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Easy way to get on the 3cm band.

by C.L. Houghton WB61GP

Kelly N6fZW operaung the W60 Yl Polaplexer and 10 GH:. SSB
transc~i\'t' rfrom th~ top of Mt. S(J/~daJ in California , while several
other members of the San Diego Microwave Group look on . The
transceiver drives a lOW traveling wave tuhe (TWlJ amplifier.
They made a {'ontact over a 174 mile path, to a receiving system on
Mr, Pinos. /Photo by author./

W ant a cheap and easy way to get on 10
GHz? Th is 30 MHz IF strip and mod

ulator allows you to put togethe r a very inex
pensive sys tem for 3 em operatio n. Combine
this transceiver with a Gunn oscillator and a
Polaplcxer mount attached to a small dish
antenna, and you arc ready to go! (See the
October 1987 issue of 73 Magazine to learn
how 10 bu ild the Polaplexer mccnt. j

Overvtew

Let 's lock at what is required fo r a com
plete system operating on 10 GHz. The Octo
ber article describes the Polaplcxcr detector
and ci rcular waveguide to which is coupled a
Gunn oscillator. I used the Sol fan alann type
available from many burglar alann compa
nies.IEd. note: Solfan , now-defunct, a/so had
a broad line of passive infrared detectors
used in intrusion detectors and as actuators
for door openers. Don 't Iry to convert an
infrared detector using these techniques.]
Being inexpensive . it is not varactor con
trolled . Addi ng just a power supply modula
tor and IF amplifier operating at our IF of 30
MHz complete the package! Figu re 1 is a
block diagram of the complete 10 G Hz sys
tem.

Transmitter Circuitry
The transmitter consists of a sin

gle Gun n oscillator uni t. Many d if
ferent types exist. The best known
unit is made by Solfan . and it can be
found throughout the US and
Canada .

The output power of an unrnodi
fled Gunn oscillator cavity runs
about 10 mW . (I recently modified
these cavities with high power Gunn
diodes that have a power output o f
about 100 mW. I will make these
availab le soon .) The Gunn oscilla
tor is supplied with about 10 VDC
(positive for the Solfan) from a vari
able voltage regulator. Th is regula
tor is modulated by a single CA4
3130 op-amp serving a microphone
amplifier. (The LM-386 and CA
3130 arc available fro m Jamcco .)

Now see Figure 2. The output o f

18 73AmateurRadio · April. 1990

the m icrophone amplifier is capacitively cou
pled through a deviation control (va riable
resistor) to the voltage-adjust terminal of the
po wer supply regulator. A small variat ion in
aud io voltage on this adjust terminal varies
the voltage of the power supply whic h in rurn
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Figure I. Block diagram of the complete 10
GH::. ~.1t~'".

varies the operat ing freq uency of the Gunn
oscillator . providi ng FM . An option on the
PC board allows use of Gunn oscillators that
have varactor frequency control,

Receiver Circuitry

Figure 3 shows the WA6EXV 30 MHz
40673 FET preamp. T he outpu t of the
Po lap le xe r detecto r diode ( M AlCOM
I N23WE) is coupled to the input of the single
chip receiver syste m. operating at 30 MHz .
For first-time operat ion. the detector and re
ceive r can be co nnec ted togethe r. You can
improve operation. however, by adding an IF
preamplifier betwee n the detector diode and
the 30 M Hz IF amplifier-receiver. I tried
several types of preamplifiers and use eithe r a
U-310 grounded gate FET or a 40673 FET.
Whe n the full system was tested on a noise
meter at 10 GHz, the system noise figu re was
about 12 to 14 dB.

The heart o f the IF amplifier is a Signetics
TDA-7000 sing le-chip receiver. This chip
has an input sensit ivity of 5 microvolts for
full quieting and is capable of operation di
rectly to about 120 M Hz. I am really im
pressed with this chip in that it operates with

very few external components and
docs its job so well . It's hard to
believe that this one chip converts
the 30 MHz IF sig nal direct to head
set level aud io . T his unit is an im
pro ved ve rsion of my o riginal re
ceiver IF amplifier that appeared in
73 Magazine in October 1986. 0p
eration of the unit was quite good
and provided the vehicle to easy
co nstruct ion and operation on the 10
GHz · ' X ' · band or other microwave
frequencies.

This art icle updates the original
unit and adds several unique fea
tures. Before. when operating the IF
amplifier with several stations on 10
G Hz, there was no easy way to off
set the 3;0 M Hz IF strip to allow for
incremental tun ing. Th is was need
ed , however. to kee p the Gunn
transmitte rs on frequency and com
pensate for small frequency erro rs
in the receiver IF amplifier. This



Figure 3. (a) Schematic, (b} PCBfi,i! diag ram, and (c) pans placementfo r the 30 MHz preamp.
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PC Hoard Assem hly

I usua lly install the resisto rs first to get the
lay of components on the PC board . Once a
few pans have been placed on the board, the
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PC Descr ipnon

In addit ion to the IF 30 M Hz rece iver. the
printed circuit hoard contains a small audio
amplifier, S-meter c ircuit ry , and a micro
pho ne amp (see Figure 4 b). This makes for a
c rowded PC board . Add itional ly. there are
the power supply regulato r chips for the 5
VOII. 10 volt . and Gunn diode supplies. The
circuit board is double-sided : the lop foil acts
as a grou nd plane . the bottom foil is the actual
c ircuit . I prepared the printed circuit board by
first d ri ll ing a ll holes that do not requi re
grou nding 10 the top ground fo il surface. (I
used a #65 bit . about 0 .035 inch. Drill bits
costing about SOC are available from model
trai n (HO) hobby stcres .)

After d ri lling all hol es that are not 10 be
grounded. I reamed out the top ground foi l
with a larger drill , 3/ 16~ or so. g iving a
clearance around the component leads when
inserted on the board . Once the reaming for
the non-g roundi ng holes was completed, I
dri lled the remaining holes. These were not
reamcd out allowing the grounding leads to
be soldered to the top and bottom foils . This
gives the very shan low inductance ground
leads , making for very stable opera tion.

complete basic system with operation to over
100 MHz . By selecting various va lues for a
few com po ne nts. the bandwidth ca n be
changed from 4 .5 kHz to about 75 kH z . The
un it as shown in the schematic (Figure 4a) is
set up for 25 kH z bandwid th. Table 1 shows
the compone nt values for d iffe re nt hand
widths .

e

•

Reliahilil )"

Of over 100 un its locally home-brewed .
fewer than 5% failed . Only two had defect ive
ICs; most of the other failures we re simple
oversights in building.

There is a lways one unit that defies gravity .
Such a un it was shipped to me for repair afte r
I could not isolate the trouble over the tele
phone. It drove me nuts ! I replaced quite a
few suspicious components. incl ud ing rne
TDA chip, and it st ill did no! work. All
voltages seemed proper. but the chip just
would nOI function at RF. In desperation . I
used the chip in another receiver board . This
proved the chip good . so the trouble was on
the board. O n detailed inspect ion. I fou nd
that the un it had been put together with acid
core solder. This is a paramount no -no! It
looked good hut had high leakage all over the
board . Afte r giving the board a complete
cleaning . resoldenng with rosi n solder. and
deg reasing with lacquer thinner. it per
formed quite well.
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was due to the 30 MH z IF nol being exactly
centered on 30 MHz o n all units . Without it.
you would continually adjust your Gunn' s
voltagc slightly 10 improve recept ion clarity
and both stat ions would soon " walk" each
othe r out o f sight . in continually adjust ing
frequency 10 make up for this d ifference . To
compensate for thi s. a varactor diode was
installed on the oscillator coil of the IF ampli
fi er and adjusted by a pol on the fro nt panel to
change the IF frequency for a RIT o ffset.
T his allowed fine frequency netti ng of both
statio ns and removed one d rift problem from
thi s transceiver 's operation.

Users also soon hegin to want a smalle r PC
board to make a mo re compact system. Addi
tionally , there was no provisio n for making
the unit adaptable to the very fine MAlCOM
Gunnplcxers avai lable from M icrowave As
sociatcs. In th is updated version. I wanted to
make th is unit useful for home-brew con
struction. Afte r all . the mai n obj ect is to have
a 101 of fun operating a home-constructed .
inexpensive 10 G Hz transce iver.

The Signcrics T DA -7000 chi p is really
very simple . All that is required to put the
chip into operation is setting the osci llator
coi l to the desired frequency . The low power
output from Ihis circuit is not easily detected
by a g rid d ip meter . so I usually set receivers
up by inject ing a signal at the des ired IF of 30
MHz .

If you live in an area with modest power
FM broadcast stat ions nearby. as I do here in
San Diego, you can touch the input pi n with
any meta l object and hear a mult itud e of FM
broadcast sta tions that arc harmonica lly relat
ed to the oscillator frequ ency . Proper shield
ing and limiting the input to 30 M Hz solves
thi s problem .

T he remaining funct ions a rc supported by
fixed values of capacitors tied from the chip's
pins to + 5 volts no! grounded . This might
seem odd to most . but I assure you , it is
proper . The circuitry on hoard the chip has an
internal osc illator. mixe r . IF lim iter-amplifi
e r. and a demodulator wi th a frequency
locked loop operat ing at an IF of 70 kHz .
Toss in about a dozen external capac ito rs, a
few resistors . and a coi l , and you have a

Figure 2. Microphollt' input modulation circuit.



Figure 4. (a' Schematic ,
(bJ PCB foi l diagram,

and (c, pans piacemem
for the Gunn transceiver.
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Figure 5. Gunn diode /IV curve.

rest is s impler. After most of the components
are assembled on the PC board , check the
power supplies for prope r operat ion before
mounting the chips. (I mount the TDA-7000
last .) Primary power for the unit is provided
by either an ex ternal or internal 12 vo lt bat
tery . I hooked a five- foot-long connecting
cord to a surp lus 2 lf.r Ah lead-acid battery
similar to the size of a motorcy cle battery .
The capacity allows many hours of continu
ous operation without recharge .

The 5 V supply is sta ndard with a 7805 +5
V regulator. The Gunn power supply uses a
LM -31 7 adjustable vol tage re gulator .
providing 610 10 V adjustable for frequency
contro l, and has audio modulating its adjust
tenninal. The Ik adjust pot (R20 ) and its
fixed limit (select) res isto r are mour ned off
board , allowing fro nt-panel freque ncy adj ust
for use with non-varactor cavities . In its use
as supply !O a varactor-type cavity , the
voltage of the LM-31 7 is fixed at 10 V and the
microphone output deviation control is cou
pled to the varactor voltage tune line for
tra nsmitter modulation . See Figu re 2. The
main reason for using fixed resisto rs in the
adjust ci rcuit of the LM -317 is that more than
12 V may destroy your Gunn diod e . In the
event of high battery voltage, the LM-3 17
limits the voltage to a level that is safe for the
Gunn d iode .

The Ik tuning pot is set with the series
resistor (select) to limit the voltage range to a
maximum of abo ut 10 V. You can omit the
two extra resistors, using j ust the 2200 , and
replace the fixed adjust resistor with a single
variable . The + 10 V supply uses a 78 10 fixed
regu lator. However. you could use a sing le
7805 , refere nced above ground, all owing it
to provide other than its nonnal +5 V . II
holds down costs and doesn ' t provide high
currents, so it works very well in th is applica 
tion. Most of the regulators can be obtained at
Radio Shack . The 7805 is RS #276-1770 , and
the LM-317 is RS #276-1 778 .

A lignment

After power supply check-out , give the PC
board a once-over, and when satisfied all is
proper, apply power. The slug in the co re of
the !AlP coil form of the TDA-7000 oscillator
ci rcu it will be adjusted first. You might want
to enable/disable the mute line by connecting
+5 V to the mute line 10k resistor . Connect a
signal ge nerator to the input of the IF amplifi 
er receiver and find out where the device is
tuned 10 . Once you have found the point
where the receiver is operating, adjust the

slug in the core to alignment at 30 MHz. If
you can't obtain operation at 30 MHz, you
might have to pad your coil with a capacitor
on the bottom of the PC board to bring it to
frequency . ( I used a ." . adjustable coil form
with 12 turns of #24 wire .) This adjustment is
done with the varactor in place and the tune
(RIT) control set to approximately mid-posi
t ion. I used a IN5 14 111 N5 142 varactor, 121
15 pF respect ively . Any similar low-cepaci
ranee varactor diode will work here .

Frequency Calibrntion
When the final frequency calibration is

completed , you should obtain a signal that is
full-quieting from about 5 IlV. I do not have
an FM ge nerator, so I use a surplus URM -26
(A M generator) for check-out on my work
be nch . Operation of the S-meter circuit can
be checked and calibrated with you r signal
generator for an indication of what IlV sens i
tivity is ind icated on the S-meter for future
reference . You might want to connect your
preamp for these measurements.

Gunn Safel)'

After the recei ver is performing as needed,
fi re up the Gunn oscillator. A Gunn oscillator
can be checked ou t without any complex in
struments, to at least determine if it produces
RF . One word of caution: Don ' t look into the
open end of any wavegu ide system when it is
radiating; the microwave radiation can injure
your eyes. With low power devices , the safe
di stance is a few feet. but always use caution.
Others might not know about the dangers.
Safety first!

Again, it' s easy to tell when a Gunn oscilla
to r is oscillating . Connect a current meter in
series with the power supply line and tum on
the power. Preset the output voltage to about
5-6 volts , as the Gunn devices draw maxi
mum current at very low vol tages. Wi th the
normal Sulfan 10 mW diode in place, use
9-10 volts . Wave your hand in front of the
cavity opening and watch the current mete r .
This detunes the cavity and changes the ope r
ating po int of the Gunn d iode . It should affect
the current bei ng d rawn. A crude method,
yes, but it works on the bench , givi ng a quick
indication of Gunn ope ration.

Gunn Diode ,,"otf:<;

Gunn devices draw maximum current at
low vo ltage s. so avoid these vo ltages. A
Gunn's resistance doe s not read like a stan
dard diode front-to-beck ratio, but looks
more like a 2-30 resistor. (Caution: Gunn
diodes are voltage-polarity sensinve.j As the
voltage slowly rises, a point is reached where
oscillat io n starts. Further increase in voltage
produces an inc rease in output , up 10 a point .
Beyond this point (maximum RF output), in
creasing voltage produces a dec rease in RF
output . Going much above th is point destroys
theGunnoevce. Seethe W curves in Figure 5 .

Transmitter Operation

The transmitte r (Gunn oscillator) connects
to the Polaplexer detector mount , and the
detector ou tput connects to the input of the 30
MHz IF amplifier. Ifyou use coax connectors

to break the cables, use different types , or
mark the coax cables to prevent supplying 10
volts to the mixer diode and destroying it.
When powered up, you should see about 0.8
rnA of curre nt on the mixer d iode when the
injection scre w is set for proper mixer injec
non. All that is required to use the system is
another unit to put into full duplex 10 GHz
operation.

In the Field

The Poleplexerrrransceiver syste m has
gone on countless outings. and performed
very well . One advantage to the Polaplexer
system is that you can qu ickJy change-in just
a few seconds-the polarization for either
vert ical o r horizontal operat ion . Our organi
zation, the San Diego Microwave G roup, has
settled o n a vertical mode of operation.

On a recent DXpedition to a nearby hilltop,
several transceivers were set up and many
contacts made. Our Big Gunn system was in
operation usin g na rrowband SSB on 10.368
GHz. feeding to a traveli ng wave tube (TWT)
and producing several watts of power on 10
G Hz . Our group's best SSB OX contact 10

date is 174 miles. About 10 days later. Don
WB6FWE on Mt. Pinos and Jack N6XQ on
Mt. Soledad made contact using Solfan Gunn
units and our transceiver board, for a wide
band FM contact over the same SSB path
174 miles. I think that sets a record for Sulfan
use that will be hard to heat, considering the
very modest units invol ved .

Parts Kit
I have a kit of new parts available with a PC

board etched and ready fordri lling. The parts
kit includes the TDA-7000 chip, some My
lar'" capacitors , and the ferrite bead used in
the audio circuit . I usually include a few other
parts I have on hand as well . The basic kit cost
with PC board is $ 10 postpaid . I will supply
varactors. if needed , for $1 each. I also have a
supply o f high-ourput Gunn diodes providing
50 to about 100 mW at 10 GHz. Six and 18
G Hz dev ices are also available. I test all
devices prior to shipment and furn ish specs.
Cost of the G unn d iodes is $5 each; $10 each
for premium devices with power out of tOO
mW and up. I will be glad to answer any
questions concerni ng this project or any other
related microwave subject. For a prompt re
ply , include an SASE. Chuck WB6IG P, San
Diego Microwave Group , 6345 Badger Lake
nr., San Diego CA 92119 .111

Component a.nctwldth
75 kHz 25kHz 45kHz

C8 3JOOpF 0.01 ~ 0.1 IJF
C7 180pF 500 pF 2200 pF
C9 330 pF 1000 pF 4700 pF
ere 3JOOpF 0 ,01~ 0.111F
C11 lSOpF <7OpF 3JOOpF
C1< 330pF ,ooopF '700pF
C15 220pF 620 pF 3900pF
Bypass
C, 0.01 llF 0.1 llF 0.1 11F
C15 0.1 IJF l , F 4 .7 ~

Table J. Values / or changing bandwidlh of
IDA -7000. Compiled by WA6EXV.
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