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A spec tr um analyzer is a rad io receiver wi th a swe pt
local oscillator that allows continuous tuning over a
speci fied freq uency range. The received signals are d is
played on a con vent iona l oscilloscope as p ips. Fig. 1
sho ws the radio spectrum between 100 k Hz and 100
MHz in th e San Fran cisco area as d isp lay ed on the
spect rum analy zer described in this arncte .

Because o f their co st and com plexity. goo d spec tr um
analy zers have been limited prim arily to research and
development act ivity. Some military inst ru ments have
show n up on the surplus ma rket , bu t po or sensitivity
and selectivity. ima ges, spuriou s responses, and po or
dynam ic range have lim ited their usefu lness.

Considerable l ime was spent in the design o f the
spectr um ana lyzer described here. Even more t ime was
requ ired to assure circuit re producibility . min im ize the
va ri e t y o f pa r ts , a nd select th e least-e xpensive
compo nents. No PC boards are used in Ihe de sign nor are
any planned . PC board s in the rf and i·f stri ps. unless
very carefull y made, would probab ly degrade the per
formance o f th e inst ru men!. Com plete design, const ruc
t ion , and tes tinq details are included for those wishing 10
build th e spec tr um anatv zer .

applications
Th e spectr um an alyzer can be used 10 observe

harmonics, para sitic oscillation s, and side ba nds of CWo
a-m. fm or ssb signals. Propagat io n conditions in ter ms

By Wayne C. Ryder, W6URH, 115 Hedge Road,
Menlo Park, Californ ia 94025



of station act ivity can be observed by looking at the
num ber of signals on an ama teur band . Th is suggests
ano the r use for OX and contest operati ng : Yo u can
immed iately see where the pileups are without cranking
the rece iver t-.n ing dial back and fo rt h. The spect rum
analyzer described in these pages was built to look for
the source o f birdies in an expe rimental general·coverage
radio receiver.

The convent ional way to observe radio signals is in
the t ime dom ain on an oscilloscope. Th is is a good
method when no harm onics, parasit ic osc illat ions, Of

other signals are present . However, ampl if ier s can oscil
late, mod ulato rs or mixers might not reject signals beinq
modulated, oscillators may be oscillating on more than
one frequency , or det ectors may be passing the signal
being detected . These signals might appear on an osctuo
scope in the lime domain as confusing pictu res, as shown
in fig. 2A. Fig. 28 shows a signal and behind it the
seco nd harmo nic. This is the freq uency doma in. If a
signal fundamenta l is on 5 MHz and the second har
monic in on 10 MHz, these appe ar on a spec tr um anatv
zer as pips at 5 and 10 MHz. Instead of seeing a complex
wavefor m in the time domain as on an osci llosco pe, the
signal is viewed in the frequ enc y do main. The amplitude
and frequency of each component can be seen (fig. 2e ).

three kinds o f spect rum analyzers

Fig. 3 shows a real-t ime analyzer. The inco ming signal
is connected to a series of filters followed by de tectors.
A scan or swee p generator drives the hc eizon rat plat es of
an oscilloscope and cont ro ls an elect ron ic switch, which
selects the prop er det ect or output . The freq uency range
is limited by the nu mber o f filters and their bandwid th.
This type of ana lyzer is quite expensive beca use of the
large number o f filters required to co ver a spectru m. Its
main ap plicat io n is in the audible or subaudibt e range.

Another type is the tuned radio-frequen cy analy zer
show n in fig. 4 . The input filter is a tunable bandpass
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filt er, which is tuned by the scan generato r. The TR F
analyzer lacks resolut ion and sensitivi ty . Also , tunab le
filte rs usually don ' t have constant bandwid th . The TR F
analyzer is used mainly fo r microwave analysis. There
are other types of analy zers, such as a digital p rocessor
th at perf o rms Fou rier analysis, but these are very
complex.

The most commo n ty pe o f spectrum analyzer is the
superheterod yne , as shown in fig. 5 . It is similar to a
standard superheterody ne receiver with the fo llowing
except ions: There is no tuned circuit in the fro nt end,
because it would be d iff icult to ma ke one cont inuou sly
tunable from 100kHz to 100 MHz, and the local oscine
tor is electron ically tuned by th e scan gene rator from
the oscillosco pe. The supe rhe terod yne analyzer has the
advan tage of a wide luning range and cont rolled band'
width . Also the sensitiv ity can be made un ifor m. Image
problems are min imized by tr iple con version.

Fig. 6 shows the spect rum analyzer described here.
No more than 1 volt rms sho uld be app lied to the input
att enuat or. The output from the aneouetor should be
limited to abou t 10 m V rms maxim um . The func tio n of
each assembly is discussed with refe rence to Ihe block
d iagram . l ater, theo ry of ope rat ion, circuit d esign,
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table 1. Performance specifications of the W6 U R H .sp e c t ru m

analyzer.

2 5 0 k Hz 2.5 : 1
10 kH z 50 :1

1 k H z 30:1

input impedance : 5 0 ohms

response 100 kHz - 100 MHz : ±2 dB

frequency accu racy : ±3 M Hz.

vick!o filter : 10 an d 1 k Hz.

shape factor 3 - 60 dB:

FREQ UEN CY

fig. 3. A real-time spectrum analyzer. Filters are spaced to

provide continuous coverage of the frequency spectrum.

Th e d ispl ay scope fo r the spectrum analyzer should
be dc coupled , have 0 .1 V/di vis io n vert ical sensit ivity,
and have six d ivisions of vert ical ca librat ion by ten
divis ions of horizontal cal ibrat ion. Also app rox imately
6V of ho rizontal sawtooth voltage should be available to
drive th e spe ct rum analyzer from the scope. Scope input
im peda nce shou ld be 1 megohm and input capac itance
10 ·40 pF .

circuit description

Th is secti o n presents the theory of operation and
des ign deta ils of each of th e major circu its in the spec
trum analyzer. It is rec o mmended that the following
text be read befo re attempt ing to bu ild the c ircu it
modul es as much informat ion is provided that will be
helpful whe n construction is started. Especially im por
tant are the suggest ions on decoupl ing, shielding, and
bypassing.

Sweep shaper. The sw eep-shaper schemat ic is shown in
fig. 7. The resistors in the input ci rcuit, which are
switched by 5601 A, determine the sweep width. In the
1a -MHz/d ivision pos it ion , the sweep cente r frequency is
set to 50 MHz by R 101. In all other posit ions the sweep
center frequency is set by R601. R104 sets the low
freque ncy limit , 0.1 MHz , and Rl02 sets the h igh
frequ ency limit, 100 MHz. Rl03 is a f ine frequency
adjustment with about 500 kHz of range . Ul01 prov ides
isolat ion for the in p ut attenuator and some gain . U102
provides isol at io n fo r th e frequency control. The out
puts of U101 and Ul02 are resistively combined and
drive U 103, which is a nonlinear amplifier that
complements the nonl inearities of the tuning diod e,
CR203, in the vCO.

As the frequency is increased , more voltage is re
qu ired . If a change of 1 volt is requ ired to go from 260
to 270 MHz, a change of 1.3 volts may be requ ired to go
from 270 to 280 MHz. Fig. 8 gives an id ea of the
distorted wavefo rm ava ilable f rom U103 and the actual
wavef orm req ui re d to compensate fo r no nlineariti es of
the tun ing d iode in the vco. Compensation is usually
req ui red between 270 and 300 MHz . When the voltage

INPUT

0.1 MHz - 100 MHz.frequency r ange :

sen si tiv i t y :

selectivity:

sweep wid th :

construction , and che ck o ut are described for each
assem bly .

The in p ut attenuator is fo llowed by an LC 130 MHz
lowpass filt e r. Its pu rpose is to prevent inco m ing signal
harmon ics fro m mi x ing wi t h the first lo ca l oscillator and
produc ing spu rio us responses. The inco m ing signal, 0.1 
100 MHz, is mixed with th e vco to produce a 200-MHz
first i-f. The vco is driven by a sweep sh ap e r that predis
to rts th e sawt ooth wave from the oscilloscope to com

pensate fo r tun ing nonlinea rit ies of th e var actor tun ing
diode in the vco .

Th e 200-MHz i-f ou t pu t fr om th e f irst m ixer (all
mixe rs are doubl e bal anced) goes to an ampl ifie r, wh ich
com pensates fo r th e mixer loss. Next is a 20a-MHz
bandpass f ilte r followed by the sec on d m ixer. Th e
200-MHz i-f signal mixes wi t h th e second loc al osc illator
output to p rov ide a 50-MHz i-f signal. Th is signal is
amplified and applied to a 50-MHz bandpass filter. The
output of th is bandpass filter is mixed with 39.3 MHz to
p roduce a third i-f of 10.7 MHz . The 10.7 MHz output
fro m th e t hird m ixer is then am pli fied and fed through a
250-kHz bandpass ceramic f ilt er . Th is stage is followed
by an i-f at tenuato r.

Next ar e two identical c rystal filters to p rovid e 1- and
10- kH z ba nd widths. Th ese fee d a gain eq ua lizer , whi ch
compensates fo r the d iff erenc es in gain between the
variou s band w idths. Com plet ing the i-f sect io n is an
ampl if ier that d rives a second 250-kHz bandpass ceram ic
filter.

The loga rithmic amplifier compresses the output sig
nal so that a la rge-amplitude signal can be displayed on
an osc illoscope . Two d ivision s on the sco pe correspond
to a change of 10: 1, o r 20 dB . Six d ivis ion s represent a
change of 1000:1, or 60 dB. Without th e log amp, a
CRT abo ut 30 inches (76cm ) tall wou ld be required to
d isplay th e same info rmat ion with th e sens it ivity ava il
ab le at th e to p of th e disp lay . A vid eo filte r is included
to re move h igh ·f requ ency noise in narrow-bandwi d th
operation. Th e performa nc e spec ificat ions for the spec
trum analyzer ar e listed in table 1.

10 IlV or less in the I -kH z posi t io n .

Approxi m ate ly 1 , 10, o r 25 0 k Hz (sw itc h
abl e) .

0, 5, 10, 100, 500, 1000, an d 10,000
divi sio n. In th e 10,000 kHz or 10
M Hz/divisio n p os i t io n, t he center f req ue nc y

is set to 50 MHz. Otherwise, f req u enc y is

controll ed by the center c o n t r o l on the
front pan el.

f irst LO frequency jitter: '" 5 k Hz

signal separation : 10 kH z f o r 40-dB r eso lu ti on i n I -kHz p ositi o n .
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Rf sec t ion . The rf sec tion (fig. 10) ccntams th e first two
j.f stages oper a t ing at 200 and 50 MHz. Th e th ird i-t,
operating at 10 .7 MHz, is contained in the i·1 section,

The inpu l s ignal is applied 10 the first mixer. MX301 ,
through an rf auenue tor and a lo wpass IiIter. The
artenuator is required to keep th e input to the first
m ixer below approllima tely 10 mV . MX301 eombines
the 0 .1 · 100 MHz inpu t WIth th e 200 · 300 MHl signal
from th e vee to pr oduce the f irst i·f 01200 MHl . 0 301
provides gain 10 compensate fo r the loss th roucjl
MX3Q1. l305 through l307 lorm a 2oa-MHz bandpass
filt e r. Ou tput from the 150-MHl local oscittetcr , 0305.
mixes WI th th e 200·MH z signal in MX302 to produce a
5O·MHz i-t , The 5O·MHl signal is amplif ied by 0302 and
0 304 then appl ied to th e th ird mixer . MX303, th rough a
tou r-sectio n bandpass filte r. The signa l is then mixed
with the 39 .3·MHz ou t pu t from 0306 to pr oduce 10 .7
MHz.

Seve-a! steps were tak en 10 m inimize spurious and
image respo nses. The input to the pass fIlte r a ttenuates
harmonics that would o th erwise mix with the f irst local
oscillator signal, producing spur ious signalS. Using a f irsl
i-f twice, th e highest inpu t frequency m inim izes basic
image problems. In te rmed iate freq uencies se parated 5 :1

or less Irom th e next l.I fur ther red uce any images .
Double-bala nced, four-diode mixers prod uce the fewest
unwant ed produc ts and have retativelv high tocat
osci lla to r isola t ion. Shie ld ing and by pass ing pr even t the
three local oscilla tors and th e ir harmomcs I rom m ixing
and producing spu rious signals. For example , With
inadequate shie ldi ng. th e 39.3 ·MHl local osci lla to r signal
would lea k back Ihr ough th e Iront end . A loc al signal on
6 meters would be picked up by th e seco nd i·f 150
MHz!. Idea lly each sec t ion should be in a die -cast bo x
with an rf gaskel. but the construction with copper-clad
board , descr ibed lat er. is adequate if care is tak en to
ensure an rf -light enclosure.

A temte bead is used on all dc leads on each s ide of
th e feedthrou!fl. PIston mmmers are required for the
2OQ·MHl ba ndpass fille r fo r mechan ical r igid ity . l inks
l 309 and l31 1 should be construc ted so they can be
mov ed from 0 to Y.. inch 10 to 12 .5mml awa y from th eir
respective coils .

I·f sec t io n. The ttiird .mix er outpu t , 10.7 MHl. is am pfi
fied by 0401 lfig. 11 I. 0402 prov ides driv e at 300 oh ms
10 F l 40 1. Next , an emi t ter-folln wee, 0 4 03. provides
dr ive at 50 ohms to the i·f at te uue to r. The two crys lal
filte rs are ident ica l, and the first , Y4Ql , is de scribed.

on pin 3 of U103 reaches the voltage on the right side of
R115. gain will be increased by th e set ting 01 A115 . and
so on up th e line, 10 R l 06. R11 5 se ts Ihe nonlinearity at
10 MHz and A l06 at 100 MHz. The luning diode used in
th e vee I buil t .....as l inear up to about 280 MH z.

Care must be taken so Ihal no low-frequ ency co m
porten ts, inc luding power-supplv hum, are added to the
incoming sawtooth wave by the swe ep shape r. Added
low-freq uency components will resul t in l irst loca l
oscillato r inSiabili ty . This sho ws up as jitter in th e d is
pla y wh en look ing at narrow scan widths.

Vollage-eontfolled osc,lIator. 020 1 and 0 20 2 together
wit h l:101 , l 202. and CR20J 101m a 200-300 MHz
vollaqe-<:ontrolled osci llato r j vcc - fjg. 9 1. 0203 is a
buffer amplif ier . 0204 and 0205 prov ide o u tputs to the
fjrSI miller and a secon d ou l l)Ut .

Several compromises wer e made in the des ign of the
vco. To acmeve high frequ ency stability. the cscurator
should have a high ell ra t io ; however. to tu ne it wi th a
varector. it low e l l rat io is required . VaraClor circuus
wilh rea sonably h igh 0 at th ese frequencies h ave a
relal ively small lUning range. When conside r ing tuning
range, linea rity. and 0 th e MOlorola Ep icap tuning
diodes seem to be about the best . Careful des ign o f the
osc illator and am pl ifiers was necessary 10 provide a
coos te n r output leve l to the l irst m ixer . The 2 N2369A
did no t have sufficient qain -ban dw idt h prod uc t 10
provi de constant output whe n used as an oscillator n an
sistor , but because of m e low galll requu ements o f th e
amplifiers, the 2N2369A IS satistec tc rv in these ci rcui ts.

Clo,. u p " •• w 0 1 I'" 00111' . ": 0"1 ' 011' <1 o 'cllI. lo • . M"" c l.cu ll Ii
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F RE OUE NC y

fig. B. Top curve shows wave
shape available from Ul03 in the
sweep shaper; bottom curve ~

shows actual wave shape required 2
to compensate for the nontinear- ~

ity of the tun ing diode, CR103, in ~
the VCo. L-FR-r-ou-r-N-C-'- - - - - -

0404 provides a paraphase output, which drives Y401
and neut ralizes its capacitance . 0405 prov ides a high
input impedance to the crystal -filter output. CR401
provides a bypass around Y401 fo r 250-kHz bandwidth.

CR402 switches in R401 to broaden the crystal filter for
10-kHz bandwidth. R402 adjusts the gain in the l -kHz
bandwidth posit ion , and R403 adjusts gain in the
10-kHz bandwidth position to the same as in the
250-kHz bandwidth positions . CR403 switches in R403
in the 10-kHz bandwidth pos ition . 0408 and 0409
prov ide a gain of about 40. Q409 provides 300-ohm
dr ive to FL501 in the log-amp section.

FL401 and FL501 provide 250-kHz bandwidth. After
manufacture, these filters are separated into groups and
are color coded as to the ir actual center frequency,
wh ich are around 10.7 MHz. Because of spurious reso
nances above the crystal-filter frequencies, orange and
only orange color-coded filters maybe used. With the
orange-colored ceramic filters , crystal-filter spurious
responses are down - 50 to - 60 dB . With opposite-end
ceramic filters, they may be down only 15 dB.

One of the more challenging aspects of designing a
spectrum analyzer is select ivity . In its widest position,
the spectrum analyze r should have a bandwidth to
obs erve signals using a sweep width of 100 MHz. In its
narrowest pos it ion, it should be able to resol ve signals
close together, such as a carrier and its sidebands. Spec
trum ana lyzers with elaborate sets of carefully matched
crystal filters can ach ieve bandwidths as low as 10Hz at
th e 3-dB po ints. These crystals are espec ially ground to

IN PUT

J V AC MA X

IN Pu T
T TENUATOR

5 0 MHz
BANDPAS S

FI LTER

TH I RD
M I XER

\~--------- FI G.IO ---

S WE E P INP U T
FROM SCOPE

FIG ,9

\~--------------

S ECO N D L 0
U50 MH z

R-F S£CT I ON ---------------~I

FI RS T CRY S TA L F I L TE R S ECOND C RYS TA L F ILTER GA I N EQUALIZER
AND AMP LIF IER

SHO RT F OR 2 5 0KHz
BAN DWI DT H
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BA N DWIDTH
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OFF/ 1...
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f ig . 6. Complete superheterodyne spectrum analyzer described here. Each block represents an Individually sh ielded section or assembly.
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minimize resonances other than those desired for crystal
filters.

Another important consideration is shape factor and
ringing. Communications receivers often have a 3-60 dB
shape factor of 2: 1. Unfortunately, these filters with
steep skirts have phase discontinuities at their band
edges, and therefore ringing occurs when signals are
rapidly swept through them. This phenomenon was
demonstrated using a crystal filter from an fm tran
sceiver in the spectrum analyzer. Shape factor of narrow
band filters used in spectrum analyzers cannot be as low
as that found in communications receivers.

The ceramic filter used in the 250-k Hz bandwidth
position has a shape factor of about 2.5: 1. These filters
are used mainly in fm automobile radios.

The crystal filters were made using off-the-shelf
crystals from the local Heathkit store. The filters exhibit
some resonance, -50 to -60 dB, slightly above the filter
frequency. With a shape factor of about 30: 1 two signals
about 10-kHz apart have about 40 dB of resolution. The
filters are not sufficiently narrow to look at 1- or 2-kHz
sidebands of a transmitter. To observe signals which are
separated by only 1 kHz would require a 500-Hz filter
with a shape factor of 2: 1, a sweep speed of 5 sec/em, a
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fig. 7. 5weep·shaper schematic. Resistors switched by 5601 A determine sweep
width. Resistors associated with Wl03 are used to compensate for nonlinearities
in the vco varactor tuning diode. All resistors are 'I. watt. Diodes are type 1 N270.
ICs are uA741.
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fig . g . VCO schematic. Range is 200-300 MHz. CR203 is a Motorola MV31 02. C201 and C202 are SOO-pF feedthrough bypass capacitors.

L201, L202 : 1 turn no . 18 AWG (1 mm) wire. L203-L207: S'/2-turn chokes.

source

Vern itron, 232 Forbes Road,
Bedford, Ohio 44146

local Heath Kit store
James Electronics, P.O. Box
662, B elmont, CA 94002

Order from Am idon A ssoc.,
12203 Otsego St., North
Hollywood, CA 91607

rf section. The rf section has double walls between
compartments, wh ich ensures good shielding . The walls
are spaced 1/16 inch (1.5mm) apart, and paper-thin
copper (available from hobby shops) is laid over the
walls. The covers for the two bandpass filters are cut as
shown in fig. 13 (a continuous shield will create a

(inside measurement), and the covers are secured with
3/4 -inch long (19mml 4.40 (M3) metal spacers . The
follow ing parts had to be obtained from the sources
shown . All other parts came from the junk box and the
sources are unknown.

veo. The vco is built in a copper-clad box measuring
4Y2x3x% inches (114x76x19mml. The buffer section
and output amplifiers are shielded from the oscillator.
Paper -thin copper is wrapped over the outside edges
where the cover attaches.

component

ceram ic filters (FL401, FL501)
Vern it ron FM-4

c rystals (Y401, Y402)
Heathk it 404-39
2N236 9A , J309 5iliconi x

one-hole beads (Amidon
FB-43-101 )

si x-hole bead (Amidon
FB-64-5111)

Sweep shaper. This assembly is built on copper-clad
boards without shielding or feedthrough bypassing.

construction
All assemblies except the sweep shaper are built in

boxes made of 1/16-inch thick (1.5mm) single-sided
copper-clad board. The rf assembly has double walls, as
expla ined later, and individual covers. All other
assemblies have single-wall separators and one cover for
the entire assembly. All boxes are 3/4 inch (19mm) high

phase -locked vco to remove vco fitter, and a storage
scope because of the very slow sweep speed.

Log amplifier. The log amp schematic is shown in fig.
12. FL501 provides selectivity in the 250-kHz position.
Emitter-follower 0501 provid es a low-impedance input
for 0502. 0502 through 0505 are a series of four
wideband resistance-coupled amplifiers . Each stage has a
gain of 6 for a total gain of 1296, or slightly over 60 dB.

The detected output of each stage is summed through
each diode at the output. As the signal level at the
output of 0505 increases, CR505 conducts with a
logarithmic-shaped curve. 0505 then saturates and
CR504 starts conducting, and so on down the line.
CR502 and CR503 are in ser ies to provide a voltage
greater than that of CR503 and CR504. R501 through
R503 set the output level from each stage , and R504
sets the total output level. The video filter reduces
high-frequency noise. It can be used only for narrow
sweep widths. The video filter is described in detail in
the sect ion on operation.

22 UI june 1977



shorted turn, which will seriously detune the filters). All
assemblies have 500-pF feedthrough capacitors for de
voltages and O.Ol-pF capacitors across the feedthrough
caps inside the compartments. Dimensions of the rf
section are shown in fig. 14.

The construction of the three mixers is identical. The
transformers for each unit use four trifilar-wound turns.
All windings are wound at the same time for a total of
12 turns. Fig. 15 shows four turns through a ferrite
bead. The four turns are counted from the inside - not
the outside. Also shown in fig. 15 are the transformer
connections and how they are installed in the mixer. All
ports have baluns consisting of two bifjlar-wound turns
on ferrite beads. The same type bead is used for the
transformers and baluns.

I-f section. Dimensions for this assembly are shown in
fig. 16. It has one large cover rather than individual
covers as used in the rf section.

power supply. The power supply is located beneath the

chassis at the rear. Two separate supplies are required
(fig. 17). Transformer nOl should provide 23-29 Vdc at
approximately 200 mA and T702 should provide 18-24
Vdc at 100 mAo Both regulators are commonly available
three-terminal [Cs. The supplies must not go out of
regulation above about 100 Vac line voltage.

checkout

Before any tests are made, all de voltages should be
checked against those shown in the schematics. In many
instances, each stage of an assembly is checked. In each
case, the generator should be terminated and coupled
through a O.Ol-pF capacitor. The existing input to the
stage should be removed during these checks. The
generator should then be carefully tuned to the fre
quency that produces maximum deflection on the
display scope. Stage-by-stage checkout is important
because it is otherwise difficult to determine which stage
is at fault if performance is not satisfactory. Assembly
checkout is followed by a final alignment.

82pF ~5· 5.5
18pF 18pF

TO /- ,
STRIF

THIRD MIXER

L310 L311

55- 55- 82pF
IBpF IBp!"

o C
;J;500 PF

-12VO--tC3-~-E-

39 3MHz L 0

~ 12 V

150 MHI lO

caoe L309

200h/HI BANDPASS FILTER SECOND MIXER

uo~ L306 L]07

f1 n:oR

I- I - 27p~

IOpF IOpF

FIRST MIXER

RF IN

INPUT

LOWPASS
Fil TER

RF ArrENU.t\TOR

FL-fl'2 0 d & 20dS fLO"5602 5603 5604

- - -- - - ~--

69 ,1
1°/.

TO RF IN

fig. 10. Rf-section schematic. All bipolar transistors are 2N2369As; fets are J309 or J310. Feedthrough caps are 500 pF.

L301-L304 4 turns no. 18 AWG (l.Omm), 3/16" (5.0mm)
diameter, 1/4" (6.5mm) long

L305-L307 4 turns no. 22 AWG (o.smm), II" (6.5mm) di
meter, 3/16" (5.0mm) long. Spacing between coils
II" (6.5mm). All wound on one II" (6.5mm)

diameter plastic form.

L308 3 turns no. 18 AWG (l.Omm), II,' (6.5mm)

diameter, 1/4" (6.5mm) long

L309 2 turns no. 22 AWG (O.6mml, II" (6.5mm)
diameter, close wound

L310 10 turns no. 18 AWG (l.Omm), 5/16" (8.0mm)
diameter, close wound

L311 2 turns no. 22 AWG (O.6mm), II" (6.5mm)
diameter, close wound

L312-L315 7 turns no. 26 AWG (O.3mm), 1/,' (6.5mm)
diameter, close wound. Spacing between coils is J/z

lI

(12.5mm)
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f ig. 11. 1-' sec tio n schematic. All resistors In the attenuator must be 1% tolerance. Resistors must be added In seri es or parallel to obtain 5 1
ohms ±1% wit h R601 . Flledthreugh caps are 500 pF.
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Ii, _ 13 . F o 'l c .. lo,,1 10' I". 20 0 · . nd SO·MHI 1>. ""0.,,·1011..
co..n .... a in I". , I . ec ltan.

5. Set R504 so thai 100,000 1JV equals six div isions.

l og amplifier tracking is described under frnal
alignment.

[}@€JjJ

~ 1 drvision
:::. 2 d ivis ions
"= 3 d ivisions
"= 4 di vision s
"= 5 d ivis ions
"= 6 d ivisions

300 uv
I ,000 p.V
3,OOO ,..V

10.000 p.V
30,000 uv

100.000 1J V

Perform the foll ow ing steps :

1 . Set bandwidth 10 2SO kHz and video fille r to off .

2. Con nec t generato r to inp ut o f MX3 03 ta t lead thai
goe s to l 31 51.

3 . Tune gen erator to a peak at SO MHz and ad just l 31 1
for max imum signal consi stent wilh minimum coupling
10 l310 . Ten microvolts sho uld pro vide one d ivis ion of
deflection .

The SO·MHz bandpass titter is tuned nex t. The
windi ngs are critica lly co upled and requue careful step
by -step lu ning.

1. Con nec t generalor to 0 3Q4 base and set dis play for
about fou r divis ions.

I·' sec t io n, When checking dc volt ages, verify volta!J(.'5
from 560 1 10 Ihe i·1 section in all bandwidth positi on s.

1. Set bandwidth 10 25 0 kHz.

2. Turn off i·1 attenu eto r and tu rn i·f gain to max imum.

Because of noise or in terfe ring signals, th e baseline
during some tests of the i·f and rf sec tions will shi ll up
on e or IWO div isions. II checkou t shows thai 100 IJV
should provide one d ivision of deflection and the base
line is already up 1.8 divisions due to no ise or ext er nal
signals. tms 100 p.V should move the basel ine u p one to
2.8 divisions. Fifteen mic rovolts 10 Ihe base o f 04 08 and
0404 should provide one div ision of de flect ion.

3. Connect genera to r 100401 ba se.

4 . Peak l40 1. Two micro volts shou ld p rovide one
di visio n o f defl ect ion.

Th e cry sta l t ille r align men t is descr ibed in th e section
on fina l alignment.

RI sect ion . Using a yrid·dip meter verify tha t the 39 · and
l SO-MHz oscillators are oscillal ing and are Crys tal
co ntro lled. If the osci lla tors are free runn ing, some
adj ust me nt of tf-e IwO capacito rs on th e collecto r side of
the crys ta l can be made. Turn power off and on several
t imes 10 ensu re th at oscilla tors cont inu e to ru n.

1. Set all po ls to ce nter range.

2 . Con nect genera tor to log-amp input.

3. Set dIsplay scope to 0.1 V per drvrs ion .

4. Set gene rator for 300 1JV ou tput and tu ne qenera tOf
fo r pea k on d isplay. Verify acco rd ing to th e cha rl shown
in the ne xt column.

l og amplifier. Cht"Ck dc voltages as shown in fig. 12.
Ensure tha i 2·3 vert s are be tween collector and emi tter
of 0502·0505.

test equ ipment req uired

1. Rf signal generalo r, 10 ·300 MHz, wilh calibra ted
attenuetoe I p.V to 0 .1V rm s (Me.:lSurem en t model 80 or
HP 608 or equivalen t] .

2. Gr id-dip oscrua to r, 10 MHz · 200 MHz (He ath GO l or
equivil len tl .

3. Af signal generator, 100 kHz · 10 MHz. Calibrated
et te nuator 1 ,..V . 0 .1 V desirable (Gener al Hadro 605 or
equivalent ).

4 . v on -onrnme ter lT riple t 630 o r equivalen t] .

5 . Comb gene rato r. (Prescalar described in June, 19 75.
ham radio ·1 no t absol ut ely necessa ry but co nvenient for
adjusting vco linearity ).

6 .Freq uency counter capable o f counting to 300 MHz,

Swee p shape r and vco Verify the voltages a t th e output
of U1QI and U103 agatnSl tho~ shown in tbe scnema uc .
fig. 7. Using a 3QO·MHz counte r, determine what tu ning
voltaqes in the vco prod uce 200. 250. and 300 MHz.
(Fu rth er chec ko ut of the vco and swee p sbeper is
descr ibed in the sec t ion on final a lignme nt! .

TOp . ,.... o r ' l>Ce l . .. rn ana l,z.r e h..". 'ho",ing Ih. 'I ....rn tll'
C. IO" g ..e,. 01 c " . " " . tlollorn l • • o ll . , . -co n l ro ll• ., 0 . c , II. 10'
(c . n l.., . a nd ,_ep ' ''.P. ' flo p " ,"I I.
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COAX O UT BOT T OM

fig. 14 . Rf-sect lon d imensions.

fig . 15. Construction details for wind ing transformers and baluns
used i n the r-f section.

2. Short L314 and adjust C306 and C308 for maximum
defl ection.

bandpass filter is critically coupled and needs careful
adjustment. Proceed as follows :

1. Set all three piston t rimm ers to the center of their
range .

2 . Con nect generator to Q301 gate .

3. Short l306 and peak C301 and C303.

4. Peak C302.

5 . Mak e slight adjustments of C301 -C303 fo r max imum
deflect ion. Twenty microvolts here should prov ide one
division of de flection.

6. Install covers. (Fine adjustment of the 200-MHz band
pass filter is cov er ed unde r the section of f inal
alignment) .

final alignment

Th is sectio n prov ides final al ignment info rmatio n on
the swee p shaper and vco , c ry stal f ilt er , ga in equal izer,
tuned circu its, and th e log ampl if ier . Since the sweep
shaper and vco may not be fami liar, some background
in for mat io n is given on how th ese circuits work
together.

Sweep shaper and veo . Th e f irst step is to provide a
sweep signal between 0.1 -100 MHz. Two cond it ions
must be met to accompl ish th is : The sawt oot h ampli 
tude mu st be adjusted so that t he var actor tun ing d iod e
can t une the vco from 200 to 300 MHz. Also, the dc
level mu st be set so t hat the Voltage one-half way up the
sawtooth tunes the vco to 250 MHz.

Th e bottom of the varactor d iode, CR203, is returned
to about - 9 vol ts. Th e sawtoot h ampl itude required to
tune the vco from 200 to 300 MHz is about 8 volts POp.
The voltage level requ ired to tune the vco to 250 MHz is
about - 2 volts. Therefore, the sawtooth should start at
- 6 volts, the half-way po int shou ld be at - 2 volts, and
th e peak sho uld en d at +2 vol ts. R101 sets the de level
an d R120 se ts th e sawtooth amplitude (see fig. 7 ).

When the vco was first bu ilt , a rel ati ve ly nonlinear
tun ing d iode (1N5140 ) was used . It req uire d f req ue ncy
correc tio n at most frequenc ies between 240 and 300
MHz t o provide linea r change in fre q ue ncy with linear
change in dc voltage. However, th e MV3102 required

l-- - - - ---A

TRANSFOR M ER CO NNEC TION

4 TURNS T HRO UG H
A BE A D

DOUBLE BALANC ED MIXER
SC HE M A TIC

R=:J

3. Short L313 and adjust C305 and C307 for maximum
defl ection .

4 . Make slight adjustment of C305 th rough C308. Some
in te racti o n ex ists and several a t tem pts wi ll be required,
but only a small adjustment will be necessary . La te r,
when the cover is instal/ed , a sl ight readjust ment will be
required. Fifteen microvolts here should provide one
d ivision of deflection.

5 . Connect generator to MX202 input and tune to a
peak around 200 MHz. (At th is fr eq uency, signal genera
tors sometimes d rift and some readjustment may be
necessary) .

6. Ad just C304 for maximum deflection .

7 . Set gen erator for exactl y th ree d ivisions .

8. Install cover on 50-MH z bandpass filte r and make
slight adjustments of C304-C308. Twenty microvolts
should produce one d ivision of deflection.

As with the 50-MHz bandpass filter, the 200-MHz
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1/2 A

T702

fig. 17. Power·supply schematic. T701 (Triad

F90X or equivalent) should provide 23-29 volts de

at approximately 200 mA, and T702 should pro

vide 18-24 volts de at 100 m A,

IN2070

I--_-~+IBVDC
150 TO 250mA
DEPENDING ON
RELAY USED

1--_-~-12VDC
IOOmA

fig. 16. l-f section dimensions.
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correction only at 290 and 300 MHz, therefore R108
through Rl15 (fig. 7) were removed. Several MV3102s
were tried with the same results; however, the entire
correction circuit is included in the vco schematic.

The settings of Rl16 and R117 determine at what
voltage, or frequency, the correction is made. If Rl07 is
shorted, R117 can be adjusted by setting it so that a
90-MHz signal on the display is moved to the left. Rl06
through R115 determine the amount of correction, and
Rl16 and Rl17 determine the position of correction.

A signal source that simultaneously puts out 10-100
MHz in 10-MHz steps makes vco alignment easier. The
comb generator in the test equipment list fulfills this
requirement. A comb generator can be made by feeding
100 MHz into the prescalar described in reference 1. The
ECl logic has fast switching times and generates many
harmonics, which provide the comb signal. Possibly
other ECl prescalers would provide the comb signal.
The frequencies generated will not be of equal
amplitude.

In all scan widths other than 10 MHz/division, the
center frequency is controlled by R601. Rl02 and Rl03
adjust the voltage to R601, so the oscillator is at 200
MHz when the dial reads 0 MHz and at 300 MHz when
the dial reads 100 MHz. Errors of at least ±3 MHz are
normal for the dial calibration.

Super heterodyne spectrum analyzers produce a
signal when the local oscillator ;s at the i·f or 0 MHz. At
o MHz, the local oscillator is at 200 MHz, the i-f, and
energy from the local oscillator leaks through the first
mixer, producing a O-MHz marker. This is both normal
and handy for calibration.
Sweep shaper and veo alignment. Set controls and test
equipment as follows:

I
2-1/4

(57.5mmJ

L

AMPLIFIER
~IRST SECOND

AMPLIFIER
AND AND

(:/RST CRYSTAL CRYSTAL GAIN
F'lLTER

FILTER (:fL TER
EQUALIZER

Bandwidth: 250 kHz.

Scan: 10 MHz/division.

Generator frequency: 50 MHz.

Generator output: "" 5 divisions.

Video filter: off.

1. Turn R106 through R115 to maximum resistance.

2. Adjust Rl0l so the 50 MHz signal appears at the
center, fifth division, of the display.

3. Adjust R120 so the O·MHz marker is at the first
division. Some interaction occurs between Rl0l and
R120. Readjust them so that the O-MHz marker is at the
first division and the 50 MHz signal is at the fifth
division.

4. look at the sawtooth with a scope and determine the
de value of the sawtooth at 0 MHz. Set R116 so this dc
voltage is present on R115.

5. look again at the sawtooth at 100 MHz and similarly
set R117. Because of interaction, R116 and R117 must
be adjusted several times. Final adjustment of R116 and
R117 is as follows.

6. Connect comb generator.

7. Turn Rl08 and check that the 80-, 90-, and 100-MHz
signals move to the left. Readjust R117 so only these
signals move to the Jeft.

8. Turn R108 to maximum resistance and adjust R114.
All signals 20 to 100 MHz should move to the left.
Adjust R116 so this condition can be met.

9. Alternately adjust R116 and R117 so that amplitude
corrections are made at the proper frequencies.

10. Turn R106 through R115 to maximum resistance.

11. Determine the lowest frequency needing correction
and adjust the appropriately labeled pot. Always start
ad jus t men tat the lowest frequency because all
frequencies above are affected.

Fig. 18 shows final alignment. The camera lens did
not have a wide enough angle to display 100 MHz. Note
that 10 through 40 MHz are slightly high and 60 through
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90 MHz are slightly low. Maximum error shown here is
about 2 MHz.

~rystal-filter alignment. Set controls and test equipment
as follows:

1. Adjust C402 for a narrow peak at the crystal-filter
frequency .

2. Go between 1 kHz and 10 kHz bandwidth , adjusting
C401 for narrowest bandwidth without regard to ampli
tude. Do not ad just C402 in the 1O-kHz position.

3. Adjust th e second crystal filter as you d id the first
one.

3 . Drill access hole for L401 in i-f amplifier cover and
inst all cover.

Tuned-circuit alignment . All tuned circuits are peaked
during th is procedure. Even though most have been
adjusted, this is a good check to see if all are peaked at
full operation. Again, only slight adjustments of the 50
and 200-MHz bandpass filters should be needed. If major
adjustment is requ ired, or if one coil won 't tune, go back
to the procedure in the rf section that describes initial

Bandwidth: 1 kHz .

Scan: 50 kHz /d ivision

Generator frequency : 20 MHz (not crit ical ).

Generator output : 5Y> d ivisions on d isplay.

Sweep speed: 20 ms/div isions .

Video filter: 10 kHz.

Video gain: maximum.

The crystal fitt ers are al igned one at a t ime . The f ilter
not being aligned should have a O.Ol-/lF disc capacitor
soldered across the crystal. Always maintain about 5Y>
divisions on the display but never mor e than six
d ivisions.

alignment pot

R503
R503
R502
R502
R501
R501

output from generator
divisions (microvolts)

1 30
2 100
3 300
4 1000
5 3000
6 10 ,000

operation

This section provides an explanation of the function
of the controls and concludes with some experiments to
demonstrate operation.

alignment. Set controls and test equipment as follows:

Bandwidth : 250 kHz.

Scan : ~ 500 kHz/division

Generator frequency: ~ 20 MHz.

Generator output: ~ 4 divisions on display.

1. Peak C301, C302, and C303 for maximum signal.

2. Peak C304 through C308 for maximum signal consist
ent with a flat top across signal.

3. Peak L401 for max imum signal cons istent with a flat
top across signa l. There may be about a 1-<1 B dip in the
center of the signal.

log amplifier . Set cont ro ls and test eq u ipment as
follows:

Bandwidth : 10 kHz.

Scan width: 10 kHz /division .

Generator f reuqency : ~ 20 MHz.

Sweep speed : 10 ms/division.

Video filter : 10 kHz.

1. Set the generator output to 30 /lV .

2 . Set i-f gain fo r one div ision. Note that each pot
adjusts the level for two d ivisions and the best compro
mise should be achieved. The tolerance is ±0 .2 division.
Always start from one div ision when performing this
alignment.

Rf attenuator. The purpose of th is c ircu it is to reduce
the amplitude of the incoming signal to a convenient
level for display on the spectrum analyzer. The maxi 
mum level to the attenuator should be no greater than 1
volt rms, and the maximum level to the first mixer
should be no greater than 10 mV rms. One of the mo st
common errors in the operation of a spectrum analyzer
is to use too much i·f attenuation and feed an exces
sively high level to its input . This results in overloading
the rf sect ion, which gene rates spurious signals and
causes poss ible damage to the first mixer. Never overload
th e front end.

Frequency control and fine tuning. The frequency
control tunes the spectrum analyzer to the desired
operating frequency. In the 10 MHz/d ivision position,
th e center frequency is set to 50 MHz and the frequency
control is inoperati ve. The fine tuning control has a
range of about 500 kHz.

kHz bandwidth and adjust R402 for 52. Go to
divisions.

4 . Increase input level to 10,000/lV.

5. Turn i-f gain down to 5% divisions and remove both
.0 1-/l F capacitors .

6 . Alternately adjust C401 and C403 for min imum
width and symmetrical ski rts at the base of the signal in
both the l-kHz and 10·kHz pos itions. Poss ibly there will
be some spurious resonances slightly above the filter
frequency after alignment in the 10kHz position.

Gain compensation. Set controls and test equipment as
follows:

Bandwidth: 250 kHz .

Scan : 50 kHz/d ivision .

Generator frequency ~ 20 MHz.

Generator output : 5 d ivisions on d isplay.

Sweep speed: 50 ms/division.

1. Go to 10kHz bandwidth and adjust R403 for 5
d ivisions.
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San wid th . Aft er setting the cen ter freq uency with the
frequ ency control, th e scan width determines th e t re
quencv width thai will be displayed. Fo r example, if the
frequency control is set to 20 MHz and th e scan width
to 100 kHz/d ivision, th e spectrum ana lyzer will sweep
from 19 .5 to 20.5 MHz.

Bandwidth. As in a convent ion al rad io rece iver, this
contro l deter mines the selec tivity of th e ana lyzer. Nar
row bandw id th is required to separate signals re lat ively
clos e together and wide bandwid th is required fo r h igh
swee p spee ds .

J.f at te nuato r and j ·1 93in . Th e i·f atteuue tcr is used fOI
limi ted tests where d iscre te steps of attenuation are
required . The i-I gain is used to provide sufficient gain
wIth minimum noise at the baseline. Th e noise a t the
ba seline rises as the bandwidth is increased and should
be ma inta ined at bel ween one- ha ll and one division to
avoid dtgradlng the dynamic range. See figs. 22 and 23.

Video filte r. The vide o titter is used to remove h'gh 
frequency no ise h om Ihe signal when look ing at small
scan wid ths w ith slow sweep speeds . See tab le 2 for
vide o filte r ope ra tion , Figs. 24 and 25 are exam ples of
us effect in the 250 ·kHz bandwidth position .

Resolution . If the swee p speed is 100 high, the scan lor
sweep! width too great, or th e bandwidt h too nanow,
Ihe duplav will lose amplitude or smea r. Figs. 26 and 27
sho w d isplays 0 1 a broadcast signal a t Ihe 25O·k Hz
ba nd width setting. Purtner eKample s ale shown in f igs.
28 and 29, which ar e dis plays 0 1 a loca l te levision
station.

A Quic k check on rescfunon IS 10 decrease sweep
speed an d look lo r narrowing or increased ampl itude of
th e d tsptaved signal . The swee p speed should neve r
excee d 2 msJd.v isio n. A P2 and P1 scope tube would ~
advantageous bUI IS no t absolutely required . Tabl e 2
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gives maximum sweep Spe eds fo r som e scan widthS ,
bandwidt hs, and settings of the video filt er .

400·500 MHz operation. If the input lowpass fit ter is
disconnected, the 200 · to J DO-MHz first local osc illa tor
will m ix with 500 to 400 MHz, producing the required
200 MHz first I-t. Th is was tr ied and some strong loc al
tcw-t requeocv signa ls leaked th rou gh . Sensi tivity see med
sim ilar 10 no rmal operalion , bu t signa ls were d isplayed
in reverse.

Use as a radio receiver . The outpu t can be connected to
an audio amplifier with l ·megohm inpu t impedance and
used to monitor rad io signals . However. because it is a
spectrum anal yzer , the inst rume nt ha s several limitatio ns
when used as a rad iO receive r. Dial cal ibr-ati o n is accur at e
to on ly ±J MHz. Beca use o f its h igh frequency, the local
osc illa tor drifts and some fine tu ning mtght be requir ed .
There is no tuned circu it at the fro nt end, th erefor e a
st ro ng signal can cross -rnodutate the ana lyzer . Despite
these shortcomings, WWV, BBC, Australian Broad
casting, Rad io Netherland s, Rad io Moscow and many
o ther st a tions ha ve bee n received using a TV feed line as
an an te nna.

As with mo st anything else, there is mor e th an one
way to des ign a spec trum analyzer . If you find an easier
o r better way to improve this spec trum anarvzer, with·
out d89rad ing its pe rfo rmance , 01 find any obviou s
erro rs, I'd apprecia te hear ing from you .

re fe rence

1 Wayne C. R yde< , W6UA H, " 500-MH I Decode Prf!'SC<rIe. : '!Ym
.MJ,o . Juoe . t975, Pa<JI!' 37 .
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