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BU LD A 5- TO
850-MHz SPECTRUM
ANALYZER
Low-cost TV tuners make this ptoiect
a snap!

ASfll:c tn llll analyze r can be :I use fu l and
he lpf ul ttlu l. II k ls yo u l tlll~ ;11 ;my pMI
o f the RF spectrum :1110.1 ,"-'1,.' ,II it }!I,ull'c

j us l "'hat s ign;lls arc the re. Normally, a }!fNlJ
u,"-'J or new spccuum analyz er would run over
a thousand o.1u lla rs-plal'l ll!! it uo illf Ihl' rcad l
of 11111,1 p..x:~et hlll. lb, BUI. by u,in}! commonly
a"ailahlc varactor-runcd TV tune rs. ~uo can pUI
one logclht-r wuh ea-c!

A major \,.'0,1component is represented by
the CRT di splay -ccnon. If yo u a lreao.1y ha ve a
guod sho p sculll.' v, ith OC coup ling and XY
inp uts. you have h;llf of a SJ"L"CIrUIll an;lly/ L'r
a lre;loly in hand. By aolo.1 mg a CA TV tuner ano.1 a
UIIF TV ImIL'r, a lon g with sumL' simple vuppon
circuitry . you can cover from ' 10 X,O Mil l ill
two ha no.1 s ~ The h l"l'~ diagram i-, show n in
Fi~url' I. Either tuner can be se lected. alll l u-,
output amphflcd by the tl2-M Il /. IF 'Irip ;md
dete cted, The detected si!!Ila l fccd-, the 'er1 il';11
IY) inpu l of the 'Sl'UIlI.' , The tun er, a rc sv,ept
,K:ros s tbcir lim ing ran ge hy a -.ay,tooth wave 
Iorrngcrwr.uor Ihat", a lso u-cd IUdrive thl'
"'11f'I." horizontal (X a\ is ) input ,

fI/\ore a bout TV tuners

l'hulU ,\ shm" ' ;1t) pil'a l CATV tuner IIlt....l·
ulc. TI1CsCdcvicc-, can he found surplus ut w ry
low cost . You can also sa lvagc suuablc tuners
from discnnlcd cable-ready TV scls tha t have
electronic tuuiug. In Fi~lln' 2. I sho w a hlud .
d i;lgrillll ..k picl in}! y,hill }!oCSo n in, io.1c {JIICo f
thl' CATV tuncrc. The input s ignill li r' l p,I">">C '
through a high-pi'" filter wi th a r utotfat -10
\ 111.., A Im.. .pa" fi tter limil s vigual-, above

1'tI"t" \ . \ 1 ~I,K·..1( ' ,\ '1\ lu r hOI'.' ("'O.n"",l" ..... 1,..- It.· inl''' l ..nd ","11...1.
.'.... er r"'luirrmrnl r. . 1~ th 7!-m \ .

,UO \ 111 / . '11k' interna l \'CO i-,0 ...."\1111 up-con
vert sig nal , in thi, p;1"t>.md III i1li\l."t.lti f"">I IF
al612 :\ 11 1/ . A sectlnd fi' I,.' d t.O uown-couvcns
the IF ltI ;\I1 output on T V channel .l

Removal ot the input high-p;I" Jih ..-r will
allow upc ruuon down to ii ' [ow a''; \ 11 1/ .
S imply I'lh ' out twu Slll,tli cll ils an..lthrec ch ip
cap ' lc ilurs. A coupling capacitor replaces lhc
high-pa" fi ller sect ion lsw Fi~lIn' .\ ). T ill'
\'CO Ih'll d ri\ 'cs the li r'l mixer i-, vnrnc lot
tuned h~ ;1luning vu lta!!l' Ill' fro m 2 tl' ::!O vultv.
Thi v WilSo riginally tuned hy a I'LL s~'t l·m . and
a di\·id ..··hy-15f1 Eel pfl' ''',IICfdli p in till' mod -
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J'h"I" II . lhl' ~ "th"r '~ 'p""l r " m ~ n" I ~ /.,r i~ hu il l ..., .. 7 \ OJ \ l -i ,u"h ,"ha~,i~. Thr

1""" '1'"JIII'I~ ' i' und.·rn.....th "nd """'1' " in 'lI ih an uu lh r l'i r r ll il h,, ;,rd ;l l Ihr
r ilthl . Thl' It' ' trip rl" l' ..I" ng Ih"I" I' lI " d l hl' I"' '' high-V " ir_""uncl ,""il,.L l " nd
'_1, ~ rl' t"ll'lI r l~ ,i,lhil'.

ulc W ,IS us...d to dnvc rho divid c-hy-N portion
of the I' LL. Howe vcr. urc prcsculer isn ' t used:
i " ~ lcf in thc unu-r.

Editors noll': CA TV tuners uscd by cublc
hOM:S arc designed fur ne gillin- \'u llage po wer
supplies and also use negutive-going luning
\'u llag es---CAT V tune rs such il~ Ih..• J\.' ITOld ~nu

or .150 scric.. cannot ho: used in thi.. analper!
My UHF tuncr ha-, a bipolar RF stage.

mix ... r, and loc al o.....: illa lur. All thr..-c ..Iage l<- an'
tunable and tracked hy varactor diod es. The
inpu t cou pling loop i-, fo r .' " f)-o hm line . By
reducing Ihi l<- 10 une tum. a bette r matc h i..had
for 5U·ohm linc l<- . Enough turns were removed
frum the mi xer output coilto ra isc ih frequen 
cy from the normal TV IF o f ..0 10 6:2 Mlb. or
chan nel ] . Other Ihan a minor ahgmncnt
rouchup. Ih..•.....• arc th... o nly modificati on s
needed fur rnc UHF IUIl\.'r.

Ttl keep Ihings suup lc. nil furth...r frequenc y
conversion stages arc usc-d utte r the tune rs: th"l
is. lhe IF runs slraight through at 62 Mll z. I 1'... 11
thi-, reduced the likelihood of gl'na ating xpuri
ous signals in the analyzer. As it is. there urc no

Miller Mill er

" pol
)---j High P. ..

Filler
Low Pa. a

Finer

612 MH z
Band P...
Amplif ier

OUlput
Chanrtel 3

V.....
Tuning

Voltagor Tuned
Osc:UlalOf

612-1112 MH z

674 MHz
SAW Osc:.

,sur1 P~al.r

+ 256
Pre" a l. ,

Oulput

Q'l Wi/llel 1097



High Pass Low pass

T To
Miler

;h
BEFORE

t lllurr .\. fkor,,~ li nd ;l l'lt'r ('1....n l:u n.li..n ..r Ih t' ('xn' l"t'n .t'!"1t'r rr unl r nd. '1hI' h i l:h .p;l"'~ ~O·\lI l l IiIlr f "'",np" nr nh IIfr

rr m".t'd lind rr p lan 'd "ilh II Int· Upll('II" r '" n lt'nd Ihr fr...I" t'''''~ t' t">JM'" 'I' du'''" lhtuul: h I n '.

~puri tlus blips anywhere within the anal yzer
range. Using Il i-Q coils. with light loading, in
the IF xtages yielded a passband with a J ·d H
b andwid th of I!iO U IL. This may seem overly
broad. hUI for most ham applicat ion.. its entirely
satisfactory. You might hi: able 10 improve the
re..oluuon using cry stal or SAW f ilters. hullhis
wou ld increase the complex ity and co ...t of this
project. Tbc lad . o f an RF stage in the CATV
modu le. and the broad IF bandwidth, limil\ lhe
sensitivity of the analyzer 10 ahoul .1 J.l V_
signal.. \~..eaker than Ihis are It ...1 i n the- "gr a...."

(noise above the analyzer display basel ine).
FiJ.:Uft' ~ shows the complete anal yzer c ircuit

dia gram. IJhotos II and C ..how the ex te rior and
jntcrjor views o f my com pleted anal yzer. The
sawtoo th waveform generator hOI" an !ill H/_
repcunon rate. Tran..istllT1i Q 1 and Q2 perform
th i.. function. Th is scan rOl11: i.. high enough to
avoid Fl icker but low enough that ri-c timc isn't
a prob lem. The ..awtooth waveform i..umpli
lied by the o p amp. UI. I I wa.. nc..e..sar)' III usc
an FET-inpu l op amp IlCl ·,IU......• o f ti ll' high
impe dance level o f the ..awtcoth oscillalor c ir
cuit. 111e o utput of UI provide.. :t voltage ..wing
o f +2 to +20 volt .. when scan width control. R I.
is set for maximum ..weep. Th i.. saw tooth is
then comhired with a variable IX: volta ge.
Irom tbe center frequency control. R2. so any
part o f the RF spec tru m can he examined in
detail. 11M: TV tuner modules have: a fairly lin
ear luning voltage-to-frequency curve . I'hulo ()
illustrat es linear track ing up 10 appro\ imald)
.100 ~tIIL 11M: discrepancies above .100 10 ~UO

MHI cou ld have been compensated for by
using op-ump drivers with nonlinear ditJl,!t.'
feedback sc hemes. HUI. again. the re sults are

livable for my application...

IF strip

The IF sut p lI..cs three duul- gnte MO SFETS.
Q~ . Qn. and Q7. Total gnin Irom tf lupurro

1'b"I" C . I lw f r"nl p 1n.....~u rt"> II· I /~ , &-1/2 in(hM.. Tlw ftnlt'r rrr-
l.(u..nQ l~ ,n'r..l h",~ , .. " ,,"""-,.... u l ih r;.11"fI rllt' , 'nt' lInd " nt' f"r rll F.

I'h..h , II. lh i~ ........ ~ IhI' h",rmun;,: sl r u.:l urr ..r II ~"" \l l1 t H,~I",I~un.

Ir"lI..d ..•••:m..I"r o ouplt'd I.. '" ~I t'p-- ffl:"'n, di " dr hun","", I(t'....r ll l ..r .
:"'"I t' Ihal Ih t' ~I' a,'i nl: "f Ih t' h",rn",nk .. l~ I.(uil t' un ir" rm fmm In" up I"

" h",,,, ' ~(NI \ 111,. hul Ih .. .." ....p r" l r r",lh " If al h ilol'....r rn" lllt'nd "" "" t'. I·
d"m't'd h~' "I""r ~Imt'i nlol h.'I" ...-n h;ITlII"nin .
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Scope VERT Input

Coli data.

L1: 7 tum. #24 enamel wi ... , close wound
on 1/4" 00 slug-tuned fonn.

L2, L3: 6 turns .14 wi... , 0.4" 10, 1/2" long

air wound. Taps at 2 tums from cold end.

L4, L5: Toroidal core, 0.32 uH

Q1 2N2222

Q22N2907

U1 SK7691

Q5,6,7 3N211

270
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•

" h"h' E. Thi~ ~h"l "r the IU ' ' I""d r um 1I 1 I h"lIu lh"r '~ QTlI " liS uhla in,-d
11) cunn«linll lhr ,"lit'" inpu t or Ih" ' p",,'lr um II nll l"t'f III1I bro'lldb llnd
lInh' nnll. Th l" ' ''ftp is lIppru, imllld , /t' no In 1(0 :\I IIL.. jl h !'O Mill a l lbl'
center " r lh e ~rt't' n. Th.. , il:llal\ on lh.. ld l llr.. I IF \ " ,-\\'lI\ e \ i1: nll l., :'\" t..
thatth.. .\ H :t "cut.sulflll ..huul IK~ 1I 1l. The , lrulllt , ilt n1l1j u\l lu th.. rilh!
"f ,..,nlt'r is Ih.. , 'id t"<ll carrier urchllnnt'l 2. :'lit''' is Ihe "' lU nd cllrr i..r uf
,"hann..l l . and lht' subwq ut'nl , lro nll \ 'I':/la l is Ille lid".. barri..r of chann..l
4. This is r" I1 " wed b)-II ruupl" " r l'um llluninll i" n\ \ ;I:na l, in Ih.. 7l lu 76
\ 111l hanfl... hi ,"b ar e r"I1""..d by t h.. \ idl"ll CIIr r il'r ur ,'h:mm't S.

i==:=:;:;::~=
~
~

I'h ulu . -. Thi.....-a n t\ froun It 'ru ,,, l.~1 \ IU l a nd \h,,", all lh.. Vllt"T V
..hllnnt'l , plu \ IlIl1n ~' l'u n" " unkali" n, , il:n31" TIlt' par lln:.I ', '>ll iut alfd
" ilh , l\:nlll.. j u,l lo Ihf Id l "rUnlf r, i, the .' :\1 hr uad u 'l hand.

. ·lRutl' S. The p""fr ' LI ppi, pro. idl"i h< .lh 1Zlind Z4
•'olh rl'l:ulalfd rt mll un" "nail tran,f"rn1t'r,

DC outpu t is about 75 dB. TIle two higb -Q
co ils, L2 and L3. form a two-pole filter and
provide most o f the select ivity. It was neccs
s.uy 10 tap Q5 and Q6 down on these co ils to

rnaintain u high Q. It was also necessary to
place a shie ld between the IWO coils 10 red uce
the coupling. If there ' s 100 much coupling, you
end up with a double -hump res ponse curve.
Because of the high Qs of L2 undLJ (about
250). optimum coe fficie nt of coupling is very
small. RF roroids were used for L4 and L';: this
avoids stray magnet ic fields. but so lenoidal
coils could also beused if shielding is adequate.

Communicat,OIU Ouortetly 95



TIl~ IF assembly is built on a 1-1/1 by 7-ineh
section of pc hoard . E ach amplifier is individu
ally shielded. 1111: liberal use of feedthrough
capacito rs helps to main tain the needed isola 
tion. With 75 d B of in-tine gain, you need at
k asl 7 dB of isolation between the input and
output. Isolation also affects the skin selectivity!
Any spec trum ana lyzer will have a large hlip at
;1zero frequency, AI this point. the LO reache s
the first IF frequency and saturate s the analyzer.
TIll.' skin bandwidth o f this "blip" determines
the lowest obse rvable signal . (Editor ' s note: The
balunv used in the cons truction of the diodemix
ers may ;11-.0 playa role bcre . t

RF gain control R3 prov ides a control range
o f more than 70 dli . while maint ainin g good
linearity in the IF stages . As the ann of R3
nears the 56-k resistor, the DC so urce vol tage
of Q5 and Q6 increuses-c-rcd ucing the gain of
those slages. Addi tionally, as the vo ltage on the

ann of R3 nears 1/2 volt. d iode D1 begins to
con duct . shunting the input signal to preve nt
overload ing o f the Q5 IF stage.

The detector is ,I simple gcmumi um diod e!
Techics may use a Schottky device here. hUI
the resu lts will remain the same . Capac itor C I
and resistor R4 determine the detector time
constam-c-abom 1/4 IJ sel: for the values shown.

A reasonably logarithmic resJXlIlsc results
Irom sw itching in diode D2, providin g a lug
response over a -'O-dB range. There arc better
methods, butthis offers simplicity and is ado
quare fur Illy need s. I' hlllns E and F show off
air sigmlls received on two diffe rent scan ranges.

The ,m;II)'IC'r power supply is shown in
"'i Jl:ure 5, A cente r-tapped 2-'-\'o l!s AC trans
forme r provides the needed 24 volt s DC and 12
vohv IX rcgulmcd outp uts . The 24-voll supply
Filtering is especially critical. because it' s used
for developing the tune r venc ap tuning voltages.

An Invitation To Authors

C
(m lm Ull i l'tHi m a Qllarte·, !.\, welcomes man uscr ipt submissions from its readers. If you have
an articl e o utline or fin ished manuscript that you 'd like to have conside red for publication.
we'd like the chance to revie w it .

Th ose of you who arc thin king o f writing, hut aren ' t sure how to put a piece together, or what
program s we accept. ca n write for a free co py of our author ' s guidel ines (SASE appreclatcd ).

Interested?
Send your man uscripts or requests for author ' s guidelines 10 ; Editori al Offices. Communi

cations Qllar/al.\'. P.O. Box -'65. Barrin gton , New Hampshi re m X25.

W e're waiting to hear from you.

PRODUCT IN FO RMATIO N

Q6 Wmlef 1997

New Hottom l\lnunl Slides for lIea \)" Loads

Chass is Tnlk® bottom mo unt slides, Model s
D·1050 and D-1054, from General Devices, pro
vide load bearing capability and ease of ex ten
sion for cumbersome components, TIle slides
have a weight capac ity o f 400 to 1,2{X) pound s
or more . depending on the numbe r of slides
under the load. These telescoping slides can he
used for serv ice and installation requirement s of
large electronic enclosures, power supplies .
telecommunicat ions racks. genera tors . battery

back-up trays, air conditioni ng units, and more.
TIle heavy-dut y slides are made o f heavy

gauge co ld rolled steel. coupled with so lid
stainless steel ro llers and a patented retai ner
assem bly. TIle D-1054 slide lock s atthe fully
closed position and at the fully extended posi
tion , The slides can he modified for special
epplicuticns.

For further information, contact Gene ral
Devices Co.. Inc.. 1410 S. Post Road, P,O. Box
J 9 1{XI, Indianapoli s, IN 46239·0100; or call 1'100
626-94~ for literature; or fax 3 17-1'191'1-29 17
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