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(54) PHASE-LOCKED CLOCK PULSE GENERATOR

1 We, SPERRY RAND CORPORATION,
a Corporation organised under the laws of
the State of Delaware, United States of
America, of 1290 Avenue of the Americas,
New York, New York 10019, United States
of America, do hereby declare the inven-
tion, for which we pray that a patent may
be granted to us, and the method by which
it is to be performed, to be particularly de-
scribed in and by the following state-
ment : —

This invention relates to a phase-locked
clock pulse generator consisting of a variable
frequency oscillator and an analog phase
detector comprising digital circuit compo-
nents, and referred to herein as a hybrid
phase detector.

Phase detectors which comprise digital
components and operate in analog fashion
are well known in the present state of the
art and are now commonly used for many
applications in place of conventional analog
phase detectors which are usually consider-
ably more complicated. These hybrid de-
vices are also generally preferred over purely
digital phase detector circuits where high
accuracy is required at extremely high data
rates, for instance, of the order of twenty-
five megacycles or greater. A digital phase-
detector operating at these frequencies re-
quires a pulse source capable of providing
pulses at a frequency at least an order of
magnitude greater than the data rate to
achieve suitable accuracy. Such pulse
sources are not readily available. As will
be appreciated, therefore, hybrid phase de-
tectors have been of particular interest in
the data processing field for use, for ex-
ample, in phase-locked loops employed in
data recording and recovery apparatus.

A phase-locked loop typically includes
a voltage controlled oscillator controlled to
oscillate at a freguency which is an integral
multiple of the frequency of the digital data
that is to be recovered, for instance, from
a magnetic recording medium such as a
disc or tape. The voltage controlled oscil-
lator serves to provide a feedback signal

which is phase compared with the input
digital data signal. Generally, the phase-
locked loop is designed to operate in a high
gain, wide band-width mode to achieve
rapid lock-on to the input data. Once lock-
on is achieved, the loop bandwith is reduced
to avoid response to spurious high frequency
signals while maintaining lock-on to long
term frequency drift of the input data. For
this purpose, it is highly desirable that the
phase detector incorporated in the phase-
locked loop have a linear operating range
extending over essentially a full cycle of the
clock pulse signals provided by the voltage
controlled oscillator.

Another desired operating requirement
of a phase-locked loop employed in data
processing systems is that it be able to main-
tain lock-on not only for periodic input data
as characterised by conventional frequency
modulation and phase modulation data but
also for aperiodic data which is exemplified
by well known codes such as non-return to
zero (NRZ) and modified frequency modu-
lation (MFM). Some hybrid phase detectors
heretofore available in the art are capable
of providing a linear operating range ex-

tending over 360° of the voltage controlled -

clock pulse period but only in response to
periodic input data. Others can operate on
aperiodic data but have a linear range of
only 180°, but in any event operation can-
not be achieved over 360° in response to
both periodic and aperiodic input data.

An object of the present invention is to
provide a phase-locked clock pulse genera-
tor having a hybrid phase-detector circuit
which is capable of operating on aperiodic
data, and which has a full linear range of
operation of over 360°.

According to the present invention a
phase-locked clock pulse generator com-
prises, a variable frequency oscillator ar-
ranged to generate a square-wave clocking
signal together with a phase-detector cir-
cuit arranged to generate a variable width
pulse commencing with the leading edge of
an incoming data pulse and terminating
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with the leading edge of the next clock
pulse, and a reference pulse commencing
with the leading edge and terminating with
the trailing edge of the clock pulse next
following an incoming data pulse, the dif-
ference in width between the variable pulse
and the reference pulse being applied to
control the frequency of the variable fre-
quency oscillator.

Preferably the phase-detector circuit also
include means for delaying the variable
pulse so that it overlaps the reference pulse.

The phase-detector circuit may comprise
three flip-flops, the first flip-flop being ar-
ranged to be set by the leading edge of an
incoming data pulse, the second flip-flop
being set by the setting of the first flip-flop,
and being reset by the leading edge of the
next clock pulse, so as to generate the
variable frequency pulse and also being ar-
ranged when set to reset the first flip-flop,
and a third flip-flop arranged to be set on
the resetting of the second flip-flop and to
be reset by the trailing edge of the next
clock pulse, thereby generating the refer-
ence pulse.

For the case where the leading edge of
the input data pulse occurs at the centre of
the clock cycle the duration of the variable
width pulse is also equal to one-half the
clock period. 'When the input data pulse
occurs before the center of the clock cycle,
the width of the variable pulse exceeds that
of the reference pulse in proportion to the
displacement of the data pulse from the
center of the clock cycle. When the input
data pulse occurs after the center of the
clock cycle, the width of the variable pulse
becomes less than that of the reference
pulse again in proportion to the displace-
ment of the data pulse from the center of
the clock cycle.

The relative widths of the reference and
variable pulse control the frequency of a
voltage controlled oscillator, from which
the square-wave clock pulse signal is ob-
tained, in a manner to keep the center of
the clock cycles coincident with the leading
edge of the input data pulses. Linear con-
trol of the oscillator is maintained over
essentially the full 360° of the clock cycle.
Moreover, since generation of both the re-
ference and variable pulses is dependent on
response to an input data pulse, the circuit
provides such linear operation for both
periodic and aperiodic input data.

The invention will be further described
by way of example with reference to the
accompanying drawings, in which:—

Figure 1 is a block diagram of a phase-
locked oscillator according to an embodi-
ment of the present invention.

Figure 2 is a logic diagram of the phase-
detector used in the phase-locked oscillator
of Figure 1.

Figures 3a to 3e depict various waveforms
which are useful in explaining the opera-
tion of the phase-detector and phase-locked
oscillator.

Referring first to Figure 1, a stream of
input data pulses is applied by the lead 10
as an input signal to a phase-detector 11.
A controlled square-wave clock output sig-
nal, that is, a signal having equal high and
low segments in each period, is also supplied
to the phase-detector as a feedback signal
from voltage controlled oscillator 12 by way
of lead 13. The input data pulse stream
has a fundamental period T, as illustrated
in Figure 3b. The clock signal has a period
T, as indicated in Figure 3a and its fre-
quency is controlled to be an integral mul-
tiple of the frequency corresponding to the
fundamental period of the clock signal.

Phase comparator 11 compares the time
occurrence of the leading edge of a data
pulse with the center of the clock period in
which the data pulse occurs and provides
reference (Figure 3e) and variable (Figure
3d) output pulses on leads 14 and 15 to posi-
ltive and negative current switches 16 and
17, respectively. The current switches in
turn provide signals through filter network
18 and amplifier 19 to control the frequency
of oscillator 12. The function of delay ne-
work 20 will be described subsequently and
can be disregarded at this point. The re-
ference pulse provided at the phase-detector
output has a width equal to one-half the
width of the cock period. For the case
where a data pulse occurs at the center of
a clock period, the variable pulse provided
at the phase detector output also has a width
equal to one-half the clock period and thus
is equal to the width of the reference pulse.
Under these conditions the control voltage
supplied to the oscillator is such that the
oscillator frequency remains unchanged.
On the other hand, for the condition where
the data pulse occurs before or after the
center of the clock period, the width of the
variable pulse provided by the phase detec-
tor is respectively greater and less than the
width of the reference pulse. This differ-
ence in width between the reference and
variable pulses causes the frequency of the
oscillator to be varied so that the center of
the clock periods move into coincidence
with the leading edge of the data pulses.
More specifically, when a data pulse occurs
before the center of the clock period, the
width of the variable pulse increases in pro-
portion to the displacement of the data pulse
from the center of the clock period. Since
the positive and negative current switches
16, 17 supply current to filter 18 in propor-
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in the oscillator frequency. Likewise, when
a data pulse occurs after the center of the
clock period, the width of the variable pulse
decreases and the resultant difference in
width between the reference and variable
pulses causes an appropriate decrease of the
oscillator frequency.

The manner in which the phase detector
11 of Fig. 1 functions as explained in the
preceding paragraph will now be more fully
described with reference to Figs. 2 and 3.
Fig. 2 is a logic diagram of the phase de-
tector. Flip flops 21, 22 and 23 are initially
set with the voltages low at terminals 21-Q,
22-Q and 23-Q. The flip flops used are
Motorola models 10131 commonly referred
to as D flip flops which operate such that
the voltage level at the D terminal is trans-
ferred to the Q terminal when a positive
going signal edge is applied to the clock
terminal in the absence of a simultaneous
positive signal applied to the set (S) or reset
(R) terminal. A —2V signal applied to a
D terminal functions in the circuit as a low
level signal while ground functions as a
high level signal. An input data pulse sup-
plied on lead 10 is applied to the clock (C)
terminal of flip fiop 21 driving the signal at
terminal 21-Q high as indicated in Fig. 3c.
The high level signal at terminal 21-Q
simultaneously sets flip flop 22 driving the
signal at terminal 22-Q high to produce the
variable pulse as shown in Fig. 3d and reset
flip flop 21 so the signal at terminal 21-Q
returns to a low level.

At the occurrence of the leading edge of
the clock pulse immediately following the
clock cycle in which the variable pulse was
initiated, the clock signal on lead 13 con-
nected to the clock terminal of flip flop 22
acts to drive the signal at terminal 22-Q
level thereby terminating the variable pulse,
as a consequence of the low level —2V sig-
nal on terminal 22-D whereupon the signal
at terminal 22-Q simultaneously goes high
and clocks flip flop 23 causing the signal at
terminal 23-Q to go high and produce the
reference pulse as shown in Fig. 3e.

On the next transition of the clock pulse,
that is, from a high level to a low level in
the illustrative waveform, the signal on lead
13 goes low thereby providing a low level
signal at input terminal 24a of NOR gate
24 simultaneously with a low level signal
applied to NOR gate terminal 24b from ter-
minal 23-Q, whereupon flip flop 23 is reset
and the signal at terminal 23-Q changes to
a low level thereby terminating the refer-
ence pulse. Tt will be noted that the refer-
ence pulse thus produced at terminel 23-Q
has a width equal to one-half the clock
period T.. In the case of data pulse 25
which occurs at the center of a clock period,
the variable pulse width is also equal to
one-half tehe clock period T. or in other

words, equal to the width of the reference
pulse. Since the positive current switch 16
and negative current switch 17 of Fig. 1
each operate to provide current to filter 18
in proportion to the width of the pulse ap-
plied to the respective current switch, the
resultant current supplied to the filter is
zero when the reference and variable pulses
are of equal width. Therefore, the filter
output voltage remains at its nominal value
and the frequency of variable frequency
oscillator 12 is not changed.

In the case of data pulse 26 for which the
leading edge thereof occurs before the cen-
ter of the clock period, the width of the vari-
able pulse is greater than the width of the
reference pulse. As a result, negative cur-
rent switch 17 supplies more current to
filter 18 than is supplied thereto by positive
current switch 16. Hence, the filter output
voltage changes from its nominal value in a
direction to increase the frequency of vari-
able frequency oscillation and move the
center of the clock period into coincidence
with the leading edge of the data pulse.
Conversely, when the leading edge of a data
pulse occurs after the center of the clock
period, as indicated by data pulse 27, the
references pulse width is greater than the
variable pulse width and more current is
supplied to the filter by positive current
switch 16 than by negative current switch
17. Consequently the filter output voltage
changes from its nominal value in a manner
to decrease the frequency of voltage con-
trolled oscillator so once again the center
of the clock periods move into coincidence
with the leading edges of the data pulses.

The delay network 20 included in the
variable pulse line between phase detector 11
and negative current switch 17 serves to
delay the variable pulse an amount suffi-
cient to move it into overlapping relation
with the reference pulse. The delay is such
that for a data pulse 25, which occurs at
the center of a clock period, the resultant
equal width reference and variable pulses
are coincident in time at the input of the
positive and negative current switches 16,
17. The delayed variable pulse produced in
response to data pulse 25 is represented by
dashed line pulse 25°. The variable pulses
produced in response to data pulses 26 and
27 are delayed so as to occur as indicated
by respective dashed line reference pulses
26’ and 27°. The overlap of the reference
and variable pulses provided by delay net-
work 20 improves the accuracy of the phase
locked loop inasmuch as no time is allowed
for deterioration of the filter 18 output sig-
nal produced in response to the variable
pulse prior to occurrence of the reference
pulse.

The foregoing description of the opera-
tion of the phase detector has been made
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with reference to a periodic input data pulse
stream for which an input pulse occurs in
every fourth cycle of the clock signal. Since
the variable and reference pulses are pro-
duced only in response to an input data
pulse, it will be appreciated that the phase
detector will also operate satisfactorily for
aperiodic data pulse streams such as modi-
fied frequency modulation (MFM) data
where the fundamental or minimum spacing
between input pulses is T (corresponding to
T4 of Fig. 3b) and the input pulses may also
be spaced by 1-5T or 2T. It should also
be noted that the phase detector will operate
satisfactorily where the fundamental period

a of the input data pulse stream is equal
to the clock pulse period T, that is, where
the minimum spacing between data pulses
is such that successive data pulses can occur
in immediately succeeding clock periods.
In such instance, if a delay network 20 is
not included in the phase jocked loop, the
leading portion of a variable pulse of greater
width than the reference pulse will overlap
the trailing portion of the reference pulse
associated with the immediately preceding
input data pulse, but this will not materially
affect the operation of the phase locked loop.

WHAT WE CLAIM IS:—

1. A phase-locked clock pulse generator
comprising a variable frequency oscillator
arranged to generate a square-wave clock-
ing signal together with a phase-detector
circuit arranged to generate a variable width
pulse commencing with the leading edge
of an incoming data pulse and terminating

with the leading edge of the next clock
pulse, and a reference pulse commencing
with the leading edge and terminating with
the trailing edge of the clock pulse next

40

following an incoming data pulse, the dif-

ference in width between the variable pulse
and the reference pulse being applied to
control the frequency of the variable fre-
quency oscillator. :

2. A phase-locked clock pulse generator
according to claim 1 further including means
for delaying the variable pulse so as to
overlap the reference pulse.

3. A phase-locked clock pulse generator
according to claim 1 or claim 2 in which
the phase-detector circuit comprises three
flip-flops, the first flip-flop being arranged
to be set by the leading edge of an incom-
ing data pulse, the second flip-flop being set
by the setting of the first flip-flop, and being
reset by the leading edge of the next clock
pulse, so as to generate the variable fre-
quency pulse and also being arranged when
set to reset the first flip-lop and a third
flip-flop arranged to be set on the resetting
of the second flip-flop and to be reset by
the trailing edge of the next clock pulse,
thereby generating the reference pulse.

4. A phase-locked clock pulse generator
organised and arranged to operate sub-
stantially as shown in and as herein de-
scribed with reference to the accompanying
drawings.

For the Applicants:
P. A. MICHAEFELS,
Chartered Patent Agent.

Printed for Her Majesty’s Stationery Office by Burgess & Son (Abingdon), Ltd.—1980.
Published at The Patent Office, 25 Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained.
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