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A VKO (variable crystal oscillator)
to provide variabie frequency con-
trol. 'I‘his circuit {Fig. 1) differs {from a
xed- rnq weney tal osciliator
(inducta capacitance)
)d in series with the crystal.
series capacitanes {(C1), the
frequency can be changed, or
approdimately 12 kifz, If the
crystal  frequency is pulled oo far,
:nstable eperation can r“ult, 50 a limit-
st csr‘ tor {€£2) has been included in the
circuit. Following the oscillator is a buffer
ainphf ;c,r Q2. Et isolates the oscillator and
wides the signal level necessary to drive
> am‘zg,--mxzihphcr n.
A5 the operates in the 12.5-MHz
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By varying
oscitfator
pulled,
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, the frequency n;mf be multiplied
by four to reach the 50-MHz band. This is
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done by using two diode-frequency
doublers. Each doubler contains a pair of
diodes fed from a trifilar transformer.
This balanced configuration reduces the
level of undesired signals (such as three
times the input frequency) at the doubler
utput. By keeping the undesired frequen-
cies at a low level to start with, much less
filtering is needed to ensure a clean output
signal, To further reduce spurious signal
levels, each doubler is followed by a tuned
circuit. The inductors for these LC cir-
cuits are wound on powdered-iron
toroids. L inks, wound over the main
winding, are used to couple to the tuned
circuit, A stage of amplification is used
after each doubler to provide the correct
signal level to the following stages. The
50-MHz  signal from the frequency-
multiplier chain is passed through a two-
pole ba, d-pass filter and amplified before
leaving the driver board.
Tm circuit of the final-a

amplifier board,
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Fig. 1 — Schematic diagram of the low-level, or driver, stages of the 6-meter transmitter. The letters A, B and C above T1 and T3 are keyed to the
parts-placement diagram (Fig. 5A). All resistors are 1/4-W, 5% carbon types. Unless specified otherwise, capacitors are disc ceramic.

C1 — Air variable capacitor, 75- to 100-pF
maximum capacitance. .

C2-C7, incl. — 3- to 68-pF miniature trimmer.

D1 — 6.8V, 1/2-W Zener diode.

D2-D5 — 1N914A silicon switching diode.

J1 — 1/4-inch phone jack.

L1 — 35 ts. of no. 28 enameled wire on an
Amidon or Palomar T50-2 (red) toroidal core.

L2 — 15 ts. of no. 26 enameled wire on a T37-6
(yellow) toroidai core.

shown in Fig. 2, contains two stages. In
the first, a 2N4427 (Q7) is used to provide
approximately 0.7 W of drive to the out-
put stage. Q7 is operated with a small
amount of forward bias; this improves the
keying characteristics and increases the
stage gain slightly. The output stage is a
Class C MRF479. A seven-pole low-pass
filter is used to provide the necessary har-
monic suppression. A spectrum analyzer
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L3 — 11 ts. of no. 26 enameled wire on a T37-6
(yeilow) toroidal core. Input and output links
are each 3 ts. of no. 28 enameled wire wound
over the ground end (low-impedance end)
of L3,

L4 — 11 ts. of no. 26 enameled wire on a
T37-12 (green and white) toroidal core. In-
put and cutput links are each 3 ts. of no. 28
enameled wire wound over ground snd of L.4.

display of the transmitter output is shown
in Fig. 3.

Construction and Testing

There are two sections to the transmit-
ter circuit, with the components of each
section mounted on separate printed-
circuit boards.! Each board measures

'Notes appear on page 42

L5, L6 -~ 8 ts. of no. 28 enameied wire on a
T37-6 (yellow) toroidal core.

S1 — Two pole, two-position toggle switch.
Radio Shack 275-663 or equiv.

T1, T3 — 6 trifilar ts. of no. 28 enameled wire
on an FT37-43 toroidal core. Sea text and
Fig. 4.

T2, T4, T6 — 6 bifilar ts. of no. 28 enameled
wire on an FT37-43 toroidal core. See text
and Fig. 4.

2-1/4 x 5-1/2 inches.? The driver board
contains the VXO, doublers, amplifiers
and band-pass filter. This board is
double-sided (copper clad on both sides),
with the unetched component side serving
as a ground plane. The driver stage (Q7),
final amplifier and low-pass filter are
mounted on the second board. A single-
sided board is used here, with all com-
ponents soldered to large pads on the foil
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side of the board. A notch is cut in the
board s0 that Q8 can be fastened to the
heat sink.

Wherever possible, driver board com-
ponent leads that conrect 10 ground are
soldered to both sides of the board. This
helps ensure effective rf grounds — ag im-
portant consideration when working at
vhf. Soldering component leads to the
ground plane requires two things: Your
soldering iron must provide sufficient hest
to do the job, and you must be able 1o
reach the lead with the iron tip! An iron
rated at 27 to 30 W, with a 1/8-inch cone-
shaped tip, is recommended for all the
soldering in this project. Lower wattage
frons will not heat the ground-plane foil
rapidly encugh to avoid overheating the
component. Make sure you keep the iron
tip clean and well tinned with scider,
Cleaning the suiface of the board with

fine steel wool, followed by washing with
soap and hot water, will help make your
soldering easier.

if you are to be able to reach the com-
ponent lead with the iron, you must place
the parts on the board in the correct
order. Start with the grounded com-
ponents that are located near the center of
the board, then work toward the edges.
After all the grounded components are
mounted, the remaining parts can be
soldered to the board in any order you
wish,

The transmitter should be assembled
and tested one stage at a time. In this way,
any problems that may arise can be
located and corrected more easily. Begin
construction with the VXO and buffer
stage (Q1 and 2). Soider all the com-
ponents ahead of Ti to the board. Con-
nect a 47-Q resistor across the 270-pF
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capacitor following L2. This resistor will
sérve as a temporary load for the buffer.
Be sure to remove it after testing the
stage! It is not necessary to connect the
tuning capacitor (Cl) during initial
testing; for now, just set C2 at maximum
capacitance (plates fully meshed). With
Y1 in the crystal socket, apply 12 V to the
circuit. Check all of the de voltages shown
in Fig. 1 with a high-impedance voltmeter
(VIVM or FET VOM). The rf voltage
across the load resistor can be checked
with an rf probe. Remember, the voltage
readings you obtain can differ by 10 or
15% from those shown.

With the VXO functioning correctly,
we are ready to wire the first frequency
doubler and tuned circuit. Transformers
T! and T3 are trifilar wound. To con-
struct this type of transformer, three iden-
tical lengths of enameled wire are twisted
together until there are about 10 “‘twists”’
per inch. This bunele of three wires is then
used to wind the toroidal core with the re-
quired number of turns. The number of
turns specified 'is the number in each of
the three windings that are formed. Using
wires of three different colors (paint each
& separate color, if desired) will make
wiring the transformer to the circuit board
easier. If wires of the same color are used,
you wiil need to identify the windings with
an ohmmeter. T2, T4 and TS are wound
in a similar manner, but are bifilar (only
two wires twisted together). Fig. 4 shows
how these transformers are wound and
identifies  the leads. Wire these
transformers carefully; it is easier to avoid
winding errors than to correct them later!

Wind the tuned-circuit inductors, L3
and L4, in a conventional manner. Place
the large winding on the core first, Space
the turns evenly around the core, leaving a
gap of 1/8 inch between the first and last
turns. Then wind the input and output
links over the grounded end of the main
winding. Test the doubler by connecting
the 47-0) temporary load resistor from the
output link of L3 to ground. Apply 12V
to the circuit and adjust C4 for maximum
rf voltage across the load resistor, C4
should peak near the center of the
capacitance range.

The first amplifier (Q3) i assembled
next, Be sure to install the 0.01-uF
blocking capacitor at the amplifier out-
put. Connect the 47-0 load resistor be-
tween the blocking capacitor and ground.
The capacitor prevents de from flowing
through the load resistor. Using your rf
probe, measure the rf voltage across the
load resistor and readjust C3 and C4 for
maximum output,

Install the remaining stages in the same
step-by-step manner, testing each stage as
you proceed. Adjust all tuned circuits for
maximum rf voltage across the temporary
load connected to the stage output. When
testing the last two driver board stages,
supply 12 V to the circuits with jumper
wires. The last section of the driver board

o
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Fig. 2 — Schematic diagram of the final-amplifier board. Unless specified otherwise, resistors are 1/4-W, 5% carbon types and capacitors are disc

ceramic.

C8-C12 — 3- to 68-pF miniature trimmer.

D8 — 1-A, 50-V silicon diode, 1N4001 or equiv.

FB — Ferrite bead, Amidon FB101-43 or equiv.

J2, J3 — Binding post. Radio Shack 274-661
or equiv.

J4 — RCA style phono jack. Radio Shack 274-
346 or equiv.

J5, J6 — Coaxial connector o match those
used in station. S0O-239 type suitable. Radio
Shack 278-201 or equiv.

to be assembled is the keying circuit, Q6.

Final-Amplifier Bosrd Assembly

Construction of the final-amplifier
board is straightforward. Simply place the
component leads on the circuit board and
solder. Wire and test the driver (Q7) and
the final amplifier (Q8) as a unit.

Mount Q8 on the board first. Bend the
transistor leads so that they contact the
circuit board along the full length of the

40 05T

K1 — Two-pole, two-position relay with 12-V
coil. Radio Shack 275-221 or equiv.

L7 — 6 ts. of no. 26 enameled wire on a T37-6
(yellow) toroidal core.

L8 — 4 ts. of no. 26 enameled wire on a T37-12
(green and white) toroidal core.

L9 — t1-1/2 ts. of no. 16 enameled wire. 1/2-
inch ID, spaced one wire diameter with 3/16-
inch leads. See text.

110, L12 — 8 ts. of no. 24 enameled wire. 5/16-
inch ID, 7/16-inch long. See text.

narrow part of the lead (see Fig. 2). Be
careful not to allow the emitter or col-
lector lead to contact the ground foil just
in front of the transistor body. Bend the
leads of Q7 so the bottom of the transistor
case is no more than 1/8 inch above the
board. Attach the heat sink to Q7 before
you solder it to the circuit board.

You will find it helpful to tin the related
foil area before attaching the lead. Use the
parts-placement diagrams (Fig. 5) to

L11 — 8 ts. of no. 24 enameled wire. 5/16-inch
1D, 1/2-inch long. See text.

RFC1 — 186 ts. of no. 28 enameled wire on an
F123-43 toroidal core.

RFC2 — 11 ts. of no. 26 enamelsad wire on an
FT23-43 toroidal core.

RFC3 — 5 ts. of no. 24 enameled wire on an
FT37-43 toroidal core.

S2 -— Single-poie, two-position toggle switch.
Radio Shack 275-662 or equiv.

determine component orientation. Keep
all lead lengths to a minimum.

The final amplifier circuit has four air-
wound inductors. The shape of these coils
is shown in Fig. 2. The easiest way to
make L10, L1l and L12istousea 3/8 X
16 machine bolt as a winding form. If the
wire is wound tightly in the threads, when
the bolt is unscrewed from the winding,
the coil will have the correct diameter and
turns spacing.




Fig. 3 — Spectral display of the transmitter
output. Each horizontal division represents 50
MHz. The large pio at the left of the digplay is
the zero frequency reference ganerated by the
spectrum analyzer, Each vertical division
resresents 10 dB. in this display, the carrinr

hias been atienuated by means of a nolch fitter
to prevent overicading the analyzer. Effec ively,
the carrier is at full height. Al harmonic and
spurious signais are 60 dB or more below the
carrier power thereby complying with FCC |
reguiations for commercial gear.
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Fig. 4 — Saveral bifilar anc trifilas fransformars are used in this transmitter. The bifilar type is
wound as shown at A, while the trifilar type is shown at B.

The transmitter is housed in a 3V2 % 7718 % 5-11/16 inch metal cabinet. Any maetal enclosure

large encugh to contain the two circuit boards and the relay can be used. Small aluminum
d a d-elemont Brackets o

ara used to mount the tuning capacitor and refay. Be sure to ground the shield traids at
of each coaxial cable used to connect the transmitter, relay and jacks.
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Fig. 5 — Shown here are the parts-placement diagrams for the driver board {A) and final-ampiifier board (B). Views are from the component side of
the boards, with gray areas representing unetched copper.

3-element Yagi will do very well, even if it
Table 1 is only at roof top level. Information on
Controi Voltages . the construction of 6-meter antennas can
be found in The ARRL Antenna Book

Position Vol t Polnts Label . ,
oltage at Points Labeled and The Radic Amateur’s Handbook,
+12 +12 +12 +12 + 12 both available from ARRL. While this
st s2 KEY osc. BUFFER KEYED SPOT ik transmitter is very tolerant of feed line
REC op JP OR DOWN 0 0 0 12 0 mismatch (high SWR), it is best to limit
the SWR to 2:1 or less during operation.
REC SPOT UP OR DOWN 12 12 0 12 0 See you on 6 meters! -]
TRAN OP ue 12 0 0 0 12
TRAN oP DOWN 12 12 12 0 12
Notes
TRAN sPOT up 0 0 0 0 12 ‘Circuit-board layout work was done by Bob Shriner,
TRAN SPOT DOWN 0 0 12 0 12 WABUZO. Circuit boards, negatives and parts kits

for this project are available from Circuit Board
Specialists, P.O. Box 969, Pueblo, CO 81002.
mm = in. X 25.4.




Etching patterns for the driver board (A) and the finat amplifier board (B) used in the 6-meter transmitter. Black areas represent unetched copper,

viewed from the etched side of the board. Parts-placement diagrams appear on p. 42.




