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F'S?O€ ls s algihi f:'eque::c;, q.'nt}:eti*,*nit eonsir.:cieci:rsser.ding to the ana"Lyti*

p:'i:rclpl* ::s;: pj:tse l"s*ked ),**p. It replaces tl:s com$*n *rystal *seillater unit
*}:d i:ro';ides a mad*anl:il oi r fl* ch.,nn*l f recuen*ies '.,rith ZlkHz skips for the

tr;nmiite:' .:$ 'i,;*.i-i- :: *q ih* ::ccei"v+r-. }: r*citiqn it :"rorks as modtlatoy on the

"i.:.rr n sni lre:. si.d e.

- :.--1 n,=:- .i-i .: -. .P

3. i"iorie of opere.tion

ris shown in the'rlcck diagr+m, the unj,t eonsists of ? zub-units 1) a refer€nce

osci.llatax. 2.) r rhrse iel--*c.L1r-,;ii,h fitter. 3), voltage eontrolle6 oscillator
a'ith moduLsticn anpl-ifier, 4) n t.*ro-dirider r,tth pre-arqplifj.er. J) a programable

f're,quency divid.er :nC fin;Ily 5) end f ) oufuut amplifi*rs.

?he ou+xr.rl fnequeucrr is generated in the yo]-tage eontr.oLle<i oscillalor. Frsm here

t::e s1;nrl is fei ic the tu'o oritpui axpl-ifiers plus via a third a:n'plifierr e tsro-

Civider and a prcgramable frequency diviCer'r,s the ph*se deteetor, where it is
cot4:arai'rnth -;iie rafrerence freriuency of A?"Jkiiz" The output voliage of the

phase de'"eelor is fil-teved and fed tc the varaeior Ciode of the YCS, whieh raakes

up the r.tr:.ciQr ln i,he oscillatj"ng clr*uit of the cscillator. flre exeitatioa

rd-l-1 *ffeci the *';pacilT of the var.ac'+*or dj-orie and rrith it the resonance frequency

vs"YpY



cf the oscil-lating circuit in sueh a rArey that the output frequency from the progranable

f reqtreney <iirider wi-l-i beeome equal to the ref erence f requeney AZ rJk1r., and in
addiii-on, the:.'hase bei.r+een the I frequen*ies r.rill beeone uero, thus ihat lhe cufuut

freqne::.cy of ihe ?CC beco$res exaet"ly LZrSL&z x lI x 2. ft is also dependent of the

oividing proportiott I'1, whieh is ad;usteC by the BOD eoie signals from the ehannel

selee'i.or- Hhen rr:odify:-ng I'r' to l.i + 1, the output f requency u-iI1 be aodifi-ed f =
11.<k:'- * f'..'r't\ ^r!r/i\ar- 

^ \rl T t ) z ? ^ i'?- rj'*.Yz x )i z ? = ?5irs2.

lL- k*itr+duil exilnin?tic:: of the -ql+.ts

d'+"i ?he referenee osci-llaior consists of a 3rZ VIi:z eryst*l eseillator a:id a fixed

"fre,qruencir 
di'rider. Tn* csciilatar is e colpitt, couple*i firndament"al tone

osclllaior, whieh s-'r:-ngs on the paraI1e1 resonanee of the crystal. fhe collector
load cf the transistor consists of a ijuil throttle para11e1- with 15OpF. this
r'il1 give a certain filtering of the output frequencyr so that the 2nd. haraonic

cannot interfer. The ou$ut signal is fed via a RC network to the freqrrency

dkider. The RC-network is essential in ozrier to obtain correct 1evel for
logig trg;t (v q c.8 v d.e. ). the freqreney consists of 2 binary 15 b:-ts dividers.
The divl<iing proportion is L5 x 16 - 255 and. the output freq.uency will- be 3r2lffiz:
^-/iJA = lt rJWz. the si-gna3_ is a sJna;netrj-cal s$are votrtage.

4.2 the phase d.etectcr consi-sts of the deteetcr IICI+144 itself r^rith built-in active
fllter plus a Lc filter. He are talklng about a digital cireuit, whi-ch. output

voltage "i s caniroiled by a shift between hlgh and. 1ow leveL on the 2 inputs.
f};:e unit ope:.ates bot:: es frequenc;, and phase deteetor. The same circtr:it has

a built,-rn a-rup1-ifier, *rhich in corcrection with the external coqponents :nakes

q) an aetive filter. fhe f1l-ter constants deten:rlnertogether with the araplifieatic
of the pl:ase detector a-nd the VCO, the FrL:rary loop constart, resonarree frequency.^,,

and t!:e attenur t o"(.anC '.n-th it th.e quality of the noise close to the +utput

frequan*y pI':s the transient time" Since the active filter *ennot aLone

atte.nust* the r*ferenee frecueney 12.5iCiz s'Lffielently, a LC filter of 80 mII

lOuF l:as been adcieC.. -t hs.s sc high a iimitlng frequeney >S xr..r^that the

cu:iity cf ths locp cara:ot be aife*ied.
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4,3 the voltage eontroll-ed oscill-ator consists of the oseillator itself plus a pre-
er$haiie and ec::pensation sircuit for the moCulation" the oscillator eiretit is
eomposeci of a varaetor capacltor plus a eoil in the first transistor eollector.
I:e signal is taken across the eoliector of the second tpnsistor, while the
negative feedaack is nade aeross t}:e emitter cf the second transi-stor back to the
es|*iter of t}:e firsl lransisior" "de are ta}-ki-ng about a kind of E*ttler oscillator.
&e varaclor die*e eonsists of 2 diodes l;ith the eathodes coupled together i.:r orcer
to out'-ccnpensat"e the rectifj-ee Ef voitage. rn return one wi-l-l- get half the nodifi,
capaeiiy' fn* 2 ciodes are dc deeoupled to ehassis by *eans of a throttle. The

ccupling between +.he 2 transi^stors consists of a 1itt1e capaeltor of l+r?pF in order
t'o lead t'he clreuit as lit,tle as possible. it i-s important to achieve a lrigh
eireuit Q +r-rth regaztis to the quallties of the oscillator noise. the excitatlon
is fed to the 2 diodes rria &r?K ohms. Ihe modulation is applied parallel to the
excitetion' 'Tie are talking about freque*cy modulatlon. Horrever phase aodulation
is desired. ?hls :s made b;r i.nserting a R0_network, which gives 5 dB/oetave
(2]-'R26)' sinee the eharaeteristi-c of the control diode is crurrred, on6 w1rl not
get the same nodulat'ion sensit'i'"rity across the band. rf the 1j:a:iter is adjusted
to a frequency swirrg of tJ}<.?lz for f = 15 HHz, fm = 1000 Hz, the frequency sn:lng

will perhaps onlf be 12 kiiz for f = 1Zr5 Miz. This is of course unacerytable.

-it- is for this reason that a +*ransistr:r amplifier has been added, Hhich r,rial
counteract the vurved characteristic of the dlode. ?he circ,rlt operates as

f o11o*rs:

fne base distovt'ion of the transistor i-s partly obtained from a high ohmed voltage
divider anci partiy from the excitation fron the varactor diode, r*r-ich is fed back
v:-a ? x 10 i( oh:*rs and decoupk:g eapacitor. fhe decoupling is essential, othen^rise
the transist'or would be negative feocback. the a:rplification of the transisior
is now partly cantrolled by the varactor excitation. ?he exeitatlon is lo*s at
lcw frequenci-es, and ihe atrplification of the transistor is therefore also 1ow.

the excl-r'af,ion wili incre*.se at higi: frequencies and witl:. it, the a:rpllfieation"
sj"nce th* nocula'Lion se::siii'rity is high for 1ow frequencies and 1o,, for high
frequenci-es, one can adjust the arnplificatlon of the transi-stor fn 6rder to get
the sa-ae sensitivi-iy across the r.ihole .band. 

fhe adjustnent in ma<ie by letting the
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rege &r (]i J.

fixed base dlstartion fo:si a ]-arg*r or a lesser part of the total dlstortion (ag)"

TRe ou.tput vcitage of the trsnsistor is fed vla a deeoupling (C z? ) io th.e

waraeicr disd"e" I*e eut-off freq:eney of tae deeoupling sh*uki be set so high
'Lhai' ii' e*nnst affe*t the ;reeiulati*n. The puryoss of the filt*r is to hloek the
3"o*:*frery:QR*Jr noi-$* of th* tr*,xsist*rr sin*e th* vara*ior diocle i s very sensitive.

*i.. $ i\:r**ivider s*d pr**a.tim3-ifiqr.

sin** the p:-ogt'ainabl* frequ*n*y divirier" cannot worl* l.rith f,requeneies rrhich are

h:gi:er tha:: ar:i:"ox' 1? I*-r,o :-t is ?:*e*ss*.q- t* eouple a Z*divlder jx frogt" Tke

r*f*r*n** f:'eE::t*:':*;y siro,*l-.* a+* l1:* sa,a* ti-ne be redu*ed ts hal-f the ch*nnel ryace,
th.er*f*r"c -'Lji,5l.f{2. T}:.e 2*d_:,s:-d*r sheuld lher*fcre *r*rk wii.h frequ**di** W te
1?'S'Hz {hig::esi o*fuut, fraqi:ene;-,}. T}ie p:'e*amplifier i-s Reeessary :J: order ts
oi:tair: suffieien+iy high trigger leyeL and in order to insr.ilate the z-di-vider
fr*rn ihe ou$iit. Using a ?llned amplifier f,sr batter j-r:sulatj-on woi.r-ld have been

an adrrantage, but this was not passible by the ryace ayailable. It is for this
treasor-r ihat t3:* output volt,age ccntajns a weak ryurtoue on half the freqrrency

- I :'f;{z" the *:rpllfier is eoupl-d to i}:e 2*dlvider with a Rc-neta,ork j-n o:rier
f*a ebtair: eorr*ct S* j"ev* for logi* rrO,r ir/< Org'J). f,:re thr*itle in the bottom

of the resi-sior:*':-11" pr*rerrt str*ng attenuetian by the signal, s$5if{i?z is used
aa O -Ji.-il-a-s;--'r.-L!-]frolr sjnee tire standard cirn:i"t St'i5&?2 ea:rn+t rcork.u:.ith l-?r5!fi{z rlith
ne>f -i n4'"\;€:'i'd.-Ljir,J. It, ls posslble tc inerease the fr*q"rer:ey t,o 2&*&{z with SHJ&4172, there-
'f*n*o' 

^tr.l-o.r" 
! lron:.: r>6ajr a ? '1,.^--.ra3"e ourr.rtii r'1"*{'i+}n*y i3 }'fi:.r'"-'hl"*h is ti:c msx. I,iot"k:-ng f:"*qr:.eney of the l{-dirtder"

&;5 &* pr'*gr*r:a-hi,e fr-*r;r*nq; <liviier *ernsisis of l*d*eade *sueters SL[64160 anci a

Sr.t* riir*u:t S:i6tt**,

hc m*d,* ,;f *p*rlti*:: is as foll*rrs:
Th* n^r:r'6-* i;,:' l" Lrs b*th ena?:isrs on ui1" end *x-11 e*unt:-t *a*h *ioek i.npu;-ee"

Th* ***::-L*:" I'c. :: {tens) *t'r-].], only *currt, uh*x g*tting,r*as"s,y*r sign*3- from the

***1:c,:: i" *:e ***nte:" i'i*- ::"1 {" }.iu;,Jr*d) +ri13 *ni3i eount n}:.en g*tt*:rg 3 ftcarr3rru

s}-gn*1 frc.i,e i;*ih 1,:;:d 2. fh* ga.t* *j_rcnii; d*teets positi*n gg& and wiLl st,

t}:e n*xi *l-**!'; 3":r6:ui*e gi:re c':forrc srgn:]", r']:i*?: is si:rrujta::e*us**y f *d ,ba the
I r:-:ri i nr.:: * r r,f -'1 'j ': ^^.,* + ^rric;u -L;rlj'{..t;} ur. .c;l j Gi}u.i;Ler5, This wi-13 ins*rt & nulr:her i.n tk* *gl.*:terg
I s, cr"r!-i P, s .1.uEa-'siu&l'& *f th* v*-i-i*.ges pn the j >r 4 co::+*y*l fxputs, ?he m:mber *loadedn i-s t
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li:e e*nplenent of 9 of tl.e ciividi-ng proportion expressed in BCB.

ff f*r ex:mple the di:r.}-ding proportion cfbs is cLesiredo the num"L:er 6J4 shauld be

inserted in tt:e c*r:nter"

?he *cr:nter seqllence will ti:*ref*r* b* as f*ilorre:

rhis neans t!:at the eounter is divi-ding wr-th 3&5. si_nce the load

before the clock inpulse }Jo. /15, one rs.il1 not loose any irupulses,

high frequencies. I'iax. counter frequerrcy i-s approx. 12MHz.

qi rxp] a*t e*
v;t4pv

nat esm at

lf it is desj-red that the adjusted

ciireidi-ng proportion, i.t would have

tscD*

*ontrol signal" slioul-d ccrreqloncis io the

to be eonveyied irlto the corrlsaer:t of g in

4"6 Tne auip:.r"t anplifiers are tr.rv:eri anplifi*rs arith B$xg?" ?he ou@ut cireuit is
atten:re.ted ';itli l"N oi:m in orCer to cbtai-n 3 IS{z bandr".idth. Th.e ban*ridth lies
iilC oh:"ns i-r-r serles :.dth inpu.i ix orde:: to s%ar+.te the Z outputs fr.om *ach other,
*nd i:: order nat to l*aci 'uhe if** ioo mr:*h. T}:*E"* is a. nene de*oupld emitter
raq-iqf.en nf {6 ^L,,. ..'l,.io1*uvr vr ru u:rii:,$ ljrtuii u:11. i-ryr"ove *!re att,enUati-a* of the hale.onics

s-tibstanti:'l-);'" fhi,s i-s *f i:rpo:'ta!:e*r since filt*r betws*n il:.e ou@ut of FS?*?

and the 2 nix*r inputs {n F"c e"::d s{ respeetj-v*J_y d.oes not e:*-st.
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