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signal V; of about one volt peak-to-peak 1s sufficient for
proper operation.

The capacitor C; together with the input resistance R, =
100kQ at the pin 14 form a high-pass filter. C; should be
selected o that V, ig in the pass band of the filter, so that £ >
1= (2R,C)) for the lowest expected frequency f of the
incoming signal. The output of the internal amplifier is
internally connected to one of the two inputs of the phase
detector on the chip.
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Fig. 7 CMOS 4046 PLL connection diagram

Initially, the operation of the 4046 PLL is no incoming
gignal at all, V, = 0. The VCO output V. is a square-wave
signal with 50% duty ratio. Since V; = 0, the output of the
XOR phase detector 1s exactly the same as the VCO output,
Vg = V. The low-pass filter attenuates ac components of Vg
so that the filter output i1 approximately equal to the de
component of V. In this case, the dc component V, is equal
to Vpp=2 because V; is Vo for one half of the period and 0
for the other half of the period. The filter output voltage V, is
the input of the VCO. Therefore, the VCO operates the
frequency that corresponds to the voltage V, = +Vp=2 at the
VCO input. This frequency is called the center, or the free-
runmng frequency f,.. = f, of the PLL.
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Fig. 8 Steady-state £, (f;) characteristic of the PLL

The phase detector on the 4046 is simply an XOR logic
gate, with logic low output (Vg = 0V) when the two inputs are

both high or low, and the logic high output (Vz =Vpp). In Fig.

9, illustrates the operation of the XOR phase detector when
the PLL is in the locked condition. V; (the amplified V;) and
Ve (the VCO output) are two phase-shifted periodic square-

wave signals at the same frequency f,,. = £ = 1/T,, and with
50% duty ratios. The output of the phase detector 1s a periodic
square-wave gignal Vg(t) at the frequency 2f;, and with the
duty ratio Dy that depends on the phase difference © between

Viand V...
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Fig. @ Operation of the phase detector with XOR gate

The incoming signal V; at the frequency f; is brought to the
input of the PLL, one of the two inputs of the XOR phase
detector. If the frequency f is sufficiently closed to the free-
munning frequency f,, the PLL will capture the imcoming
signal. During the capture process, the phase difference
between V, and V .. changes in time, and therefore V,, changes
in time until ¥V, reaches the value required to lock the VCO
frequency £, to the frequency £ of the incoming signal. In the
locked condition f,,. = £, and V; and V. are phase shifted by
@. The phase difference © between V, and V. depends on the
value of the incoming signal frequency f,.

If £ = {£,, the phase difference must exactly be @ =n/2, V,
= Vrp/2 and the VCO indeed operates at f,. If £ = .., the
phase difference @ must be equal to « in order to obtain V, =
Vop that results in the VCO output frequency equal to £ .. It
is important to note here that in order to keep f,,. = £ in the
locked condition, the filter output voltage V, must vary
together with the frequency fi of the incoming signal.
Therefore, a change in f causes a proportional change in V,,
ag long as the PLL stays in the locked condition with f,.. = £.
As a result, if the incoming signal is frequency modulated,
with £ (t) varying in time, the PLL behaves as an FM
demodulator with V, as the demodulated output.

In this part, close the loop by inserting the RC filter
between the phase detector output and the VCO input. Use a
pulse generator as the source of the incoming signal V. Adjust
frequency f; of V; to approximately match the free-runmng
frequency f, of the VCO. When V, is applied, the PLL should
operate in the locked condition, with f... exactly equal to f.
The locked condition can easily be verified by observing V;
and V. simultaneously on a dual-trace oscilloscope. If f| =
foqc, stable waveforms of both V, and V.. can be observed.
Otherwise, one of the waveforms on the scope screen is
blurred or is moving with respect to the other.

By changing f; of the incoming signal, determine the actual
lock range of the PLL, 1.e., determine the maximum and the
minimum frequency f such that starting from the locked
condition the PLL remaing in the locked condition. The lock
range should be equal to f.: - i, When the peak-to-peak
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