


Actual PLL Circuit. Shown in Fig. 1 
is an actual circuit commonly used in 
many CB transceivers. The one shown 
here appears in the Boman Model CB-
930 transceiver. The total system, in
cluding delta-tune and transmit-stop 
circuits, is composed of fiv:e transistors 
and three integrated circuits. The small 
boxes in Fig. 1 are used to i~dicate inter
connections to other circuits within the 
overall system. 

Divider /C/ can be programmed to 
divide the input frequency present at pin 
2 by a divisor selected via CHANNEL 

SELECTOR switch Sf This switch pro
vides either 5.36 volts (logic I) or zero 
volts (logic 0) to programming pins 9 
through 15 of /C I. · 

Each programming pin has a 
"weight" (value) that increases in bina
ry fashion (each number is twice the 
previous one) as the pin numbers go 
down. For example, pin 15 is weighted 
I, pin 14 is 2, pin 13 is. 4, etc~, proceed
ing down to pin 7 weighted 256. Since 
pin 7 is permanently connected to 5.45 
volts, it is always a I hence 256 must be 
added to the divisor. Pin 8 (which should 
be 128) is permanently connected to 
ground, hence it has no weight and can 
be disregarded. 

. As shown in Table I, the truth table 
for the /C/ programming pins, each 
channel has a unique array of I 's and 
O's. In the case of channel I, pins 9, 12 
and 14 are selected high (I). Therefm:e, 
the divisor is 256 (pin 7) + 64 (pin 9) + 
8 (pin 12) + 2 (pin 14) which equals 
330, the divisor for channel I. 

Also contained in /C/ is a phase com
parator and a constant divider_, the latter 
dividing the input at pin 3 by I 024. Both 
inputs of the phase comparator are fed 
with separate I 0-kHz signals and the 
comparator's output frequency is deter
mined by the relative frequency or phase 
differences between the two input sig
nals. This output is then filtered to ob
tain a steady de-level "error" signal that 
is used to control a voltage-controlled 
oscillator (vco). 

Yeo and Mixer. Contained in IC2 are 
a vco and a mixer. When two di-fferent 
frequencies are fed to pins 2 and 4, their 
sum and difference appear at pins 6 and 
9, respectively. 0 

The heart of the vco is Varactor diode 
Dl, whose capacitance varies with 
changes in bias voltage. The oscillator in 
IC2 is controlled by the external compo
nents connected to pin I. The LC net
work that parallels Dl also has an effect 
on the nominal ·17-MHz operating fre-
quency of the vco. · 

Although IC2 and IC3 are identical, 
the oscillator in IC3 is crystal co'iltrolled 
at 10.695 MHz. The outputs from pin 6 
of IC2 and the 10.695-MHz oscillator 
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go to IC3's mixer. Their difference ap-
pears at pin 9 of IC3. . 

The basic reference frequency is gen
erated by oscillator QI, which operates 
at 10.240 MHz. The secondary of Tl is 
tuned _to the 20.480-MHz second har
monic of the oscillator signal. 

Detailed Analysis. Let us use chan
nel I (throughoutthis article) to analyze 
system 0 operation. Refer to both Fig. 1 
and Table I. Since pin 7 (not listed) is 
always high, its weight of 256 must be 
added to the final tally to obtain the 
divisor on all channels. 

Also shown in· the chart is the divider 
input at TP_3 (3 .300 MHz for channel!) 
and the receiver and transmitter outputs 
at TP4. 

The 3.300-MHz signal is obtained as 
follows. The IC2 mixer is fed a 20.480-
MHz signal from Tl and another signal 
from the vco. The latter goes to the mix
er at pin 2. The 20.480-MHz signal goes 
into the mixer via pin 4: The sum and 
difference of the two signals appear at 
pins 6 and 9, respectively, of IC2. · 

Calculate the vco frequency as fol
lows. From Table I, the IC2 sum output 
frequency is 37.660 MHz. Since the vco 
frequency is mixed with 20.480 MHz to 
obtain 37.660 MHz, Fvco = · 37.660 
MHz - 20.480 MHz ~ 17.180 MHz. 
The difference of the vco frequency and 
20.480 MHz is 3.300 MHz, )\'hich is 
present at pin 9 of IC2 and pin 2 of ICI. 
The programmable divider then divides 
the input by 330 to yield 10 kHz. This 
I 0-kHz signal is fed, within /C/, to one 
of the inputs to the phase comparator. 

The oth-er 10-kHz signal Used for the 
reference is derived as foilows. A 
10.240-MHz signal from the emitter of 
QI is amplffied by Q2 and fed to pin 3 of 
ICI, where it is divided by 1024. This 
yields the 10-kHz reference signal re
quired for the reference input to the 
phase comparator. 

The comparator constantly compares 
the phases of the two .10-kHz signals fed 
to it, and its output varies with the dif
ferences. Since the reference oscillator is 
crystal controlled, its output is very sta
ble. The frequency of the signal from the 
vco, on the other hand, is likely to drift. 
Any drift is interpreted by the compara
tor as'a phase change, which results ·in 
an error voltage at pin 5 of ICI. 
· Th.e error voltage is fed to Dl, where 
it changes the bias (hence, capacitance) 
and, in turn, changes the vco frequency. 
The vco "hunts" for the correct frequen
cy. When it finds it, · the error voltage 
stabilizes to keep the voltage-controlled 
oscillator on frequency. 

In the receive mode, the 37.660-MHz 
signal from pin 6 of1C2 goes to the first 
r-f mixer, where it combines with the 
26.965-MHz channd-1 signal to yield 

10.695 MHz. This is the first i-f. In the 
second r-f mixer, the 10.695-MHz i-f 
combines with 10.240 MHz (from the 
reference oscillator) to yield the second 
i-f 455-kHz signql. 

On transmit, the 37.660-MHz signal 
from pin 6 of IC2 goes to pin 4 of trans
mit-oscillator /mixer /C3. The other 
mixer input at pin 2 is fed the 10.695-
MHz oscillator ' signal. When 37.660 
and I 0.695 MHz are mixed, the result is 
26.965 MHz. This is the channel-! fre
quency, which is then fed to the follow
ing transmitter stages. 

Delta Tune &. Transmit-Stop. With 
delta TUNE switch S2 set to 0, QJ7 con
ducts and grounds one end- of C/32, 
which is part of the frequency-determin
ing circuit. This removes C/31 from the 
circuit. When S2 is set to -, Q/7 cuts 
off and Q/6 condl!cts. Capacitor C/31 is 
now in and C/32 is out of the circuit. 
The iarger capacitance of C I 31 lowers 
the frequency and makes it possible for 
stations off-frequency to the low side to 
come in better 0 • 

The delta-tune circuit is designed so 
that when the transmitter is keyed on, 
Q/7 is forward biased. With S2 set to -
and the MODE switch set to RECEIVE, 

Q/6 conducts. Supply point 8 has 7.88 
volts applied to it on transmit and 0 volt 
on receive. Similarly, point 9 is "live" 
only on transmit: So, when the transmit
ter is keyed, forward bias on Q16 is 
removed because point 8 is dead. Simul
taneously, point 9 is "hot" and Q/7 con
ducts, returning the oscillator to the 
proper frequency. 

When S2 is set to +, both Q/6 and 
Q/7 are cut off and remove C/3! and 
C/32 from the circuit. A decrease in cir
cuit capacitance and an increase in os
cillator frequency result. 

The purpose of the transmit-stop cir
cuit is to !<ill the transmitter if the PLL 
system should go out of lock to prevent 
off-frequency transmission. When an 
out-of-lock condition occurs, pin 6 of 
ICI goes low and forward biases D22 
and kills forward bias on Q22. Since for
ward bias to Q3 is ·supplied through 
Q22, if the latter cuts off, forward bias 
on Q3 is killed. This . shuts down the 
transmitter until lock is restored to the 
PLL system. 

Getting Acquainted. To properly 
troubleshoot a PLL system, you should 
get to know all its nuances through ac
tual hands-on experience. Begin by 
monitoring the de "command" voltage 
that keeps the vco on track at pin 5 of 
/ C I . The actual measurement here is 
about 3.7 volts on ,channel 1. The read
ing will steadily decrease as you switch 
up-channel, uritil it is about 1.9 volts on 
channel40. 
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An exception to the foregoing is that 
there will be an increase in voltage as 
you go from channel 23 to channel 24 
because the latter is actually lower in 
frequency. (See last column in Table I) 
When I 7 new channels were added to 
the existing 23, channels 24 and 25 were 
sandwiched between channels 22 and 
23. This is less confusing than it would 
have been if a new frequency had been 
assigned to channel 23 just to maintain 
consecutive order for the 40 channels 
that now make up the band. 

You can determine what occurs at pin 
6 of IC2 if one input to the comparator 
is missing by temporarily connecting a 
0 .05-,uF capacitor from pin 3 of /CJ to 
ground. This kills the reference signal 
here and places about 5.5 volts on pin 5 
of ICJ. Connecting the capacitor from 
pin 2 of IC2 to ground cuts off the other 
input to the comparator. Again, 5.5 volts 
appears at pin 5 of ICJ. With either 

t 
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input m1ssmg, the voltage on pin 5 of 
ICJ will remain at 5.5 volts as you tune 
through the channels. This can be an 
important clue to troubleshooting a PLL 
system. 

Repeat the experiment while monitor
ing the potential at pin 6 of ICJ. When 
the reference signal disappears, the po
tential on pin 6 drops to about o.3 volt, 
reverse biasing Q22 and killing trans
mitter output. Interrupting the signal at 
pin 2 of IC2 causes the monitored poten
tial to drop to practically 0, again trig
gering the transmit-stop circuit. 

Substitute the output of a variable
frequency signal generator in the PLL 
system when you suspect vco failure as 
follows. Disconnect pin 2 of IC2 to simu
late a missing vco signal at mixer-input 
pin 2. The vco frequency on chaimel 1 is 
37.660 MHz - 20.480 MHz = 17.180 
MHz. Using a frequ~;:ncy counter, tune 
the generator to I 7.180 MHz and set it 

for about a I 00-m V outp~t. Feed a sig
nal from a CB generator to the input of 
the receiver so that you know when the 
PLL begins operating. 

When the 17.180-MHz output of the 
signal generator is fed to pin 2 of IC2, 
the signal from the CB generator should 
come through loud and clear, indicating 
that the PLL is working. When the 
transmitter is keye~, there may be no 
output at first. Then there may be a 
brief output that comes aqd goes as if 
the PLL is attempting unsuccessfully to 
lock. Confirm this by monitoring the 
lock voltage at pin 6 of ICJ, where there 
should be regular fluctuation. Whenever 
the voltage at pin 6 rises to a level suffi
cient to reverse bias D22, there will be 
an output from the transmitter. This 
output will not remain since the PLL 
cannot lock because it does not have the 
control over the signal generator it has 
over the vco. 

TO lsi RF MIXER 

... 

Fig: 1. The PLL circuit used in the Boman CB-930 transceiver. 
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Due to instrument loading effects, 
very few frequency-counter readings are 
possible around the PLL. When the test 
probe is touched to pins 1, 2, 4, and 6 of 
/C2 , PLL operation will cease. The 
3.300-MHz mixer output at pin 9 is the 
only frequency you will be able to meas
ure on IC2 (on channel 1) . However, 
you can measure 10.240 MHz at the 
emitters of QJ and Q2 and at pin 3 of 
ICI. You can also measure 3.300 MHz 
on pin 2 of ICI . On iCJ, you can meas
ure the signal frequency at pin 9 with 
the transmitter keyed , but the transmit
ter 's output will cease every time the 
probe tip is touched to pin 9. If you use a 
frequency counter with a top end of 50 
megahertz or greater, you can even 
measure 37 .660 megahertz at TP4 
(point 73 in Fig. I) . 

If any frequency obtained by mixing 
two other frequencies can be measured, 
the two mix frequencies ·must be pres
ent. For example, if you cannot measure 
the /C2 vco signal nor the 20.480-MHz 
signal but are able to measure 3.300 
MHz on pin 9, you automatically know 
the other two signals must be _present. 

Troubleshooting Examples. Many 
conditions can· render . a ·· pLL system 
inoperative. Suppose, for example, that 
the reference oscillator stops · working. 
W ithout a reference, the PLL would not 
operate and the voltage on pin 5 of ICI 
would be high and would not vary when 
switching through the channels. This is 
a clue that one of the inputs to the phase 
comparator is missing. Also the voltage 
on pin 6 of ICI would be near 0, another 

TABLE I....,.TRUTH TABLE FOR ICI PROGRAMMING PINS 

Chan. 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
:f1 
~2 
33 
34 
35 
36 
37 
38 
39 

IC1 
Program Div!der 

Pins 
(64) (32) (16) (8) (4) 

9 10 11 12 13 

1 

Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 0 

1 

l 
1 
1 
0 
0 
0 
0 
0 

1 0 
1 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 

1 
0 
0 
0 

1 
0 
0 
0 

0 
0 
0 
0 

1 
0 
0 
0 
0 

*Out of sequence-see text. 
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(2) 
14 

Divider 
Input 

(1) in MH~ at 
15 TP3 

0 3.300 
1 3.290 
0 3.2Bo 
0 3.260 

3.2q0 
0 3.240 

3 • .230 
1 3 .210 
0 3 .200 

1 1 3.190 
1 0 3:160 
p 0 3.160 
1 1 3.150 
1 0 3.140 
0 1 3.130 
1 1 3.110 
1 0 3 .100 
0 1 3 .090 
0 0 3.080 
1 0 3.060 
0 1 3.050 
0 0 3.040 
0 3.010 
1 1 3.030 
1 0 3 .020 
0 0 3.000 

1 2 .990 
1 0 2.980 
0 1 2 .970 
0 0 2,960 
1 1 2 .950 
1 0 2 .940 
0 1 2 .930 
0 0 2 .920 

1 2 .910 
0 2.900 
1 2;890 
0 2.880 

2.870 
0 2.860 

Rec~ ·& Xmt. 
Synthesizer 
Output . 
in MHz at Channel 
TP4 frequency 

37.660 
37.670 
37.680 
37.700 
37 .710 
37.720 
37.730 
37.750 
37.760 
37.770 
37.780 
37.800 
37.810 
37.820 
37.830 
37.850 
37.860 
37.870 
37 .880 
37.900 
37.910 
37.920 
37.950 
37.930 
37.940 
37.960 
37.970 
31'.980 
37 .990 
38.000 
38.010 
38.020 
38.030 
38.040 
38.050 
38.060 
38.070 
38.080 
38.090 
38.100 

26.965 
26,9'75 
26.985 
27.005 
27.015 
27.025 
27.035 
27.055 
27.065 
27 .075 
27.085 
27.105 
27.115 
27.125 
27.135 
27.155 
27.165 
27.175 
27.185 
27.205 
27.2 15 
27.225 
27.255 
27.235* 
27.245* 
27.265 
27.2'{5 
27.285 
27.295 
27.305 
27.~15 
27.325 
27.335 
27.345 
27.355 
27.365 
27.375 
27 .385 
27.395 
27.405 

clue that one of the comparator's inputs 
is missing. 

First, check for a 10.240-MHz signal 
at pin 3 of ICI. Finding nothing here, go 
directly to the oscillator. Check for the 
presence of r-f at the emitter of QJ ; no 
r-f here pinpoints the trouble. 

A missing vco signal will also cause 
one of the comparator's inputs to be ab
sent. If the 1024 divider or the program
mable divider is not working properly, it 
can cause one comparator· input to be 
missing . A malfunctioning mixer in IC2 
can also cause a comparator input to be 
missing. 

Now, suppose the PLL is dead. About 
5.5 volts is on pin 5 of /CJ and there is 
no output at pin 9 of /C2, but the refer
ence oscillator is working . You must de
termine if the voltage at pin 5 of ICI is 
high because the vco stopped working or 
the vco stoppeo working because the 
voltage is so high as a result of some 
defect in ICI . 

To determine where the fault lies, 
tune to channel I and feed a 3.300-MHz 
signal to the iriput of ICJ via pin 2. 
Assuming ICI is working properly, 
there should be near 0 volt on pin 6 until 
the correct frequency is applied to pin 2, 
at which time, the voltage should rise 
and fall as the PLL tries to lock. Moni
tor the voltage at pin 5 as you vary the 
frequency above and below 3.300 MHz. 
There should be a voltage below but 
none above 3.300 MHz. These results 
are a good indication that /C/ is okay. 

Suspicion is now on the vco or mixer 
in IC2. Generator substitution for the 
vco output is called for. Remove all con
nections from pin 2 of /C2 by cutting 
through the foi'l trace on the pc board. 
Feed a 17 .180-MHz (on channel1) sig
nal through a coupling capacitor to pin 
2. Have a modulated signal feeding the 
input of the receiver so you know when 
and if the PLL starts to work. If it does, 
the problem is in the vco . 

.To determine if the trouble is within 
/C2 or in the external circuitry, measure 
the voltages on the IC pins . If this fails 
to produce results, you may have to sub
stitute another IC and / or check all ex
ternal compon~nts . 

Summing Up, The material pre
sented here is the result of actual tests 
and measurements on a commonly used 
PLL system. Using the material pre
sented here as a guide, you should be 
able to troubleshoot virtually any CB 
PLL system you encounter. Note, how
ever, that FCC regulations require any
one repairing or adjusting the frequen
cy-determining sections of a CB trans
ceiver to have a First-Class Commercial 
license. However, a radio amateur who 
is modifying a CB PLL rig for I 0-meter 
operation· need not have the license. 0 
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