
Poor Man's Spectrum Analyzer
- another 73 breakthrough
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Photo A. High frequenc y spectrum analyzer covers 0 to 60
MHz.
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H am !> enjoy making all
types of electrical

measurements . In fact. it's
one of OUf favorite pas­
times and topi cs of co nver­
sat io n. Fortunately, good.
low-co st o sc illo scopes.
DVMs, and other instru­
ments are avai lable to us
for measuring voltage, cur­
rent, power, swr. frequency.
and so on.

There is one in strument,
however, that has been be­
yond the reach of most of
our budgets - the spectrum

ana lyzer. Commercia l ver­
sions of this useful rf instru­
ment sta rt at $2500, whic h
is a little steep for most of
us. It is possible for you to
build a simple spectrum an­
alyzer for about $150 that
works with a low-cost oscil­
loscope. The analyzer can
be used to check HF trans­
mitting equipment. among
other applications. Its use,
theory of operation. and
construct ion are discussed
in t his a rtic le.

Spectru m Analyzer
Opera tion

A spectrum analyzer is a
special receiver that allows

you to view the frequency
components of its input sig­
nal on an oscil loscope CRT.
The spect rum ana lyzer re­
peated ly tunes across the
frequency band you have
chosen with its center-fre­
quency and frequency-span
controls . For example, if
you set the center-frequen­
cy control fo r 20 MHz and
adjust the frequency-span
contro l fo r a tuning range
from 10 MHz below to 10
MHz above the center fre­
qu ency, the analyzer will
rep e a t e dl y t u ne the
1Q.-MHz·tiF3Q.-MHz band.

As the ana lyzer tunes
from the low end to the
high end of the band. it
moves the CRT trace from
left to right. The Seneter
output from the analyzer
moves the CRT trace up­
wa rd from the bottom of
the CRT screen according
to signa l strength. A spec­
trum anal yzer di spl ay usu­
a lly looks like a nu mber of
sp ikes . The fa rthe r to the
right a signa l (spike) ap­
pears on the CRT, the high.
e r its frequency ; the
strength of the signal is ind i­
cated by its height. There
usually appears to be some
"grass" along the bottom of
the CRT display . This is due
to noise . You probably have
seen spect rum ana lyzer d is­
plays in ham gear sa les li ter-

ature and some magazi ne
articles .

To apprec ia te how useful
a spec trum analyzer can
be, let's first loo k at Photo
B. an rf signa l o n a normal
osci ll oscope. To me it looks
like a clean sine wave.
What do you th ink?

Now let' s look at Photo
C. the same rf signa l on our
spe c t ru m ana ly ze r. The
half-spike on the left is our
zero-frequencv reference .
The next signal to the right,
which is t he ta llest. is the
fu ndamental co mpo nent of
our rf signal. The three sig­
nals to the right of the fun­
damental are the 2nd, Srd.
and 4th harmonics.

If the spec trum of our
transceiver or linear ampli­
fier outpu t looked the same
as this photo. we would not
be co m plying with FCC
Regulation 9 7.73, even
though our fundame ntal
signa l was properly wit hin
an HF amateur band.

To understand what's
wrong, compare the height
of the 2nd harmonic signal
to the fund amental. The
second harmon ic is about
2.6 CRT divisions sho rte r
than the fundamental. With
a to-da-per-divtston vertical
ca librat io n, the second har­
monic is 26 dB below the
fun damenta l.

FCC Regu latio n 97.73 re-



Photo B. Rf signal as viewed on an ordinary oscilloscope. Is
this a clean signal?

Fig. 1. Typical HF spectrum analyzer hook up.

73 MagaZine • August,1982 11

Photo C Same rf signal on the spectrum analyz er. Second
harmonic is only 26 dB below the fundamental. Don 't put
this signal on the air!

Note 1. Never hook tran smitter or linear directly to step attenuator or
analyzer. Always use Lpad sampler 01the proper power rating.
Note 2. Be sure tra nsm itter, linear, Lpad, attenuator , analyzer, and
scope are grounded.

next mixed with the90-MHz
to 15D-MH z voltage-con­
tro lled oscillator (vco) in
the doub le-balanced mixer.
The difference output from
the mixe r. which is the de­
si red i-f signa l, is then fi l­
tered by the 9O-MHz band­
pass filter. The bandpass fil ­
ter provides the necessary
se lec t ivity for the spectrum
ana lyzer. The 9O-MHz sig­
nal from the bandpass filter
is preamplif ied and applied
to the log amplif ier. The
output of the log amplif ier
I S lo ga r it h m ic signal
strength video for the oscil­
loscope vert ical (Yl axis.

The vo ltage-cont rolled
osc ill a tor freq uency is con­
trolled by the sweep gener­
ator. which simultaneously
contro ls the hor izontal (or X
axis) of the oscil loscope.
Note that when the vco is
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Overall Circui t Operation

let's first discuss Fig. 2.
t he spe c t rum a na lyze r
b lock d iag ram , We will
the n look at the circuits in
each block in detai l. Notice
that the ana lyze r block dia­
gram loo ks similar to that
of a si ngle-co nve rs ion su­
perheterodyne re c e iver.
The i-f frequency of the
spectrum analyzer is 90
MHz.

The sampled input signal
from t he l -pad is ad justed
to the proper power level
with the step attenua tor, as
we discussed before . The
signal is then taken through
a low-pa ss filter with a
6O-MHz cutoff frequency.
The low-pa ss filter prevents
9O-MHz signa ls from le ak­
ing into the ana lyzer and
"confusi ng" it. The inpu t is

Spectru m Anal yzer Hookup

Fig. 1 shows how to hook
up the hig h freq ue ncy spec­
trum ana lyze r fo r mon ito r­
ing the output spectrum of
a tran smitter or linear am­
plifier. Remember. the a na­
lyze r is a rece iver. It re­
q uires a very sma ll sa mple
of power for operation. This
is done with an l-pad sam­
pler . The sampler will not
interfe re with normal trans­
mitting or transceiving op­
e rat io n. The output from
the l -pad is further reduced
with a step attenuator to
match the full-scale input­
power requirements of the
a na lyze r (1/4 to 1t10 of a
milliwatt). The spect rum is
d isp layed on the oscillo­
sco pe being used with the
spect rum ana lyze r.

It is important to obse rve
good safe ty practices when
using the l -pad, attenuator.
and spec trum analyzer. Be
sure all sta tio n equipment,
the t -oad. attenuator, ana­
lyzer , and oscilloscope
cases are properly grou nd­
ed. Use the proper l -pad for
your power range. Double­
check your hooku p before
apply ing power. If the out­
put of a transmitter was di­
rectly connected to the a n­
alyzer by accident. it would
instantly be damaged when
the transmitter was keyed .

your favorite net or club) to
have one of your own !

quires low-powe r transmit­
ters up to 5 Watts to sup­
press all signal frequency
co mponents (s purs) outside
the HF band of operation at
least 30 d B below the fu n­
damenta l. For a transmitter
from 5 to 500 Watts, th is fig­
ure is 40 dB, For a 1()()().
Watt transmitter or linear
amplifier. the figure is 43
dB. Chec ki ng o ur photo
again. we noti ce that the
3rd harmoni c s ignal is
about 39 dB below the fun­
damental. We're also go ing
to have a problem with the
3rd harmon ic if we are run­
ning 5 Watts or more pow­
er. The 4th harmonic is no
problem since it' s a bout 55
dB below the fundamental.

We can correc t the prob­
lem by adding a filte r be­
tween our transce iver or lin­
ear and the antenna . How­
ever, un less we a re ab le to
check the output spectrum
of ou r transm itt ing equip­
ment. we may never know
we have a problem-until
our neighbors start com­
plaining or we get a "friend­
ly adv iso ry" from the local
FCC monitoring station.

There are ma ny uses fo r a
spectrum a na lyzer besides
mo nitoring tra nsmitter out­
puts, bu t this use alone can
ma ke an HF spectrum ana­
lyzer co nstruc tion project
worthwhile. If you build
one, you'll probably be the
first on your block (or in
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Low-Pass Filter,
Mixer, and Veo

Fig . 5 shows the detai ls of
these circuits. The low-pass
filter co nsists of three pi­
sec t io ns , se pa ra t e d b y
shield ing. The cutoff fre­
quency of the filter is about
60 MHz . Three sect ions a re
used to give a high attenua­
tion a t the 9O-MHz i-f fre­
quency and above.

Each port of the double­
balanced mixer is padded
with 50-Ohm attenuators to

L-Pad

Fig. 3 shows the sche­
matic of a 100-to-l00o-Watt
t -oad sample r, with alter­
nate circuitry for a 10-to­
l00-Watt sampler, a 'ttotu­
Watt sample r, a nd a 0 25-to­
'l -watt sample r. Four pairs
o f 4.7k, l -Watt re sistors
fo rm the series e lement of
the l00-to-l ()()().Watt sam­
ple r. A 51-O hm, l f2-Watt re­
sistor form s the shunt ele­
ment . The I -pad resistors
a re rated for continuous op­
erat ion . A single ha ir-thin
stra nd from an old "zip"
cord provides some fusin g
protection in the event of a
component fa il ure or cir­
cu it fa ult. The series ele­
ments for the other power
ratings a re shown in Fig. 3.

0-10-59-<18 Step Attencator

Fig. 4 shows the step at­
tenuator sc hematic, Five pi­
style resisti ve attenuators
a re switc hed in or out as
necessary to ach ieve the
proper attenuation . Switch­
es are double-pol e, double­
throw . Resistor s may be 1/2
Watt or 1/4 Watt. a lthough
l /4-Watt resistors are easier
to work with . Note the
shield ing between sections.
Resistors must be 5% toler­
ance. (The resistor values for
each attenuator came from
Reference 1.)

with a Z-axis (blanking) in­
put. The power supply pro­
vides + 24 V d e. + 12 V de,
and - 6 V dc for the spec­
trum analyzer circuitry . The
power supply operates
from 12 V ac supplied by a
wallplug transformer .
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tuned to 90 MHz, the ana­
lyzer is tuned to zero MHz .
When the vco is tuned to
120 MHz, the analyzer is
tuned to 30 MHz. With the
vco at 150 MHz, the analyz­
er is tuned to 60 MHz.

The tuning range of the
analyzer is adjusted with
the center-frequency and
frequency-span controls on
the sweep generator. The
sweep generator automati­
cally tunes the analyzer
across its tuning range
about 10 times each sec­
ond. The sweep generator
clamps or "sho rts out" the
video during the retrace be­
tween each sweep to avoid
a confusing oscillo scope
d isplay. This eliminates the
need for an oscilloscope
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Fig. 2. Block d iagram.
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Fig, 3. L-pad power samp lers.

Note I . Carbon composition (ncmnducttve} resistors.
Note 2. " Fuse" is single, natr-tmn copper strand from ec "zip" cord.
Note 3. Connect 50-239 connectors with RG-8 center conductor wire.
Note 4. Test-run sampler before connect ing to attenuator.
Note 5. Keep BNC connector 3" away from 50-2395; space resistor sets 318" minimum: "fuse" is 112- to
314 - long,

Photo D. Bottom view o f spectrum anal yzer chassis. Log
ampl if ier ;s at the top. Power supply and sweep generator
board is directly below the log ampl if ier. Vco is next. The
mixer is directly below the vco. The m ixer connects to the
low-pass fi lter at the left. The bandpass titter is at the lower
right. Preamplifier is on the middle right.

I
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Fig. 4. 0-59-dB srep attenuator.

Note 1. OPOT toggle switch-Radio Shack 275-1546 or equivalent.
Note 2. BNC receptacle-Radio Shack 278-105 or AmphenoI31 -236.
Note 3. Resistors 1/2 or 1/4 W. 5% non induct ive.
Note 4. Attenuator box made from single- and double-sided G·1 0 c ircu it board plus copper shim stock.

H~ 6d. 10 d. 20n 20d.
~-----~-----~------r-----r-----,

UG'U~8/U~1 I 1 J, 1 I, 1 : J 1 : J ~IUG ' 6i' 8/U

~G·n con TO _ • 0.0' \ ..I. \o;~f \ ..I. \0-.-0.\ ..l. 3-~\ ..l. \-~, • _ flG' ~ COAX TO
~ T T T

[OUI"",[ .. T H" M' I ri' 'rl·o
" n·o

l OW PASS "lHfI....ll[~ n ST l' "I 1- 10... ' 0 -10 . ...1
"10"'" ..dr, } I I I 1 'Il<)O 300 I I~ ,~I 9 1 90 I 12 12 1 12 62 I

I I I , I I
I I I I I IL L J ~ ~ J

ture-co upled to each other,
The two cente r resonators
are slight ly stagger-tuned to
give the fil ter bandpass a
sha rp " nose." The 3-dB

reson ato rs. The in put and
ou tput resonato rs are tap­
coupled to the in pu t and
o utp ut connec tor s, The
four resonators are aper-

Photo E. Veo layout. Oscillator is near the feedrh roughs.

2N5179 'leo am plifie r. The
out put of t his amplifi er
drives the loca l osci llator
port of the mixer. A d iode-­
capacitor rf detector pro­
vides a de output fo r check­
ing amplifie r output power .
The wtdeband amplifier de­
sign is based on data from
Reference 1. The oscilla tor
design is based on thi rd­
attempt desperation! Note
the use of the feed through
capac itors and shiel d ing .
These are as much a part of
the circuit as the MRF901 .

Bandpass Fi lte r

The bandpass fi lter is de­
tai led in Fi g. 6. It consists of
four re la tively small hel ical

The 'leo cons ists of an
MRF901 Colpitts osci llator
coup led to a wideba nd
2N5179 a m p lif ie r . Th e
MRF901 was eventua lly
chosen fo r the oscil lator
transistor because of its
wel l-behaved phase-s hift
characterist ics between 90
MHz and 150 MHz. The two
MV109 hyper-abrupt Epi­
cap diodes act as tuning ca­
pacitors and account for
the oscillator's wide tuning
range. A small pick-up loop
near the oscillator coil pro­
vides an output fo r check­
ing frequency and doing
o ther tests . The oscillator is
also li ghtly coupled to t he

e ncourage good mixe r per­
formance (low mixer spu rs)
at the expense of extra con­
version loss. Mini--eircuits
SRA-1 and SBl-1 are good
commercial mixers. It is
quite possible to build a
suita ble double-balanced
mixer from small ferrite tor­
oids and hot carrie r diodes.
if you have trouble finding
these commercial unit s .
(Co nsult Reference 1 fo r de­
tails.I
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Note 1. Resistors are 1/4 W, 5%; unspecified capacitors are SO·V ceramic .
Note 2. Capac itors marked " 8M" are ± 5% sil ver mica.
Note 3. 1000-pF teeotnroucn capac itors available from Alaska Microwave.
Note 4. MV·209s or MV·309s may be substit uted for MV·l 09s (contact Motoro la distributor).
Note 5. Box buil t from single- and double-aided G-10 ci rcuit board plus copper shim stock.

Fig. 5. Low-pass filter, m ixer, and vco.
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Fig. 6. Bandpass filter.

Note 1. Coils are 6 turns of #12, 112 ~ inside diameter, 518 " long, taps at 114 turn.
Note 2. 10-pF piston trimmer, Sprague-Goodman GGP8R500 or equivalent; alternate, atr-vartabte, John­
son 189·564·1.
Note 3. Filter box made from single· and double-sided G·10 circuit board plus copper shim stock.
Note 4. Filter box is 1 ·1I8 ~ deep.
Note 5. Moun t BNG connectors near front side.
Note 6. Coupling apertures are 318 w x 3116 ". Drill 3I8 ~-diameter holes in compartment wall pieces and
then solder copper shim strips across tops and bottoms to narrow apertures.

picked up by the 12-V-ac
power leads.

The hear t of the sweep
generator is the 555 Ie
timer. The two 2N2907s act
as current sources. Each
genera tes linear ramp vo lt­
ages across 1(}uF tantalum
capacitors. The 555 syn­
chronizes the ramps . The
ramps are set at a 1(}Hz-to­
12-Hz repet it ion rate. One
ramp is fed through a dc-re­
st o r i ng c ap ac i to r-d io d e
clamp to the output con­
nector for the osci lloscope
horizontal (Xl axi s, The sec­
o nd ramp is fed to the Sk
frequency-span potentiom­
eter th rough an inverting
operational ampl if ier buf­
fer. The output from the fre­
quency-span pot is summed
with the output of the 5k
center-frequency pot in the
vee-tuning vo ltage amplifi­
er . The output of this ampli­
fier is fed to the vee- tuning
vo ltage input.

When the ramps are reset
by the 555, p in 3 o f the 555
also trips the retrace VMOS
clamp trans istor through
the ret race comparator am­
plifier. Thi s sho rts the loga­
rithm ic amplifier video out­
put to ground du ring re­
trace. Otherw ise, the video
is fed to t he output connec­
to r for the oscilloscope ver­
t ic al (Y) axi s. The 4t h ampli­
f ier in the Tl084C quad-op­
erat iona l-amplifier IC is
used simply as a 6-V-dc ref­
erence by the other three
amp lif iers.

Shielded Enclosure
Construction

All circuits in the high
frequency spectrum ana­
lyzer except the sweep gen­
erato r and the power sup-­
ply must be installed in
shielded enc losures, I built
eac h enclosure for my ana­
lyzer using 1/1 6-inch, G-10
epoxy ci rcuit board stock.
Encl osure base plates are
m ade from single-sided or
double-sided stock . Dou­
b le-sided stock must be
u sed for the en closu re
sides. ends, and part itions .
(See Fig 9 for co nst ruc t ion
detail s.)
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Power Supply and Sweep
Generator Circuits

These circuits are shown
in Fig. 8. The power supply
is stra ightforward , provid­
ing + 12 V de. + 24 V de.
and - 6 V de. Note the
feedthroug h capacitors
used to f ilter out any rf

wil l begin cont ribut ing to
the output . As the output is
made stil l larger , the 5th
stage will saturate or limit.
From th is point it will con­
t ribute no additional volt­
age across the 1k output re­
sistor. At about thi s same
signal level , the 3rd log amp
stage will begin to co nt rib­
ute some output, and so on.
Each log amp stage pro­
vides a gain of about 12 d B
until it saturates. The gain
of the i-f strip, from the 1k
resistor's po int of view, then
drops 12 dB. It is th is sue­
cesslve limiting and drop­
ping off of i-f stages th at
creates the logarithmic vid­
eo output cha racte risti c.
Note t hat when the 1st log
amp stage saturates, the log
amplif ier reaches its ful l­
scale output.

I was surprised how accu­
rately the logarithmic am­
plifier does t rack a logarith­
mic curve. Using my com­
m ercial step attenuator as a
reference. the ca librat ion
of my logarithmic ampl if ier
wa s withi n 1 dB. The sensi­
t ive i-f system must be
shielded to prevent interfer­
ence from commercia l FM
stat ions.

A small input signa l is
ampli f ied by all five log
amp stages. O nly the 5th
stage wi ll develop enough
signa l to provide an output
f rom its detector. As the in­
put signa l is made larger,
the 4th stage detector al so

Notice that eac h stage in
the log ampl if ier has an rf
detector across its output
consist ing of a 5Q-pF capac"
iter. a 1N914 diode, and a
10k resistor. The rf detector
o n the buffer stage is just a
tuning aid. The outputs of
the rf detectors on the 1st
through 5th log amp stages
are tied to a common 1k re­
sistor (in parallel with a
15Q-pF capacitor). Because
of its relatively low va lue,
t he detector outputs are
more o r l ess su m med
across the 1k resistor .

, , ,
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Photo F. Bandpass filrer layout.

Preamplifier
and Log Amplifier

The schem at ic s of the
preamplifier and log ampli­
fier are shown in Fig , 7. The
preamplifier consists of two
wideband 2N5179 amplifi­
ers. The log amplifier con­
sists of six tuned 9O-M Hz i-f ·
stages , Each stage uses t he
fri endl y 40673 du al -gate
FET. The input stage acts as
a buffe r ampl ifie r. The next
f ive stages form the loga­
rithm ic signal-st rengt h vid­
eo detector. The log ampl i­
f ier may rem ind you of an
i-f st rip in an FM receiver. In
fact, it uses the limiter prin­
c ip le in its operation.

bandwidth of the f i lter is
about 220 kHz. Insert io n
loss is somewhat high, but is
acceptable for this appl ica­
tion.

16 73 Magazine · August. 1982



Note the b rass " c a p
strips " These prov ide a
base fo r soldering on the
thin copper (shim stock) en­
closu re tops . I use this
method fo r mounting the
to ps so that they can be
peeled back easily when I
need to modify or repair cir­
cu itry. Use a 4Q-Watt so l­
dering iron for so lde ring the
e nc losures toge the r. Solde r
the to ps on with a 25-Watt
Iron . Be sure the solde r
seams have no gaps .

Don't let the need fo r
shielded enclosures dis­
courage you . There are sev­
e ral easy. accurate ways to
cut ci rcuit board materia l.
Beg, borrow, o r buy a copy
of Prin ted Circuits Hand­
book (Refe rence 4). This
book does a good job of
show ing ho w to cu t c ircuit
boa rd stoc k. Alterna tively,
make fr iends wit h a ha m
who owns or works at a
commercial circuit board
sho p! Anyway. making
shie lded enclosures is easi­
er than it fi rst appears.

My o riginal analyze r
used q uite a few BNC con­
necto rs . The numbe r of
connectors can be reduced
by build ing the low-pass fil­
ter , mixe r, a nd vco e nclo­
sures together on one base
plate . l ook at the schemat­
ic , Fig. 5, for sh ield pa rt i­
tioning details . l ikewise,
the preamp lifier and log
amplifier enclosures ca n be
built together (Fig. 7). The
bandpass filter shou ld be
built by itself, a s should the
attenuator. This arrange­
ment al lows the a na lyzer to
be tuned up with very littl e
test equipment.

Circuit Board layout
and Construction

There are a lot of possi­
ble component substitu­
tions for the spectrum ana­
lyzer. Some of the co mpo­
nents you use in your ana­
lyzer will no doubt be dif­
fe rent from the ones I used
-at least in physica l size.
This ma kes standa rd ci rcu it
boa rds im practical. It is
easy to lay out yo ur ci rcu it­
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Photo C. Preamplifier layout.
s/rips " have been instalfed.

ry for construction on sin­
g le-s ided ci rc u it board
stock. The coppe r is on the
top side . It ac ts as a g round
p lane a nd helps sta bilize
the c ircu it ry. All a nalyzer
ci rcuitry bui lt in t his man­
ner was built o n 1 .B-inch­
wide ci rcuit board strips­
lengths as needed . The low­
pass filte r, bandpass fi lter,
a nd attenuator a re built " in
the a ir" inside their shielded
enclosu res. The y don' t need
a c ircuit board .

Get so me draft ing ve l­
lum with a ligh t blue. 1/10­
inch grid on it. Afte r you
ha ve a ll the parts for a cir­
cu it, you can begin devel­
oping its ci rcuit board lay­
out After mulling over the
sche mat ic, lay the actua l
components on the grid pa­
per and think through thei r
inte rcon nections . Ju ggle
them as needed into a neat
a rrange me nt. Re m ember
tha t al l ground connections
are going to be made o n the
top.

After yo u have the layout
and interconnections visu­
a lized in a n a rea, pick up
each co mpo ne n t a n d
sketch in its outline on the
vellum . Show its co nnec­
tion to other components
(under the board) wit h dot­
ted lines. You will be sur­
prised how fas t thi s goes .
Remember to keep the in­
put a nd o ut put compo­
nents of each rf stage sepa-

Note that the brass " cap

rated . This is aided by using
circuit boa rd strips. Check
the photos of my layout for
ideas (minor c irc uit c ha nges
were made after so me of
the photos).

Once the layout is com­
plete , tape it to your ci rcu it
board blank . Drill thro ugh
the layout into the ci rc uit
boa rd each place where a
component o r wire lead
goes through the board .
Use a #55 dr ill bit . After a ll
holes are drill ed , li ghtl y
countersink with a l IB-inch
drill bit all holes that a re
not going to be a ground
connection. This keeps the
leads going throug h these
ho les from sho rting to the
grou nd pla ne. Dril11 /B-inch
ho les in each corner of the
board . 4 -4 0 x 1 /2 -in c h
sc rews a re pu t in these
ho les to act as legs for the
board. Begi n insta lling com­
ponents. The y are intercon­
nected under the board by
their leads and/o r bus wire.
Remember to keep connec­
t ions as short as possible .

The vco osci llato r ci rcuit
is built tota lly o n top of the
ci rcuit board ground p lane
so t hat leads ca n be very
short. Fo llow the layout in
the photo ca refully. The
vco a mpli fie r is built in the
norma l way.

I use d bra ss tub e s
(boug ht a t a hobby shop)
for coil-wind ing mandrel s.
Where wiring goes through

a partition on the sc hemat­
ics, use a l iB-inch hole
drilled in the partition
wall .

Afte r you double-check
your wiring, insta ll the cir­
cuit boards in their shie lded
enclosures. Tack-solder the
ground plane of the circuit
to one side of the enclo­
su re . Do not install the tops
of the enclosures yet-we
have testing to do!

Because of the power in­
vo lved, build the l -pad
sa mple r ca ref ully . The cir­
c uit bo ard used to mount
the resistors has no co ppe r
on e it he r side exce pt at the
co rne r on the far side of the
50-239 connec tors. Thi s
sma ll piece of ground plane
is cove red with mask ing
tape before the co ppe r is
etched with ferri c chloride.
The 51 -Ohm re si stor is
grounded here . A ground
wire is then take n from here
to a lug at the BNC connec­
tor (ma ke the lug from co p­
per shim stock).

Mount the boa rd using
4-4Q x 3/4-inch sc rews. Use
5/16-inch-d iameter X 112­
inch-long aluminum tubing
slip pe d o ver ea ch 4-40
sc rew to sta nd the c irc uit
board off. Be sure the resis­
tor pairs are sepa ra ted from
eac h other by 3/Bof an inch.
The physical layout of the
resistors should look like
the sc hematic in Fig. 3. The
" fuse" wire, which is a sin­
gle, hair-thin stra nd of cop­
per wire from a n o ld " zip"
cord, m ust be at least 1/2
inch long. The l -pad is built
in a med ium-size minibox.

I mounted the shie lded
enclosures and the sweep
ge ne r a to r/p ower-s u pp Iy
boa rd in a 3-inc h-high X 12­
inc h-wi de x lB-inch-deep
a luminum c hass is. (Refer to
Photo 0 for typical mount­
ing.) Individual c ircu its are
tested befo re final mount­
ing a nd insta llation of the
e nclosu re tops.

Testing and Alignment

The minimum test equip­
ment needed to align and
test the HF spec trum ana-
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Note 1. Resistors are 1/4 W, 5%;
unspecified capaci tors are 5O-V
ceramic.
Note 2. Capacitors marked
" SM" are j: 5% silver mica .
Note 3. L43·12 rf t ransformers
and FT37·43 toreros are even­
able from Amidon.
Note 4. Shielded box made from
single- and double-s ided G-10
crrcuu board plus copper shim
stock.

lvze r includes a high-im­
pedance volt ohmmeter, a
3SQ-MHz frequency count­
er. and a ,5-.MHz bandwidth,
single-channel. de-co upled
osc illosco pe with a tr ig­
gered swee p . A grid-d ip os­
ci lla to r al so is usefu l. You
shou ld make up several
2-foot RG-58 ca bles with
BNC co nnec tors. These will
be used during testing. For
best results. te st ing and
al ignment sho uld be done
in the order listed below.

Power Supp ly Testing.
Check the resistance be­
tween the prim ary and sec­
o ndary of the w a llplug
transfo rmer before use. It
should show an open Cir­
cu it. Check the secondary
ac vo ltage . It sho u ld be 12
V ac to 15 V ac with no
load . Hook the 12 V ac to
the p ower s up p ly a nd
check the 12 V de. 24 V de.
a nd - 6 V dc o u tpu ts. They
sho u ld be within 1/2 vo lt .

Sweep Generator Testing.
Connect the power su pply
to the swee p genera tor and
turn the power su pply o n.
Check pin 2 o f the 555 IC
with your oscill o sc ope. You
sho u ld find a lQ-Hz-to-12­
Hz ramp waveform. The
bottom o f the waveform
sho uld be at 4 volt s a nd the
top of the waveform at 8
volts . The front o f the ramp
(l o ng slope) shou ld a ppe a r
st raight You sho u ld find a
sim ila r ramp a t the X-axis
output connec to r. Thi s
ramp will be between - 0 .6
volts and 3.4 vo lts.

C hec k pin 8 o f th e
TL084C o p a m p. You should
f ind a pul se t rai n with a
1Q-Hz -to-1 2-Hz repet it ion
rate. The pulse train sho u ld
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Photo H. Log amplifier layout. Note strip des ign.

be high (20 volts) about
20% of the t ime and low
(- 3 volts) about 80% of
the time.

Turn the frequency-span
pot full y clockwise (no
ramp) and set the center­
frequen cy pot mid-range.
You shou ld find 6 V de to 12
V de on pin seven of the
Tl084C op amp (vco-tuning
voltage). Vary the setting of
the center-f requency pot.
The v ee-tuning voltage
shou ld vary from - 3 volts
to 21 volts. Set the center­
f requency pot for a 'tOvolt
output. Tu rn the frequency­
span pot counterc lockwi se
u nti l you have a ram p
waveform from 2 volts to 20
volts (readjust the center­
frequency pot as needed).
Thi s completes prelim inary
sw eep generator test ing,

If your sweep generator
fa ils to act as above. re­
cheek component va lues
and c i rc uit hoo ku p fo r
prob lems . Refe r to the
theory of operation for ad­
ditiona l hints.

Yeo Testing. Connect the
vee-tuni ng voltage from the
sweep generator to the vco.
Ground the RG-58 shie ld at
the vco enclosure. Connect
12 Y de from the power sup­
ply to the vco power input.
Disconnect one side of the
osci llator co il for a mo­
ment. Power up and check
the MRF901 co llector vo lt­
age. It should be about 6 V
de to 8 Y d e. If it is too high,
reduce the value of the
100k bias resistor. If it is too
low, inc rease the value of
the bias resisto r. You can't
use a pot here ! Once the
col lector voltage is verified,
power down and reconnect
the coil.

Power up and connect
your counter to the vco rf
test jack. Turn the frequen­
cy-span pot fully clockwi se
(no ramp) and adjust the
cen ter-frequency pot for a
3-vo lt o utput. You r counter
shou ld read about 90 MHz.
Adjust the vco coil spacing
to get the vco in the 89.5­
MHz-to-90.S-MHz range .
Check the de output from
the rf detector of the vco
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amplifie r out put for a a .8-V­
dc-to-1 .3-Y-dc level. Adjust
the spaci ng between the
vco coi l and the amplifier
pick-up loop, if necessary.
to obtai n the proper detec­
tor output .

Set the cente r-freq uency
pot for a 1SD-MHz osc illa­
tor output. You should have
a tuni ng voltage of about
18 V de. Check t he rf-detec­
tor output voltage agai n to
be sure it's still between 0.8
V dc and 1.3 V de. Monitor­
ing the d c voltage from the
rf detector with yo ur scope.
tune the cente r-freq uency
pot back and forth between
3 volts and 18 volts. The de­
tector output voltage may
smoo thly va ry some but
sho uld not " ju mp." An
abrupt vo ltage change indi­
ca tes a parasitic oscill ation.
If th is sho uld occur. work
with your oscil la tor layout
(ve ry sho rt leads) to get rid
of it.

A tuning voltage of less
than 1 V dc may cau se the
oscillator ou tput to be erra­
tic in freque ncy and amp li­
tude This is not a problem.
Once the vco oscillator and
a m plif ie r are o pe ra ti ng
properly. install the vco en­
closure top.

Preamplifier and Log Am­
plifier Testing. Connect 12 V
dc to the pream pl if ier and
log amp lifie r ci rcuits and
power up. Turn the frequen­
cy-span pot fully clockwise
(ramp off) and adjust the
center-f requency pot for 90
MHz at the vco rf test jack.
Disconnect the frequency

counter. Hook the attenua­
tor box to the vco rf test
jack with a two-foot RG-58
cable. Hook the output of
the attenuator to the input
of the preamplifier with an­
other two-foot cable.

Set the bias pot o n t he
log amplifier about mid­
range. Monitor the dc out­
put of the rf detector on the
log amplifie r buffer. Tune
the buffer transformer slug
fo r peak o utput. Use the at­
tenuator to set the detector
output to 0.2 V de. Now ad­
just the bias pot of the log
amplifier fo r peak output .
Adjust the attenuator for a
just-de tec tab le ou tput at
the log amplifier buffer. If
a ll seems well with t he pre­
amplifie r, install the fop o n
its enclosure. Prepare the
top fo r the log amplifier
sec tio n. Drill 1f8-inch-diam·
eter ho les in the top over
each i-f tra nsformer loca­
tion and over the bias pot .
(Use drafting vellum as a
template .)

Hook t he osc illosc ope to
the video o utput of t he log
amp li fier. Adjust the slugs
in each log amplifier stage
for peak video output. The
tuning of each stage should
be smooth. and the tuning
of the bias pot sho uld also
be smoot h. If the video out­
put from the log am pli fier
jumps suddenly while tun­
ing, yo u may have a self-os­
ci llat ion in the log arn plif i­
e r. 1f this happens, carefully
work with you r layo ut. Fer­
rite beads, extra bypass ca­
pacitors. and small copper

sh im stock shie lds can be
used to eliminate the prob­
lem. My i-f strip was quite
stable. so I do not think you
will have a problem.

If yo u live near a com­
mercia l FM sta tio n, it may
interfere with you r tuning
efforts . Tape the shield top
on the log amplifier during
initia l tun ing to help elimi­
nate this problem. As soon
as it appears that the log
amplifier is working. so lder
on the top . Once the top is
so ldered on, it will totall y
eliminate the interference .

Bandpass Filter Tuning

Set the vco to 90 MHz.
Hook the attenuator be­
tween the vco rf test jack
and the bandpass filter in­
put . Hook the band pass fil­
ter output to the preampli­
fier a nd log amplifier . Moni­
tor the video output of the
log amplifier on your o scil­
losco pe. With the tops off
the band pass sect ions, you
sho uld get some signal. If
not. tempora ri ly bridge the
input and output sections
with a 1-pF capaci tor tack­
soldered at the input and
output tap points. Tune the
input and output stages for
peak response. Remove the
1-pF capacitor if used. Now
peak the two midd le stages.
You probably will get an
overcoupled response (dou­
ble-hump). Just ce nter the
tuning between the hum ps.

Now install the shie ld
tops. one at a time. Tune all
bandpass stages after each
top is insta lled . Tuning will
become ve ry sharp, espe­
cia lly if you are using air­
variab le tuni ng capaci tors
instead of piston trimmers.
When the last top is in­
sta lled, carefully pe ak all
stages.

Set up your oscilloscope
fo r X-Y operation. using the
X-axis o utput of the sweep
generator for the oscillo­
scope horizon tal input and
the log amplifier video out­
pu t for the vertica l input .
Gradually turn the frequen­
cy-span co nt ro l counter­
clockwise until you get a
sweep display of the filter

•
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Photo I. L-pad sampler.

bandpass. Make fine ad ju st­
ments for a smooth band­
pass shape. Stagger-tune
the two middle band pass
filter sections ju st a bit to
sharpen the nose of the f i l­
ter. Be sure to put in enough
attenuation to keep the vid­
eo output from the log am­
plifier under two volts dur­
ing the bandpass filter tun-

ing procedure.
If it seems that you have

an over-coupled response
in your filter. narrow the ap­
ert ure between the two
middle bandpass f i lter 'ioec­
tlons. If the f ilter tunes
sharply but exh ibits high
loss. then widen the aper­
ture between the two mid­
dle sec tions.

Final Setup

lm t all all circu itry in
your chassis and complete
all wiring and coaxial cable
hookup. Set the analyzer
upside down in front of
your scope. Connect your
oscilloscope to the ana­
lyzer X- and 'r-axis outputs.
Set up the oscilloscope
again for X-Y o peration,
Turn the ana lyzer on (no
signal ). Turn the f requency­
span pot fu lly clockwise (no
ramp). Using your f req uen­
cy counter at the vco rf test
jack, set the vco for 90 MHz
operation with the center­
frequency pot . You should
see two horizontal l ines
about 2 volts apart . Rotate
t he frequ ency-span pot
counterclockwise a l ittle.
You should see the band­
pass-f ilter response again.
This is due to m ixer leak­
th rough and is normal.

Set the retrace l ine (lowe r
st raight l i ne) u nder the
bandpass response curve at
the bottom of the CRT

screen. Widen the t race
with the oscilloscope con­
trol s to reach across the
screen. Turn the frequency­
span pot fully cloc kwise
again. Set the vco frequen­
cy to 120 MHz. Now turn
the span pot co unterclock­
wise unt il the zero-f req uen­
cy half-spike appea rs on the
left side of t he scree n.
There should also be some
grass above the retrace line
along the bottom on the
screen. The analyzer should
now be scanning 0 to 60
MHz_

Feed a sm all 3Q-M Hz sig­
nal from a grid-d ip osci lla­
tor (use a p ick-up loop as
shown in Photo J) or a low­
power-signal generato r to
the ana lyzer through the at­
tenuator. You sho uld now
see the 3D-MHz signal spike
about mid-screen . You may
al so see the 2nd harmonic
of the 3Q-M Hz signal on the
right edge o f the sc reen. Ad­
just the attenua tor so that
the 3Q-MHz signal is about
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Note J. Wall transformer ava ilab le from Jameco.
Note 2. Other dev ices ava ilable from Radio Shack.
Note 3. TL084C is quad op amp.
Note 4, 500-pF threaded feedthroughs available from Alaska Microwave.

Fig. 8. Power suppl y and sweep circu i ts.
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Fig. 9. Shiefded box construc tion detail.

than 2:1 . A lways be sure
you are using an I -sample r
with a high enough power
rating!

Component Sources
and Substitulions

It often is lamented th at
home-brewing pro jects is
difficul t these days because
of poor component ava il­
ability . I started seriously
experimenting with elec­
tronics 20 years ago in the
good old days of compo­
nent ava ilability. The differ­
ence between now and then
is th at we have about a
thousand t imes more com­
pone nts to experi ment
with!

It's simply a matter of
motivation and tenacrtv .
You can get any component
that you need True, Mom
and Pop's local TV compo­
nen t place doesn' t ca rry
everything, but they may be
able to order it for you.
Don't be afraid to contact a
manufac tu rer or a big dis­
t ributor l ike Hall -M ark, Ar­
row, Allied, etc. They are
usually glad to work with
you (although order mini­
mums can be an occasiona l
problem), Best of all, look
at the ads in this magazine.
There are severa l dozen
mai l-order dis t r ibuto rs
which ma rke t primarily to
the experimenter.

O n specifics: You can get
circuit board stock, chemi­
cals, d rill and router bits,
etc.. f rom Kepro in Fenton,
M issou ri . You ca n get
MRF90h, 40673s, 500-pF
and 1000-pF feedthrough
capac itors from Alaska M i­
crowave labs in Anchor­
age, A laska . You can get
ferr ite beads. toroids, and
i-f t ransformers from Ami·
don Associates in N . Holly­
wood, California. Small ai r­
variable capacitors for the
bandpass filter are avail­
ab le from Radiok it in
G reenvil le, New Hamp­
shi re. You can get resistors,
capacitors, 555 ICs, Tl084C
quad op amps, VMOS tran­
sistors, and many of the
parts discussed above f rom
Radio Shack. You can get
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If everything has gone
well , then power down your
transmitter completely and
connect the attenuator to
the t-oed. Switch in all at­
tenuation and connect the
attenu ator to the spectrum
analyzer, Remem ber that
the ana lyzer and osci llo­
scope cases should be sol­
idly grounded . Sta rti ng
again with low power, key
down and adjust the attenu­
ator for a full -scale spec­
trum ana lyzer d isplay. How
does your spectrum look?!
Always switch in full atten­
uat ion before inc reas ing
power. Remem ber, do not
go over one kil owatt con­
ti nuous output (2 kw p-p).
Do not attempt to use the
spectrum analyzer system
where your swr is greater

1/'/'/1 - 11"'011110(~ !lAASS ! TJUP

Note t. Solder G·l0 circuit board and brass strips with 4Q-W iron.
Note 2. Solder copper shim stock with 25-W iron.

Photo J. The spectrum analyzer can easily be tuned up with
simple test equipment.

ment. Be sure everything is
grounded properly. I sug­
gest mounting the l-pad
and attenuator on an alumi­
num plate which is in turn
wall-mounted. Ground the
plate ! Do not connect the
attenuator to the t-oad yet.
Connect your t ransmitter to
an swr meter, t he swr meter
to the t -oad. and the l -pad
to your dummy load. The
I-pad should introduce lit­
tle, if any, swr. Starting with
low power (100 Watts or
less), key down for 30 sec­
onds . Power dow n your
transmitter completely and
quickl y inspect the inside
of your I-pad. The "fuse"
should be OK and nothing
should be hot. Continue
testing to full station
power.

the same height as the zero­
frequency half-spike. If
things have gone well so
fa r, you are getting a signal
through the low-pass filter
and mixer, so you can now
instal l their enclosure tops.

Set the frequency-span
cont rol so that the 30-M Hz
signal spike is abou t two
scope divisions wide. Now
fine- tu ne the bandpass fil ­
ter again and re-peak the
log amplifier. Switch the
1o-dB attenuator section in
and out while adjusting the
vert ica l gain of the oscil lo­
scope so tha t the signal
height changes one CRT di­
vis ion. Now switch a 2D-dB
section in and out. Signal
height should change two
CRT divisions, Readjust the
frequency span control for
a D-to-6O-MHz analyzer tun­
mg range.

Increase signa l strength
until the first smal l spike
pops out of the grass be­
tween the 0- and 3D-M Hz
signals. Th is is slight ly
above the overload point of
the analyzer. The 3D-MHz
signal spike should be near
the top of the CRT screen
(8th vertical division). Full­
scale inputs should be the
next (7th) CRT div ision
down. Touch up the osc illo­
scope contro ls if necessary.
The zero-f requency hal f ­
spike w ill be about six divi­
sions ta ll. Switch all attenu­
ation out and reduce the
signal generator output so
that the 3O-MHz test signal
is seven divisions ta l l.
Check t he vertica l ca libra­
t ion of the ana lyzer over
t he a t t enu a t o rs 59-d B
range.

Using your signal genera­
tor and frequency counter,
take notes on the horizon­
tal calibration of your ana­
lyzer. This is done by cen­
tering a signa l from your
signal generator on each
CRT hori zon t al div ision
(vertical l ine) and recording
its frequency . Your ana­
lyzer is now ready for use.
But f irst, test the t-oad care­
fu lly!

Hook up your l-pad to
your transmitting equip­
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Photo K. O-to-6O-MHz spectrum on longwire antenna, using
accessory p reamp lifier.

Photo L. o-to-6O-MHz spectrum on longwire antenna with
my rrust y bu r noisy computer on.

Specifications lor HF Spectrum Analyzer

wall transfo rmers and tan­
talum capacito rs f rom
Jameco in Belmo nt. Califor­
nia. 2N5179s are carried by
most TV parts houses. The
double-balanced mixers
ca n be ordered di rectly
f rom M in i-c ircuits in Broo k­
lyn, New York . See, you
have no exc use !

OK, the MV109s might
he a slight problem. An
MV209 or MV309 should
al so work . I got my stock
from Hall-Mark. If yo u run
into a p roblem gett ing
these d iodes, pick up the
phone and call Motorola
Semiconductor in Phoenix,
Arizona , for help.

The high frequency spec­
trum analyzer shou ld he
fa irly tolerant o f com po­
nent substitutions except in
the vco oscil lator c ircuit
and the I-ped. For exa mple,

Frequency rang e
3-dB bandwidth
3O-dB bandwidth
3:30-dB shape factor
Dynamic range
Spuriou s responses
Noise uoor
Fuu-scate input
v-exrs output
x-axts output
v-asts calibrat ion
x-exr s calibrat ion

Ot08 MHz
8t024 MHz
24 to 60 MHz

the " ho tter" 3N211 could
su bstitu te for the 40673 if
yo u crank its ga in down a
bit with the log amplifier
bias pot. You could use
MRF901 s in p lace of the
2NS179s (don't try to go the
o the r wavl). Solid copper
conductors (#1 2) stripped
from house wiring can be
used for coil stock in the
vco and bandpass filter.
Any decent electrolvtics of
the proper capacitance and
vo ltage rat ing can be used
in the power supply and
sweep gene rator circu its .
Electrolvtics could a lso be
used in place of the tanta­
lum capacitors in a pinc h.
Try to get close-tolerance
parts in this case .

Useful Accessories

Yo u can d upl ica te the
2-stage wideband-prea mpli-

Oto 60 MHz
220 kHz
1,100 kHz
1:5
60dB
60 dB below full -scale
65 dB below full-scale
- 8 dBm :t2dBm
oto 2.5 volts
- 0.5 10 + 3.5 volts
10 dB/division
6 MHZ/division (approximate)
4 MHz:t 0.75 MHz/d ivision
8 MHz :t 1 MHz/di vision
6 MHz :t 1 MHz/d ivision

fier c ircuit to use as an ac­
cessory ahead of the atten­
uator. This will allow you to
view the o-to-6O-MHz radio
spec trum on a longwire an­
tenna and quic kly judge the
band conditions through six
mete rs. Vco freque ncy-tun­
in g is somewhat nonlinea r,
which is typical of simple
wideband o sci llators . A
6-M Hz crystal oscillator
driving a TTl Schmitt trig­
ger makes a usefu l ca libra­
tor. The output of the TTl
ga te conta ins eve ry har­
monic t hrough 60 MHz .
Ligh tly couple the TTL gate
to the spectrum ana lyzer in­
put with an insu la ted wire
antenna placed near the an­
alyzer input connector. A
momentary-on push-butto n
can be used to ac tivate the
ca librato r.

Analyzer Applications

We have talked about us­
ing the HF spec trum ana­
lyzer to monitor transmit­
ting equ ipment. This wa s
the prima ry application I
had in mind when t de­
signed the ana lyzer. It is es­
pecia lly useful to hams who
are home-brewing their own
HF transmitters or hnears. It
is a lso useful for checking
low-pass filter pe rformance
and band cond it ions. I'm
sure you will find other ap­
plications.

The ana lyzer ha s a so­
Ohm input impedance and

is de-coupled. Be sure to
add a blocking capacitor
ahead o f the attenua tor if
you are goi ng to look at an
rf signa l that is riding o n a
dc leve l. Stay away from
high-vo ltage dc c irc u its .
The bandpass of t his ana­
lvze r is too wide for look ing
a t SSB modulation linea r­
ity. However, this can be
judged adequate ly from a
two-to ne pa ttern on a nor­
mal osci llosco pe.

From Here
Th is pr o je c t d e mon­

stra tes that a useful spec­
trum anal yzer can easily be
built from relatively com­
mon and inexpensive com­
ponents . Avid experiment­
e rs sho uld treat this design
as a st a rt ing-o ff poi nt.
Meanwhile, let' s get those
tran smitter s pe ct rums
cleaned up! If you would
like to ask me a Question
about the ana lyzer pro jec t.
please send an SAS E. 73! .
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