Add Tracking Sidetone to Your
ICOM IC-765 Transceiver

With a stock IC-765, adjusting CW receiving pitch leaves the radio’s
sidetone oscillator pitch unchanged. This circuit generaies a sidetone
that tracks the '765’s receiving piich to within 1 or 2 Hz!

By Michael A. Mraz, N6MZ
15526 SE 50th St
Believue, WA 980086

ne of the ICOM IC-765s few
weaknesses is that its sidetone
oscillator doesn’t track its CW
PITCH control.! This means that you can
change the frequency of the '765°s received
CW note, but because the sidetone is fixed at
700 Hz. you have no reference against which
you can zero-beat incoming signals if you
set CW PITCH to anything other than 700 Hz.

Variable CW pitch is an extremely use-
ful feature. But if you can’t zero-beat by
comparing the incoming CW signat to the
sidetone, you’ll probably never change the
CW pitch. This is really unfortunate: [ find
a 700-Hz pitch to be very fatiguing after
several hours of listening—especially
during CW contesting.

Because I find the 1C-765 to be an excel-
leat CW transceiver in almost every other
respect (especially its receiver’s wide
dynamic range and superb cascaded 250-Hz
CW filters), I decided to design and install a
tracking sidetone oscillator in my radio.
Here’s the circuit I came up with, and the
rationale behind it.?

How the IC-765 Controls Received-CW
Pitch

The IC-765"s CW PITCH control varies
the beat-tfrequency oscillator (BFO) fre-
quency by “pulling” the radio’s BFO crystal
with a variable-capacitance diode. ICOM
uses a nonlinear potentiometer (R317¢) for
the CW PITCH control. This partially com-
pensates for the variable-capacitance
diode’s nonlinear voltage/capacitance char-
acteristic. It also means that the BFO fre-
quency is a nonlinear function of the voltage
available on the CW PITCH potentiometer
wiper line (labeled PIT in the 765 sche-
matic). Fig 1 shows this nonlinear relation-
ship.

‘Notes appear on page 42.

Settling on a Tracking-Sidetone
Solution

I had more than one design idea for the
tracking sidetone. One idea was to mix the
BFQO output with a 9-MHz signal from a
crystal oscillator—the same method used in
the *765 to monitor its transmitted signal in
the SSB and RTTY modes. The anticipated
advantage to this circuit was that it would
track the radio’s BFQ tuning perfectly.
Unfortunately, however, the IC-765’s BFO
does not oscillate during CW transmit! An
audio oscillator generates the *765°s MONI-
TOR signzl on CW.

I decided that the most practical tracking
sidetone circuit would be a function-
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Fig 1—The IC-765's CW receiving
pitch is a nonlinear function of the
voltage on its Cw PITCH control wiper
line (PIT}.

generator IC controlled by the existing,
nonlinearly variable PIT voltage, The only
challenge was converting the PIT voltage’s
noniinear variation into a linear variation
suitable for driving the function generator’s
frequency-sweep input. Because 1 wanted
the sidetone to track the BFO to within a few
hertz, the PIT linearizing circuit would have
to be quite accurate.

The Tracking Circuit

To linearize the PIT voltage, | used
diodes and resistors to imitate a nonlinear dc
amplifier. The diode/resistor networks
change the gain of the circuit in six steps, as
a function of the input (PIT) voltage. After
calibration, the circuit is quite accurate and
easily tracks the demodulated CW note to
within 1 or 2 Hz,

Fig 2 shows the circuit’s schematic,
U1A-C, R1-R14 and D1-D20 linearize the
voltage from the CW PITCH potentiometer.
UTA and U1B are unity-gain buffer ampli-
fiers, U1C and R8-R14 set U1C’s de oftset
and gain at the lowest PIT voltage (CW
PITCH control fully clockwise). At the low-
est PIT voltage, none of the diodes conduct,
and the R1-R2 voltage divider determines
circuit gain. As you turn the CW PITCH cou-
trol counterclockwise past about 2 o’clock,
the increasing PIT voitage causes DI and
D2 to conduct, which causes potentiometer
R3 to parallel R2, thus decreasing the gain
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Fig 2--The tracking sidetone circuit uses the IC-765's PIT voltage to drive an Exar XR2208CP function generator (U2) via three sections
of an LM324N quad op amp (dc buffers UtA and U1B, and dc amplifier U1C). Diode strings additively switch in compensation
potentiometers R3-R7 as the PIT voltage increases, linearizing the voltage applied to U2 in five steps. Asida from the 1%-tolerance
units, which are metal-film, all of the circuit’s resistors are 5%-tolerance, carbon-film types. Except for C5, which is a 10%-tolerance
Mylar type for better temperature stability, the circuit's nonelectrolytic fixed capacitors are general-purpose ceramic. The electrolytic
{polarized) capacitors are tantalum. A complete parts kit, including a clrcuit board, Is available for this circuit; see Note 3.

of the circuit. As the voltage incredses fur-
ther, additional diode/potentiometer branches
conduct, further decreasing the circuit gain.
In this way, the circuit converts the nonlin-
eat PIT voltage into 4 linear voltage that can
be used to drive the function generator's tre-
yuency sweep input.

The function generator is an Exar
XR2206CP. This !6-pin [C contains &
voltage-controlled oscillator, sine-wave
shaper and assuciated bias circuits., The
XR2206CP’s output frequency is a linear
function of the current drawn from pin 7,
which is a function of the linearized PIT
voltage at U1C pin 8. The *2206’s sine-wave
output has fairly low distortion. which re-
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sults in a soft sidetone that is pieasant to
listen to,

Construction

The tracking sidetone’s circuitry oper-
ates at de and audio frequencies, so you can
use whatever construction technique seems
appropriate. {1 used haywire construction
on a piece of perf board.) Complete kits of
parts are aiso available.* However you build
your version. make it no larger than about
2V% 53 inches to ensure an easy fit into your
1C-765.

Installation
Installing the board involves tapping into

the 765°s+14-V, +8-V, and -5-V power sup-
plies, connecting the sidetone input to the
PIT voltage, removing a resistor on the
*765°s Main circuit board, und connecting
the sidetone output to one of the pads from
which the resistor was removed.

You must also decide how to mount the
sidetone circuit board. 1 chose to use two
aluminum brackets. These attach the
sidetone board to the (C-763 chassis using
two of the screws that fasten the " 765°s Main
circuit board to the chassis.

Unplug vour IC-763 from ac power and
place the transceiver, upside down, on a soft
towel. Remove the lower cover from the
transceiver, Turn the transceiver on its left
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Fig 3—Overview of IC-765 Main board connection points for the tracking-sidetone
module's +14 V SOURCE, +8 V SOURCE, —§ ¥ SOURCE, SIDETOKE OUT and PIT SOURCE wires,

side, so that the front panel is to your left as
you look at the Main circuit board.

Locate L2, a wire-and-ferrite-bead in-
ductor near the top-left corner of the Main
circuit board: see Fig 3. L2 may be hidden
by the large wiring harness. Carefully sol-
derone end of a 1 2-inch length of #24 or #26
hookup wire to the exposed lead of L2, Label
this wire +14 ¥ SOURCE. Be careful not to
melt the insulation on the wires in the wiring
harness when you solder the wire to L2, BE
EXTREMELY CAREFUL not to short
the +14-V trace to any other component, or
to the regulator heat sink which is immedi-
ately above L2.

Remove the (0 screws that attach the
Main circuit board to the chassis. Using
Fig 3 (and your service manual, if neces-
sary), locate R77, and then carefully
unsolder the resistor and remove it from the
hoard. Soider a 12-inch length of hookup
wire to the pad of R77 that is
closer to the *765°s front panel; see Fig 4,
Labe] this wire SIDETONE QUT. Replace the
Main circuit board; if you’ll mount the
sidetone board using brackets, do not re-
place the two screws that will attach the
sidetone board to the chassis.

Locate jumper wire W163 on the Main
board, using Fig 3 for reference. Solder
another [2-inch length of hookup wire to
W163. Label this wire +8 ¥ SOURCE.

Locate jumper wire W202 on the Main
board, using Fig 3 for reference, Sulder
another 12-inch length of hookup wire to
W202, Label this wire -5 ¥V SOURCE.

Locate jumper wire W23 on the Main
board. Solder another [2-inch length of
hookup wire to W23, Label this wire PIT
SOURCE.

Place the sidetone board in its final loca-
tion. Carefully cut each of the five new wires
(+14 V SOURCE, +8 V SOURCE, -5 V
SOURCE, SIDETONE OUT and PIT SOURCE)
to appropriate lengths and strip and tin the
ends, Solder the wires to the sidetone board
and then double-check to ensure that they
ate connected to the correct pads.

Mount the sidetone hoard to the 1C-765
chassis.If you home-brew your board and
your mounting method completes its ground
connection, fine: otherwise, you'll need to
connect the sidetone board’s ground to the
IC-765"s ground. (The outer surface of the
nearest 9-MHz-filter bracket will suffice.)
The LTA kit version requires a separate
ground wire, The title photo shows the LTA
sidetone bodrd in place. Check all the con-
nections and the wire dressing one more
time, before vou apply power to the 765,

Calibration

Attach the positive lead of a digital volt-
meter (DVM) to TP1; the DVM’s ground
lead, to any chassis ground point. If you
don’t have a DVM, you can probably cali-
brate the sidetone based on the position of
the CW PITCH control, Apply power to the
radioand let it warmup for [0 to |5 minutes.
Open the top hatch cover and turn the
MARKER switch on. Put the *765 in CW
mode and tune the radio to receive WWV

strongly at one of its exact frequencies
{15.00000 MHz, etc). Rotate the top-hatch
CALIBRATOR control to zero beat the
IC-765"s marker with WWV,

Rotate the CW PITCH control fully clock-
wise. Tune the 765 to 14.00000 MHz in
CW mode. You should hear the radio’s
marker as a strong (S9+) CW note in the
speaker or headphones, Press the LOCK
button to lock the tuning at this frequency.
Push the VOX button (to turn VOX off) so
that you will not transmit a CW signal, and
then lock the key. You should hear the 14-
MHz CW note and the sidetone beating
dgainst each other, If you don’t hear the
sidetone, adjust the sidetone board’s VOL
trimmer until you hear the beat note. Adjust
the sidetone board’s OFFSET trimmer until
the sidetone and recetved 14-MHzsignal are
exactly zero-beat with each other.

The voltage at TP 1 should be about 0.5 to
0.6. Rotate the IC-765"s CW PITCH control
until the voltage at TP1 is 0.9 (approxi-
mately 3 o’clock), and then adjust the GAIN
trimmer to zero-beat the sidetone and
received 14-MHz signal. Repeat this step
until the sidetone tracks the 14-MHz signal
perfectly between the two positions of the
CW PITCH control.

Rotate the CW PITCH control counter-
clockwise until the voltage at TP1 is 1.2
(approximately 2 o'clock). Adjust trimmer
F1 for zero beat.

Rotate the CW PITCH contro counter-
clockwise until the voltage at TP1 is 1.7
(approximately 12 o’clock, the detent posi-
tion). Adjust trimmer F2 for zero beat.

Rotate the CW PITCH control counter-
clockwise until the voltage at TP1 is 2.6 (ap-
proximately 9 o’clock). Adjust trimmer F3
for zero beat.

Rotate the CW PITCH control counter-
clockwise until the voltage at TP1 is 3.1
(approximately 8 o’clock). Adjust trimmer
F4 for zero beat,
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Fig 4—Connecting the sidetone’s SIDETONE
OUT wire requires the removal of the Main
board’'s R77, a 270-kQ resistor installed
vertically. Finding R77 on the component
side of the board is easy; finding and
desoldering the corresponding pads on the
underside of the Main board is more
difficult. (The Main board graphic in the
IC-765 service manual can help you find
them.) As this top view shows, the

circuit’s SIDETONE OUT wire connects to the
R77 pad that's closer to the |1C-765 front
panel.
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Rotate the CW PITCH control fully coun-
terclockwise. The voltage at TP1 should be
approximately 3.4, Adjust trimmer F5 for
zero beat..

Slowly rotate the CW PITCH control from
Stop 1o siup, listening to the beat note. The
sidetone should track the 14-MHz CW note
very closely, within | or 2 Hz. If it doesn’t
track, repeat the calibration procedure. You
can tweak the sidetone for more accurate
tracking using the trimmers that correspond
to the TP1 voltage breakpoints in the pre-
ceding paragraphs. After several months, [
found that [ used the 400- to 500-Hz range
{approzimately the 9 o’clock position) most
often, 5o [ tweaked F3, F4, und FS for perfect
tracking in this range.

* Turn the MARKER swiich off, und then
replace the top hatch cover, Adjust the VOL
trimmer for the desired sidetone listening
level. (You can use the "763°s MONITOR
VOLUME control to adjust the sidetone level
when you're using the radin.) Remove
power from the 1C-765 and replace the bot-
tom cover. This completes the modification.

Summary

Although this modification is not trivial
todo, it’s well worth the trouble. [ have used
the tracking sidetone maodification for al-
most a year, including hundreds of DX con-
tacts and three serious CW contest efforts,
The circuit is rock-solid and does not drift
with temperature as the '765 warms up.
When [ rotate the CW PITCH control back to
the 700-Hz position and make a contact, |
can’t believe | waited aver a vear to design
this circuit!

[ have also installed the PBT modifica-
tion as described in Hints and Kinks,*a mod
that I consider absolutely indispensable for
the *763. The combination of the 1C-765°s
excellent receiver, the two optional 250-Hz
CW filters, and these two modifications,
makes it an unbeatable CW transceiver.

Notes

M. Wilson, "IGOM IC-765 160- to 10-Mster
Transceiver,” Product Review, (ST, Dec

., 1990, pp 52-55,

“Don'tattempt to install this modification unless
you're comiartable with invasive surgery on
crowded circuit boards. If your IC-785 is still
urider warranty, a madification of this magni-
tude will surely vold your warranty, As useful
as the tracking sidetone is, be sure to con-
sider the implications of voiding your warranty

.. before proceeding.

An etched, drilled circuit board and complete
kit of parts for the tracking sidetone circuit is
available for $49, plus $2 shippir:\?to points in
the US, from LTA, PO Box 77, New Bedford
PA 16140, tel 218-565-9950, LTA intends to
have tracking sidetone boards and kits
available for sale at this year's Dayton
HamVention; for details, and for particulars
on export orders, contact LTA.

*R. Guski, “variable-Bandwidth Tuning tor the
ICOM |C-765 Transceiver,” Hints and Kinks,
QS8T, Mar 1991, p 37.
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New Products

CORRECTION

O The Digi-Field wide-range signai-strength
meter was listed on page 46 of March QST
with a retail price of $79.95. 1C Engineering
informed us that the correct priceis $119,95,

ON-GLASS 23-CM ANTENNA

¢ it you enjoy operating mobile on the
“higher” UHF bands, you can do so without
a mag-mount or permanent whip antenna.
The KG-1290 is the first on-glass antenna
for amateur use on 1.2 GHz. The manutac-

turer claims a iow SWR from 1,235-1.432
GHz for this black Y%-wave-uver-Y4 wave
Kulrod. The antenna comes with Belden
RG-58/U cable, Amphenol TNC or MPL
connectors and 3M adhesive, Retail $59.05.
Larsen Antennas, 3611 NE 112th Ave, PO
Box 1799, Vancouver, WA 98682, tel 206-
944-7551, fax 206-944-7556.

HF ANTENNAS

$ If you're laoking for a fresh approach to
HF beam antenna designs, Force 12 features
multiband no-trap antennas and systems, and
monobanders designed for high perfor-
mattce, minimal weight, high strength and a
neighborhood-friendly appearance, These
contest- and DXpedition-proven  Yagis

present less tower, tripod and rotator load-
ing, while providing considerable wideband
gain and low SWR ratings. Force 12 anten-
aas are constructed with wind-balanced
multitapered., riveted elements, requiring no
slots, hose clamps or sheet-metal screws.
The elements come aligned and riveted to
the boom. The unpolished aluminum ele-
ments and booms reduce sun glint, which
should please the neighbors, Tailgunner
technology provides the operator with the
ability to immediately reduce the front-to-
back ratio for instant fistening and/or trans-
mitting in the opposite direction,

Nomad dual-band direct-feed models
cover the following frequency bands (boom
Tengths in feet): 10/12(12, 16 and 24), 15/17
€16, 20 and 36). 12/17 (16), 10715 ¢(18), 20/
30 (from 20). Nomad dipoles cover 12/17,
12/17/30 and single bands. There are single-
band models for 10 meters with 3 or 4 ele-
ments on a {2-foot boom, 6 elements on a
24-faoter, the Elite 510 with 5 elements on
an | 8-foot boom for $259, and the 8-element
308 Magnum for $489; 15 meters with 3
elements on a i6-foot boom, the 4-element
Elite 415 for $449, and the 357 Magnum with
6 elements on a 36-foot boom for $695; the
Elite 320 with 3elements on an 1§-foot boom
for $379, the Elite 420 with 4 clements on
a 30-foot boom for $549, and the 44
Magnum with 6 clements on a 44-foot boom
for $849; 40 meters with a single lingar-
loaded dipole and the 3~element Elite 340
for $795.

Force 12 packages two Nomads and an
Elite 320 antenna into its Strike Force SF-5B
five-band package for $995. Short-stacking
options, custom orders and consultations are
welcome, Tom Schiller, N6BT, Force 12,
purt of BUY USA Ine, 3350 Scott Blvd, Bldg
6102, Santa Clara, CA 95054: tel B0O-
248-1985 or 408-988-2766, fax 408-
988-2767.

INFORMATIVE CATALOG

{ There’s plenty of fun for browsers in the
new Reference Catalog from the Radio
Works. It’s touted as “The Wire Antenna
Discovery Book.” Not only does it include
specifications for all Radie Works baluns,
cable, rope, connectors, adapters, wire an-
tennas and accesories, it also features sev-
eral pages of practical advice, theory and
construction tips. It’s an unpretentious {27-
page 8%~ x1l-inch black-and-white illus-
trated booklet, written in a friendly, folksy
style and helps you to understand the appli-
cations for many components and designs,
particularly parts and kits available from the
Radio Works, There's also an extensive list
of Radio Works products, although prices
aren’t included in the Reference Catalog—
those are available in the firm’s General
Catalog. Retail $3. Jim Thompson Jr,
W4THU, The Radio Works, PO Box 6159,
Portsmouth, VA 23703: tel 804-484-0140,
fax 804-483-1873. 5%



