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CLOCK SIGNAL GENERATION SYSTEM .

The present invention relates to circuitry for
producihg a substantially jitter-free clock signal.

In video signal processing systems which include
field or frame memories, for example, a frame comb filter,
it may be desirable to use a sampling clock signal that is
locked in phase to the horizontal line synchronizing signal
component of the processed video signals. When a
line~locked sampling clock signal is used, the number of
samples in each.line interval and, thus, the number of
samples in each field interval remains substantially
constant from field to field. This consistency is
desirable to ensure that corresponding samples from
successive fields or frames of the video signal are

properly aligned for processing.

A typical line-locked clock signal generator is
described in U.S. Patent No. 4,476,490 entitled "Horizontal
Scanning Frequency Multiplying Circuit". This clock signal
generator includes a phase-locked loop (PLL) which
produces a signal having a frequency of NfH, N times the
horizontal line scanning frequency, fH. The PLL used in
the referenced patent is shown in FIGURE 1, labelled "prior
art". 1In this-system,'a horizontal synchronizing signal,
HORIZ SYNC, separated from the input composite video
signal, is applied to one input terminal of a phase
comparator 14, Another input terminal of the phase
comparator 14 is coupled to receive a signal, provided by a
frequency divider 17, which has substantially the same
frequency as the signal HORIZ SYNC. The phase comparator
14 produces an output . signal which is proportional to the
difference in phase between the signals applied to its
input ports. The signal provided by the phase comparaior
14 is applied to a low-pass filter 15, the loop filter of
the PLL. The filter 15 includes'circuitry for integrating
the phase difference signal.to develop a signal which is
proportional to the difference in fréduency between the
signal HORIZ SYNC and the signal provided by the divider
17. This frequency difference signal is applied to the
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control input terminal of a voltage controlled oscillator
(VCO) 16. The VCO 16, which has a free running frequency
substantially equal to NfH, produces the output clock '
signal CK. This clock signal is applied to the input
terminal of the frequency divider 17 to complete the loop.
The signal CK produced by the VCO exhibits changes in
frequency which track changes in the frequency of the
horizontal line synchronizing signal, HORIZ SYNC.

Although the clock signal, CK, produced by the
PLL system shown in FIGURE 1, is locked in phase to the
horizontal line synchronizing signal, the frequency of the
signal CK may not be an exact integer multiple of the
frequency of the signal HORIZ SYNC. Assuming that the
frequency, FH’ of the signal HORIZ SYNC remains constant,
the clock signal, CK, may vary in frequency between
slightly more than (N—l)fH and slightly less than (N+1)fH
without producing a change in the phase of the signal
provided b& the frequency divider 17. If the frequency of
the signal CK is less than or equal to (N-l)fH or greater
than or equal to (N+1)fH, the phase of the signal provided
by the circuitry 17 will change and the error in the
frequency of the signal CK will be corrected.

The range of frequencies between (N-l)fH and
(N+l)fH defines the amount of "jitter" which will be
tolerated by the PLL. For example, in an NTSC television
receiver which uses a nominal sampling frequency of 910 fH
(14.318 MHz), the clock signal may vary between 909 f
(14.302 MHz) and 911 f (14.334 MHz) and still be locked in
phase to the horlzontal line synchronizing signal. While
this amount of jitter may not change the number of samples
produced from each horizontal line, it is significant as it

-relates to the timing of the'first sample on a line

relative to the horizontal synchronization pulse for that
line. In the NTSC television receiver described above, due
to the jitter in the clock signal, the first sample on a
given line may be taken at any time within 70 ns after the
positive-going transition of the horizontal synchrohization
pulse. This variation in the timing of the initial sample
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on a line also applies to subsequent samples on the line
and may, therefore, distort the reproduced imege. This
timing varjation would cause vertical or diagonal lines in
the image to appear wavy or jagged. | '

It would be advantageous if the circuitry which.
generated the sampling clock signal also included circuitry
for eliminating the jitter from the clock signal. '

The present invention is embodied in a system for
generating a clock signal which is compensated for
variations in the frequency. The system includes a source
of first reference signal and a source of second reference
signal.. Each of the first and second reference signals
have a frequency that is substantially equal to a
predetermined frequency. A phase locked loop is provided
which is coupled to said source of first reference signal
for generating an oscillatory signal that is locked in
phase to the first reference'signal, wherein the
oscillatofy signal has a nominal frequency of N times the
predetermined frequency, N being an integer greater than 1,
and is subject to undesirable variations in frequency
between predetermined minimum and maximum values. Signal
phase alighment circuitry is coupled to the phase locked
loop for generating the clock signal compensated for the
undesirable variations in frequency of said oscillatory
signal. The phase alignment circuitry includes means
responsive to the'oscillatory signal for developing M
oscillatory eignals representing M respectively different
phases of the oscillatory signal where M is an integer

greater than 1 and means responsive to the second

reference'signal for continually selecting one of the M
oscillatory signals as -the clock signal having a
transition which is approximately coincident with a
transition in the second reference signal.

A further embodiment of the invention includes a
deley element in the phase locked loop which causee the
clock signal and the second reference signal to -be advanced
in phase with respect to the first reference 51gnal.
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FIGURE'I (prior art) is a block diagram of a
conventional line locked clock generator.

FIGURE 2 is a block diagram of a portion of a
television signal processing circuit which includes an
embodiment of the present invention.

FIGURE 3 is a block diagram of phase alignment
circuitry suitable for use in the signal processing
circuitry shown in FIGURE 2.

FIGURES 4A through 4I are timing diagrams useful '
for explaining the operation of the circuitry shown in
FIGURES 2 and 3. '

In the drawings, broad arrows represent busses
for conveying multiple-bit parallel digital signals and
line arrows represent connections for conveying analog
signals or single-bit digital signals. Depending on the
processing speed of the devices, compensating delays may be
required in certain of the signal paths. One skilled in

the art of analog and digital signal processing circuit

~design would know where such delays would be needed in a

particular system.

FIGURE 2 is a block diagrém showing a portion of
a partly analog, partly digital television receiver which
incorporates the present invention. 1In FIGURE 2, a source
of composite video signals 210, which includes the tuner,
IF amplifier and video detector of a conventional
television receiver, providés NTSC composite video signals
to luminance/chrominance separation circuitry 212. The '
circuitry 212 used with this embodiment of the invention
includes a low-pass filter (not shown) and a band-pass
filter (not shown) for separating the respective luminance
signal compdnent Y, and chromlnance-band signal component,
C, from the composite v1deo 51gnals. The separated
chrominance~band signal, C, is applied to chrominance
signal demodulation circuitry 214. The circuitry 214,
which, in the present embodiment of the invention includes
two synchronous demodulators (not shown), demodulates the
signal C to provide two color difference signals, for

example, I and Q. The luminance signal, Y, is applied to a
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compensating delay element 215 which compensates for the

_ processing delay through the chrominance signal

demodulation circuitry 214 to provide a luminance signal Y'
that is aligned with the I and Q color difference signals
produced by the circuitry 214. The luminance signai Y' and
the color difference signals I and Q are applied to
respective énalég-to-digital converters (ADC's) 216, 218
and 220. The ADC's_216, 218 and 220 sample the respective
signals ¥, I and Q at instants determined by a sampling
clock signal CLKS. The digital samples prpvided by the
ADC's 216, 218 and 220 are applied to a field memory 222
which, in turn, provides the delayed samples Y", I' and Q',
for application to other video signal processing circuitry
(not shown). The circuitry which uses the field memory 222
may include, for example, a field or frame comb filter, a
recursive noise reduction system or a freeze field
processor.

The sampling clock signal, CLKS, applied to the
ADC's 216, 218 and 220 is a line-~locked clock signal, that
is, a clock signal which is locked in phase to the
horizontal line synchronizing signal component of the
composite video signals provided by the source 210. This

- clock signal is developed by the circuitry described below.

The composite video signals provided by the
source 210 are applied to conventional synchronizing signal
separation circuitry 224. The circuitry 224 separates the
horizontal line synchronizing signal component from the
composite video signals and provides this separated signal
as the signal HSYNC to one input terminal of a phase

.comparator 226. Another input terminal of the phase

comparator 226 is coupled to receive a signal HD', having
the same nominal frequency as the signal HSYNC. The phase
comparator 226, which is of conventional design, generates
a signal which is proportional to the instantaneous
difference in phase between the signals HD' and HSYNC.
This phase difference signal is applied to a loop filter
228, which integrates the signal over time to develop a

signal representing the dlfference in frequency between the
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signals HD'and HSYNC. The frequency difference signal
provided by the loop filter 228 is applied to the control
input terminal of a conventional voltage controlled
oscillator (VvCO) 230. The VCO 230, used in this embodiment
of the invention, has a free-running frequency of 23,64 MHz
which is approximately equal to 8fc, éight times the
frequency, fc' of the color subcarrier signal component of
the composite video signal provided by source 210. The
signal, CLK, provided by the VCO 230 is applied to
frequency dividing circuitry 232, The circuitry 232 which,
in the present embodiment of the invention includes an
11-bit counter, divides the signal CLK, in frequency, by a
factor of 1820 to produce a signal HD, having the same’
nominal frequency as the horizontal line synchronizing
signal HSYNC. The signal HD is applied to a delay element
234 which delays the signal HD by a predetermined amount of
time, to generate the signal HD' which is applied to the
phase comparator 226. L
As set forth above, the phase comparator 226 and
loop filter 228 adjust the frequency and phase of the VCO
230 so that the signal HD' is aligned in frequency and
phase with the signal HSYNC. However, since the signal HD'
is delayed in time, via the delay element 234, with respect
to the signal HD, the signal HD leads the signal HSYNC in
phase. In other words, the pulses of the signal HD occur
prior to corresponding pulses of the signal HSYNC by the
amount of time that signals are delayed by the delay
element 234. If, for example, the delay element 234 delays
the signal HD by an amount of time substantially equal to
the processing delay through the sync separator circuitry
224, then the signal HD would be aligned with the
horizontal line synchronizing signal component of the:
composite video signal provided by tbe source 210. As set

" forth below, in the present embodiment of the invention the

amount of time delay provided by the delay element 234 is
selected so that a final horizontal drive signal HD and
the clock signal CLKS have a predetermined phase
relationship with the horizontal line synchronizing signal
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components of the luminance signal Y and color difference
signals I ahd Q applied to the respective ADC's 216, 218
and 220. '

The phase-advanced horizontél drive signal HD and
the clock signal CLK are applied to respectively different
input terminals of phase alignment circuitry 236. The
phase alignment circuitry used in this embodiment of the
invention is shown in FIGURE 3.

In FIGURE 3, the 28.64 MHz clock signal, CLK, is
applied to the input terminal of a delay line 310. The
delay line 310 used in the present embodiment of the
invention is a chain of 31 serially connected buffer
ciréuits; D1 through D31. Each of the buffer circuits used
in the delay line 310 provides a time delay substantially
equal to 1/32 times the period of the signal CLK. The
delay line 310 has 32 output terminals, one connected to
the input terminal of the first buffer circuit in the .
chain, Dl’ and one connected to the output terminal of each
of the buffer circuits D1 through D31. The 32 output
terminals of the delay line 310 are coupled to 32
respectively different .input terminals of a phase selector
312. The signal HD, provided by the frequency dividing
circuitfy 232 is also coupled to the phase selector 312.
Circuitry suitable for use as the phase selector 312 is
disclosed in U.S. Patent No. 3,911,368 entitled "Phase
Interpolating Apparatus and Method".

The phase selector 312 has 32 output terminals,
one corresponding to each of 32 output terminals of the
delay line 310. 1In operation, the phase selector 312
compates a transition in the signal HO with transitions in
each of the 32 phases of the signal CLK provided by the
delay line 310 and indicates which phase of the clock
signal has a transition which most closely coincides with
the transition in the signal HD. The phase alignment
circuitry provides a logic one signal on the output
terminal which corresponds to this phase. The other 31
output terminals of the phase selector 312 have logic zero
output signals.
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The 32 output terminals of the phase selector
312 are'apﬁlied to respectively different input terminals
of a line selection encoder 314. The line selection
encoder 314 used in this embodiment of -the invention is a
conventional priority encoder. The output signal pfovided
by the line selection encoder 314 is a five~bit signal
indicating the number, in binary form, of the output signal
of the phase selector 312 which has a value of logic one.

The output signal of the line selection encoder
314 is applied to the control input port of a multiplexer
316. The multiplexer 316 used in this embodiment of the
invention is a conventional 32-to-1 multiplexer having 32
signal input terminals each of which is coupled to a
respectively different one of the output terminals of the
delay line 310. The control signal provided by the line
selection encoder 314 conditions the multiplexer 316 to
provide, as its output signal, the phase of the signal CLK
which corresponds to the phase that was selected by the
circuitry 312. The output signal, CLK', of the multiplexer
316 is the output signal of the phase alignment circuitry
236.

‘Referring to FIGURE 2, the signal CLK' is applied
to frequency dividing circuitry 242 which produces a signal
CLK" having a frequency that is one-half of the frequency
of the signal CLK (i.e. 910 fH). The frequency divider 242
used in this embodiment of the invention is a conventional
trigger-type flip-flop. This type of flip-flop changes
state between logic-one and logic-zero for each
positive-going transition of the signal CLK'. The state of
the frequency divider 242 is set at the start of each
horizontal line by a pulse signal derived from the signal
HD provided by the frequency.divider circuitry 232. To
generate the pulse siqnal, the signal HD is applied to a
delay element 238, which compensates for the processing
time through the phase alignment circuitry 236 to produce
the final horizontal drive signal, HDF' The signal HDF is
applied to an edge detector 240 which produces the pulse
signal applied to the frequency lelder 242 The pulses
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used in this embodiment of the invention have a pulse width
of approximately 20ns. This pulse signal is applied to a
preset input terminal of the frequency divider 242. The

horizontal drive signal HD_ controls the horizontal

deflection circuitry (not zhown) of the television receiver
partially shown in FIGURE 2.

The signal CLK", provided by the frequency
divider 242 is synchronized to the final horizontal sync-.
signal HDF so that the first pulse of the signal CLK" .
following a pulse of the signal HDF has a predetermined -
polarity and occurs within one nano-second of a
predetermined time with respect to the final horizontal
sync signal HDF. The signal CLK" is applied to a delay
element 244 which compensates for the processing delay
imparted to the video signals Y, I and Q by the sync
separator 212, chrominance signal demodulator 214 and/or
delay element 215. The signal provided by the delay
element 244 is the sampling clock signal, CLKS.
FIGURES 4A through 4I are waveform diagrams which

‘illustrate the operation of the clock generation system.

FIGURE 4A shows the timing of a positive going transition
of the horizontal synchronizing signal component of the
composite video signal pro#ided by the source 210. The
corresponding transition of the separated horizontal
synchronizing signal, BSYNC, is shown in FIGURE 4B. The
time delay between the transition in FIGURE 4A and that in
FIGURE 4B represents the signal processing delay through

the sync separator circuitry 224. FIGURE 4C is a waveform

diagram of the component of the separated luminance signal
Y' which corresponds to the positive going transition of
the .horizontal synchronizing signal. The time between the
transitions in FIGURE 4A and FIGURE 4C represents the
signal processing delay through the luminance/chrominance
separation circuitry 212 and the compensating delay element .
215,

The signal CLK provided by the VCO 230 is shown
in FIGURE 4D. The frequency of this signal may jitter
about a nominal frequency as descrlbed above in reference
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ﬁo FIGURE 1. The signal HD, generated by the fiequency
divider 232 from the signal CLK, is shown in FIGURE 4E.

The signal HD is advanced with respect to the signal HSYNC
by an amount of time tL, representing the signal processing
delay provided by the sync separator 224, and the phase
alignment circuitry 236. The phase aligned clock .signal
CLK', provided by the circuitry 236 is shown in FIGURE 4F.
The delay between the positive going transition of the
signal HD and the closest positive going transition of the
signal CLK' is the signal processing delay through the
multiplexer 316 of the phase circuitry 236. The final
horizontal drive signal HDF' and the clock signals CLK" and
CLKS are shown in FIGURES 4G, 4H and 4I, respectively.

The positive-going transition in the signal HDF
occurs at substantially the same time as the transition in
the horizontal line synchronizing signal component of the
composite video signal, shown in FIGURE 4A, due to the
selection of the delay value tL. In this embodiment of the
invention, tL is the sum of the processing delay through
the sync separator 224 and phase alignment circuitry 236.
By advancing the timing of the signal HD by tL with respect
to the signal HSYNC, the delay element 234 compensates for
the processing delay through these circuit elements to
produce a horizontal drive signal, HD and a clock signal
CLK" that are closely aligned in phase with the horlzontal
line synchronizing signal components of the video signals
provided by the source 210. The clock signal CLK" is
substantially free of jitter with respect to the signal HD
due to the phase alignment circuitry 236. The sampling
clock signal CLKS, shown in FIGURE 4I is delayed by an

amount of time tC which compensates for the processing

F

delay through the luminance/chrominance separator circuitry
212, and the chrominance demodulator 214 or the delay
element 215. The digital samﬁles produced by the ADC's
216, 218 and 220 in responsé to the c;ock signal'CLKS have
consistent timing relative to the signal HD, from line to
line and from field to field. 1In addition, since the

signal CLKS is a line-locked clock 51gnal the number of
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samples in each line interval and, so, in each field
interval of the sampled video signals is consistent from
field to field.
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2. A clock signal generation system comprising:
a source of reference signal (224) having a
frequency that is substantially equal to a predetermined
freéuency; and
. a phase locked loop (226,228,230,232) coupled to
sald source of reference signal for generating first and
second oscillatory signals (CLK,HD) that are locked in
phase to said reference signal, wherein said first
oscillatory signal (CLK) has a nominal frequency of N
times said predetermined frequency, N being an integer
greater than 1, and is subject t§ undesirable variations
in frequency between predetermined minimum and maximum
values, and said second oscillatory signal (HD) has a
frequency substantially equal to said predetermined
frequency; -
characterized by-
signal phase alignment means, coupled to said
phase locked loop for compensating for the undesirable
variations in frequency of said flrst osc1llatory signal,
including:
means (310) responsive to said first
oscillatory signal (CLK) for developing M oscillatory
signals representing M respectively different phases |
of said firét oscillatory signal where M is an
integer greater than 1; and
means (312) responsive to said second
oscillatory signal (HD) for continually selecting
from among said M oscillatory signais, an output
oscillatory signal having a transition which-is
approximately coincident with a transition in said
second oscillatory signal.
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. A clock signal generation system comprlslng-
a source of television signal including a
horizontal -line synchronizing signal component (HSYNC)
having a frequency substantially equal to a predetermined
frequency; '
television signal procéssing means (212-224) 
coupled to said source including means (224) for
separating the horizontal line synchronizing signal from
said television signal as a reference signal; and _
. a phase locked loop (226,228,230,232), coupled
to said television signal processing means for generating
first and second oscillatory signals (CLK,HD) that are
locked in phase to said separated horizontal line
synchronizing signal, wherein said first oscillatory
signal (CLK) has a nominal frequency of N times said
predetermined frequency, N being an integer greater than
1, and is subject to undesirable variations.in frequency"
between predetermined minimum and maximum values, and said
second oscillatory signal (HD) has a frequency
substantially equal to said predetermined frequency:
characterized by: |
signal phase alignment means (236), coupled to
said phase locked loop for developing a clock signal from
said first oscillatory signal, said clock signal being
compensated for the undesirable variations in the
frequency of said first oscillatory signal, said signal
phase alignment means comprising:
means (310), respons1ve to said first
050111atory signal (CLK) for developing M
'0501llatory signals representing M respectively
different phases of said first oscillatory signal,
where M is an integer greater than 1; and
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means (312), responsive to said second
oscillatory signal (HD) for continually selecting
from among said M oscillatory signals, a signal to be
provided as said clock signal, wherein a transition
in said selected oscillatory signal is substantially
coincident with a transition in said second
oscillatory signal. '

4. The clock signal generation system set forth
in claim 3 wherein: '
the television signal provided by said source
includes a luminance signal component and a chrominance
signal component which includes first and second color
difference signal components; and
' said television signal processing means further
includes |
means for separating the luminance signal
component and the first and second color difference
signal components from said television signal; and
analog-to-digital conversion means
responsive to said output clock signal for generating
first, second and third sampled data digital signals
representing, respectively, said separated luminance
signal and said separated first and second color
difference.signals.

5. The clock signal generation system set forth
in claim 2, 3 or 4 wherein said phase locked loop
includes:

'a variable oscillator, (VCO) for generating said
first oscillatory signal (CLK) having a nominal frequency
substantially equal to N times said predetermined
frequency, said variable oscillator being responsive to a
control signal for changing the frequéncy of said first
oscillatory signal;
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signal frequency dividing means (232), coupled
to said variable oscillator for dividing said first
oscillatofy signal, in frequency, by a factor of N to
develop said second oscillatory signal (HD);

| signal delaying means (234), coupled to said
signal frequency dividing means for delaying said second
oscillatqry‘signal by a predetermined amount of time;

- phase comparison means (226), coupled to said
signal delaying means, for generating a phase difference
signal that is préportional to the difference in phase
between said reference signal (HSYNC) and said delayed
second oscillatory signal (HD'); and

means (228), responsive to said phase difference
signal for generating said control signal which tends to
condition said variable oscillator to change the frequency
of the first oscillatory signal (CLK) in a sense to reduce

the magnitude of said phase difference signal.
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