe the

device and. feedback network. BTetsork losses, howevers &rs not taken i:rto

consid.eration.

Couposi*e

Adpittagce

Pa,ra.meters

Rtg" 1

Yrzyzr 
I

D€r,ce



A general exSnresslon for pouer gain is

"r., l' 
ae(vr)

(+)

Equatioa (4) Aoes uat l-nc1qd6 aay effeet dr*e *o Yss the souroe ad.mittanee.

.s. aore coanplete ralationshtp which includ.es the effeots of tire degree of,

lrrpr:t a,:cd orrtptrt matching i"s +&e eqnatioa for tra,nsdueer gain, (5).

t.
t

(:)

I 
t",, - "-ia;;, 

* Y1) I ,,rr, I 
t

ftre maxi,sr:m areilab1e gei.lr is the theoreticaL Folrer gain of a J.ipear

d.evice wlth its reyerse traasfer adsittane " y1Z set egue,l to zero and. its

s$uree s.nd load afrrnittanses eonJugately matohed to f11 *d yZ2 sespsetively.

g-

Expressims for the i.:apu* and.

are *eseribed. by tO) aea t9)"

'l/

i:x

'(t
'out -

PIA.S * lu*I' (6)

output a.daittanse of a linear deviee

4 Re{yr.,} n*(rrr}

1?re ua:riar:x ga5.n possible by chaosiag only Yt optlaally is g:ive* Uy (f )

where icr is t}:e Roll"et $*abiLity Slaetor of {2}"

tr
ffix

(r)
Hl[---

Ytt

vzg

(ai

(g)
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If the Eaxlsrr:e possible pow6r gnin uithstrt feedback is d"esired. for an

amplifier, the folloquiug reLationehiBs d.etermlne the ssi:.rce and ].oad

adsitta,nces reqnired. to achiev* ms.:cixuun transdneer 6eLri.

ra1-os - 2 fre{yrr) [[n 
u.trrr]a*{vee} - ne{vrevar) ] 

n

*(oelT,J. (rr )
'- r' z ee(yrr)

n" - 
I 
n + vet" Ylal' **(urr)

- lorn'rrlt]

(rrrrr.,)] ' - l*rr"rrl'
(t:)

12 (ro)

S*
s

] 

* 
(ra)

]*(rrrrrr)
%* -:pknu) + ffi2 He{yrr)

fihe ce,se of potential r:nstability aay be handlodn as pointed out earlier,

by e.nployiag an extemaL feedbaek ne*sork to achieve a ampccit* F1e of, zero*

The necessaeSr d.es3.gn equs,tisns for the trnilateraLized. oase &Es derLved. by

flrst era,lr:atiag the eomposite y paraxneters fsr the linear device and feedbaek

network combi.::atisn, l4aki.Iag *he prop*r substittltiocs g{ve equ"*tiene (t+)t

(15), a*a {t6}.

A genaraS expreseion for rmilateraLized."powsr gain im

lrr, - v.ol' ne(n)

[tre uailatesa]-ized power gain with Yl conJu.gately matched to Yout

Lr
lL

l'r, * "rrl
4 ne(vrr * Yre) n*(Yze * Yrz)

(14)

ie g{ven by

(15i



&lLateralise{ tirarrsdaeer galn is 6:lven by

4 He(Ys) ne(rr) l"rr*rrl' (re)\r.hr

Equa*ions (1) throrrgb (f6) vere aL1 tha,t lrer6 Beoesssry ia the reeel.ver

d"esign due to t"he n:rcoad.it{oual stabtl"itf of tho eor€i6uratisn used. &t the

ease of potea*i"a,L unstabilLtf, equs,ti.ons f,or smlxltlgg: f,he eondtLstamee a.xd.

mrseaptance of both Ys a.nd YL for BaxLrrfiE po1dffi gain and a Barticaler $texr

Stabili*y Sb,etorr k; are liste4 beIos"

lrrr, 
* Y1z*s*)(Y*z *sla +xrll

t-"
Ir*

o11 (1 7)

t-'r

nI - /-tt",r%,1. Yk,r%,f ' [fu po' *V 2 V etr -22 (re)

(ts)- btt
lyrzverl * n*(v.rr%r)]

81 = {e:.+-r, 1r _ -bzp41

Eo is the rea,l value of E whicb results in l*ae srnaLLest rninintm of

f olloxing relatioxship.

17 + [r1l * Fr] + zm] z - t*r6tt * *) * 0

(u. .l,J!11 l q")*1 i3'i-lffilIll TY{*',.1 *.r.?l

(eo)

tat)

(zz)
%*.

].1 = \AYZI
g = ne(q2r21)

*{r,+x)



One other aLterna,tive arra{LabLe to the designer to obtaie a stable

eonfS-gunatioa involvea niswatehing Gs to Sf 1 *& GL to SZ.W a"n equa.l ratio.

If a m:iw.tch ratio, E, is d.effured ae

n=SL = Ss U5)%z ftt
t*:ea B m,y be computed f,or any parti.euLar eircuit stabiltty faetor usiag the

equation

(t +n)2 = (ze)

the pcwer of these nathematical eqr:atlons is the altec'ns,tive use of

hy'orld., 5-:eSredance, or scattering Snra,neters and the apSroprS.ate corwarsion

eqr:ations betweon para,meter types. & eomeet mathematieaS. d.esign approach

is lgade a,sa.ilabLe from rery ]"ow freguencies throtrgh the aierows,ve r&f,{gor

A progra* s'a:itable for the m41C calculator was sritten for all-

relationships tlxrs far develoBed ercltl,sive of (t7) througU ta+). kteasive

use sf this progra,m r.ras used to d.evelope ihe reeeilrer design" Ehe pro6ra,m is

ineluded. at the ond of this Paper"

[ffiE AOTI}AT, 3E$IGN

A selries*&rned Colpitts ssci].lstor uith *wo i"ntemed.iate stageo of

brtrffering is r:,sed in the reseiver as the Loea,l oscil"Lator" fwo JEf,lIB,

HPF1O2, and a 2l{222?A transistor are used in the eonf$.guratioa wittr diod.e

sr*itchL:rg in the *a.nk cireidt for nultip}"a band esvere@*



Colpitts 0scL13-atcr with
}ioile $witehi"se

8ig* 2

B'5"H f"'r r"'

mPFloz

bXo_F

lotT

lp9rg

{

c.l

az

fotal capaoLtanoe in series with ttre Ln4trc*cr

total oa,paci*aaoo of eapaeitive fee*baek netwmk

tbu 9,1 mH ohokes in the tank eewe to d.ecoupLe *he swLtobi^ug voltage applied

to the 1S914 diodes in the tamk efreratt. the 68O pF and 1O1 pF eapaeLtors

affeet the fbequeaey of oper*tiou amd aLss eetablistr the proper a.nsrxrt of

feedbaok for stable operatj.or. the sornree foLlosrer has &eeo*p1ing *n 5.t*

draicr l*l the forn of O.Oi a.ad. 0,1 # capaeit,lrs *ad 100 ohm resistor to

prerent rf frss eatering tbe power sapply. &ltput is developed aeroes the

1gO uS iadnetor ead eapaeitively eexrpled to a eecoad. souree foJ.Lower whicft

S;3wides a :.tght load for the oscillator {see Higr g). lfhe 2S2222S. in a

eofimon em{t** configr:ration develops the cnrtSxrt sJ.6na1 wbieh is app}lod

to the loea.L osor.trls,tor inlnet ef the BC1596C raixes*

ISrs fi33st stage eneonntered by a reeeived signel" ie a tl:res-seetisa

firebyoheff ba,ra*pase fLLter sitlr a prassband. of I *o 12 FIEE.

I
q.I F

vnH

z'zK
-o'o 

I

*-4tz-;1
th+ matn Bortiou 6f tae tod*l oeeillator is shor+rln above ia Fig. 2"

Ebe eqqatisn doseribiag the &equer.tey of operation of tJ:e sseillator taak ls

w=o

Q)rnrt

LIL + L \
r, ( c1 czl



flhis is $.acorpora,ted. in the reeeiverls {bsnt end. ts *rinip{ss o'ner}oading

amd. si6ua1 deseuee due to stroag laeaL 331 alrd S$1 si6:als. Ehe fllter a]-so

Bro'vid.es a, mea,s&re of se].eetiyity to oat-sf-&aad signa,le trhiob wou.Ld. Bot be

present dtae to the absense of a tuned. fron* e:rd. i"u this receiverrs d.esigp.

ffhe eir$uit d.iagra,n fox the fiLter is sbstfii in Fig. ) atrd its passband

el:araeteis*ie i.rr FiE. 4.

l-z LZ RF nV

three
$eetion

Strebyoheff

-Er-Lt6f

flLg" )

frttr 'o.'={ 
_ c1 = 12fo pF

A\ixpf Ir1 = O.20 uH

S2 * 116 pF
I'2 * 2.1S4 uE

05 = 127O pS'
],3 = S.20 uH

e
o

+
d

S)
-F
-t.g

€)
-o

Passba.ad.

Eig.

24 z6



[t:e HC1596C ts an excellsnt d.erniae for u.se &s a ba1*nced nodtrlator or

denoduLatsr and prov{des high coamon mod.e re$eetion ia additioa to adjustable

gain. the outpat coLlectors of the deyiee ar6 eross coupled. so that fu.ll

arave bals,nced multiplfcatS.on of tho two 5.npat signals oocrJtr$r iilhe d.ireot

reeuLt ls an ou.tptrt speotrum consisting' only of the $m e.ad. difference of

the firo ingrt fregueneies. flhe approxiaate volta6e gain fer the HC1596 1n

low-level" ac applications is

q vo(rms)

Y<rltage Gai:n = 2{z 
% tru + Pru)

% * ,u*lstamce betrseen pins 2 and. three

r* = 26 **r/Iu (**)

kf/q = 26 sv at room terperature

the rrse of {Ze} g$.vee a :roltage gai"u of 5 d3 for a }O mlorovolt inBut signal.

fhe iaput admi**a,vrce of *?re n91596 is extrsmely invariant in th.e

frequeney raage of iu*erest (fante 1) so no fom of uatehing.is Recsssarlr.

ffire input caBae*.tanse is so Lornt thet ne at*enpt is aade to ca,ncel it with an

eqsal anoqnt of inductlve reaeta,nse.

(zei

lnput Impedanr*e

240 K ohms 2.0) pF
1 Fleg ohm 2.05 p3'

240 K ohus 2.0! pF

Iaput &haraeteristios
fab].e 1

kequency

5 I{Ha
1O }4fiz
1j MSz

Ehe BeeessarXi'biasir:g for the I{C1596 is derlved from lrrfor:nation provided

by a,n appllcatier: note on the He1596 a,ad $S1495 hy l{otoraLa. Bhe outprt of

*he mixer reinains a* 455 kHz and suet be uatched. to the next )000 o}:m stagep

the 455 k$z fiLter, for maximls sigpe,L transfer,
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Swera3 wlitely used. i"mpedanee ma*cbLng ocafiguratioss and thelr

oormeel,<ltrdj.ng egrmtims are sho$n belon.

(zsg)
R,-

Br) %

t =Juf;-;I
xo= }.%.

xo

(ztz)
\=

xe=

lalc) L=%/s

+1)

Ba) Bt

Re

15
xt,

Rr?

to ma*eh tbe cnrtPut of the nixer

indnotor for both Power line

Bt

%

vrac2 -

n^N
xc1 = ffi (t- Bt

ffice

lltre matohiag sc?reme of (ggn) is trsed'

beoause it oonveaientl,y aLLexs uee af cme

Lsolatioa afiS {ryedaaee uatoh*ng.



l3l{r,,
t1

I'o' 
a, ' tff

F

lteteh 130 K olrms to
) S ohss

= I$rlEO ohus

I 3oK

La, cs.noeLe o{r*pttt
caBaoitiva reaetasee

\* = fPt$00 ohns

Ira = 27.8"1 uH

q1 E 15oE

6.t K

!ag. o

Lf = ?ffi.

= 1!$2O okas

ot = 18PF

+g

=o.lHr l-oTaI F,*rr

lroE-1x

xc = \Bzl t

€ombinlns the fr,ro in$trotsrs yie}ds

Ier*t)(y\ = 5.6 as

2?'81 + ?

ffhe ml.xer etage wlth ite associated biasing'and i-npat-enltgnt aatehing ie

ehcrnr balol S.n EL6. 6*

5"(e*ll

T6.t

g

RF
,N

5t

nc 6q6
q

Sixsr
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&e IF a,laplifior sonsists of two Slotaro]"a HS135O integrated" oircuits

in caseade uith an anrtoaatic gai:r eontroS sigrral app}i*d from a C3,116O

differerstial a,laplj.fier. t*re }{C1}}0 hae aearly aonst&nt input and orrtpat

adsgittanoes o?er i*s entire AGC raage s&d, ha,s a Ye:l-Jr low reverse tra*sfer

admittanee. Ad:aittartce w.lues for the d.eviee at 455 kBz are listed' in Sabla 2.

Ehe reverse tra,nsfer adsitta-neer 812r Le not hoown exactlyr brrt tt does net

sigrrifiea.n*3-y affeet the EAi$ of the deviee a,nd. ha.s omly a nipimal effect on

br.,r the lnput suseePtaace.

.&d"nitta,noe Sa,maaeters for
HC1r50 s,t 455 lc$s

TabLe 2

$.51 mhos

A*O22 mlios
t(to*91 mhos

0

A,1594 d:os
-O.01594 mhos

4(10-6) mmlros

:(rad) mhos

, 0o oi ( 6?/ {*t 9s f3

-qSYtrst

por*er ge,in

Go11

btt
812

bte
tro21

bat
6o22

bzp

Ssing'*he adaittanoe va.lues ia Table ? and. the appropriate eathesatLcal

eqr:a,tions already d.eveloped., the fallowing operational oharaeteristies are

obtaiaed..

Eqrra.tS.on

(z)
(a)

{t)
(:)

[]3]:{l i}'

Data

thsonditioual $tability
Bollet $tab1lltY 14.5CI4

G 57.42 dB
$ax

Stern StabS.litY trh.etor 29.Q7

Sp*i"mxr so(xrce and. load. to aehj-eve maxim:m

Ys = 2.894 Etoj) -i 2.174 Uo-1) mhos

yt = 1.714 (to*) -i i.oz25 (to*) mrros

and l"oad in paraS-lel eguivalents are

Es= 1432 tJ282 ehsls

Zl-o 151.8K+ j151 Kolms

Ehe aptimm solrse J2.fr, -*rdE
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eotrp]-iag frorn the 455 ffiz cryetal flltar to tbe input of the first

$C155O is trxovided. by a series 0.05 u3 oa,paeitor. !{o atteapt of match:ing is

nad"e becatrse the ma,ll nismateh present eoutrib'utes thesretiea3.ly to a

d.egradation J.n gaLn of onLy 0.05 aS (:). She output of the first IF stage is

tra:rsformer emrpLed bry a prime,:ry-tuned. toroi.dal eireuit to the seeond 6ta8e

input. Hroper resonaince a* 455lrHz is prorritled by a.a adjustable trimmer

eapacltor in para,lS.eL with the prL:mary. A toroid with a tappod primary is

used to pfovlde a Load. ef J0 K oluts for tbe first stase aud ales alLqrs de

operating voltagee to be applied to the mfi}50"

&rlJ"er it was dete:miaed that the oBti-mm Load for the first stagts

is 151.8 K + j 111 K ohps. A ei.xple eaJ"caLatLon shsws t"}rat only ) pF of

stray capa,eitamse ha,s near}y 12CI K ol:ps of reactaaoe sor ia ord.er ts aaistain

good stabtl-iff, a }s+rersalne of load *mped,a"nce Ls requ:i.red.. Sse of (])

shows that iritti a load of 30 K ohms a:rd the Ys previousl"y defined.l gain is

6, d3 whLeh is uore than adeqtrate. the sluaLl amolrnt of loss lntrodteed. by

this mlseateh niIl be very such rEorth the a.d.d.ed stability gaiaod by the

Lower loaf, i.eped.axtee*

She aatrnal d.eeigrr of the BS' sectl"s$ began w'ith the seecad IF (progress5.n6

towacd mLxer) and. a EO for the seeend st&Ee of"10 K ohns was ehose6,.

llsiag eguati.ons (5) an* tg) Sives *he optirnun snurce for the eesand. IS'

ste,ge whieh is

Tin = )10041 (ro-1: + i z.z1'le {to-5} oaoe

ffi

E{a= 3225 -j2}2ehms
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Betu:rring to the IF tranefermer ealctrlationp

* pri"uary turns

= secorldarjr ttrrns

Primetry

Second.aaY =

$p

AT
.L\as

Zp
?,

st

$
3

sG

(:o)

= prim.alg. S.mpedanee

E seconde,rr impedaaee

= fbtras Hatio * 5.A5

A prinary Lnductance of 120 uE is nsed *,ad data, provided' by '&urid'on

AssoeLates with the toroid allous plop€r detemination of pr5.ma,ry and"

secondarSr tltrnsr

A 15 - Igixp S - 68 torsid. is used. tlris aaterial has a' pemeabiljty

a = 25 s,nd. a usabLe frequency 
"an8e 

of 0.1 - 2.0 FlIIz. *"r. (uA/ 100 trlrris)

for this core sLse i.s 18O uS.

81.55 tu.rns

P.7,22. tums

It--
ll,o5

^ndd- rF

$ turns = 100

El"rst IF Stage

PLg' ?

Cain 65 dB

10CI\/12ol180

q55
F;l*e<
o__J

I

4.zz i

l','\C l3 5o

A6C 33"(
,e5
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ISre secoad stage IS' emplifier is designed. trith the salne proeed.Ere as

just outlined, Once againr no at*empt is necessary to matoh tbe lntrnrt of

tlre seaond stage {lZZf -#32 o:rns) *o the tra,:asforner secondarSr uhi*h is

Tery eloee aecessa,aTr vaLue" A O.O5 uF corrpling capaeiton is used to

i.soLate the inpu* frono dc ground..

Ehe oatSnrt of tho seoond. IF u.ses t&e matching a,ffia,agensylt og (Zgg).

The secon& IF stage de}lners its or*tput to a voltage d"ou.bler where the Al*I

sigrsl is d.emodulated. A Eia far the voLtage dorabLer of 125 ohms is

ehose& and. a. loa.d of 10 K ol:ms for the output of the seeond i{S1}5O ie used.

Hith Zin - 3225 ohms a"::d Eout * 10 K ohurs for the HClrSOr the tra.aeducer

ga;in is 58.85 Al (5). SeveraL dB of ad&itional 6ain aqu.Ld. be achieved with

a Srigher Zout for the stage hrt this reqrrires a higlrer than d.eeirecL Q fer

the output ma*ehiag cireu:lt.

$eaoad IF $tage

Fig" I

+ lz\t

,llmtl

fnpo*

RAe ,rr

.o

j "o>HF-"r,I Detec*o(

I*-

,vlc t3 5 o

r=
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6sins (zgc) trr*

SeleetaQofl0

otrtput :re.tching is fsrmd,

4tL.SqE - 10 (i.oaded Q)
45 kliz

= 8.89

A miaissus l"oaded Q of 8.8$ is aeeesear;r for proSrer opera*5"oa of the matehing

eLrcult" A Q of 10 satisfies this requirereent and provi$es a,n adequate marg*a

fos error

c.tota.I z(pilt4y: rsuXf xi - ?so pF

= ?r94 1r -"Y\-^ctot

flhe match:i-ng network valaes are C, = 7Sg SF, C2 = 0.00626 u$', and. L = 0.1?48 ng.

Ilslng these caLstllatioue! a,s a gutd.eliae, comgonen* vahres uhLcb &?e Erore

standaJrd. near the oalculated vaLuee are chosen.

I = 0,18 aH

e, = ?50 nF

C2 = 0'0058 BE

[?rese eomponent values give resonanee at 456.4 kEz whieh ia eati.sfaetory for
a Q of 10 a* $\J l*la.

An autopatie gaia eontraL vol*age ie appl{ed to the ASC inpu.ts of both

$tC1l5CI'* (3'ie. 9). Gaia is at a aaximrm for Y** = ! valts a^rid a eini-!ilu&

for Y - = 6.T volts. flee aetual eircruit ocnstmrc*ion of the 3#e portion
agc

was for:nd in an IF stage using d.eviees eimLlar to the 1{C1350 integrated

clrcrrLts. Ia its eonfi-guration, the CAIJ60 is set for a vo}.tage gain of 11.

A.lJ

10

iL*
s"t

z(pr)f

lqK
125
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fhe outSxrt of the {erriee is rectLfLed acd fed baek to the &GC i-apute of the

two stage IF ampl"ifior syctem. fhe F1C1150f s have an AGC rnnge of at least

60 dB"

Ehe audio stage is a single Lll580 audio amplifier chip which is able

to d.eLiver one wat* iato I ohms. Sypassing is used" as outlined. by the

uarru,factrser.

A reLatively simp3-e power supply is used. SeveraL d.iffexent voltage

1evols *re reqaired; :8 a.::d +1? volts. fue drawbaok of ths desigrr is *hat

the ehassis ie not at tmre power Llne growld", but is aetuaLly at +12 na3"ts

r,rith respeet to ground. The complete supply is shol,rrr in fli.g. 8a.

fi.eeeiver Pouer $upply

sig' 8a

the Colpitts osoilLator is contaised in a separate shield.ed. area away

from the other receiver utages. .4.11 eircu;itgy is sotx,rted on printed sirouit

board"s and a mlnieus of peint-*o-poiat wiring is usedo $eneral wi"re lengths

are used, treweverr and. in cs,s6s where they are assoeiated. with a higir*gai:s

stage, bypass capaeitors arc used. to m$:rlnize problems due to rf piclnrp.

ffI:e complete l-oeal- oseillator is illustrated" i:r Fig. 9 and the nixerr IF, and

audLo stages ara sh<rrfir in Fi6. 1O,
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The only Broblens encgtrn*ered. r+ith ttre eoastrrrcted' reselver

invslved noise and lew-level audlo oseilLations due to rf pickap from

looaL sl{ and. trH statlons. .adsitiamal bypass oa.pacito:rs in ttre affested'

area.sr resolved the probS-ea" She tunod" If ata6e is ad'Justed' to 455 klia

by tsn:ing fer optimrm atd.io quelity a*d the balence eontrol on tbe HC1596

uixer ad.Justed for eqna3. vo}.tages on pins 'l and 4'

otr.erall" reeeiver perfeluanee is aore satisfaetory tha,n I isagiaed'

wenrl"d. be possibl"e wii,h *he deeign. ftr$amic perfo:rmaaee is excellent and'

$sC aetion oa the stagBs sullerb' & greatex d'egree of seleottvity t'rould

errtranoe tbe receiverrs perfomnarrce, brr* also isf,luenee lts priee adversely'

The entire projeet eost approxinrp.teLy $10o al"thotrgb several maior ooaponents

were already on harsd..
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P.&trffi LI$r

(e) mPrtoz '(t ) B-6s-I5 teroid.
(t) zwzzz& (:) ?*1o.4 torord
(y) 1s914 (e) 9.1 EE Rss

(z) mc1)5o (t) 1ao uu nss

(1) F{$15g6 (1} o.'re sH n&
(1) ca515s (t) 5-150 pF va,riable cap

(t) 9 volt zener, 1 !{ (l) } poeLtLom sP$8

(z) 8."1 volt rener, 1 s (t ) 20o E& meter

(e) 12 vol.t zener, 1 s (t) 1)r1 gear reduetl.an drive
(z) loCI tr ohu potentioraster tt) 25,,2 Y 1 ary trmusformer

(t) 5o tr trLm pot (t) 2200 us, 5o Y eLeotroLsrtic oap

(t ) 1 K *rl-a pot (t ) $m455 orysta} fi3.ter, !&rrata

(t) 120 BF trinomer aap (t) 220 $S eleotrolytie eapl 2! Y

(t) Ettxlluxln eaelosrre (l) 47 uf eleotrolytio cap, 16 Y

Ottrer oapaeLtons and" resistora as LLste& on sebees,tto
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6 l,lnv[ll,e $tablLlty Factor

kr RoLIet StabiLity Fa,ctor

Kr k $tern $tabiLlty Factqr

Gs &eaL part of source admi.tt&nce

GL fleaL pa,rt of Load aduittance

Bs Inaglna.ry part of souree aduittance

BL lmaglnary pa,rt of Load ad.uittanae

glj Bea.l part of YiJ

Oij Ima,ginary part og yiJ

YI Complex load admlttance

Ys Complex source a,dmlttance

'* conjuga.te

Yln Input admlttanee

Yout Output admittance
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