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THERE SEEMS TO BE A CRYING NEED FOR
a good, low-cost RF signal generator on
the average workbench. However, it
appears that this is something that no
manufacturer has realized yet. For the
most part, you have to make do with an
under-$100 RF generator that is usually
kit-built and quite drifty. To compound
the problem, the dial accuracy usually
leaves something to be desired, and an
external frequency counter must be
used for calibration whenever high pre-
cision is required. The answer is to
buy—or most often to lease—a fre-
quency synthesizer when you need a
high-performance RF signal-source.
But since prices start at about $3200,
owning one usually isn’t too practical!

Enter the Programma-2 RF generator.
Now, for less than 1/32 of the cost of a
commercial model, you can build an .F

-

generator with many commercial fea-
tures. You get crystal-controlled ac-
curacy at any frequency you select—
typically £0.0005%, short term. What
that means is that if you set the unit for
30.01 MHz, the output is 30,010,000 Hz
+ 150 Hz!

Since the unit is crystal controlled
and incorporates a frequency synthe-
sizer, any frequency you select will be
locked tightly. The prototype drifts less
than 10 Hz from a cold start—in an hour
of operation. After that, any drift that
occurs is negligible.

As far as features are concerned, this
project covers a basic frequency range
of 3 to 30 MHz in 10-kHz steps. Flip a
switch and you get 300 kHz to 3 MHz in
1-kHz steps. Thus, this RF generator
covers the frequencies most often used
for IF/RF alignment, and for general
experimentation. In addition, its RF

output is rich in harmonics, allowing
frequency coverage into higher parts of
the spectrum.

Four thumbwheel switches allow you
to set the exact frequency you want
with ease; there’s no squinting at a
tightly packed dial. The switches make
it easy to return to a specific frequency,
and that makes alignment of equipment

a lot easier!

Another important feature is a 50-
ohm RF output. This low-impedance
output allows you to use such acces-
sories as attenuators, which are a must
for low-level RF work. You can’t use
attenuators on conventional RF signal

o

case, they can be special-ordered,
although, since there are two different
manufacturers for these parts, finding
them may not be as difficult as you
think.

Finally, a few words about calibra-
tion. Forget about conventional signal-
generator alignment procedures. This
unit can be aligned using only the built-
in error indicator, and a receiver that
can pick up one of the WWYV trans-

GARY McCLELLAN

The Programma-2 synthe-

sized RF generator can be built
for about $100, yet offers many of the same
features found on commercial units costing over $3000.

generators, and that makes some tests
(lik. checkin, sensitivity) very difficult.

Other features include adjustable RF
output, switchable AM/CW operation,
and an error indicator.

Construction isn’t too difficult,
despite the device’s many features. The
electronics are on three PC boards.
RCA-type connectors are used to
simplify interconnecting the boards and
to make adjustments or servicing easier
in the future. The boards are all single-
sided (most synthesizers require double-
sided boards to keep system noise
down) and can be easily made (or pu -
chased—see Parts List).

All components used in this project
have been on the market for at least
three years, so you should have few
problems in obtaining them. The tuning
diodes (D201-D203 on the VCO board)
may be difficult to locate. If that is the

mitters. A frequency counter is helpful,
but not necessary,

About the circuit

Let’s get acquainted with the Pro-
gramma-2 RF generator by taking a
look at the circuitry. The boards con-
tain a number of different circuits, and
the time spent discussing them should
pay off. It’s hard to build an advanced
project like this without knowing much
about it. One thing though: you should
have a basic knowledge of how fre-
quency synthesizers work to appreciate
this discussion. If you have followed
my previous articles on synthesizer-type
projects (see the June 1980, July 1980,
and October 1980 issues of Radio-Elec-
tronics) you should have no problems.

This device is built on three PC
boards—VCO, control, and switch (see
Fig. 1). The VCO (Voltage-Controlled
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FIG. 1—RF SIGNAL GENERATOR consists of three main sections: control board, VCO, and switch

decoder.

Oscillator) board contains the RF-gen-
erating circuitry, a divider, an ampli-
tude-modulation circuit, an RF power-
amplifier and a power supply. That
sounds like quite a bit, but actually
each circuit block is very simple. The
whole thing uses seven IC's and |
transistor.

Next comes the control board, which
contains a -2 divider, a programmable
divider, a crystal-controlled reference,
a phase detector, loop filter, amplifier,
and sinewave converter. All that cir-
cuitry is compressed into six IC’s and 1
transistor. Isn’t IC technology wonder-
ful? It would normally take a big card
cage full of boards loaded with discrete
components to replace just those small
boards!

The last board is the switch board
that contains a decoder and switches
power to the proper VCO circuit, de-
pending upon frequency.

Let’s discuss each board in general,
and then cover the control board speci-
fically. The other boards will be dis-
cussed in greater detail later.

As you can see from Fig. 1, the VCO
board contains the RF-generating cir-
cuitry. Three separate VCO’s are re-
quired to cover a frequency range of 3
to 30 MHz because of the limitations of

the tuning diodes used to set the fre-
quency. It is prohibitively expensive
today to make a single VCO sweep the
entire range; 3 VCO’s simplify things
and keep the cost down. Following the
VCQ’s, there is a simple divide-by-10
circuit that reduces the VCO frequencies
to values needed by the control board.
(Also, the output from the divider pro-
vides IF range frequencies, extending
the range of this instrument down to
300 KHz)

The RF-output range is selected by
the HI-LO switch. From that point, the
RF signal goes through an amplitude-
modulation circuit, which can add a
500-Hz tone to the signal if desired. The
RF is amplified by a single-stage ampli-
fier and goes to the RF-OUTPUT connec-
tor. The remaining circuitry on this
board is a simple S5-volt and 15-volt
power supply; the 5-volts is for on-
board circuitry, while the 15-volts is for
the control board.

The control board is an extension of
the VCO board. It receives the divided-
down signal from the VCO board, and
divides it again by 2. This supplies a
signa] that the programmable divider
can handle easily; such devices trade
off speed for programmability, The pro-
grammable divider divides the input

PARTS LIST
CONTROL BOARD

All resistors Y watt, 5%, unless other-

wise noted

R101-R115, R123, R124, R131—100,000
ohms

R116, R119—10,000 ohms™*

R117—2200 ohms

R118-—47 ohms*

R120—150 ohms*

R121—1 megohm

R122—68,000 ohms

R125, R126—33,000 ohms

R127—100 ohms

R128—5,000 ohms, trimmer potenti-
ometer, horizontal PC-mount

Capacitors

C101—0.001 uF, ceramic disc

C102, C103, C114, C115—0.1 uF, 50
volts, Mylar*

C104—22 uF, 16 volts, tantaium*

C105—100 uF, electrolytic, 16 volts

C106-C108—0.1 F,u16 voits, ceramic
disc

C109—100 pF, ceramic disc

C110—220 uF, 6.3 volts, electrolytic

C111—5-35 pF trimmer (E.F. Johnson
275-0430-005 or equivalent)

C112—39 pF, mica

C113—68 pF, mica

C116-—0.001 uF, 50 voits, Mylar

Semiconductors

{C101—CD4013 dual D flip-flop with
set/reset

1C102—CD4059 programmable divide-
by-n counter

1C103—CD4046 phase-iocked loop

1C104—78L05 five-volt, 100 mA, regu-
lator

IC105—CD4060
counter

IC106—CA3130AE op amp (RCA)

Q101-—-2N3906 PNP

Q102—MPS-A13 Darlington, NPN

D101—1N5229 4.3-volt, 500 mW, Zener
diode

XTAL101—2.048 MHz, 32 pF paraliel-
mode, £ 0.005%, HC-33/U case

S$1-S4—BCD thumbwheel switch (C&K
332110000 or equivalent)

J101—8 pin IC socket

Miscellaneous: PC board, IC sockets,
4-conductor ribbon cabie, wire,
solder, etc.

14-stage  rippled

*Do not substitute

A complete set of three boards for the
Programma-1 is available for $22.00
- 1: Technico & -vices, PO Box

20HC, Oran rst, v © , CA
92633. CA re ients please a 'd 6%
tax; 4 . 10" Pk [

for shipping. Order No. SSG-1.

A complete set of parts, excluding
boards, crystal, transformer and case,
is avai’. ' for $112,00 ppd. from: Cir-
cuit Specialists, Inc., PO Box 3047,
Scottsdale, AZ 85281. Order No. KT-5.
Phone or . i (800) 528-1417; all other
inquiries (602) 966-0764. AZ residents
please add tax.

Crystal (see Parts List) may be ob-
tained from: JAN Crystals, 2400 Crys-
tal Dr., Ft. Myers, FL 33906. (813) 936-
2397.
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F!G. 2—HEART OF THE CONTROL BOARD is a programmable divider, IC102, used to determine the
signal generator’'s output frequency from the switch settings.

frequency by whatever divisor has
been set by the frequency switches,
and outputs the resulting signal to the
phase detector.

Meanwhile, a crystal-controlled clock
circuit generates a 500-Hz signal that
drives the phase detector. The detector
compares the two signals and outputs
error information to the filter, which re-
moves any trace of 500-Hz signal. The
DC voltage from the filter is fed to the
amplifier, which raises it to levels suit-
able to drive the VCO’s. Thus, the syn-
thesizer loop is completed, and can gen-
erate RF signals set by the frequency
switches. The remaining circuitry is a
square-to-sine-wave converter. All it
does is convert the 500-Hz clock-circuit
pulses into a 500-Hz sinewave that
drives the amplitude modulator, giving
a clean-sounding tone.

The switch board is another exten-
sion of the VCO board. It selects the
one of the three VCO circuits that
matches the FREQUENCY-SET switch
positions. For example, when fre-
quencies between 03.00 and 05.00 are

set on the switches, the 3-5 MHz VCO
circuit is selected. Selection of the
appropriate VCO is done by decoding
the switch postions with a simple
CMOS decoder on this board. The
appropriate VCO is selected by switch-
ing power to it.

Control board theory

Let’s discuss the first board to be
built. Refer to the control board
schematics, Figs. 2 and 3, for details as
you read about it. The board uses
CMOS IC’s throughout. This type of
design is used not only to keep power
consumption down, but to minimize
noise as well. CMOS logic tends to be a
lot less noisy than TTL and the RF
signal is cleaner. Besides that, CMOS
blocks like the CD4059 programmable
divider are far easier to work with than
their TTL counterparts!

The circuit is quite straightforward.
The divided-down RF signal is fed to
the board’s p1v input and drives IC101, a
CD4013 divide-by-2 flip-flop. The in-
put circuitry, C101 and R101/R102, is

interesting—it acts as a level-trans-
lating interface. The signal at the DIV
input is TTL level (0- or 5-volts) and all
logic levels on the control board are 0-
or 9-volts. Those components bias the
CMOS flip-flop to the point where a
TTL signal will drive it. The divided
output from the flip-flop drives IC102, a
CD4059 programmable divider. It
divides the input signal by a frequency
determined by the settings of the FRE-
QUENCY-SET switches, and outputs the
result.

Right now, thau IC is one of the sim-
plest and most effective (read ‘‘fool-
proof”’) ways of making a program-
able divider. The output drives IC103, a
CD4046 phase detector. The IC com-
pares the signal from the divider with a
500-Hz reference, and outputs correc-
tion pulses to a loop filter that smooths
them into a DC voltage. That’s the job
of C102-C104 and R118-R120. The
phase detector also has an output that
goes low when the two inputs are un-
equal. That drives transistor Q101 and
lights the ERROR lamp on the front
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FIG. 3—PARTIAL SCHEMATIC of the control board, showing connections to J101 (to which the switch
board connects).
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VCO board where it can be used to am-
plitude-modulate the RF signal, if de-
sired. Rounding up the circuitry on this
board is a simple 9-volt regulator that
uses IC104, a 78L.0S 5-volt device. Since
9-volts is required, D101, an IN5229
4.3-volt Zener, is inserted in series with
the regulator to raise the voltage to the
correct value.

Construction

The control board foil pattern is
shown in Fig. 4. (A complete set of all
three PC boards is available for those
who do not wish to make their own.
See Parts List.) Do not attempt to use
point-to-point wiring techniques—the
result will be a noisy RF signal.

A few tips on the quality of parts you
use should be mentioned. When it

RANGE: 300KHZ -30MKZ

FReQ (7§ ERROR
x

AM Hit

- -

W

Lo
MODULATION RANGE

TECHNICO

FREQUENCY SET

PROGRAMMA I

RF GENERATOR

0980

FRONT PANEL of the completed Programma-2 synthesized RF generator. Its layout gives the unit a

professional appearance.

panel. The user can easily tell if the in-
strument is putting out the right fre-
quency or not.

Tke loop filter’s output drives IC106,
a CA3130 op-amp. That device is used
to increase the voltage from the loop fil-
ter so that it can drive the tuning diodes
on the VCO board. It’s just a nonin-
verting amplifier with a gain of 2.2.

The 500-Hz reference signal is gen-
erated by IC105, a CD4060 oscillator/
divider circuit. That IC has a Pierce
crystal-oscillator that works with

XTALI101 to produce a 2.048-MHz sig-
nal. The signal is divided down to 500
Hz by a set of binary dividers. The 500-
Hz output serves as the phase-detector
reference, as outlined earlier, and gen-
erates clock pulses for the square-to-
sine-wave converter.

Capacitor C114 and resistor R122 in-
tegrate the squarewave into a rough tri-
angle wave that is then filtered into a
smooth sinewave by the Q102 cir-
cuitry. The output, which appears at
the MOD terminals, goes back to the

comes to substitutions, this project will
tolerate some departure from the values
called out. However, it isn’t a good
idea to make substitutions for the parts
marked with an asterisk in the Parts
List. Most of those components are in
the loop filter, and deviations in value
or quality will affect performance. Be
sure you use Mylar capacitors where
specified (those green capacitors often
found in transistor radios). Also be sure
to use tantalums where called for; other
types may be too leaky and that will
make the RF signal noisy. Be sure to
get top quality parts and the instrument
should give excellent performance and
long life. ‘

You may want to order the 2.048-
MHz crystal right away. Generally,
such crystals are made to order, and it
takes about a month to get them. Give
the supplier the specifications for
XTALI101, and you should have one
shortly. Price? About $5.00.

Next month, we’ll finish building the
Programma-2’s control board and show
you how to connect the unit’s front
panel FREQUENCY-SET switches to the
board. R-E

m—
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P L &) '/ITH THE THEORY C.
ar - _ operation of the Pro-
gramma-2’s ¢ ntrol board out of the
way (it’s alw ys helpful to know "vhat
you’'re doing) we can now start work on
the board itself,

Position the boz -d as shown in Fig. 5
and start construction by installing the
24-pin IC socket. After that, install 16-
pin sockets in the IC103 and IC102
positions. In the same manner, insta . a
14-pin socket at IC1)1 a d then two 8-
pin sockets at IC106 and J101. Tha
takes care of the IC sockets.

Install crystal XTAL101 next. Push it
flush against the board and quickly
solder the leads. Don’t apply excessive
heat, or you may crack the seal.

Now you can install the 100K resis-
tors around IC102. Insert R108 and
R107 first, then solder and clip the

leads. Then install the group of four just
below. Start with R104, continue with
R105, and R131,.and end with R106.
Solder each connection and clip the
leads. Then move to the right, and in-
stall another group of four resistors,
beginning with RI111, continuing with
R110 and R109, and ending with R103.
Solder and clip. Finally, move up and
install the last group of four resistors in
the same manner. Note that this group
starts with R115 and ends with R112.
Continue with the rest of the resis-
fors. Refer to Fig. 5 for details. Starting
at the top left corner, install 100K resis-
tors at R101 and R102. Then move
down below IC102 and install a 100-
ohm resistor at R127. Move to the right
slightly and install a 150-ohm unit at
R120. Keep going right and install 10K
resistors at R119 and R129. After that,
install a 22K resistor at R130. Stop for a

mo ..r* ¢ 7" check yor - wc k. T >re
shot '1 be spaces left for C104 and C1)3.
Cont’1 e by moving to the rig’ t and in-
stal g a 47-ohm resistor at R118. On
the other side of IC103, install a 10K
unit at R175. Move down and install a
2.2 {resis or at R117. Keep go 1g by
instal.ing the remaining 100K v its at
R123 a d Ri24. Install 33K resistors at
R125 and R126. Then move up slightly
and install a 68K unit at R122. Install a
1-i10_ resister £ - R121, next XTALI10I.
That takes care of the resistor installa-
tion, ¢ nd t'ie board is nov ' taking on a
1 1 shed appearance.

There are five wire jumpers on this
board, and they should be installed

next. Use leftover resistor leads. The
jumpers are identified with a ““J"" in
Fig. 5. Install the first two as shown be-
tween IC101 and IC102. Bend the leads
to fit with needle-nosed pliers, and in-
sert them into the holes. Make sure
they are 't tc 1ching, then solder and clip
off *' e excess lead. Install the next
jumper near pin 1 of IC102. Move to pin
1 of IC103. and install a jumper just be-
low it. Finally move over to pin 1 of
IC10S5 and install the last jumper.

Now for a few odds and ends. Start
by installing C111, a 5-30 pF trimmer, by
the crystal. Before installing it, turn it
over and identify which pin goes to the
adjusting screw. This pin must go the
ground foil, and is usually wider than
the other pin. Insert the trimmer so that
“his pin points up, and solder. Then in-
stall R128, a 5K not. Install as shown,

€'t 3 s1re to press it flush against the

board before sc dering.

Next come the transistors. Start with
QI101, a 2N3906. Install it as shown
next to IC103, with the flat side pointing
down. Then install Q102, an MPS-A13,
as indicated next to the pot. Be sure to
position the case so that the flat spot
points to the right. Fir'sh up with
the power-supply components. Install
IC104, a 78L.05 regulator, as shown.
next to the crystal. Be sure the flat side
of the case is pointing down. Then in-

GARY McCLELLAN

This month we'll show
you how to assemble the
Programma-2’s

two main boards. When we’re
done, the RF generator will be nearly complete.

stall D101, a IN5229 Zener diode near
the right edge of the board. Note that
the banded end points toward the cen-
ter of the board. Stop at that point and
double check the installation of the
parts. It’s a good idea to correct any
mistakes before going any farther!

All that’s left are the capacitors.
They will be installed like the resistors,
from left to right in Fig. 5. Start by in-
stalling C101, a 0.001 uF disc above
IC101. Then install C108, a 0.1 uF disc,
on the other side of the IC. Keep going
and install C104, a 22 uF tantalum type.
Note that the “‘plus’ side faces R120.
After that, install 0.1 uF Mylar capaci-
tors at C102 and C103. Continue by in-
stalling C110, a 220 uF electrolytic.
Note that the “‘plus’ side faces the
edge of the board. At the other edge,
install C105, a 100 uF electrolytic. Be
sure the “‘plus’” side faces the center of

1861 HIA3LH3S

D
(4]



RADIO-ELECTRONICS

=]
(-]

101

A
[UNY] [

FIG. 5—STEP-BY-STEP assembly instructions are given in the text. Don’t forget to install the five

jumpers.

the board. Move down and install C114,
a 0.1 uF disc next to IC105. Keep going
down, and install C115, a 0.1 uF Mylar
capacitor near the pot. Then, just
above this capacitor, install C116, a
0.001 uF Mylar capacitor. At the top of
the board install CI13, a 68 pF mica.
And right next to it, install C112, a 39
pF mica unit. Finish up by installing
two 0.1 uF discs on either side of D101
at C106 and C107.

Stop at that point and check your
work. Make sure the capacitors are in-
stalled in the proper places, and that
the polarized ones are oriented proper-
ly. Correct any mistakes before going
any farther. The board should look like
the one in Fig. 6.

Turn the board over and install C109
(100 pF) on the foil side, between pins 1
and 8 of the IC106 socket. Trim the
leads to about 1/4-inch first, then solder

N .

FIG. 6—COMPLETED CONTROL BOARD. Light-
colored ribbon cables around 4059 IC go to
switches. Dark cables will be added later.

across the pins as shown. Bend the
capacitor so that it is flush with the
board. This completes the control
board.

Switch connections

Now is a good time to connect the
FREQUENCY-SET switches to the board,
and install the IC’s. Those switches,
S1-S4, are the ones that mount on the
front of the instrument and program
the desired frequency. All wiring is
done around IC102.

Refer to Figs. 7 and 8 for details as
you wire the switches. It is suggested
that you use short lengths of 4 conduc-
tor cable for the connections; this
makes the wiring easier to follow and
less messy.

The first step is to prepare the cables.
Prepare four six-inch strips. Then re-
move two conductors from one of the

L 112=

RI13— 1
R114—
| R115
-1
.
- |
e 1% R117
EEFs i

strips. Separate the ends of all cables
for at least 1/2-inch, then strip and tin
the ends. Also cut a 6-inch piece of
hookup wire and strip and tin its ends.
Now you are all set for the wiring.
Look carefully at your switches’ ter-
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80ARD T0 SWITCH TERMINAL
A AOR1
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0 D OR 8

FIG. 7—DETAILS of board/switch connections.
They’re not difficult—just match up the letters.
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minals. They should be marked: ““C,
1, 2, 4,8 “COM, A, B, C, D,” or
similarly. Run a piece of bare wire
through all the ““COM”’ lugs and solder
at each. Then solder one end of the
single piece of hookup wire to one of
the common lugs. Now turn to the front
of the switches, positioning them so
you can read them. The switch position
to the farthest left is S1. Connect the
two-conductor cable to the ‘A’ and
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FIG. 8—SWITCHES' AND CONTROL BOARD
mounted in case. Usefuiness of ribbon cable is
obvious.

PARTS LIST
CONTROL BOARD

All resistors Y4 watt, 5%, uniess other-

wise ol .

R101-R115, R123, R124, R131—100,000
ohms

R116, R119—10,000 ohms

R117—2200 ohms

R118—47 ohms*

R120—150 ohms*

R121—1 megohm

R122—68,000 ohms

R125, R126—33,000 ohms

R127—100 ohms

R128—5,000 ohms, tr' mer poten i-
ometer, ¢ ‘izontal PC-mount

Capacitors

C101—0.001 F, ceramic disc

C102, C103, C114, C115—0.1
volits, Mylar”

C104—22 F, 16 volts, tantalum*

C105—100 F, electrolytic, 16 volts

C106-C108—0.1 F, 16 volts, ceramic
disc

C109—100 pF, ceramic disc

C110—220 F, 6.3 volts, electrolytic

C111—5-35 pF trimmer (E.F. Johnso
275-0430-005 or equivalent)

F, 50

C112—39 pF, mica

C113—68 pF, mica

C116—0.001...F, 50 volits, Mylar

Semiconductors

IC101—CD4013 ¢ .al D flip-flop with
set/reset

IC102-—CD4059 programmabie divide-
by-n counter

IC103—CD4046 phase-loced loop

IC104—78L05 five-volt, 100 mA, regu-
lator

IC105—CD4060 14-stage rippled count-
er

1IC106—CA3130AE op amp (RCA)

Q101—2N3906 PNP

Q102—MPS-A13 Darlington, NPN

D101—1N5229 4.3-volts, 500 mW, Zener
diode

XTAL101—2.048 MHz, 32 pF parallel-
mode, ¥ 0.005%, HC-33/U case

§1-S4—BCD thumbwheel switch (C&K
332110000 or equivalent)

J101—38 pin IC socket

Miscellaneous: PC board, IC sockets,
4-conductor rbon cable, wire,
solder, etc.
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“for**1 “and *‘2’ )lu, s. The s vitca
section next to SI is S2. Sold=~ the
wires from a four-conductor cable to
vach of its terminals. If possible, match
the colors to those used on S (and do
the same for the other sections). It’s
casicr to connuct a switch, if, say, all
“*A” leads are green, ‘B’ leads are
blue, and so on. Wire up S3 and S4 in
the same manner.

rinish up by connecting the switches
to the board. Start by inserting the wire
from the switches’ common bus into the
COM pad on the board. Solder it in
place. Then match up the leads trom S1
to the *“‘B™ and ‘“A™" holes below R107
and R108 on the board. Insert and
solder. Match up the leads from S2 with
the points on the board above the resis-
tor group starting with R104. Note that
the connections are ““DCBA” reading
from left to right. Insert and solder.
Likewise, insert and solder the leads
from S3 into the holes above the resis-
tor-group starting with R111. Note that
the connections are arranged as

B

€201

*

1€202

10203

“DCBA ' like those for S2. Finally, i -
sert the wires from S1 through the holes
by the resistor-group starting with R112.
Note that R112 is the ““‘A’ connection,
and that the others follow in order.
That ends the switch installation.

Check over your wiring for errors,
and correct any mistakes. Then finish
up by installing the IC’s. Refer back to
Fig. 5 for placement. Install a CD4613
at IC101, a CD4059 at IC102, and a
CI 4046 at IC103. Make sure they are
plugged in properly (watch out for bent
pins) and then install a CD4060 at IC105
and a CA3130 at IC106.

That completes the control board.
Next we’ll cover the VCO board and
start discussing final assembly.

r W the VCO works

The VCO board contains three oscil-
lators, a divider, a modulator, and an
RF amplifier. Also included is some
switching circuitry for both RF signals
and power, and two power supplies. At
this point you may want to refer to the

!  ' j:’

} 1 g,
t : 1£205
J 741590

1C206
7805

L)L

sche matic in Fig. 9 a you re:d bout
the circuitry.

The oscillators consist of 1€201
through 1C203, Mo srola v ('1648’s, to-
gether with a few external components.
The 10-30 MHz signals are generated
by IC201. while IC202 generates the
5-10 MHz signals and IC203 handles
the 3-5 MHz range. Tuning within
these ranges is done by D201 through
D203, Motorola MV 1404 tuning diodes.
Think of them as electrically controlled
variable capacitors; an input voltage
ranging from 0.5-volt to 9-volts will
cause each oscillator to tune through its
frequency range.

Since only one oscillator at a time
can be operating in this device, some
switching has to be done. Transistors
Q204 through Q206 perform this task.
The desired oscillator is turned on by
grounding the base one of the transis-
wrs. This is done by the switch board.
which will be described later.

The outputs of the oscillators are
ECL-level (0.8 volt AC), but transistors

1C207
LM317

FIG. 9—THE PROGRAMMA-2 uses an ingenious method for controlling modulation and RF-out-put
levels—the heart of the circuit is at diodes D219 and D220 (upper right). The scheme is described in

thae tayt
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Q201 through Q203 increase those sig-
nals 1o TTL levels for use by the cir-
cuitry that follows. The diodes are in-
cluded for biasing and switching. Final-
ly. 1C204-a is used to buffer the sig-
nal. insuring that it is at TTL levels.

The VCO signal from the buffer is
fed to both 1C205. a divide-by-10 coun-
ter. and to [C204-b. That gate. together
with 1C204-c and IC204-d. act as an
SPDT switch and select either the “*di-
rect”” VCO signal or the divided-down
signal from [C205. This solid-state switch
is controlled by the HI/L.O switch, S6.
on the tront panel. When the Hi line
from the switch is grounded, the VCO
signal feeds straight through over a
range of 3 10 30 MHz. When the L0 line
is grounded. the divided-down signal is
selected (300 kHz to 3MHz). This elim-
inates the need for extra VCO's. The
output of the divider also goes to the
Div jack, J202 , which provides the sig-
nal required for the control board’s
programmable-divider circuit.

The output of 1C204 drives the mod-
ulator circuit. This circuit is unusual in
that it uses diodes to modulate the
VCO signal. Basically, it is nothing
more than a voltage controlled attenua-
tor. The amount of signal passing through
it depends upon the control voltage.
which is really the sine wave from the
MOD IN jack. Resistor R219 sets the
bias so that the signal will continue to
pass through the circuit when there is
no modulation.

In operation, diodes D219 and D220
are foreward biased. although to dif-
ferent degrees. Diode D220 tends to be
more heavily biased because there is
less resistance between it and the
power source. At the cathode end of
this diode there are several resistors.
The 500-Hz modulation is also applied
at this point. and the voltage across the

c221 D219 R216 D207
224 Yu \Rz/m/ €220 D209 €203
a2 \ \ ,/ (:215\ — 201
S" i o (e 9 7 ' 20, = —R21
() !l 1‘ l ' o T ’V' a - 5
o 7 3| Ica0s . R 3e)D201
we- { oz e 3%k (J ELis ! ~c2m2
sz‘—z— P — == I {5 R212 L S /Q— 1201
'+ 7220 72 El - G 0204 k/\ 7 ~
aze D28 TRl — .
— S 0202 = (W
V-2 o < i R208 | o | C209/ \
A ) N| & o | o2t | 8 A= NI
g 31 I‘ﬁ . e 2| s~ | T (SN0
(04 s HISS L 126 ( 2037 [ 7
5 ¢ -, o
' o212 ¥ ”K— ( 0204 0205 n%ém —llg ‘ . ?.“
D214 ")’ —H— - 2l e | Voast!
tu "' ) )
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] ozg o2 IS |
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FIG. 11—CONNECTORS FROM THE COILS to the board are made using leftover capacitor leads.
Capacitor C202 is soldered directly to the lugs of coil L201.

resistors  causes the current tlow
through the diode to vary. As the cur-
rent through D220 varies. it c¢an be
greater or less than the current through
D219.

At this point an interesting charac-
teristic of diodes enters the picture—
diodes can act as variable resistors: the
greater the current flow through a diode,
the more signal it will pass. Sometimes
D219 conducts more signal—to ground.
and sometimes D220 conducts more
signal—to the RF amplifier. This cir-
cuit is known as a T attenuator. In the
Programma-2 it causes the level of the
RF signal to be controlled by the level
of the 500-Hz tone.

From the modulator the signal goes
to a broadband RF amplifier. which
boosts it to useful tevels. This is the job
of Q207. which has a maximum gain of
5. The output level is controlled by
adjusting the power supply voltage—in
this case from 1.2 to 10 volts. This
supplies from 10 mV to over 300 mV of
signal at the RF OUT connector.

The rest of the circuitry on this board
consists of power supplies. There is the
usual S-volt regulated source for the
ECL and TTL devices, plus an adjust-
able source for the RF amplifier. An
L.M317-T adjustable regulator handles
the latter job.

Construction

A foil pattern for the VCO board is
provided in Fig. 10. If you prefer not to
make your own, refer to the Parts List
for a supplier.

Start construction by studying Fig. 11.
To simplify matters, we’ll break the
board into two sections and concentrate
on completing each separately: this
makes construction a lot easier.

The first thing to do is to enlarge the
holes for coils L201-L203. Using the
IC pads as a guide. orient the board as
shown in Fig. 11 and locate the three
holes. Note that they are part of the
ground foil that runs around the edges of
the board. Using a set of progressively
larger drills. increase the size of the

RN ‘,O‘j ) l “J_.cl :‘ \O-O -6 I
X\- o ||'<>rf’ : Lﬂfl-— WCL%O—@ 1
Ye = g 37 c %\o‘
== ‘l___ N ’AL i. ——o o
N A NN "L » A'L L
$<4“§ O ) "or_“‘"‘“'!;,.‘ e
. b ) ' | AN ' lo '~ |
i » uml /i ) . .
EE . | Joe =
o GEE e
|\ . | ( o a8 . : '
l< 7 INCHES >l

FIG. 10—~THE COMPLEX VCO circuit can be built on a single-sided PC board using only three jumpers.
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below the VCO board is the control board.

holes to Vi-inch. Then use & reamer or
small file to enlarge them farther, to
¥ inch.

Next. nstall the [C sockets. Note
that there are tive of them. and that
they are all 14-pin units. If the sockets
have an identifying mark for pin I,
position them as shown.

The four RCA jacks, J201-J204. are
installed next. You may have to en-
large the holes in the board so that they
can be mounted.

Install the capacitors as shown. Be-
gin with the 0.01-uF discs. and install
one each at C201, C206, and C210.
Note that these parts are located near
the coils. Then continue with the 0.1-
uF capacitors. There are quite a few.
Install one at C205, C203, C209, C207,
C213. and C211. Then move to the top
left corner of the board and install one
at C215. Move down and install one at
C214. That almost takes care of the
capacitors: there’s one left to mount on
a coil.

The coils are next. They just snap
into place. Be sure to observe the posi-
tioning of the terminals before you
snap them in place: this is important.
Install the No. 4201 coil at L.201. the
No. 4203 coil at L202, and finally. the
No. 4205 coil at L203. Wire the coils to
the two pads below them as shown.
using short lengths of solid wire. The
clipped leads from the capacitors should
work fine. Be sure to keep the leads as
short as possible: that makes the coils
more shock resistant. After the wiring
is done, install a 12 pF capacitor. C202.
directly across the terminals of L201.

The resistors come next. Install the
47K units first. with one at R201. R202.

. .. inted in the case. 'he  rd

and R203. iote that you'll have to
bend the leads of | .202 so that they
don’t touch the coil wire. The 100-ohm
units are next. Install one at R207,
R208. and R209. Ze careful to get them
in the right places. Then come the 10K
units by 1C204, Install one at R211 and
another at R212, After that come the
1K resistors. Install one at 71204, R205,
and R206 near the bottom of the board.
Finish up by installing a 270-ohm 1« 51 5-
tor at R210.

The three jumpers go near I1Cz01,
above 7205, and next to 1C203. Use
leftover leads from the resistors for the
jumpers. Install the jumper next to
[C201 first. then the one below 1C202,
and last, the jumper above 1C205.

Now for the diodes. ‘ote that there
are two kinds—: 1V 1404 and IN4148.
The wviV1404's come first. e careful
when you install them because they are
rather expensive! Avoid bending the
leads right at the body as this will break
them. Install three . "/ 1404 diodes at
D201. D202, and D203 as shown. Note
that the banded cnds point to the right.
Then come the 1.7:148's. Install them
at D265, N207. and D209 near R210.
Then install the rest at D204, D206, and
D208. Be sure to check your installa-
tion before going farther.

Continue with the transistors. They
are all 2N3906°s, which makes installa-
tion easier. Install one at Q201 and
Q202. Be sure the flat in the case points
to the right. Then do Q203 with the flat
side pointing up. When done. move
down and install the three remaining
transistors at Q204, Q205. and Q206,
with the flat side facing right.

continued on page 97
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RF GENERATOR
] 7 continued from page 69

Finish up this half of the board by
installing the IC’s. Orient them as
shown in Fig. 11. Install the MC1648’s
first, at IC201, 1C202, and 1C203. Then
install a 74LS00 at IC204, and a 741.890
at 1C205.

Take a breather at this point; then
carefully check your work. Correct
any mistakes you find before going any
farther.

Now for the rest of the board. Start
with the voltage regulator IC’s. Install
an LM317T at IC207 with the tab to the
right. Then mount a 7805 (LM340T-5)
at 1C206. Note that this IC mounts flat
against the board, and that no heatsink
is required. Use 4-40 hardware to fasten
it in place before you solder the leads.

Next mount the rest of the capaci-
tors. Use extra care with them because
there are quite a few, and they can
wind up in the wrong places. Start
by installing a 1000-uF electrolytic at
C216. The **+"" lead goes nearest D216.
Then install two 0.01-uF capacitors at
C217 and C218. Move up and install a
10-uF electrolytic at C228, and a 0. 1-uF
disc beside it at C226. Install another
0.1-uF capacitor at C229. Then move
up a bit and install 4 0.01-uF capacitor

at C227. After that install a 1-uF elec-
trolytic at C225, just above. Note that
its positive side is to the right. Three
0.01-uF disc capacitors come next. In-
stall one at C224, another at C222, and
the remaining one at C220. Continue
with two 0. 1-uF capacitors; one goes at
C221 and the other at C223. Finish up
by installing a 15-pF unit at C219.

Now, more diodes. First, there are
seven IN4002 rectifiers for the power
supply. Install them as indicated at
D210 through D216. Then install two
more 1N4002's at D219 and D220. Be
careful not to install D219 in D217's
place! Mount the two INS5231 Zeners as
indicated at D217 and D218.

The resistors come next. Install 1K
resistors at R213 and R214. Next, in-
stall 470-ohm resistors at R216 and
R215. Move down the board a bit and
install 2.7K resistors at R217 and R218.
Then install a 100K unit at R219. Con-
tinue by installing a 47-ohm, 2-watt re-
sistor at R224. Note that this must be a
carbon composition type, and not wire-
wound. If you use a wirewound type
the RF output will be erratic. Below
R224 install a4 4.7K resistor at R221, a
1K resistor at R222, and a 10-ohm re-
sistor at R225. Finish up by installing a
680-ohm resistor at R223 near the
L.M317-T, and a 470-ohm one at R220.

The last component to be installed is

—«?
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FIG. 12—A HEAT SINK must be used on Q207
(lower left). Also note that 1C206 (7805) is se-
cured to the board with 4-40 hardware.

a transistor. Install a 2N2219 at Q207
and slip a small TO-S heatsink over it.
Carefully check your work. Make
sure that the diode and electrolytic
capacitor polarities are right, and cor-
rect any errors you find. The assembled
VCO board is shown in Fig. 12.
You’ve just completed the Pro-
gramma-2’s most complex board. In
the next part we’ll finish building the
unit and put it to work. R-E





















