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A Spectrum Analyser for the Radio A ma te ur
Part 2 - Concluding

held 10 a mInimum In thoS ......IlQn. IhOWn Ifl flg .
5.1., 11\8 OKIIlator l1an-.slOt' " a BFR gl anclthe
buttlH ampllfle' an NPN I,a"...lor BFG 96, th.
Ian., del"".nng at '.al! 10 mW dn .... 10 the
followIng SRA 220 nng rn~.. An aU~lhary butt.,
outpul of 0 5 mW " tak.n ho m the twIn-hOI.
COIed I' an,forme' 'rod used foI the tUnIng

hnhrlty ClrCUI' S and for ,1\8 PlL dr"". The com·
ponents are solde'ed 10 11'18 treck SIde of !he

pr,nled c'C\l11 bOa'd . the ."allQ8merl' beIng
Ihown In f ig. 5.2.
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Th,sMCdlator. tunIng hom 450 MHz 10 1000 MHz.
has al'eady~ OMc"bed In VHF ComI'TllJl"llCa<
hOnI 4 56 and thelelore the details tier. can be
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6.
FREQUENCY CONTROL LOOP
AND TUNING LINEARITY

The '''''oonah!p between me lul'ilnQ volt. and
me outpu1 ' ,eQlIenCY of a O!Ode·luned oaon.!Ol'

nonnaJty awo-lI'n4I'es a square tOOl fuetlOtl I"
order 10 oblaon e Ilneas 'e!i11lOnahop betwHn
I~ \101I. and f,equency . II " roeceuary 10
employ a ,",slance-dlOde t>etwork~
an I'tVel'M chat.et«lStlC. wtMch. when oomblned

'I< " 1(\IVl ......

veo

w,Inll1e VCO cl1ar8ClenaloC. prodlJCeSlhe deslf1(l
linear ,e!aloonarnp The only anag w,lh Ih,S ar­
rangement I. that e8C1'I OICIIla!Ol' mus t be Ind!·
vidua l y adlU.'1(! for opt,mum results

The ernployrTlettt of a"eQIJef'ICYCOf'lI'oIloop .. an
allerNIlYe method 01 obtaontrog me linear r.
lallOfl5h(l beIWMn lunng voltage and VCO I,e·
querocy A h1g1'11y bnea' ()1ICf.m<nalor .. teel from
llle outPut at me VCO and delivers ontormallOtl
concernong me aetlJal frequency of me VCO A
COf'llrol iWTlplI1.... "*' ~uMII me VCO 10 retum
10 I".. set f'equency Ttle dtMdvllfl~ of IhIs

f ig '1
f..-q_y cont,OlIoop
uMclIo H....rlN~ " 1
LO'.luniltf c:......,t_.toc:
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method I' thaI lhe trOQUency conl'oI loop hU a
!>n,le reac!OQn lhus 1811lng a dellMle lime limi T
10 me IUnII 'Q ra le The dIOde Iunc110fl generalor.
on me 0Inet' hand, IIU lIltfl no IUCh d lsadv8tltage
FOf lhe control loop metl'lOCl. asu,table hequency
d'!lCTllTllna lor may be ,eal!Md UIIf'Ig a monoIlabie
mUIIIVlbl'alor For every perIOd 01 IOPUI voltage

" dellv.,., an oulput 01 oontllant ¥rldIh and ampll­
tude The aYilf898 perIOd 01 me oulpul pulsM
delermtnes theoutpullT~

As ll'lll OoICtimoNl!Ol' can only work up 10 I,.
quenoes 01 only a'-~, l"'- outputlrom
!tie VCO.. IC8Ied ()Qwn w,th the 8Jd 01 a IIft'lpIe
Eel drVIOef 01 the 'YPI' lutQue"tty used II'! com·
meroal TV equ.pmer.1 ~ block cNQram at h
ltequel"lCy cont.rol loop c:ompIeIe ""'th scalef II

ahoMlln tlg . e .1.

The protOtype IreQUet'lCy oonlrol CIrCUlI used by

lI'lft aulhOr IS ahOW'n '" IIQ. 12. The VCO ma'"
• I OdBm OUlPUTgon on lO ltle PLl ClrWlryand
will be dell" ..,ttl lelel' The 3 dBm outpullrom

h vCO " !eeI 10 a rellSl.... powef spI,ner n
IS then bu llerkl by a BFW 92 amp.t.., be lore
beoI'lg te kan to the SO A 421 1 ECL IC8ler FoI·
Iow.ng a lr~ drMoon by a lactor 01256 and
a leYeI IMI 10 C MOS a IIgnal chrllClly dattved
' rom the vee ,., ,he range 2 MHl 10 .. MHz ..
avaIlable

The I,equency·von age lranldUcet' COf\II.'s 01 a
monoalab!e 14 HC , 23 'NhoM 1111'18 conttAnlS
afe conlrolled by a metal·hlm r....' or and ....
NPO C4lpac'tOl' The monoIl.llbie' IIab1l"y
delerTnlneslhe rilHIol,t1lnO IICCllracy and !he long'
le rm "ablilty 01 !he Ir8Qli8f1CY conl rol SInce
lhe ampl"ude 01 lhe ,mpulse pe aks are ceter­
mined by The 5 V IIUPP!YvoI taQ4il, The hlQh' orad e
rlJOUlatOl' l M 7~3 II ulMld Ttlll tl an order bener
than Thill wl(loely used Ii'll " lerm lna l regula tor ,
bu l Ihe UlI8 01 a pracillOfl l8gulalOf suc h II l he
REF 02 II not conlideuKl 10 be tul" hed lor 11'111
applicatIOn

The RC "elwork lends 10 . moolh 1he mono·
Slable I oulpul pulH' some .....hal bft fore they arB
led '0 8 low·nolH NE 5534 Ie amph"er con ­
"ected aa. an 1"'''9rarOI 0 1 a t! a PI regula 'or
.....hoch comp,,'es the flc 'uat " 'lh lhe leh'lrenc:e
trequollCY A l'ans,stOf omph l'III' loiIlSI:tS tee level
10 Iha l reqUi 'ed by Ihe VCO I co nl rol vollaqe FIG, 6 .2.: The Ilr.' LO·.I~"'IM:Yconlrol loop
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o 30 V and an lC network hltArs out the restdual
RF

Immecl!8tely belcn belng appI,ed 10 lhe VCO
control lnpvl. ItIe lun'ng voltage may bo add, ·
llOI'Ially littered by a .e lay selecled RC network
Illg.6.3.1 n us edra hllerlng , although ImproYII'lQ
the nose superompos8Cl on the control voltage .
also Increases the control loop reacl lOfl·"me
el'lOrmoosly For thIS reason II IS only activated
when the spectrum analyse' III being awept 8t
naifow band (200 kHzld'v,) 110m the 2nd local
OSCillator The detail IS shown In lig 63 The
retereoce freQuency lor Ihe loop IS repl'elent6d by
a WOlghted sum of tho 'un,ng coteencmerer 'loll ­
ago . the sweep voneae and the tUning VOltage
tram Ihe Pl.L Clrcuotry A second NE 5534 II used
here as the summing i1mp!,lie. Two multi-turn
tfimme 'l adJUst the centre trequency lind tuning
sensohvl'y

W'th lhe dlm&nSlOf"l'ng as suggeated here , the
' reQuency con'rolloop has a 200 Hz bandwidth
ThiS allowl a loop react.on t<me 10 lunu'lg VOltage
varlallons of 1 5 ms The VCO trequency stability
II betlBf Ihan 100 kHZ wo th Ihls contr ol loop and
It II, In most cases . lalgely dopeodent upon 'he
e_lelnatly genBfilted tunIng votlage

A static measurement a' IInoafity USing a ee­
quency couetee and a digital voltmeter .eveals
practically no errOfS The VCO e_hlbl" a reSidual

Fig e 3.:
The ..1.....1c l. cu ll..., o llhe
111LO

"~... , ,.-..
"u " "

modulallon. I e trom hum and IF noise , ot some
30 kHz peak Only on lhe htl8f bandwldlh ' rom 1to
2 kHz can II be observed that a boner VCO ate­
bility would be d""able ThliS theme II pet'S4Jed
In the lollowlng chap ler whICh tnl roduc," • Pll
(11CUlt whIChmay be sw,tched to I weep prosenta­
lions at 200 kHz I ev or lesa

7.
THE PHASE LOCK ED LOOP

Whon swept d,splays 01undo' 2'00 kHz I d'v are
required, 'he spectrum analyser presented here
s.....eeps the 2nd l O at 460 MHz whilst 'he lst lO
II Iree-,unnong In OId8f '0 leduce the etfec' s 01
the Ill' l O s flOIse modulal l()ll. the osc,llatOl IS
COfIlIolled I.om a crysta l Ilequency refereoce
The author anempted '0 use a 'elev,SlOf"I Iec:81ver
PlL synlhOSlzer lor Ih,s purpose but It prOVed en­
SUitable Test meaSUlementll showed Ihal the
nose Irom a teleVlSlOfl syntheSIzer l\I'aa greal81
than that Irom me trequency control loop de ­
scribed above The ' rouble hes In the 'arge d'''I ­
lllOO taC'or 01 64 01256 In the TV .uner and ,ta m­
herently low phase comparalor ' requency

The Pll errcuu II 'ho l efore 10 d,men51onoo.hat
the smallest poSSible VCO diVision rector la used
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Fig, 7,1,
lit LO PLL blo<:k diagllm

In the mleresl ' 01 ees.er operallOn . a control
lechnoque. which allows manual tUning between
bed spol 'requencIeS. IS 10 btt prelerred One
POSSlbtllty 1$ a Pll CIICU1I with harrnonlC miling
as shown In block c1lltoram l f lg . 7.1.1 The VCO
"gnallS mllecl with a harmO' lIC-IIch CfySlalOSCIl ­
lator The reSU~lng Intermedlale frequency is
ampll lte<land taken to a phase I Irequ8f'lCy com­
parator which contlOlllhe VCO lunltlQ vollage

A problem crops up here Wllh Iho production 01
lho harmoniC Signals as Ihe spect rum musl el·
lend well over me 1GHz region , The author 10und
lhat an ham'lOnlCspectrum up to IlbotJtJOO MHz
coukl be aChieved rela"vely eaSily by usmg lhe
gale times 0' TIL ClrCUllS ThtS olfers Ihe posSl­
bllIly 01 diViding me VCO IfoqUency to woer JOO
MHlal'ld lhan to alfangalhe harmoniCm... ng

The Iinal Pll CirCUlI IS5hown In II'll . 7.2. II may ee
seen lhal me Inpul again possesses a f8SISlive
c1IVIdef whICh passes the Oleater pr()pOf1lOt\ 01 the
Inpul power to lhe lO outpul on the Ironl panel A
smatlar poI1lOO IS amplilled by a two-slage Iran­
51stor (BFR 151 amplilier and taken 10 .he CA
3 199 ECl scalef

The plica of Integraled UHF ClfCUllS has lallen
fecently (to less than 10 OM) mak ing lhen use
almos ' manda lory For a start, the M,nI-C,/CU,'s
MAR-a is suggestacl Tht} mput ..gnal IS d'vKled

236

by 4 In a reasonable prlCll<! (6 OM j CA 3199lnt­
quency scaler whtch IS capable 01worklnO up to
1250 MHz The outpul lrom Ihe dlv!Cl19f IS taken
VIS a low-pass hiler to a mllef whIChII arranged In
a sample-hOlcI FET CirCUlI

A CD 4060 cfysta l oscllla tOf CirCUlI work ing al 4
MHz IS dlvleled by 16 and presents a 256 kHz
squafe wave Into posiliva 0010'11 n&9(jle pulSes
acoct 2 ns wlela , The oeeee pulses Qilte Ihe FET
sWitch A lurther diVISIOn 0' Iha crys tal Ifequency
orco cces a 32 kHz rerereree lOf the Irequency I
phase cornce retor

The IF Signal" taken at hlOhImpedance '10m Iha
mile, by a FET bullef and Ihen on to the CD 4046
Irequency I phase comparalor via a 50 kHZ low ­
pass 1,llar A control voltage from lhe CD 4046
pin 13. ISeven lually taken to the Pll ener being
lIIte/ee1 anct butferecl A SF 246 FET IW1ICh pas­
ses the PLl cont fol YQItllQe on 10 the ptlase-Ioc~

,nput 01the frequency control loop 111g . 6.2.1 The
500 II presells adlusted 10 opllml lelhfl PlL sen­
SItiVity A lock-detect Slgnal'l also available from
lhe CD 4046 pin 1 ThIS II made 10 olive an lEO
localed on the Ironl panel , marked "LOCK-. anct
s'9nals the correct luoctlOlllng 01 the Pl l

Whoo Initially swrlched on. II wall tound thal lhe
Pll did not lock at Of near the selecloo soot «e-
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QU8f1CY bul Ioc"'ed al some othe' random "a­
QUeney la' let'T1OVtKl Th,Smror was C:Ol'l8Cled by
al,ang'ng lhe PLL to tum on gladually upon
sw,tch-on thul aVOIding SWIlching tlanSI8f1ts
Ttlls wal accomphshed by ,ncludlng an AC net­
work In the gale Ci rCUlI 01 the SF 246 SWitching
FET This has Ihe ell eel 01 gradually raising the
gate vollage upon I Wllch-on and Ihereby Ih8 PLL
loop gain

USing Ihe clrcu,1prOPOsed. hele the Irequency·
comb , spot -lraQueocl&s are spaced by I MHz
ThiSp,nenls no p'OOIemslor the lonetunong bet­
ween apol lleqU8r'lCl&s; thiSbeing done al 5 MHz
by a second OIICilialor The II8QU8r'ICy lIablhty 01
the spectrum analyse f IS only delermlned by rhe
1S1 LOs rere-eoce c'yslal slablhly and Ihe dnll
t-ornIhe tme-Iune . secondoscilla tor When Ihel ­
mally lltablhzed, the frequency drill ot the ana­
Iy!ler II less Ihan 10 ...Hz In coerenoo. Ihe ana­
lyser IS Iil si swncneo to a sweep display 01 200
kHz per d'VlllOfl , af abOUI the rf6quency ot Intef­
est, and Ihen the PLL IS sw,tched on By care lul
COl'lectlOfl 01 the ma,n luning , lhe PLL II brought

Into lock as Indocaled by the IlIumlnatlOfl 01 Ihe
Ioc... • LED Now. the dellled IIgnal can be I,ne­

tuned and the eweep width tUfthef feduced lor a
narrow-band display The main tUning should not
then be allered othelWI'ft the 1eu,o will lock at a
neighbOU ro r"lg IreQuency and the displ ay lost II a
display ot 500 kHz pef diVISion, Of grealer, ISIe'
qUlred Ihe PLL IS swtcneo011 automatically

B,
OTHER MODULES

A tew othel" creon details mus t be mentlOMe<l In

orce t to comple te the descnphon 01 a prachcal
spectrum analyse, Some moc!u!e, e g the
powe'supplydehvellng' 15 V. • 35V, - 12 V,

24 V, the saw· loo th g_,atOl tor the sweep
voneceand dellect,on amphl,efs have beeo delib­
erately om,tted as these 11ems are heaVily de ­
pendeflt upon lhe Iy pe 01display tube wtnch has
been uhhSed
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The crcuu delalls 10be cooecerec now are the
production ot the lunlng·vcnaqe supply, the digital
frequency ,ndlcalor and tne support module 101'
the display sweep,wldth. A 100 kl l. to-turn po­
tentiometer serves as the luning potennometer
The tUning vcnace. In Ihe author 's ...ersiOn was
drawn Irom a htghly stable' 100 V supply whiCh
was available In the Instrument ThiS voltage
range ISnot slnctly necessary as the luning range
can be allered by SUitable dimenSIOning at me
summing leslstors In the Il8quency contlol loop
cilcul l to SUit the available tuning voliage supply
to the tunln9 poten tiometer The main thln9 to
watCh,ISthat Ihe supply Itselt ISabsolutely stable
and nee ot hum and norse

A digital ...crtmete r can be used as the frequency
display whiCh IS actua lly measuring the tunlf'IQ
vcaaqe The author used a 3 1.'2 dlg'l ...oItmeler
With an LCD display and a 2 ...en l ange. Thrsused
the well-known CMOS module tCL 7106 or
ICl 71IB by GE·ln lersll Ttus uM IS equipped
With a Iloahng dl!lerenhal Indicator and has a
consumpuon 01 only 2 mA' As opposed 10 the
usual 9 V battery supply, a mains derlved source
ISused In a lull-wave CirCUlI 10two z-dooes de­
Iive/lng • 4 7 Vw r I ground

When const ruCling thIS Item. or uSing a modi fied
commercer dlQltal Voltmeter . two polnts should
be conscereo II the moduie OriginAlly used 9 V
ballenes then the minus (pin 30) IS strapoed to
ground (piM 32) ThiS coonecuon IS to be Intel·
«oteo
ThiS Ie somenmee exhibitS pfoblems Wlltl corn­
men-mode voltages which drive the Integrator
mtoa premature run-down coooton. ThiShas the
eHeel 01the display Indlcahng up to a certain in­
put voltage and then sensetee. or slicks , at that
Ind,cal lon ThiS euect can be COuntered by In­
creaSlf1g the value ot the Integration resis tance
al pm 28 01 increas ing Ine value 01 the inte­
gration cepecnor at pin 27

Figure 8.1. ShOWS the external CirCUitry used by
the author to support the ICl 7116 1M the area 01
the aignalmput By means c t a selector SWitch,
ei ther one of two receive Input ranges may be
selected 0 to 500 MHz or 1000 to tSOO MHz and
correctl y Indicated Opela t,ng Ihls SWitch can
also be caused to SWi tch In me eoorcor .ete high

240
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and low-pass hlters before the hl sl meer. but
the author did nl do l\ In thiSmanner In the proto­
type IOstrument The freQuency indica tIOn has an
accuracy of a tew MHz which is SUll lCIent lor mos t
purposes II ahigher acculacy tsd eslred. It can be
calibra ted With a spectrum genefa tOf,

The sweep voltage. employed to wobbulate the
OSCilla tors at Ihe spectrum analyser. is a svrn­
metrical aboul zero, saw-tootned wave-form 01
2S V peak to peak The frequency at tho wave­
lorm IS variable between 2 Hz and 25 Hz The
generation at the vanous scan Widths ISgiven 10
l ig , 8.2. By means at a slepped diVider sweep
Widths 01 10 kH z"'dl~ and 20 MHlId,v , In a '-2-5
sequence . may be serectec For scan Widths over
SOO kHV dlV , the l SI csonetor e deviated With an
attenua ted portion of the sweep voltage applied
to Ihe Irequency control loOp cecou When
smaller scan Widthsare selected, only the second
OSCillator ISwccooteteo Also. me s.....eep·voltage
and the ~ollage «ern the lIOe-tune pote r urometer
are summed In an operenonat amplille r and
taken tome 2nd l O 's vencaccroces In the IF coo­
vene r module A coreecuoe 01the tunIOg cnarec­
teeenc was found to be unnecessa ry In thiS
mode at operation. the control speed 01the fre­
quency regula tOf loop IS reduced 10 order 10
attenua te the t st La 's norse modulahon , In
accnon. the PLL Stabiliz ation can be SWllched In

By means 01 a Iurther SWllch a display over the
Whole SOO MHz range can be selected the mid·
Irequency being li xed Another lacility IS that
the whole WObbulahOl'1 system can be swncneo
oil In order to observe the modula tion on a
Single Signal,

9.
CONSTRUCTIONAL HINTS

Thore are many and vanous ways by which the
ueecneee modules may be connec ted logether to
term a comple te spectrum analysel , The most
elaborate way is 10 make the display and power
supplies In order 10 bUild a selt-co r named In·
suument Lite 's also made easier when a ready­
to-nanc OSCIlloscope can be pressed rr ao service



VHF COMMUNICATIONS 4,'87

lor the display The oscilloscope s tune-base can
then be used lor tha spectrum analyser's saw­
tooth weverorm fequlremen t Most OSCIII05CopttS
neve an external coooectcr ror the nrne-base
voltage bul II not one can be easily filled Also.
with any luck, the OSCilloscope' s power supplies
Will also supply the analyser's power requne­
moots as well

The ownefS of an oscuoscope haVing a plug ' In
unit capabil ity aee even benet of! One or the
plug-In ornts can be stripped and the chaSSIS
used to bUild the spectrum analyser CircullS The
OSCilloscope can then be used for Its onglnal
purpose . or lor the spectrum analysef facility , as
oesueo The author chose thiS method uSing a
Hewlell Packard 140 A OSCIlloscope main 'rame
and one 01 the little used plug"n options being
turned Into an analyser plug'lll , The main frame
could deliver • 250 V, .. tOO V, 12 V and

t OO V The .. 35 V and 24 V supplies reo
qurred by the analyser were eaSily derived from
the _/ 100 V OSCilloscope supply, uSing te­
erstors and zenner ecoes

The . 15 V supply had, however , to be a little
more elaborate because 0' the 500 rnA ecnsump-

non One poSSlbllity. oUeled by all Older plug-In
OSCilloscopes. IS the employment ot the 6 3 VAC
neater voueqe wh~h IS brought out a! tha main
plug lor the plug 'ln unit USing a small laminated
translorme. , a ron-weve reclil,el and a m-ee­
terminal regUlator. the necessary voltage may be
made available

The HP ta o coes not have /I oeuecuon amprmer.
I e the deflechon card or the CRT lies directly al
the plug,'n 's plug Two ceuecncn amplifiers are
necessary therefore but the bandWidth need only
be about 50 kHz The authof used lor thispurpose
a -eeov.tc-neoo board which also contained a
saw·tooth generator and a blanking ampl ifier
which suppressed the trace tetum

It IS not necessary to go Inlo lurther datalls as
they ere largely dependent upon Iha type 01diS­
play cevce used by the author Other equipment
must use an IndiVidual method to. ul,lislflg II to
combine w'th a home·made spectru m analysel
Betcre altemp"ng 10 modtly an OSCi lloscope lor
thiSpurpose . " ISrecommended Ihat lhe OSCi llO­
scope handbook ISgiven a thorough p9lSual be­
lalls on ceuecuon amphr,efS may be lound In

Fig,' I .:
Th__uthor '_

_PKlry m
_"_'VHf
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volume 4 0 1 the sefles "ProleSitlonal ElectroniCS"
published by FranCl1Verlag
The author 's prototype Instrumant IS shown In

flg . 8 .1.

10.
ADDITIONS

T1le Spectrum analyser as descnbe<l may be
given 1 lew further II Cllllles, A 'ew suggestIOns
are given as lollows

- An additional VCO luning from 1000 MHz 10
1500 MHz Will enable the Input range 10 be e.·
lended 'rom 500 MHz 10 1000 MHz. The Eel
dIVIder. In the Irequency control loop and in Ihe
PLL. are well able to work at theselrequencie. a.
tests have shown.

- A Irequency converter or an e.'ernal hermoniC
ml.er lor the microwave bands can be connected.

VHF COMMUNICAnONS 4/81

- A sweep generator haVIng a 60 dB dynamiC
range and a lunIng range 010 - 500 MHz may be
made by synchronising another oscilla tor so
that t1 i. swept In slep With the spectrum ana·
Iyser's lst LO,

- USing high and low-pass liners. automatiCally
SWitChedWith the Inpul renge SWitch, reduces Ihe
posSibility 01 receiving spurious ,ignal, in the
display eece

- The use 01 a better. te. flOIse reduced, local
OSCillator will Improve the Instrument's dynamlO
range Thil il e.tremely Important when co­
serving a number 0'closely arrayed signal. wllh
largeleve! differences between them.

II may be seen Ihat the spectrum analyser offor,
many poSSibilities lor individual e.pension
schemes and lor e.perimentallOn tor Improved
performance with Ihe baste CirCUits, The purpose
01 thiS article. as , tated at the ltar1, was 10

generate the neconary Inlerelt 10 begin a project
of Ihi, k ind and also 10 dispel the unlounded
'ear s allendtng It, comple.lty,
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Solid Stale De'ign . ARRL
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