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Abstract: A novel Phase-Locked Loop scheme is
proposed in this paper, whose main distinguishing
features are infinite hold-in range, pull-out range
fractionally constant and also a ripple fractionally
constant. To this end, it incorporates a variable gain
amplifer and a frequency tunable loop filter. The
driving application is the on-chip automatic tuning
of slave filters, although the PLL architecture can
be employed in many other applications.

1. Introduction
Phase-Locked Loops (PLL) are useful systems

that find application mainly in communication
circuits: FM detection, clock recovery circuits, etc..
A less known, but also very important niche of
application is in on-chip tuning schemes where the
Voltage Controlled Oscillator (VCO), a basic
component in a PLL, is matched to the slave filter
(or circuit) that needs to be tuned. The system
operates in such a way that the tuning of the VCO
oscillation frequency to the reference clock conveys
to the matched filter, whose central frequency tracks
the VCO. This scheme can be found elsewhere [1]
and has been demonstrated in many examples,
where the filter needs to be tuned against fabrication
tolerances, what means that the PLL has to operate
in a frequency range close to the target frequency.
However, in some applications it is desirable to tune
a circuit not only against fabrication tolerances, but
also to make it operate in wide ranges, say, some
decades. Moreover, the properties of the tuning need
to keep constant with the log of the frequency (i.e.
fractionally constant). It is obvious that the PLL has
to be adapted to this way of operation since a
conventional scheme does not give the desired
performance. In this communication a novel scheme
is proposed, and the performance of the PLL is
revisited in the light of this new application. The
new scheme has been demonstrated for the tuning of
a 1:3 octave audio filter that is able to operate in
more than one decade.

2. PLL Basic Scheme
Figure 1 shows the basic scheme of a PLL, where

the conventional components are easily identified:
Phase Detector (Multiplier), VCO, Loop Filter (LF1)
and amplifier with gain K (that accounts for the
filter and/or PD gain). The DC voltage, Vo, which
produces the free-running frequency of the PLL is
explicitly shown in this scheme, and thus ∆V is the

voltage at the amplifier output that produces a signal
of frequency ωOSC = ωo+∆V⋅Kω = (Vo+∆V)Kω  that
should be equal to the reference frequency ωREF,
where Kω is the VCO gain.
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Figure 1. Basic PLL Architecture

As it is well known, if the gain of the filter is
finite (and assumed to be unity), hold-in range is
symmetrical with respect to the free-running
frequency, and equal to the loop gain, which in this
case is K⋅Kω  [2]. The pull-out range is also
symmetrical with respect to ωo, and is dependent on
the filter bandwidth being its analytic expression not
available. However, in our application the free
running frequency is meaningless, since the slave
filter and thus the VCO, need to be tuned in a range
around many possible central frequencies, ωoi, which
themselves vary in a wide range, as depicted in
figure 2. Moreover, if the goal is to tune a Q
constant filter, it should be obvious that some
parameters of the PLL must vary accordingly, so as
to give, for instance, pull-out range that grows with
frequency. In the next section we explain the
modifications introduced in the basic loop to achieve
the objectives indicated above.
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Figure 2. Principle of Operation

3. PLL Modifications
One of the basic requirements is to have a Vo that
automatically adjusts the center frequency to the
most appropriate range (see fig. 2). It is assumed
that the PLL is initially locked. This is achieved, as
shown in figure 3, by means of a low pass filter
named LF2 which transmits the DC component at
the input of the VCO to the adder, but delayed with
a time constant, τ2, larger enough than the time
constant of LF1, τ1. Thus, filter LF2 forces a zero
phase error between reference frequency and



oscillation frequency when ωREF is kept constant for
about τ2 seconds (this is in fact equivalent to
unlimited hold-in range). From this state, PLL
dynamic characteristics are “reset” in some sense
and pull-out range, transient response, etc., depend
on the LF1 characteristics and amplifier gain.
Therefore, LF1 is adjusted to achieve the required
performance, by making both cutoff frequency and
gain, K, dependent on (i.e. proportional to) the
center frequency ωoi, what can be accomplished by
controlling its value with voltage Vo. The variable
gain gives a pull-out range which grows linearly
with frequency, and the variable bandwidth provides
a constant relative ripple at the VCO input. It is also
easy to demonstrate that damping ratio will remain
constant for any frequency range, and the transient
will be proportional to 1/ωoi (constant number of
reference cycles).
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Figure 3. Modified PLL Architecture

An Alternative View to the PLL Operation:
Regarding the acquisition process, the resulting PLL
can be seen as an aided acquisition scheme where
the original loop achieves frequency tracking. Once
it has operated, the added loop consisting of LF2
detects the phase difference between reference and
VCO output and eliminates it [3]. Another
interesting interpretation follows. The joint effect of
LF1 and LF2, results in a combined filter with two
dominant time constants. If we assume that both
filters are of first order, the equivalent Loop Filter
response is given by:
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Relying on well established theory, except for the
tunability of the response, this can be interpreted as
a PLL of Type II and third order [4], which is known
to be stable, as it is in our case, if τ2>τ1 [5].

4. Experimental Results
A Phase Locked Loop following the above-

described scheme has been implemented in a 0,5µ
CMOS IC following a MOSFET-C design
methodology. The PLL is used to tune a slave filter,
which is matched to the VCO included in the PLL
[6], and designed to operate in the audio range. The
experimental values obtained for the pull out range
are in the range from 28% to 32% of the reference
frequency ωoi, close to the goal of 35%. The
measured ripple at the VCO input is almost

independent of the operating frequency and below
5%. Since it is difficult to show in the limited space
a complete demonstration of the operation of the
PLL, we will just include a representative figure
showing control signals ∆V, Vo and VOSC when
reference frequency is abruptly changed from a
locked state at 10 kHz to 8 kHz. In a fast transient of
less than 1 milisecond, ∆V increases to produce a
VOSC that sustains the new oscillation frequency.
Then, in the next few miliseconds ∆V goes slowly to
zero while Vo increases to compensate for this
reduction. Note that ripple is obviously present in ∆V
and VOSC but not in Vo, what is a positive by-side
effect, since Vo is used to control LF1 cut-off
frequency and amplifier gain and, in on-chip tuning
applications, the slave filter. The seemingly
excessive ripple is due to a mismatch in the
multiplier, and its effect is irrelevant in our
application since the signal used for tuning the slave
filter is Vo.
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Figure 4. Measured Control Voltages
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