James L. Patterson DATCY/KB5LF
PO Box 123
APO NY 009130

CB to Six

Why stop at 10 meters? KB5LF’s Hy-Gain conversion

Sevﬂral vears of convert-
ing CB sets to ten meters
makes one really appreciate
the built-in ability of these
little rigs. Those of us who
are operating them now on
single sideband or FM can
attest to their stability, sensi-
tivity, and clean output. It
was for these reasons | be-
gan experimenting with the
possibility of converting a
CB to six meters. Since | had
several Hy-Gain boards on
hand, that's what | selected
for conversion.

My basic criteria for a
successful conversion were:

a) Simplicity—The con-
version should be no more
difficult than to ten meters.

b) Quality— The receiver
should maintain its original
sensitivity/selectivity; addi-
tionally, the transmitter out-
put should be very clean!

c) Cost—1 firmly believe
a conversion loses its appeal
when the price is too high or
when exotic parts are used
and can’t be easily obtained.

After the conversion was
completed, | telt that the cri-
teria had been met. The lit-

will take you to VHF just as easily.

tle rig operates beautifully
on six meters!

My objectives in writing
this article include:

a) Offering specitic infor-
mation to convert the Hy-
Gain board to six meters.

b) Giving enough general
information to allow you to
begin converting the CB of
vour choice.

c) Increasing the use of
our six-meter band.

| must tell you in the be-
ginning that | will not de-
scribe the hookups required
to make the board operate
nor specifically detail FMing
the rig. I'll just refer you now
to the many excellent 73 ar-
ticles that have detailed this
part of the conversion. Your
main obstacle to six-meter
operation is moving the ra-
dio from eleven meters AM
to six meters AM. Sideband-
ers, take note—I'll not
forget you, either. Your con-
version may also be surpris-
ingly simple.

Examine the basic block
diagram of Fig. 1. To move
any CB in frequency, the
master frequency source
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(vco, crystal synthesizer)
must be made to operate at
a new frequency. We know
from our ten-meter conver-
sions that we must increase
the frequency. The question
is, how much? Keep in mind
that, generally speaking, the
master frequency source
(vco, synthesizer) of most
CBs does not change fre-
quency between transmit
and receive. If we can deter-
mine the correct vco fre-
quency to inject into the
first receive mixer, we will
also have found that this
same frequency is used for
transmit.

Reter again to Fig. 1.
Three incoming frequencies
are shown. The first is an in-
coming original CB frequen-
cy; the second is a T0-meter
FM frequency; the third is a
new frequency in the six-me-
ter band. Note also that
these frequencies are in the
center of their respective
bands. The frequencies gen-
erated by our master fre
quency source that mixes
with the incoming signals is
also shown. Let's examine

how the master frequency is
determined.

If we examine Fig. 1, we
see that a 27 .185-MHz signal
is amplified by one or more
rf stages before it is mixed
with the master frequency.
During the mixing process,
the first i-f frequency is se-
lected. In our case, the first
i-f frequency is 10.695 MHz.
In almost every case, the re-
ceive-mixer circuitry selects
the difference frequency.
Our equation:

For 11-meter operation—
master frequency = incom-
ing frequency + first i-f fre-
quency = 27185 MHz +
10.695 MHz = 37.880 MHz.

For 10-meter operation—
master frequency = 29,600
MHz + 10695 MHz =
40.295 MHz.

For 6-meter operation—
master frequency = 52.525
MHz + 10.695 MHz =
63.220 MHz.

The equation in a differ-
ent form: master frequency
— incoming frequency =
first i-f frequency.

If your particular radio



uses a different i-f frequency
(10.7 MHz, 7.8 MHz, etc),
change the i-f frequency in
the formula and crank out
the new master frequency.
During the change to 10 FM,
the Hy-Gain's vco frequency
was increased about 2.5
MHz, an increase of approx-
imately 6%. This change is
not excessive. There is
enough adjustment range in
the circuitry to handle this
increase in frequency. Ex-
amining the percent change
from 11 to 6 meters, we find
that increasing the vco fre-
quency from 37.880 MHz to
63.220 MHz involves in-
creasing the frequency ap-
proximately 25 MHz. The
percent change in frequen-
cy is approximately 67%.
This is asking too much of
the circuitry. Without major
modification to the vco cir-
cuitry, it will not operate in
the 60-MHz region.

Any time two frequencies
are injected into a mixer,
many different frequencies
are produced in the output.
Of special importance are
the sum and the difference
frequencies. The tuned por-
tion of the mixer's output
will determine which of
these two frequencies is em-
phasized. As an example, us-
ing Fig. 1, 27.185 MHz and
37.880 MHz are injected in-
to the first mixer. The sum of
these two frequencies is
65.065 MHz. The difference
is 10.695 MHz, the frequen-
cy of interest. In our case,
the mixer selects the differ-
ence frequency. The reader
may verify the frequencies
used for 10-meter operation.
Note that in both 10- and
11-meter operation, the
master frequency is higher
than the incoming frequen-
cy; hence the term high-side
injection.

There is another frequen-
cy that will mix with the
37.880-MHz signal to pro-
duce the 10.695-MHz out-
put. In this case, a 48.575-
MHz signal mixed with the
37 880-MHz signal will also
produce the required
10.695-MHz it output. This
frequency is called the im-
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Fig. 1. Hy-Gain CB block diagram.

age frequency and will be
detected if allowed to enter
the mixer. Fortunately, the
designers incorporated the
proper circuitry beginning at
the antenna input and in the
rf amplifier stage(s) to reject
the image frequency. If you
desire, you can determine
that the image frequency on
10 meters falls within the
6-meter band.

The problem | had to
solve was on what frequen-
cy must the master frequen-
Cy source operate to receive
a 52525-MHz signal and
produce a 10.695-MHz out-
put. | rejected using the
63.220-MHz frequency as
described above. | elected
to run the master at 41.830
MHz. Again, the difference
frequency (52.525 MHz —
41.830 MHz) gives us the re-
quired output from the mix-
er. This mixing scheme is
called low-side injection be-
cause the frequency of the
master is lower than the in-
coming frequency. Using
41.830 MHz as the master
frequency will allow the re-
ceiver to also detect a
31.135-MHz signal (the im-
age frequency) if our tuned
circuitry at the input will al-
low it to pass. We will cure
any image frequency inter-
ference in this conversion.

The modification to 6 me-
ters of the Hy-Gain vco is ex-
actly like that required for
10-meter operation (refer to
Fig. 2). Only the 11.8066-
MHz crystal need be changed
and the vco retuned to oper-

ate properly in the 42-MHz
range. |I'll briefly describe its
operation and then recom-
mend a replacement for the
original crystal.

The 10.240-MHz oscilla-
tor is fed into pin 3 of the
PLLO2A chip. It is internally
divided by 1024 to give us a
reference frequency of 10
kHz. This means that our
channel spacing will also be
10 kHz. Notice also that the
10.240-MHz signal is sent to
the receiver section and
mixed with the 10.695MHz
+f, resulting in a second if
frequency of 455 kHz (10.695
— 10.240 = 455 kHz).

The vco frequency of
37 660 MHz (CB channel 1) is
fed to both the receiver and
transmitter sections of the
radio. Since we are dealing
with a PLL circuit, this fre-
quency must be fed back to
the PLLO2A chip and com-
pared with the reference fre-
quency (10 kHz) to see if any
change in frequency is need-
ed. Since the PLLO2A has an
upper limit (at pin 2) of ap-
proximately 3 MHz, some
method of mixing the signal
down to less than 3 MHz is
needed. This is the reason
why the 11.8066-MHz oscil-
lator/tripler is in the circuit.

In Fig. 2 we see the
11.8066-MHz frequency be-
ing tripled to 35.4198 MHz.
The tripling occurs within
the circuitry associated with
Q105. This frequency is
mixed with the 37 660-MHz
signal from the vco, and the
difference frequency of 2.24
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MHz is selected by the use
of the low-pass filter (C108,
L1071, etc.) A mixer buffer
(Q103) follows to ensure
that the PLLO2A does not
load the circuitry and gives
additional gain to the
2.24-MHz signal.

Assuming the vco is oper-
ating exactly on 37.660
MHz, a signal of 2.24 MHz
will appear on pin 2 of the
PLLO2A. If the programming
pins (7 through 15) on the
PLLO2A are set to divide by
224, a 10-kHz signal (2.24
MHz + 224 = 010 MHz)
will be generated. This is ex-
actly the same frequency as
the reference. The system is
said to be “phase-locked.” If
the vco tries to change fre-
quency or programming to
the PLLO2A changes, the fre-
quencies generated internal
to pins 2 and 3 will no longer
be identical. The PLLO2A
senses this and changes its
output voltage across the
varactor diode (D101) to
steer the vco to a condition
where again both signals in-
ternal to pins 2 and 3 are 10
kHz. For you that experi-
ment, | have found that by
changing crystals and retun-
ing the vco coil (T101), |
could lock the loop from
about 28 to 48 MHz. Not
bad for this little circuit!

| wanted the mid-band
frequency to be 52.525
MHz, one of the simplex
calling frequencies for 6 me-
ters. | knew the vco would
probably be capable of
maintaining lock over a
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Fig. 3. Hy-Gain receiver front end.

540-kHz range. Theretore, |
subtracted 270 kHz from
52.525 MHz to give a chan-
nel 1 frequency of 52.255
MHz (PLLO2A set to divide
by 224). The high end tre-
quency would be at least
52.795 MHz.

If channel 1 was to be
52255 MHz, my only prob-
lem was to decide what
crystal frequency was nec-
essary such that when it is
first tripled and then sub-
tracted from the vco fre-
quency, the difference
would be 2.24 MHz. Using
our low-side-injection
scheme, 52.255 MHz minus
the vco frequency should
equal the 10.695 if frequen-
cy. With scratch paper
handy, a quick calculation
gives us a channel one vco
frequency of 41.560 MHz. If
we now subtract 2.24 MHz
from 41.560 MHz, we will
have the oscillator frequen-
ey in tripled form. This sub-
traction yields 39.320 MHz.
Dividing this by 3 yields the
correct oscillator frequency
of 13.1066 MHz. If you use
another division scheme or
elect to cover a different
portion of the band, all num-
bers must change accord-
ingly. Any of the crystal
manufacturers can supply
you with the correct crystal
if you specify the make/
model of CB and the old/
new crystal frequencies.
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When the new crystal
(131066 MHz) arrives, In-
stall it in place of the
11.8066 crystal and begin
the vco alignment. Access
to a frequency counter and
a good oscilloscope are re-
quired for proper alignment.
| won’t detail the vco align-
ment procedure as this is
covered in the Photofact
and in many of the articles
appearing in 73. A few
words of caution may pre-
vent problems:

a) All oscillators must be
on frequency.

b) On some of the boards
there are two positions of
the vco coil slug that will
give you a 1.5-volt reading.
Only one is correct. |If
you've selected the wrong
one, the vco will not track as
the channels are advanced.
Other radios may exhibit
this same problem.

c) Ensure that the vco
does not change frequency
when the transmitter is
keyed.

d) Ensure that T111 is set
for maximum. Much of the
performance depends on it.

One last word on PLL cir-
cuits may aid those of you
who will convert a different
radio. It you follow the low-
side-injection scheme, you
will keep the vco operating
near the original design fre-
quency. This greatly simpli-
fies the conversion!
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Receiver Conversion

Once again referring to
Fig. 1, it is seen that once the
signal passes the first mixer,
we are into the i frequen-
cies. | might as well tell you
now that no modifications
are required beyond the in-
put to the first mixer! In sim-
ple language, once the de-
sired signal is into the first i-f
stage, the radio couldn’t tell
you if the original incoming
frequency were 27 MHz or
the new 52-MHz signal.

Fig. 3 shows the Hy-Gain
input circuitry from the an-
tenna through the first and
only rf amplifier stage (mi
nus a few parts). If you are
converting a different CB, it
will probably surprise you to
find your input circuitry
very similar to the one
shown. Disregard for now all
the components from the
antenna connector through
L109. We will work with
these later. Our concern will
be with C154 and the coil
which is the primary of
transformer T104. A grid-dip
meter will verify that this
combination is resonant in
the 11-meter band. There is
enough tuning range in the
primary coil to tune 10 me-
ters, but not enough to tune
6 meters. Changing C154
from 27 pF to 10 pF will let
this combination resonate in
the 52-MHz region.

Fig. 3 also indicates a
tuned-collector output
which is coupled into the
base of Q115, the first re-
ceive mixer. Since the ca-
pacitor is inside the can,
T105 must be removed and
the capacitor leads clipped.
There is no need to remove
the capacitor from its seat
inside the can. Just be sure
that the leads are trimmed
so they do not touch any-
thing. Be careful unsolder-
ing the can or you may dam-
age the foil trace. This is
good practice as this same
bit of surgery will be re
quired a time or two in the
transmitter section. Install
an 18pF capacitor across
the primary terminals on the
foil side of the board.

A basic tune-up can now
be accomplished using the
receiver alignment instruc-
tions supplied in the Photo-
fact. Don’t expect the re-
ceiver to be extremely sensi-
tive, as we have not yet cor-
rected the majority of the in-
put circuit. You will get
enough signal through to
satisfy yourself that the re-
cewver is now on 6 meters.
Don’t forget to use a mid-
band frequency for the
alignment.

The receiver conversion
for a different radio will
closely parallel this discus-
sion. A few tips may save
you some time and effort:

a) Performance-test the
CB prior to conversion. Re-
cord signal levels. Be sure
these levels exist after the
conversion.

b) You will have to grid-
dip the transformers to find
the correct value of capack
tance for resonance.

c) Examine the general
specifications for the tran-
sistors in the front end of the
receiver (Q114 and Q115
were questioned in this
case). Hy-Cain used two
transistors which have a
large bandwidth (F,) and
high current gain (hy.). If you
will look these up in a tran-
sistor manual, you will see
what | mean. Examining sev-
eral CB schematics did not
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reveal a problem here, but
it’s worth checking.

d) Any time you modify
the capacitor values in a
tuned circuit to change the
resonant frequency, the val-
ue of capacitance found is
only approximate. You may
need to change the value
slightly in the actual circuit.
This is due to the dynamic
loading effect when a circuit
is in operation.

Transmitter Conversion

Fig. 4 shows a block dia-
gram of the Hy-Gain trans-
mitter section. Also shown
are the vco frequencies for
both an original CB frequen-
cy and a new 6-meter fre-
quency. Since the vco is al-
ready on frequency, all that
remains is to modify the cir-
cuitry following the mixer.
In the case of the CB fre-
quency generated (26.965
MHz), the filter (L103, L104,
and T102) selects the differ-
ence frequency (37.660—
10.695=26.965 MHz). After
conversion, L103, L104, and
T102 will select the sum fre-
quency (41.560+10.695=
52.255 MHz).

Remove L103, L104, and
T102 one at a time. Remem-
ber which one goes where so
there is no confusion when
they are reinstalled. The fol-
lowing steps will allow these
cans to select the sum
frequency:

a) Remove C124 (100 pF).
Remove the small capacitor
internal to L103. Reinstall
L103 and solder a 33-pF ca-
pacitor across the same pins
the original capacitor was
across, on the bottom (foil
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side) of the board. Be sure to
keep the capacitor leads
very short. On this can you
may simply place the 33-
pF capacitor in the C124
location.

b) Perform step 1 to L104.
Install a 15-pF capacitor
across the proper terminals
on the foil side of the board.

c) Perform step 1 to T102.
Install a 15-pF capacitor as
in steps 1 and 2.

d) Remove C141 (68 pF).
Replace C141 with a 39-pF
capacitor. This is required to
enhance the impedance
match into the base of
Q111. Gnid-dipping the sec-
ondary of T102 shows the
secondary resonant in the
55-MHz region (with the
68-pF cap).

Next remove T103. If you
glance at the schematic, you
might wonder why. It would
appear that since resonating
capacitor C143 (100 pF) is ex-
ternal to the can, one might
just remove it and install a
25-pF cap in its place. This
will resonate the can in the
52-MHz region; however,
the transformer turns ratio is
now wrong. Examining the
primary and secondary
windings of T103 revealed a
6-turn primary and a 1-turn
secondary. | could have re-
wound T103, but | had no
wire that small. | used a
Va-inch coil form using an
8-turn primary and a 2-turn
secondary. Grid-dip the pri-
mary to find the amount of
capacitance needed to reso-
nate at 52.5 MHz in the mid-
dle of the coils tuning range.

C146 (470 pF) is removed
next. This enhances the im-

pedance match at the base
of Q112. Now we are ready
to modify the driver and fi-
nal circuitry.

Perform the following
steps:

a) Remove R203 (560-
Ohm resistor).

b) Remove C149 (220 pF).

c) Remove L106.

d) Remove C153 (82 pF).

e) Install a 68 pF capaci-
tor in place of C149 that you
have just removed.

f) Examine L106. We must
lower its inductance by re-
moving 2 turns. It looks fac-
tory formed, and it is. Locate
the low side of the coil. Us-
ing a sharp carpet knife or
similar instrument, you can
cut the wire leg loose. The
wire can then be unwound.
Remove 2 turns and form a
new leg for the coil. As a
guide, the reactance of the
coil should be 25 Ohms at
52.5 MHz.

g) Remove C151 (100 pF)
and install a 220-pF cap in its
place.

h) Remove L109. Remove
enough turns to give 33
Ohms of reactance at 525
MHz. Its inductance should
be 1 uH.

i) Remove R132 (47k
Ohms) and C152. Replace
C152 with a 150-pF cap. Re-
place R132 with a 22-pF cap.

i) Remove L110. Remove
2 turns. It should now have
1 uH inductance. Reinstall
L110.

k) Remove C602 on the
foil side of the board (if in-
stalled). It's attached be-
tween board ground and the
antenna side of L110. Re-
place it with a 25-pF cap.

I) Additional filtering is
needed to doubly ensure a
clean output. A pi-filter will
now be installed going from
point 5A on the circuit
board to the antenna termi-
nal. Install an airwound coil
similar in size to L116 be-
tween the board’s output
(5A) and the center of the an-
tenna connector. | used an
extra L116 off a broken Hy-
Gain board and removed all
but 3 turns. If you fabricate
your own coil, the induc-
tance should still be .1 uH.
Install two 25-pF caps. One
should be installed from the
center of the antenna con-
nector to chassis ground.
The second cap should be
installed from either point
5A or 5B to chassis ground.

m) We are now almost
finished. Remove Q112 and
replace it with Q113. Obtain
a 25C1307 transistor to use
in the final. The original
Q112 (25C1760) does not
have enough gain in the
50-MHz range. If you are
converting a different CB,
be sure to check the perfor-
mance of the transistors. Af-
ter completing the above
steps, your circuit should
look like Fig. 5. Notice | did
not show R129, L105, L116,
L7108, etc. These remain
unchanged!

You can now perform the
alignment of the transmitter
using the steps listed in the
Photofact. As other authors
have said, the alignment of

L7103, L104, and T102 is
critical!

By using single-pole, sin-
gle-throw switches to pro-
gram pins 1 through 15 of
the PLLO2A, you can expect
at least 1-MHz band cover-
age. My conversion gave me
about 1.1 MHz, but the rec-
ommended voltages were
not followed at the edges of
the band. The vco, however,
remained very stable over a
voltage range of 9 to 45
volts. Average transmitter
output averaged 3 Watts
across the band, and its out-
put is very clean.

The standard FM tech-
niques can now be applied
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exactly like the conversions
to 10 meters.

Several improvements can
be added to enhance the ca-
pability of your conversion:

a) The standard bells and
whistles that have been used
with the 10-meter conver-
sions (Delta-tune, scan, fre-
quency programming, wide
audio filter, etc.).

b) Repeater offset may
deserve some special men-
tion. | have discovered that
by switching transmit off-
set crystals, | could achieve
up to 400-kHz offset with-
out problems. If you elect
to install the oftset, please
note that a 400-kHz split is
not possible across the en-
tire band. If vou exceed the
frequency limits on trans-
mit or receive, the vco will
lose lock.

| think you will find that
many other used CBs oper-
ate using this same scheme.
Many are practically iden-
tical! | hope this article
heats up some soldering
irons and sharpens a few

pencils. | am sure the circuit-
ry presented here can be
improved.

For those of you interest-
ed in converting an SSB CB,
| recommend staying away
from those radios whose vco
operates in the 19-MHz
range. They can be modi-
fied, but the conversion is
much more difficult. Select
one that operates in the
38-MHz range and utilizes a
fairly high first i-f. If you do
this, you can be reasonably
sure it will convert. As a bo-
nus, the SSB generating cir-
cuitry prior to the transmit
mixer will require no
modification.

Completing this project
confirmed my belief that 50
MHz is possible tfrom a CB. |
will be happy to answer any
questions concerning this
conversion if you will send
an SASE. I'll send my recom-
mendations on any other CB
conversion to 6 meters it
you will send me a copy of
the schematic. Let’s use our
six-meter band!'
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HY-GAIN IMI0T, P.S. vvveeeensesessns $229.50 234 Processor ............. 69.50
ALLIANCE KLM HYGAIN YAESU £3¢ 0
AMERTRON  nEnPRO BBRIR0 RopHbae oo gxsess caser $399.00 FT77 HD. wmonerserersess 14000
AVANTI m 1ICOM PRIS) Al i iiatesavivees 10050
m "FJ ?El It"r ------------------- 59?9-5‘“ Ffml mr C'H.. MM ccasssvanne E!‘giﬂ
BAW MIRAGE 780 XCVF cieevesecsssnsanas 549.50 FTIO7M/OMS/FPIOTE ++vv-vee. 589.50
BENCHER NYE VIKING T‘I-'ﬂ. Internal P.5: sesvsenes ﬁ‘l'ﬂ.ﬁﬂ' FTI0IZE BRIl seevcnccssonans 525:““
I mmm mnlﬂmum F’52ﬂ L T T B ] R e e E e IES-BH FTI“I EE' w W W E R R R EEE R 355’!5“
COILCO SHURE 402 432MHZ (Oscar) ......... 199.50 FT10] EX, Fan, DC .....0.... 389.50
mum‘rm T‘EH_TEG EA-T 2M H-Tq o E e e e e s e s e s e IEE.W F'”ﬂ‘l AREAR R B RS R ERABREEE S 235150
CUSHCRAFT  UNADILLA 551, vOX, PBT, FM ..... c+xs. h25.00 FT301D, FP301 ...... diaaaase  H05.00
mwl vm ?*5 sEsraraEE sEEEESEEEE S E!ﬂ.su FT:“?* H--T- dssmaEsBEAREEEEEEE lﬂ-m
ENCOMM WELZ KANTRONICS FT22) Al]l Mode .....cnssssss 269.50
FLItﬂ' ”I'fllf TEYEE TR R R N IIB-H
HAL YAESU The Interface ..... deanpesasort SLRD Py
HUSTLER Various Used Software ...... CALL >
KENWOOD DIAWA 100) AULOLUNETr ....s:. 3225.50
PRICES AND AVAILABILITY TRBR08 1.0 0neen buoissinsns i $628.50 Tempo One, P.S. .....cvveee. 199.50
SUBJECT TO CHANGE Esﬁﬂﬁui;”“ ----------- “gg-oig Send SASE for our new & used eqlipment list,
lFREchT FOB EVANSVILLE SH220 Scope W/BS-5 ......... 299.50 MOREIIS SNy = Pt s ar
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