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UILD A 5- TO
850-MHz SPECTRUM

ANALYZER

low-cost TV tuners make this project

a snap!

spectrum analyvzer can be a usclul and

helplul toal. Tt lets you look at any parl

of the RF spectrum and see it a glance
Just what signals are there, Normally, a good
used or new spectrum analyzer would run over
a thousand dollars—placing it out of the reach
ol most pockethooks. But, by using commonly
available varactor-tuned TV tuners. you can pu
once together with case!

A major cost component is represented by
the CRT display section. If you already have a
good shop scope with DC coupling and XY
nputs, vou have half of a spectrum analyzer
atready in hand, By adding a CATV tuner and a
UHIF TV tuner, along with some simple support
circuitry, you can cover from 5 1o 850 MHz i
(wa bands! The block diagram s shown in
Figure §. Either uncr can be selected. and s
output amplified by the 62-MHz 1T sinp and
detected. The detected signal feeds the venticd
(Y input of the scope. The tuners are swepl
across their luning range by a sawtooth wave-
torm generator that's also used to drive the
scope horizontal 1X axis) inpur.

More about TV tuners

Photo A shows atypical CATV uner mod-
ule. These devices can be found surplus at very
low cost. You can also salvage suitable tuners
from discarded cable-ready TV sets that have
clectronic tuning. In Figure 2, | show a block
diagram depicting what goes on inside one of’
the CATV tuners. The input signal first passes
through a high-pass filter with a cutoff at 40
MHz. A low-pass [ilter limits signals above

Phato Ao N tepical CATY taner has F connectors For RF inpuf and ootpot.

Poser reguirement i ¢ §2 voltx TS maA.

500 MHz. The internal VCO is used o up-con-
vert signals in this passband 1o a fixed first IF
@ 612 MH2z. A second lixed LO down-converts
the IF to an output on TV channel 3.

Removal of the input high-pass filter will
allow operation down 1o as low as 3 MHz.
Simply take out two small coils and three chip
capacitars. A coupling capacitor replaces the
high-pass filter section (see Figure 3). The
VCO that drives the Tirst mixer s varactor
tuned by a tuning voltage of from 2 to 20 volis,
This was originally tuned by a PLL system. and
a divide-by-256 ECL prescaler chip in the mod-
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Figure I. Bluck diggram of the spectrom analyzer.

Phato B, The author’s spectrum analyzer is bullt an n 73 9 x 2-inch chassis. The
power supply isx undernenth and ssveep clrenlis are on the circuit buasd it the
right, The 1F xtrip runs slong the top and the two bigh-Q sir-wannd coils, 1.2 nnd
[.3. ure clenrly visible.

ule was used to drive the divide-by-N portion
of the PLL. Howuver, the prescaler isn’t used:
it’s left in the wner.

Editor’s note: CATV 1uners used by cable
hoxes are designed for negative voltage power
supplies und also use negative-going tuning
voltages—CATV tuners such as the Jerrold 400
ar 450 series cannot be used in this analyzer!

My UHF tuner has a bipolar RF stage.
mixer, and local oscillator. All three stages are
tunable and tracked by varactor diodes. The
input coupling loop is for 300-ohm line. By
reducing this ta one turn, a better match is had
for S0-ohm lines. Enough turns were removed
from the mixer output coil to raise its frequen-
¢y from the normal TV [F of 43 10 62 MHz, or
channel 3. Other than a minor alignment
touchup, these are the only modifications
needed for the UHF wner.

To keep things simple, no furither frequency
conversion stages are used afier the tuners: that
is, the IF runs straight through at 62 MHz. 1 felt
this reduced the likelihood of generating spuri-
ous signals in the analyzer, As it is, there are no
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Figure 2. Block disgram vl a CATV tuner.
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Figure ). Before and alter configuration of the CATY converter fronl end. The high-puss 40-MHz Blter composnentx are
removed and repluced with a 1 nF capacitor in extend the frequency response down through ITF.

spurious blips anywhere within the analyzer
range. Using Hi-Q coils, with light loading. in
the [F stages yielded a passband with a 3-dB
bandwidth of 180 kHz. This may seem overly
broad, but for most ham applications it's entirely
salisfactory. You mighi be able 10 improve the
resolution using crystal or SAW filters, but this
would increuse the complexity and cost of this
project. The lack of an RI stage m the CATV
module, and the broad IF bandwidth. limiis the
sensitivity of the analvzer to about 3 pV—
signals weaker than this are lost in the “grass™
(noise above the analyzer display bascline).

Figure 4 shows the complete analyzer circuit
dizigram. Pholos B und C show the exterior and
interior views of my completed analvzer. The
sawlooth wavetform generator has an 80 Hz
repetition rate. Transisiors Q1 and Q2 perform
this tunction. This scan rate is high enough to
avoid flicker but fow enough that rise time isn't
a problem, The sawitooth waveform is ampli-
fied by the op amp. UL, It was nesessiry 1o use
an FET-input op ump becuuse of the high
impedance level of the sawiooth oscillator cir-
cuit, The ovtput of U1 provides a vollage swing
of +2 to +2() volis when scan width control, R1.
is s¢t for maximum sweep. This sawtooth is
then combined with a variable DC voliage,
from the center frequency control, R2. so any
part of the RF spectrum can be examined in
detail, The TV tuner modules have a fairly lin-
car tuning voltage-to-frequency curve, Photo D
dlustrates lmear tracking up to approximately
400 MHz. The discrepancies above 400 to 500
MHz could have been compensated for by
using op-amp drivers with nonlinear diode
feedbuck schemes. But, again. the results are
livable for my apphications.

IF strip

The IF strip uses three dual-gate MOSFETS.
QS5, 06. and Q7. Total gain from IF input 10

Phote C. The fronl panel measures 8-1/4 x 6-1/2 inchex. The center fre-
quency cantrol hias fwo scales—one catibrated for VHF and one Tor UHF.

Photo D. This shows the harmonic structure of a S0-MHz crystal-con-
trolled oicillator coupled (o a step-recovery diode harmonic generator.
Nate that the spacing of the harmonics is quite uniform from yero up to
almost 00 MUz, but the sweep rate Falls off il highee Irequencies as evi-
denced by wider spacing between harmunics,
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Coil data.

L1: 7 tums #24 enamel wire, close wound

on 1/4” OD slug-tuned form.

L2, L3: 8 tums #14 wire, 04" ID, 1/2" long

air wound. Taps at 2 tums from cokd end.

L4, LS: Toroidal core, 0.32 uH
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Figure 5. The power supply provides both [2 nnd 24
volts regulated From one small transformer.

DC output is about 75 dB. The two high-Q
coils, L2 and L3, form a rwo-pole filter and
provide most of the svlectivity. [ was neces-
sary 10 tap Q35 and Q6 down on these coils 1o

Photo E. This shot of the RF spectrum at the author's QTH was obtained
by connecting the VHF input of the spectrum analyzer {o a broadband
antenna. The sweep is upproximately zero 1o 80 MHz with 50 MHz ut the
center of the sereen. The signals on the left are HF skywave signals. Note
that the MUF cuts off at about 18 MHz. The strong signal just to the right
of center is the video carrier of channel 2. Nexl is the sound carricr of
channel 2, and the subsequent strong signal ks the video barrier of channel
4. This is followed by a1 couple of communications xignals in the 72 10 76-
MHz band, which are lollowed by the video carrier of channel 5,

Photo F. This scan is from zcro 1o 230 MHz and shows all the YHF TV
channels plus many communications signals. The part that's saturated
with signals. just to the lefl of cenfer, Is the FM breadcast band.

maintain a high Q. It was also necessary 1o
place a shield between the two coils 1o reduce
the coupling. If there's 100 much coupling. you
end up with a double-hump response curve.
Because of the high Qs of L2 and L3 (aboul
250), optimum coefficient of coupting is very
small. RF toroids were used for L4 and L5: 1his
avoids stray magnetic fields, but solenoidal
coils could also be used if shielding 15 adequate,
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L8]

Communications Guarterly



Q6

VWinter

1OG

The IF assembly is built on a 1-1/2 by 7-inch
section of pu board. Each amplifier is individu-
ally shielded. The liberal usc of teedthrough
capacitors helps 10 maintain the nceded isola-
tion. With 75 dB of in-line gain. you need at
Jeast 7 dB of isolation between the input and
outpul. [solaton also affects the skirt selectivity!
Any spectrum analy /¢y will have a large blip at
4 zero freguency. At this point, the LO reaches
the Nrst [F frequency and visturates the analyzer.
The skin bandwidth of 1his “blip™ determincs
1he lowest observable signal. (Editor’s note: The
baluns used in the constnuction of 1he diode mix-
ers may also play a rofe here.)

RF pwin control R3 provides a control range
of more than 7¢ dB, while maintaining good
lincarity in the JF stages. As the am of R3
nears the 56-k resistor. the DC source voltage
of Q35 and Q6 increases—reducing the gain of
Ihose stages. Additionally. as the voliage on the

arm of R3 nears 1/2 voll, diode DI begins to
conducl. shunting the input signa) 10 prevenl
overloading of the Q5 IF slage.

The delector is a simple germanium diode!
Techies may use a Schottky device here. but
the results will remain the same. Capacitor C}
and resistor R4 determine the detector time
constant  abowt 1/4 usec for the vislues shown.

A reasonabty logarithmic response results
from switching in diode D2. providing a log
response over a 40-dB range. There are belter
methods. but this offers sunphcity and is ade-
quate for my needs. Photos E and F show ofl-
air signals received on two different scan ranges.,

The analyser power supply is shown in
Figure 5. A center-tupped 24-volts AC trans-
former provides 1he needed 24 volis DC and 12
volts DC regulated outputs. The 24-volt supply
fillering is especially critical, beeaase it's used
for developing the uner varicap tning voliages.

we'd like the chance 1o review L.

w~ An Invitation To Authors

“

onmunications Quarierly welcomes manuseript submissions from its readers. If you have
an aricle outline or fimished manuscript that you'd like 1o have considered for publication,

Those ol you who arc thinking of writing. but aren’t sure how 1o put a picce 1ogether, or whal
programs we accept, can write for a free copy of our author’s guidelines (SASE appreciated).

Interested?e

Send your manuscripts or requests fos author’s guidelines to: Editorial Offices, Communi-
carions Quarterly, P.O. Box 465, Barrington. New Hampshire 03825.

We're waiting to hear from you.

PRODUCT INFORMATION

New Bottom Mount Slides for Heavy Loads

Chassis Trak® bottom mount slides. Models
D-1050 and D-1054, from General Devices, pro-
vide load beuaring capability and ease of exten-
sion for cambersome components. The slides
have a weight capacity of 400 to 1,200 pounds
or more, depending on the number of slides
under the load. These telescoping slides can be
used for service and installation requirements of
lurge electronic enclosures. power supplies.
telecommunications racks. generators, battery

back-up trays, air conditioning units, and more.

The heavy-duty slides are made of heavy
gauge cold rolled steel, coupled with solid
stainless steel rollers and a patented retainer
assembly. The D-1054 slide bocks at the fully
closed position and at the fully extended posi-
tion. The slides can be modified for special
applications.

For further information, contact Genera
Devices Co.. Inc.. 1410 S, Post Road, P.0O. Box
39100, Indianapolis, IN 46239-G100; or call 800-
626-9484 for literature; or fax 317-898-2917
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