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In minimum-shift-keying (MSK) sig-
naling, two frequencies that differ by the
bit rate represent a one bit and a zero bit.

Normally, the frequency shift occurs at the
peak of a cycle, so that neither the ampli-
tude nor the slope of the waveform shows
a discontinuity. We needed to transmit 300-
baud ASCII text using ultrasonic transduc-
ers. These devices have a very narrow band-
width around their 25-kHz resonant fre-
quency, making MSK the obvious choice
for modulation. A zero bit becomes
84 cycles of 25.2 kHz, and a one bit
is 83 cycles of 24.9 kHz. It is easy to gener-
ate this signal with a PIC mC and an 8-bit
DAC. However, a traditional MSK demod-
ulator circuit uses a center-frequency VCO
and several mixers and filters. This design
needs something simpler: to wit, the circuit
in Figure 1.

Because the transmitter sends 25.2 kHz
between characters, the design phase-locks
a 74HCT4046 PLL chip to this frequency.
The chip has three phase detectors, each
with different characteristics. By choosing

the correct two, you can demodulate the
MSK input without losing phase lock on
the zero-bit carrier. Phase Detector 3 on
the PLL chip has a 3608 linear range. That
is, its mean output varies from 0 to 5V and
then switches back to 0V as the phase pass-
es through 3608. Adjust the frequency of
the PLL chip so that it locks to 25.2 kHz

with a 1808 phase error and an output of
2.5V. If the oscillator frequency remains
fixed, then you can recognize a one bit by
its phase error, which swings from 0 to
3608 during the bit.

Because the initial lock is at the 1808
point, a one bit results in a phase error that
goes from 1808 down to 08. It then jumps

PLL forms simple MSK demodulator
Tom Napier, North Wales, PA

A PLL makes MSK demodulation inexpensive and easy.

The ASCII input character for the letter “g” (a) produces a frequency-varying MSK signal (b). The
phase error as seen by the loop (c) produces the phase-error signal at TP (d) that drives the output.
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to 3608 and continues back down to 1808.
The net result is a ramp that goes down to
0V, a jump to 5V, and then another down-
going ramp. The mean voltage is 2.5V.
Because the loop bandwidth is approxi-
mately 15 Hz, the instantaneous effect on
the VCO is small, and the net frequency
change is zero. Rather than detect the

ramp-jump-ramp waveform, use Phase
Detector 1 as the data output. Because this
block is a simple exclusive-OR gate, each
one bit appears as a spike going from 5 to
0V and back. A comparator can change it
into a return-to-zero version of the input
signal. Alternatively, the output can go to a
retriggerable monostable with a 3.5-msec

period to generate a good approximation
of a nonreturn-to-zero output. Figure 2
shows the circuit waveforms that occur for
the letter “g.” (DI #2284).
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You can use A/D converters or exter-
nal, controllable oscillators to gener-
ate sine waves from low-power, low-

cost mCs. However, these methods add
cost, reduce reliability, increase circuit and
software complexity, increase
power consumption, and in-
crease overall size. Alternatively,
and with just a few lines of code,
most mCs can easily generate
multiple discrete sine waves.
The example in Figure 1 uses a
68HC705J1A to generate sine
waves of 9 to 20 kHz. The circuit
uses the mP’s square-wave out-
put and switches between mul-
tiple RC filters of varying
cutoff frequencies to
achieve outputs with
reasonable spectral purity.

The necessary code consists
of a simple subroutine that
can adapt to different needs,
such as tone duration and
multiple (sequential) tone
output (Listing 1). Moreover,
the generated frequency is
based on a variable, “frec,” that
a previous routine can pass to
this subroutine. The duration
time is based on a timer, which
eliminates calculations of tone
duration based on the cycle
period. The code in Listing 1
is for illustrative purposes, but
you can use it as-is with prop-
er headers. (You can download
Listing 1 and an example call-
ing subroutine from EDN’s

Web site: www.ednmag.com. At the regis-
tered-user area, go into the Software
Center to download the file from DI-SIG,
#2278.)

The basic circuit in Figure 1 uses only

four output pins of the mC; three pins are
for filter returns, and the fourth is the mP
output. The filter constants are such that
the highest cutoff frequency corresponds
to the highest generated frequency. The

mC makes inexpensive sine-wave generator
Jorge Luis B Romeu, IdeaWorks LTD, Syracuse, NY
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Based on a simple subroutine, a mC can easily generate multiple sine waves from 9 to 20 kHz by switching
external RC filters on and off.

TABLE 1—EXAMPLE FREQUENCIES AND CORRESPONDING NUMBER OF LOOPS
Filter number and Number for variable, Actual output Filter number
cutoff frequency (kHz) "Frec'' (=number of loops) frequency (kHz) active (R#, C#)
1:     10 14 9.5 1,2,3,4
2:     12 11 11.75 2,3,4
3:     15 8 15.35 3,4
4:     18 7 17.1 4 (always on)
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