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A continuous tone o/)(!mted relaJ fo r th e repeater or remote

A continuous tone sq uelch or relay is
used in a repeater or remote base

system where it is desirab le to restrict usc of
the ma chine to only certain individuals, o r
to select one repeater if there is more than
one sy ste m sharing the same cha nnel s. Co m
me rcial na mes for this syste m include Private
Line, Qu iet Chan nel, and Channel Guard .
This is accomp lished by transmitting a low
freq uency, low devia tion, cont inuous tone
along with the carrie r and ot her modulation
of the accessing tran smi tt er. Only tran smit
ters with the proper tone will act ivate the
tone operated relay in the repeater.

Single tone or " bee p tone" is also used
for this purpose, and this decoder can also
be used as a single tone decoder. Ho wever ,
single tone is an inferior system since it
crea tes a n an noying audib le tone . Also it
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defeats the purpose of tone access when an
und esirable carrier can hold the repeater on,
and anyone can access it by simply whist
ling.

The continuous tone system is usually
inaudible , and cannot be activated by a
whist le .

The System

This art icle de scribes a cont inuous tone
squelc h decoder-encoder system that is
completely so lid state with no expensive,
unreliable mechanical reeds. The decoder is
relatively easy to build , featuring a Signetics
phase locked loop decoder integrated circuit.
The decoder can operate consistently wit h a
tone that is as much as 6 dB below the
wid eba nd noise level. The detec tion fre
quency and ban dwidth are adjustable by
exte rna l compone nt selection. In this case
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Fig. 1. Decoder schematic.

th e bandwidth was set relat ively wide to
allow for frequen cy instability on the en
coder. This a llows the simplest po ssible
encoder circuit to be used. This is a good
considera tion in a large group of repeater
users where some members may not ha ve the
desire to buy or build an expensive , com pli
ca ted encoder. The encoder uses a simp le
phase shift oscillator circuit.

Figure I shows th e schema tic of the
decoder. The signal mu st be taken directly
fro m the discriminator of th e receiver. The
low pass fil ter removes most of the h igher
frequency signal components th at may be at
a higher level than the tone signa l. The filt er
prevents strong o ut of band signals from
desensitizing the decoder. The emitter fol
lower provides a high imped ance inp ut to
minimize lo ading effec ts on th e discrimina
tor. An amp li f ier is necessary to bring the
signal up to the proper level for the de coder.

Although the decoder ha s more than fifty
transist ors in its integrated circuit. only a
few ex ternal componen ts are necessary to
set the desired operat ing cond itions. The
detection frequ en cy is: fo v I /RICI. From
th e values shown in Fig. I : fo = 1/(20 X

103 )(.47 X 10'6) = 107 Hz. In actual on the
air tes ts with an audio oscilla to r and fre
quency counte r, a cente r frequency of 110
Hz was measured . R I and C I can be varied
to se lec t the de sired frequency, but Rl
should be kept between 2000 and 20,000n
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Fig. 2. Encoder schemat ic.
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for best stabilit y. The 15,uF capacito r affects
the bandwidth, which was set at about 10%.
Test s aga in show a frequency response fro m
105 - I 15 Hz. A smaller value capacitor
would narrow the bandwidth . The 35 ,u F
capaci to r and th e 100 K resist or circ uit
affect bandwid th, sensitivit y , and help pre
vent cha tte r. In forma tion on this was ob
ta ined fro m Signetics application notes, and
fin al values were obta ined experime n tally.

The outp ut of the decoder can sink up to
100 rnA , so it is used to driv e a relay
directly. Nine volts is used to power th e
decoder and preceeding tran sist ors, but 12
volts is used as a voltage source for the relay .
The out p ut of the decoder on pin 8 of the
integrated circuit can operat e to as h igh a
voltage as 15 volts without damage, but the
rest of the IC must be held to less th an 10
volts.

The circuit of the encoder is shown in
Fig. 2. The circuit sh ows a phase shift
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oscilla to r followed by an emitter follo wer.
The 20K variable resisto r sets the desired
freq uency of oscillation.

Construction

Since suc h lo w frequen cies were involved,
parts layout was not crit ical. The decoder
wa s built o n a piece of Vectorbourd and
mo unted inside a small LMB chassis box.
The in tegra ted circui t and application notes
were obtained from Solid Sta te Systems,
Inc . Capacitors sma ller th an 0 .1 pF can be
disc ceramic, but capacito rs in frequency
determin ing circuits should be of as high a
quality as possib le . Mylar capac itors were
used in this case. The capacitors marked
with polarity were elect rolytic.

If the encode r oscillator is pu t near a
stro ng rf field it may no t oscillate. This can
be cured by bypassing the power leads with
a .0 I p F capacitor, or shielding the enti re
circuit if necessary.

2N 34 1S's were used for the two transis
tors in the decoder and fo r the emitte r
follower in the encode r. A 2N29 24 was used
in the oscilla tor circuit.

Operation

The in put of the filte r circui t in the
decoder unit is connected to the dis
criminato r of the receiver. This circuit has
been used with RCA CMU 15 and Mot orola
T44 receivers, and should work as well with
other simila r receivers that have enough
discrimina tor signal .

The encode r in the transmitte r should be
connec ted as directly as possible to the
phase modulato r. It is usually connec ted to
the devia tion control.

To adjust the levels, the tone deviation of
the transmitter should be set to sao Hz, and
the combined tone and voice deviat ion
should be set to a maximum of S kHz. Triple
these numbers fo r a 4S0 wideband system ,
rem em bering to keep the combined deviation
be low maximu m limits, since the tone and
voice signals ad d on peaks.

With the tran smitter deviation set prop
erly , and a comb ined voice and tone signal
coming from the receiver, increase th e level
control unti l the relay holds in without
dro pping ou t on voice peaks. If the level is
advanced to o far, the decoder may give false
outputs from the filte red noise sent to it.
Setting levels may take considerab le trial and
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error if proper test equip me nt is not avai l
able . In any case . the object ive is to set the
transmi tter to ne deviation as low as possi ble
wit hout havi ng voice peaks false the decoder
off, and to have the decoder as sensit ive as
possible without giving false outpu ts on
noise.

After th e syste m is operating, it shou ld be
imp ossible to hear the tone in a receiver
listening to the repea ter. If a buzzing sound
is detected on a signal, it is usually the result
of dis tort ion in the t ransmitter aud io, caus
ing audible harmonics. If the tone is ap plied
to the microphone jack of th e transmitter.
the tone will probably be audib le since the
tone level must be increased in proportion to
the voice signa ls. This is becau se the fre 
quen cy response of most transmitters is
limited belo w 300 Hz. Also, if the tone
signal received at the decoder is very d is
torted . the level may have to be increased to
hold in the relay .

At different times th e relay may pull in
almost instantly or may take as long as a few
tenths of a second to activate. This de pends
upo n the phase relationsh ip between the
signal from the encoder and the signal of the
inte rna l oscillator in the decoder integrated
circuit. T his effec t is unpredictable .

The decoder should make a good single
tone decoder also. This might be done by
eliminating the low pass filter from the
in put, and cha nging R I and C ! to different
values fo r the desired frequency. The two
electrolyt ic capacitors should be changed
from I S and 3S p F to 2 and S pF respective
Iy. It would be necessary to provide o utput
latching for the circuit. and unlatching by
the COR.

Conclusion

This project only took a few days to
make operational, and has been operating
reliably fo r about fou r months now. The
integra ted circuit was th e most expensive
item , and it only cost a few dollars. Inte
gra ted circu it prices have been getting lower
every month . Construc tion of the encode r is
a simp le task , and wou ld ma ke an ideal club
projec t. When co mpared to the price of a
tone reed that may have to be replaced in a
few years. the solid state system is a real
bargain to protec t the inpu t of your system.
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