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his circuit provides jitter-free clock
pulses by locking onto a readily
available external reference signal
source. Although it was designed primarily to provide clock pulses for Amateur
Radio spread-spectrum transmissions,
this circuit can also be used as a stable
reference for frequency-calibration
purposes.
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Introduction
To recover data from spread-spectrum
transmissions, it is necessary to reintroduce, at the receiver end, locally generated signals locked in frequency and
phase to the clock used in the original
transmissions. At carrier frequencies of
up to 50 MHz, the extraction of clock
pulses from direct-sequence (DS) spreadspectrum transmissions can be achieved
fairly easily, using readily available ICs.'
The 1986 FCC decision to relegate
Amateur Radio spread-spectrum transmissions to frequencies above 400 MHz,
however, singularly complicated the
design and realization of this type of
eq~ipment.~
Although it will be eventually possible to find a way to extract the
clock signal at those frequencies, it is a
major stumbling block to the development
of uncomplicated amateur spreadspectrum equipment.
Another way to obtain a clock is to use
an external reference signal readily available at both the transmitting and the
receiving sites3 Since our amateur
transmissions must take place at UHF,
communications will usually occur when
the two parties are within a fairly short
distance of each other. Locally available
reference signals are generated by TV,
FM and AM radio stations. I have already
explored the recovery of such signals,
and have demonstrated the possibility of
using vertical synchronization signals
from local TV stations to generate reliable
clock pulses for slow frequency-hopping
spread-spectrum experiment^.^
DS spread-spectrumon the other hand,
requires that clock signals be in the
~,~
DS, the clock
megahertz r e g i ~ n . In
'Notes appear on page 9.

drives a pseudorandom generator, which
is modulo-2 added to the carrier, to vary
the phase of the UHF carrier by 180
degrees. The carrier is cancelled and
replaced by the familiar [sin ~1x12
spectrum (Fig 1). The ratio of FcIFk,
where F, is the RF carrier frequency (in
our case F, > 400 MHz), and Fk is the
clock, is important. If Fk is low, the ratio
is too high, and spreading of the signal
does not take place. If Fk is too high, the
RF signal is spread over too wide a bandwidth, and the spectrum used exceeds
the limits of our amateur bands. In
practice, for F, = 440 MHz, an Fk between 500 kHz and 2 MHz appears
reasonable. (In Fig 1, F, = 146 MHz and
Fk = 1 MHz. Nulls are clearly visible at
F, + Fk, 2Fk, and so on, ie, 144, 145,
147, and 148 MHz. This experiment was
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Fig 1-Spectrum-analyzer frequencydomain dis~lavof a direct-seauence
spread-spektr;m signal. F,,,,,,,
= 146
MHz and Fclock= 1 MHz.
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conducted in a test load, and at power
levels lower than 0 dBm.)
Problems
There are many ways to generate clock
signals. You could lock onto a TV
station's video AM carrier, and divide
down to obtain the required clock. The
division process, however, introduces an
ambiguity that has to be resolved at the
receiving end, thus further complicating
receiver design.
You can also extract horizontal TV sync
pulses (at 15,750 Hz) and multiply that
signal by 100 for a clock at 1.575 MHz.
The problem here is that the multiplication process (using, for example, a
4046 phase-locked loop oscillating at
1.575 MHz and two cascaded 4017
divide-by-ten stages between the oscillator and the phase comparator) also
multiplies the original jitter by loo! Some
jitter is always present on the H sync
pulse, and a jitter of 10 ns (10 ns =
0.01 ps), perfectly negligible at 15 kHz,
becomes 1 ps at 1.5 MHz. This is clearly
an unacceptable solution since the period
of a 1.5-MHz signal is only 0.66 ss!
I followed a similar approach using the
19-kHz stereo subcarrier available from
all FM stereo stations. Here again, jitter
(principally because of incidental amplitude modulation and lack of operatingpoint stability in simple zero-crossing
detectors) does not allow for a reasonably
stable signal once the 19-kHz signal is
multiplied by 100 to yield a 1.9-MHz clock.
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Fig 2-The circuit used to extract stable clock signals from AM broadcast
carriers is made up of three parts. The first part consists of a ferrite loop and
amplifier that processes the incoming AM signal. The synchronized oscillator
locks onto the incoming carrier to produce a jitter-free output. Then, the pulse
conditioner converts that signal into a clock pulse with an adjustable phase
delay.
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