J. Bareford

~ PLL SINE WAVE GENERATOR

Precise frequencies that can be set very accurately are much more eas-
ily generated with the aid of digital technology than with
_analogue techniques. A snag with digital signals is, however, that their
shape is rectangular rather than sinusoidal as required for many tests
o and measurements. The generator described in this
- article uses digital techniques, yet provides true sinusoidal signals

It is fairly simple to generate frequencies

with the aid of, for example, an M5-DOS
computet working with Gw-pasic With-
out s;jjending any extra money, every PC
owngr thus has a variable tone generator

. available Unfortunately, the signal is rect-

angular and, therefore, not suitable for a
number of tests and measurements
i the generatot is to be used without a
‘omputer system, another source of digi-
tal reference signal is required Fora num-

_ ber nf applications, a simpie variable

squqre-wave generator will be perfectly

¢ acceptable Where greater accuracy is re-
| quirgd, a stable crystal oscillator with pre-

set sgaler must be used

Cantrol of the VCO

Ihégenerator is based on a combination

*ofa phase-locked ioop (PLL), here a Type
- 4044, and an integrated function genera-
i tor, ;}:ype XR2206

the principle of a PLL is shown in

. Fig'1 The two most important parts of a
. PL1/are a phase (®} comparator and a
! voltgge-controlled oscillator (VCO)

The VCO will oscillate when a signal

© at a given frequency is fed to it This fre-
" quepcy is determined by an external RC

netwiork The output of the VCO (2) is fed
to dfie of the inputs of the phase compara-
tor; the other input of this stage is pro-
vide with the reference frequency (1}

’ifhe output of the phase comparator
(3) is the difference betwaeen the two input
signals It is invariably a rectangular sig-
nal ‘of which the mark-space ratio de-
pexjéis on the phase difference between
the fwo input signais

A low-pass filter at the output of the

coniparator integrates the pulses, which
resuits in a signal whose absolute level is
dlrestly propottional to the phase differ-
ence of the input signals. The output be-
comes constant at the instant the loop is
locked:; this rormally occurs at a phase
difference of 90 °
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Fig. 1. Block diagram of a phase-locked loop (PLL)

As shown in Fig 2, the 4046 used in
the generator contains two different phase
comparaters The first one of these is a
single xOR gate, whose output is 1 if the
levels of the two input signals are not
equal This comparator is not suitable for
the present circuit because it requires
symmetrical input signals and it will lock
to harmonics of the inpui signals Signals
asgociated with this comparator are
shown in Figure 3

The second comparator is rather more
complex and perfectly suitable for the
present purposes It is not sensitive to
asymmetry of the input signals, since it
operates on the edges of these signals.
Moreover, it does not lock o harmonics of
the input signals. This means that the si-
nusoidal signal is of exactly the same fre-
quency as the reference signal Associated
signals are shown in Fig 4

An additional advantage of this stage is
that it allows connexion to an LED that
lights when the loop is locked to indicate
that the output signal is as stable as the
reference signal

Thé output of the second comparator

has not two but three states, depending

on the input signals: 0. T or high imped- -
ance The dependence of the output signal

on the input signal is clear from Fig 4

When the output of the comparator is

high impédance it has no effect on the cir-
cuit following the comparator; it is, as it
were, not present

The peried of time that the output is 1
or 0 depends directly on the phase differ-

ence between the input signal and the ref-
erence signal If the input signal is first to .|
have a leading edge, that is, is in advance

of the VCO signal the output becomes 1

If the VCO signal is first, the output be- =

comes 0

The low-pass filter following the com-
parator converts the output pulses infoa
direct voltage This voltage increases

when the comparator output goes high it
remains constant when the comparator
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output is high impedance; and it decreases
when the comparator cutput goes low This
means that the direct voltage is directly pro-
portional to the phase difference between the
input signal and the VCO signal

Since the direct voltage is used to control
the VCO. the circuit stabilizes at a given sct of
conditions In the present comparator that
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happens when the phase difference between From rectangular to

the input signal and the VCO signal s 0°and  ginusoidal waveform

not 90° as is usual in PLLs. Because of this, the

VCO frequency is exactly the same, and as  Even a cursory glance at the circuit diagram

stable, as the input signal in Fig 8 shows that instead of the VCO in the
4046 a separate VCO, formed by ICs, i8 used
This circuil, strictly speaking a function gener-
ator. has the important advantage that it pro-
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vides both a rectangular and a sinusoidal sig-
nal since it has a sine wave converter on
board Moreover, the IC remains perfectly reli-
able at low frequendes, so that it is truly lin-
ear over a wide range of frequencies

The XR2206 is used in exactly the same
way as that in the 4046 would have been lIts
internal circuit is shown in Fig 6

Reverting to Fig 8 opamp IC3 between
the phase comparator and the VCO performs
three distinct functions In the first place, it in-
verts the control voltage for the VCO, because
a decreasing voltage at pin 7 of 1C5 would re-
sult in an increase in the output frequency
Secondly, its output signal has been arranged
te allow it driv ing the VCO over its tull range
Finally, the input of the VCO is controlled by
a current rather than by a voltage In other
words the control input of the VCQ is in real-
ity an output across which a fixed potential
(L1,) exists and from which a current flows
The output voltage of IC3 determines the po-
tential difference across Rs and thus the value
of the current that will How The frequency f,
is detexmined from:

f= (L, - U / (3xCxRa) {He]

in which U, =3 V; L, = the output voltage of
IC3 C = Cior, if 51 is closed Co+Cro

It may be caleulated that depending on
the position ot switch 51 a frequency range of
6 Bz to 125 kl 7 is availablg

M remainder of the dreuit is virtually

nothing but the connexions between the vari-
ous components

The output of the phase comparator is
connected to the YCO via low-pass filter Ri-
R2-R3-C4 and buffer ICz in a manner that pre-
cludes any feedback to the comparator

Diodes D3 and D4 shorten the time re-
quired by the circuit to lock by enabling the
quicker charging and discharging of [C4 This
is possible because at higher voliage levels R
is connected in patallel with Iz This causes
the impedance to decrease from 10 M} for
small signals (PLL locked) to about 220 kQ for
large signals (PLL net yet locked)

Since the PLL may be used over a fairly
wide frequency range. the low-pass section
has a fairly large time constant to ensure good
stability Because of this, the PLL takes a rela-
tively long time to lock The ‘acceleration” pro-
vided by the diodes is therefore welcome

Dicde D2, which is controlled by opamp
ICa lights to indicate that the PLL is locked
The opamp is connected to pin 1 of the PLL,
which is specially provided for this purpose
A constant high level exists at this pin as long
as the PLL is locked As soon as the PLL tends
to drift, small pulses appear at this pin and
these are used by diode D1 to arrange for the
fast discharge of C13 Ihe voltage across C13
then drops to a level that canses the cutput of
IC4 to become low This in turn results in D3
being extinguished to indicate that the fre-
quency is not stable

Finally. a number of camponentb are nec-

Fig. 10. Photograph of the completed printed-circuit board
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Fig 11. Suggested front panef fayout.
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essary for the proper functioning 8f ICs:

« resistor Rs and capacitors C9 and Cio de-
termine the frequency range; .51 makes it
possible to choose between the two
ranges;

+ resistors Ro and Rio set the d € operating
level at the output (pin 2);

+ preset P3 determines the amphtude of the
output signal;

+ preset P1 serves to shape the dutput wave-
form;

« resistor R13 is the collector registor for the
open-coliector output of the V?SO;

» circuit IC6 forms the output stage proper

Construction and ulighment

The circuit is intended to be buﬂt on the PC
board shown in Fig 9 and Fig 10.

A number of soldering pins must be fitted
on the board to facilitate connexlons to other
equipment

The ICs may be soldered direct to the
board N

With careful work, and particiflar attention
to the polarity of the diodes an& electrolytic
capacitors, nothing should go anilss in popu-
lating the board

Commence the alignment b}f setting all
potentiometers to the centre of theéir travel

Connect the output of the geiieratot to an
oscilloscope

Apply a rectangular signal Gfl kHz, at a
level uf 5 V. {o the input of the génerator As
stated at the beginning of this article, this sig-
nal may emanate from a comphter, simple
square-wave generator or crystal dgsciliator

Open 51 and connect an external £12 V
supply to the supply lines of the circuit

If all is well, the oscilloscopé should now
show a reasonably well-shaped gine wave I
necessary, adjust P1 to make the signal as truly
sinusoidal as can be judged Once that is
done, adjust P2 to make the sigfiél ook even
better Since the two potentiometers affect one
another, the alignment must be tarried out a
few times After correct alignmient, the har-
monic distortion is not greater th.afn 05%

The optimum position of P3 depends on
the desired output level: be carefiil not to pro-
duce distortion of the output through over-
driving

If you prefer a continuously Varnbie out-
put level, that can be prov1ded by a small
modification This consists of refikacing Ria by
two soldering pins Connect a 1 ki poten-
tiometer between the pin that is connected to
the ocutput of ICs and earth Connect the
wiper of the potentiometer to the other pin A
conlinuously variable output signal is then
provided via Ciz

The suggested front panel shown in Fig 11
shouid be given a calibrated scale to give a
(relative) indication of the outputt signal W



