
EP 0 299 724 B1 Description The present invention relates to a hybrid phase
locked loop system which includes analog and digital cir- cuitry. 5
Recent developments in thefleld of digital television signal processing
have generated interest in digitally controlled phase locked loop (PLL)
systems. These systems have been shown to be useful in generating clock
signals thatare phase-locked to the horizontal line scanning signals used
in a multi-standard (I.e. PALor NTSC) television receiver. A system of this
type Is described in an article by A.H.H.J. Nillesen entitled uLlne-locked
Digital Colour Decoding", Electronic Components and Applications, Vd. 7,
No. 4,1986, pp. 239-245. 10      The PLL system described In the Nillesen
article is a dual phase locked loop. An outer digital loop which includes a
phase comparator, loop filter, adder, digital value source, DTO, ROM and
DAC controls an inner analog PLL used as a reconstruction filter". In this
dual loop system, the digital loop operates at a relatively low frequency,
fa., which is less than the Nyquist limit frequency for the dock signal
which docks the DTO. The signal produced by the digital PLL is multiplied
In frequency by the analog PLL in the reconstruction filter 15  to produce
a sampling dock signal (CLOCK) for use in digitizing composite video
signals in an ADC (analog to digital converter). The signal CLOCK is
divided in frequency by a counter to produce a signal which is applied to
an analog phase comparator of the inner PLL. In the Nillesen system, the
digital values produced by the ROM are converted into an analog signal by
the DAC for application to the analog phase comparator of the
reconstruction filter. The DAC and analog phase 20 comparator of the
Nillesen system are intended to be realized as a portion of an integrated
circuit. Because these circuits are analog, they are very sensitive to
variations in design and manufacturing parameters and may be subject to
degradation in performance as the integrated circuit ages. It Is herein
recognized as desirable of digital circuitry, which is less sensitive to
parametric variations and to aging, could be substituted for the DAC and
analog phase comparator. 25      The present invention provides an
apparatus, in a television signal processing system, comprising: a source
of television signals including a horizontal line synchronizing signal
component; signal separation means, coupled to said source, forseparating
the horizontal line synchronizing signal component from said television
signals; first phase comparison means, coupled to said signal separation
means for generating a first phase difference signal representing the
difference in phase between said separated horizontal line syn- 30
chronizing signal and a first oscillatory signal; means, coupled to said
first phase comparison means and re- sponsive to said first phase
difference signal for generating a first frequency control signal; digital
generation means including a digital oscillator responsive to said first
frequency control signal for generating a plural-bit sampled data digital
oscillatory signal having a frequencywhich varies about a nominal frequency
by amounts determined by said first frequency control signal; second phase
comparison means, coupled to receive a signal 35 from said digital signal
generation means, for generating a second phase difference signal
representing the difference in phase between said received signal and a
second oscillatory signal; means, coupled to said sec- ond phase comparison
means and responsive to said second phase difference signal for generating
a second frequency control signal; avariable oscillator, responsive to said
second frequency control signal forgenerating an analog oscillatory signal
having a frequency determined by said second frequency control signal; and
fre- 40 quency dividing means coupled to said variable oscillator for
dividing the analog oscillatory signal provided thereby in frequency by
first and second predetermined factors to generate said first and second
oscillatory signals; characterized in that the signal received by said
second phase comparison means from said digital signal generation means Is
derived from a signal representing the most significant bit of said
plural-bit sampled data digital oscillatory signal. 45      The present
invention is embodied in a partly digital, partly analog phase locked loop
system. The system includes an analog oscillatorwhich is responsive to a
control signal for generating an analog oscillatory signal. The system
further includes a digital oscillator which generates a multi-bit digital
oscillatory signal having a frequency which approximates a predetermined
frequency. A phase comparator Is responsive to the output signal of the
analog oscillatorand toone of the bits of the multi-bit digital
oscillatorysignal to develop the control 50 signal applied to the analog
oscillator. FIGURE 1 is a block diagram of a partly analog, partly digital
(prior art) phase locked loop system. FIGURE 2 is a block diagram of a
partly analog, partly digital phase locked loop system Incorporating the
present invention. FIGURES 3A, 3B, 3C and 3D are waveform diagrams of
signal amplitude versus time showing signals that 55 are useful for
explaining the operation of the circuitry shown in FIGURE 2. In the
drawings, broad arrows represent busses for conveying multiple-bit parallel
digital signals and line arrows represent connections for conveying analog
signals orsingle-bit digital signals. Depending on the proc- 



essing speed of the devices, compensating delays may be required in certain
of the signal paths. One skilled 2    EP 0 29 724 B1 in the art of digital
and analog signal processing circuit design would know where such delays
would be needed in a particular system. The line-locked dock system
described in the Nillesen article is shown in FIGURE 1, labeled 'PriorArtl.
The system shown in FIGURE 1 is a compound phase-locked loop. Generally, an
analog PLL 50 is used as a 5   *reconstruction filter in a digital PLLwhich
also includes a phase comparator 18, a loop filter 18 and a digital
oscillator, also known as a discrete time oscillator (DTO) 30. The DTO 30
is docked by a crystal controlled clock signal generated by an analog
oscillator 40. The following is a more detailed description of the
circuitry shown in FIGURE 1. A source of composite video signals 10, which
includes a conventional television tuner, IF ampliflerand video detector,
provides com- lo  posite video signals to an analog to digital converter
(ADC) 12. The ADC 12 digitizes the composite video sig- nals at instants
determined by a sampling clock signal, CLOCK, provided by the wave shaping
circuitry 68 of the reconstruction filter 50. The digitized composite video
signal developed by the ADC 12 Is applied to syn- chronization signal
separating circuitry 14. The circuitry 14 extracts the horizontal line
synchronizing signal components from the digitized composite video signal
and provides these extracted components as a signal 15  HSYNC. The signal
HSYNC is applied to one input port of the phase comparator 16. Another
input port of the phase comparator 16 is coupled to receive a signal, HS,
provided by a counter 60 of the reconstruction filter 50. The counter 60
frequency divides the signal CLOCK to generate the signal HS having a
frequency, FL, which approximates the frequency of the horizontal line
synchronization signal HSYNC. The phase comparator 16 generates a signal
proportional to the difference in phase between the signals 20  HS and
HSYNC. The signal provided by the phase comparator 16 is applied to the
loop filter 18. The filter 18 integrates the phase difference signal to
produce a signal, FD, which is indicative of the difference in frequency
between the signals HS and HSYNC. The signal provided by the loop filter 18
is applied to one input port of an adder 20. The other input port of the
adder 20 is coupled toa digital value source 22 which applies a constant
digital value K to the adder 20. As described below, the value K determines
the free running frequency of the 26  DTO 30. The signal provided by the
adder 20 Is applied to one Input port of an adder 32 of the DTO 30. The
output signal of the adder 32 is applied to the input port of an N-bit
parallel-input parallel-output register34. The output port of the register
34 Is coupled to a second input port of the adder 32. The output port of
the register 34 is the output port of the DTO 30. The dock input terminal
of the register 34 is coupled to receive the signal, CK, 30  provided by
the oscillator 40. Synchronous with each pulse of the signal CK, the sum of
the value held by the register 34 and the value provided by the adder 20 is
stored into the register 34. Since the register 34 is an N- bit register,
the largest value which it can hold is 2N-1. When the sum, S, provided by
the adder 32 is greater than 2N-1, the value stored In the register 34 Is S
modulo 2N, a value that is less than 2N-1. Consequently, the value, S,
provided by the register 34 will Increase in value in a stepwise-linear
manner over several dock per- 35  iods and then decrease in value during
one clock period. The signal, SW, represented by this changing value is a
quantized sawtooth waveform. The frequency, f,,, of the signal SW Is
described by the equation (1) faw = ((K + FD)12N)fck (1) where fk is the
frequency of the clock signal CK. The signal SW is applied to the address
input port of a read- only memory (ROM) 36. The ROM 36 is programmed to
provide output values representing a quantized sine 40  wave signal in
response to the values of the quantized sawtooth wave signal SW. The output
signal provided by the ROM 36 is applied to a digital-to-analog converter
(DAC) 38 which develops an analog signal approx- imating a sinusoidal
signal having a frequency of fi,. The signal provided by the DAC 38 is
applied to one input port of a phase comparator 52 of the recon- struction
filter 50. A second input port of the phase comparator 52 is coupled to
receive a signal, provided by 45 the counter 60, which has a frequency
substantially equal to fw,,. The phase comparator 52 produces an output
signal which is proportional to the Instantaneous difference in phase
between the signals provided by the coun- ter 60 and DAC 38. This output
signal Is applied to the Input terminal of a loop filter 54 which
Integrates the phase difference signal to develop a signal which Is
proportional to the difference in frequency between the signals provided by
the counter 60 and the DAC 38. 50      The frequency difference signal
provided by the loop filter 54 Is applied to the frequency control input
ter- minal of an analog voltage controlled oscillator (VCO) 58. The VCO 56
Is conditioned to produce a sinusoidal 



output signal having a frequency which is an integer multiple of the
frequency f,,. The signal produced by the VCO 56 is applied to wave shaping
cdrcuitry 58 which changes the sinusoidal signal to a square wave signal.
The signal provided by the wave shaping circuitry 58 Is the signal CLOCK
which is applied to the ADC 12 and 55  counter 80 as set forth above.
FIGURE 2 is a block diagram of a partly digital, partly analog phase locked
loop system which includes the present Invention. The circuitry shown in
FIGURE 2 Is analyzed in the context of an NTSC television signal processing
system. The items which may be differentfor the circuitry to operate In a
PAL television signal proo- 3    EP 0 20 724 1 easing system are noted in
parentheses where appropriate. In FIGURE 2, a source 210 provides composite
video signals to an ADC 212. The ADC 212 samples the signals provided bythe
source 210 using a sampling ciocksignal, CLOCK', which has
afrequencysubstantially equal to, for example, 13.5 MHz. The signal CLOCK'
Is provided by the reconstruction filter 250 as set forth 5   below. The
digitized composite video signal developed by the ADC 212 is applied to
synchronizing signal sep- arating circuitry214 which extracts the
horizontal line synchronizing signal components from the digitized com-
posite video signal and provides the extracted signal components as a
signal HSYNC' to a phase comparator 216. The phase comparator2l 6which, in
this embodimentofthe invention, is identical tothe phase comparator 18
described in reference to FIGURE 1, provides an output signal representing
the Instantaneous difference 10  In phase between the signal HSYNC' and a
signal HS', having approximately the same frequency as the signal HSYNC'.
The signal HS' is generated by a counter 260 which divides the frequency of
the signal CLOCK' by 858 (884 for PAL). The phase difference signal
generated by the phase comparator 218 is applied to a loop filter 218. The
filter 218 integrates the phase difference signal to generate a signal,
FD', representing the difference In fre- 15  quency between the signals
HSYNC' and HS'. The signal FD' is summed by an adder 220 with a digital
value K, provided by a digital value source 222. In the present embodiment
of the invention, K is equal to 14,564. The signal developed by the
adder220 is applied to a DTO 230 which includes an adder 232 and a 16-bit
par- allel-input parallel-output register234. The sample values provided
bythe adder220 aresummedwith the value held in the register 234 by the
adder 232, the resultant sum is loaded into the register 234 synchronous
with 20  the positive-going transitions of a 20 MHz dock signal CK'. The
signal CK' is provided by a conventional res- onant crystal controlled
oscillator240. The output signal, SW', of the DTO 230 s the successive
sample values provided by the register 234. As set forth above, the signal
provided by a DTO may be considered to be a quantized sawtooth signal
having a frequency which depends on the frequency of the clock signal and
the value of the Increment signal 25  applied to the DTO. In the present
embodiment of the invention, when the signal FD' provided by the loop
filter 218 Is zero valued, the value in the register 234 will be
incremented by the value K=14,564 for each cycle of the 20 MHz clock signal
CK'. Table I llustrates successive sample values of the signal SW'. 30
TABLE  I TIME                                  SW' T 0
~~~~~~~0 T1                                 14,746 35
T2                                  29,492 T 3
44,238 T4                                 58,894 40
T5                                   8,194 T 6
22,940 T7                                 37,686 T 8
52,432 45 Tg 91,642 Tlo 1                              16,388 Tl 1 131,134
so                       T 12                                45,880 T 13
60,626 T14                                  9,836 



55                       T 1 5                               24,582 The
values In Table I are shown graphically In FIGURE 3A. The times Tw-T1r
occur coincident with the pos- Itive going edges of the clock signal CK'
and correspond to instants at which the value provided by the adder 4    EP
0 299 724 B1 232 are loaded Into the register 234. In FIGURE 3A, the
sawtooth waveform of the signal SW is shown by the broken line connecting
the sample points. in FIGURE 3A, the value P-1 represents the largest value
which can be held by the register 234 (i.e. 65,535 or21-I). The value P/2
corresponds to 32,768 (i.e. 215). When the signal FD' is nonzero, the value
of the increment applied to the DTO Is changed. The increment 6   value is
greater when FD' is greater than zero and less when FD' Is less than zero.
As set forth above, the frequency of the signal produced by the DTO Is
directly proportional to the increment value. In a first embodiment of the
Invention to be described, a signal MSBW, representing the most significant
bit (MSB) of the signal SW' is applied as a reference signal to the phase
comparator 252 of the reconstruction filter 250. The connection applying
the signal MSBw to the phase comparator 252 is illustrated by the alter- 1O
nating long and short dashed line 235. The signal MSB,, is shown in FIGURE
3C. This signal has a value of logic zero when the sample values of the
signal SW' are less than P/2 and a value of logic one when the sample
values the signal SW' are greater than or equal to P12. The signal MSBS,,
may be considered to be the super- position of a signal having a frequency
of f,,, the frequency of the signal SW', and of a beat signal having a
frequency related to the harmonics and subharmonics of the respective
signals SW' and CK'. The frequency 15  of the beat signal component has a
fundamental component that Is substantially equal to the difference be-
tween the frequency, f,', and the subharmonic of the signal CK' which is
closest in frequency to f,'. In the present embodiment of the invention,
fm' is 4.5 MHz and f', the frequency of the dock signal CK', is 20 MHz.
Accordingly, the beat signal has a fundamental frequency substantially
equal to 500 KHz (5 MHz - 4.5 MHz). It is contemplated that other
combinations of clock frequency and sawtooth wave frequency may be used as
20  long as two limitations are observed: first, the ratio of the frequency
of the dock signal to the frequency of the sawtooth wave should be greater
than two to satisfy the Nyquist criterion; second, this ratio should be a
non- integer value having a fractional part that is large enough to ensure
that the fundamental component of the beat frequency will be outside of the
tracking range of the ADC. In general, the frequency of the fundamental
component of the beat signal Is largest when the fractional part of the
ratio is one-halt As set forth below, the 25  fundamental component of the
beat signal is substantially attenuated by the reconstruction filter 250. A
phase comparator 252 suitable for use In this embodiment of the invention
is described In U.S. Patent 4,520,319, entitled uElectronic Phase Detector
Having An Output Which Is Proportional To The Phase Differ- ence Between
Two Data Signals", which is hereby Incorporated by reference. The signal
provided by this phase comparator has an average magnitude which is
proportional to the difference in phase between the signal 30  MSBw, and a
signal having a frequency approximately equal to fin that is generated by
the counter 260 In re- sponse to the signal CLOCK'. This phase difference
signal is applied to a loop filter 254. The filter 254 inte- grates the
phase difference signal to provide a signal which is proportional to the
difference in frequency be- tween the signal MSBSw and the signal provided
by the counter 260 to the phase comparator 252. This fre- quency difference
signal is applied to a conventional analog VCO 256 which produces a
sinusoidal output sig- 35  nal having a frequencyof approximately 13.5 MHz.
The outputsignal of the VCO 256 is applied towave shaping circuitry 258
which converts the sinusoidal signal to a square wave signal. The square
wave signal generated by the wave shaping circuitry 258 is applied to the
counter 260 to complete the loop. The output signal of the wave shaping
circuitry 258 is the output signal, CLOCK', of the PLL system shown in
FIGURE 2. The counter 260 used in this embodiment of the invention is a
cascade combination of two counters. The 40  first counter (not shown)
produces an output pulse for every three pulses of the signal CLOCK'. The
output signal of this counter Is applied to the phase comparator 252. The
second counter (not shown) produces an output pulse for every 286 (288 for
PAL) pulses of the signal provided by the first counter. The output signal
of the second counter is the signal HS' which Is applied to the phase
comparator 216 as set forth above. In this first embodiment of the
invention, the reconstruction filter 250 acts to substantially attenuate
the 45  beat frequency components of the MSB of the signal SW' and to
multiply the frequency of its 4.5 MHz signal component to obtain the 13.5
MHz signal, CLOCK'. As set forth above, the frequency of the beat signal
components of the signal MSBSW depends on the rel- ative frequencies of the
harmonics and subharmonics of the signals SW' and CKI. In the embodiments
of the invention illustrated in FIGURE 2, the frequency of the signal SW'
changes to track changes in the frequency 



50  of the signal HSYNC' provided by the synchronizing signal separation
circuitry 214. It has been determined by the inventor that when the
composite video signals provided by the source 210 are provided by a
nonstan- dard source, such as a video tape recorder (VTR), the signal
HSYNC' may vary In frequency by as much as five percent from its nominal
value. Consequently, the signals SW' and CK' may generate fundamental beat
signal frequencies ranging between 275 KHz and 500 KHz. 55      The
reconstruction filter 250 acts to attenuate these beat signal components
because the passband of filter 250 encompasses only those frequencies which
differ by approximately 15 KHz from a center frequency of three times the
frequency of the signal SW'. The pass-bandwidth of the reconstruction
filter 250 is deter- mined by the loop time constant of the PLL which
constitutes the filter 250. This time constant, which defines 5    EP 0 299
724 B1 the frequency tracking range of the PLL, may be selected by
adjusting the gain of the various elements In the PLL as described in an
article by Wolf J. Gruen entitled 'Theory of AFC Synchronization",
Proceedings of the IRE, August 1953, pp. 1043-1048. Since the fundamental
frequency of the beat signal component of the signal MSBW is outside of
pass- 5   band of the reconstruction filter 250, the signal, CLOCK,
produced by the filter is relatively free of distortion related to this
fundamental frequency component of the beat signal. Distortion from the
beat signal is not entirely absent from the signal CLOCK, however. To
understand the nature of this residual distortion, consider the frequency
spectrum of the signal MSBw. This signal may be modeled as a square wave
signal derived from a superposition of a first sinusoidal signal having a
frequency 10  of f and a second signal which is not necessarily sinusoidal,
having the frequency spectrum of the beat signal. It is well known that the
frequency spectrum of a square wave Includes the fundamental frequency and
its odd harmonic frequencies. Consequently, the frequency spectrum of the
signal represented by the signal MSBIW' includes components at the odd
harmonic frequencies of each of the components of the beat signal as well
as the odd harmonic components of the signal SW'. When the components of
the beat signal have 15 relatively large amplitude values and frequencies
that lie within the pass-band of the reconstruction filter, they may cause
significant distortion in the signal CLOCK'. This distortion is
substantially eliminated by circuitry delineated by the broken line block,
241. The circuitry 241 delays the negative and positive going edges of the
signal MSBw by varying amounts of time to substan- tially eliminate any
distortion of the signal MSBw that is related to the beat signal. 20     In
this embodiment of the invention, the amount of time by which a given
transition of the signal MSBW is to be delayed is determined by examining
five bits of the corresponding sample value of the signal SW, having less
significance than the MSB. As set forth above, and as shown In FIGURE 3A,
the sample values provided by the DTO 230 correspond to samples of a
sawtooth waveform having a frequency of f&. Since the signal SW, is a
sawtooth wave signal having known minimum and maximum amplitude values, the
timing of a given 25  sample relative to the start of a period of the
sampled waveform is proportional to the value of the sample. For example,
in the example shown in FIGURE 3, the signal SW, has a minimum value of
zero and a maximum value of P-1. Asample at the midpoint of a period of the
signal SW' has a value of P/2. In the present example, the value P is
216(65,536). Accordingly, the sample value which corresponds to the
midpoint of a period of the signal SW, is 215(32,768). Thi sample value has
a logic one In the 16th or MSB position and logic zeros in the 30  15 least
significant bit (LSB) positions. In this example, therefore, the value of
the 15 LSB's of a sample of the signal sw are indicative of the timing of
the sample relative to the beginning or midpoint of a period of the signal
SW' when the MSB of the sample is logic zero or logic one, respectively.
Consequently, the 15 LSB's of the sample value corresponding to a
transition of the signal MSBS  or with adequate accuracy only the 5 MSB's
of these 15 LSB's, can be used to adjust a programmable delay element to
align the transition with the begin- 35  ning or midpoint of a period of
the signal SW,. Referring to FIGURE 2, the signal MSBII is applied to the
input terminal of a conventional D-type flip-flop 236. The flip-flop 236
delays the signal MSBSW by one period of the signal CK', applied to the
flip-flop 236 by the oscillator 240. The signal MSBW and the delayed signal
provided by the flip-flop 236 are applied to re- spectively different input
terminals of an exclusive-OR gate 238. The gate 238 is a transition
detector for the 40  signal MSB6 . It produces a logic one output signal
only when the delayed MBSW signal provided by the flip- flop 236 differs
from the undelayed signal MSBSw provided by the DTO 230. The signal V., the
five MSB's of the 15 LSB's of the signal SW, is applied to the address
input port of a ROM 244. The output port of the ROM 244 Is coupled tothe
input port of a latch 246. The latch 246 is controlled to load a newvalue
when the exclusive 



OR gate 238 has a value of logic one. 45      On the occurrence of a
transition, the five-bit output value provided by the ROM 244 in response
to the signal V" Is loaded into the latch 246. The output port of the latch
246 Is coupled to the control input port of a variable delay element 248.
The signal input port of the delay element 248 is coupled to receive the
delayed signal MSBWH provided by the flip-flop 236 as further delayed by a
compensating delay element 237. The delay element 237 delays the individual
transitions in signal MSBw by an amount of time suff Icient to match the
tran- 50  aitions to the respective delay element control values produced
by the ROM 244. The variable delay element 248 used In this embodiment of
the invention is a chain of 31 pairs of inverters (not shown). The output
terminal of each pair of Inverters is coupled to a respectively different
input port of a multiplexer (not shown). The five-bit control signal
provided by the ROM 235 is coupled to the control Input port of the
multiplexer to select either the input signal to the delay element 248 or
the output signal provided 55  by one of the 31 pairs of inverters as the
output signal, MSB'w of the variable delay element 248. A variable
delayelementsuitable foruse as the delay element248 is described in U.S.
Patent No.4,489,342 entitled "Mos- fet Integrated Delay Circuit For Digital
Signals and Its Use in Color Television Receivers". The amount of time by
which the variable delay element 248 delays a transition of the signal MSB%
is 6    EP 0 299 724 B1 determined by the values provided by the ROM 244
via the latch 246. These values, in turn, are determined by the values of
the signal V,,, representing bits 11-15 of the signal SW'. As set forth
above, the values of the signal V,,, which correspond to transitions in the
signal MSBS,, are proportional to the timing of the transition relative to
the beginning or midpoint of the sawtooth waveform depending on whether the
transition is positive- 5   going or negative-going, respectively. In the
present embodiment of the invention, it is desirable to delay the
positive-going transitions of the signal MSB,, so that they occur
substantially coincident with the endpoint or positive peak of the sawtooth
waveform and to delay the negative going transitions of the signal MSB,, so
that they occur substantially coincident with the midpoint of the sawtooth
waveforms. For example, as shown in FIGURES 3A through 3D, it is desirable
to delay the transitions of the signal 10  MSB,,occurring attimes T3, T6and
T7 by the respective amounts oftime di, d2and d3 to produce the transitions
In the waveform MSB'Sw occurring at times T8', T5' and T9. The amount of
time by which an individual transition is to be delayed is inversely
proportional to the cor- responding value of the signal V,,. In this
embodiment of the invention, the ROM 244 is programmed to trans- late the
values of V,, into delay control values. First, the range of values of the
signal V., is divided Into 32 15 equal parts and then 32 delay control
values which span one-half of a period of the signal sw' are assigned to
the cells of the ROM 244 that are addressed by the respective values of the
signal V. An example of the programming of the ROM 244 is presented below
in Table II. In this example, the ROM 244 has 32 addressable storage
locations numbered from zero to 31 which subdivide the values represented
by the 15 LSB's of the signal SW' into 32 equal parts represented by their
5 MSB's. 20 TABLE II Delay                        Delay
Delay X     Address        Value         Address         Value
Address        Value 0           31             13             18
26             5 1           30             14             17
27             4 2           29             15             16
28             3 30        3            28             16             15
29             2 4           27             17             14
30             1 5           26             18             13
31             0 35        6            25             19             12 7
24             20             11 8           23             21
10 9           22             22              9 10           21
23               8 11           20             24               7 12
19             25               6 45 



When a value of zero is selected from the ROM 244 for application to the
control input port of the variable delay element 248, the output signal,
MSB',, Is the same as the input signal to the delay element 248. When a
value between I and 31 is selected, however, the output signal MSB',, is
equal to the signal MSBI, applied to the variable delay element 248,
delayed by a chain of a number of inverter pairs equal to the selected
value. 50      The circuitry 241 generates a signal MSB'Sw having
transitions which are aligned with the midpoints and endpoints of the
sawtooth waveform of the signal SW'. This alignment Is accurate to within
the time delay de- fined by one inverter pair of the variable delay element
248. Assuming that f.m Is 4.5 MHz and that the Inverter pairs of the
variable delay element 248 subdivide one-half of the period of the signal
SW' Into 32 equal time intervals, each of the transitions of the signal
MSB'.w Is accurate to within 3 ns relative to a square wave signal 55
having a frequency of f,,,'. The signal MSB'Sw produced by the variable
delay element 248 is applied to the reconstruction filter 250 in place of
the signal MSB%, applied via the connection 235. The PLL of the
reconstruction filter 250 is syn- chronized by the signal MSB'W as set
forth above to produce the signal CLOCK', which has a frequency sub- 7
EP 0 299 724 B1 stantially equal to 13.5 MHz and which is substantially
free of any distortion related to the beat signal compo- nents of the
signal MSBW. 5   Claims 1. Apparatus, in a television signal processing
system, comprising: a source (210) of television signals including a
horizontal line synchronizing signal component; signal separation means
(214), coupled to said source, for separating the horizontal line synchron-
10      izing signal component from said television signals; first phase
comparison means (216), coupled to said signal separation means for
generating a first phase difference signal representing the difference in
phase between said separated horizontal line syn- chronizing signal and a
first oscillatory signal; means (218), coupled to said first phase
comparison means and responsive to said first phase dif- 15      ference
signal for generating a first frequency control signal; digital signal
generation means including a digital oscillator (230) responsive to said
first frequency control signal for generating a plural-bit sampled data
digital oscillatory signal having a frequency which varies about a nominal
frequency by amounts determined by said first frequency control signal;
second phase comparison means (252), coupled to receive a signal from said
digital signal gen- )   20        eration means, for generating a second
phase difference signal representing the difference in phase be- tween said
received signal and a second oscillatory signal; means (254). coupled to
said second phase comparison means and responsive to said second phase
difference signal for generating a second frequency control signal; a
variable oscillator (258), responsive to said second frequency control
signal for generating an 25       analog oscillatory signal having a
frequency determined by said second frequency control signal; and frequency
dividing means (280) coupled to said variable oscillatorfor dividing the
analog oscillatory signal provided thereby in frequency by first and second
predetermined factors to generate said first and second oscillatory
signals; characterized In that the signal received by said second phase
comparison means from said digital signal generation means is derived from
a signal representing the most significant 30       bit of said plural-bit
sampled data digital oscillatory signal. 2.  The apparatus set forth in
claim I wherein: said digital signal generation means further includes a
source (240) of dock signal having a pre- determined frequency; and 35
said digital oscillator is responsive to said clock signal for generating
samples of said plural-bit sam- pled data digital oscillatory signal at
Instants determined by said dock signal; and further characterized in that:
the ratio of the frequency of said clock signal to the nominal frequency of
said plural-bit sampled ~j)           data digital oscillatory signal is a
noninteger value greater than two. 40 3.  Apparatus in accordance with
claim 2 further characterized by means (235), Interposed between said
digital signal generation means and said second phase com- parison means,
and operating on said received signal, fordelaying transitions in the value
of said received 



signal by respective amounts of time that are inversely proportional to the
respective values represented 45       by bits of said plural-bit sampled
data digital oscillatory signal that have less significance than said most
significant bit. Patentansprriche 50 1. Einrichtung fOr ein
Fernsehsignal-Verarbeitungssystem, beinhaltend: - eine Quelle (210) von
Fernsehsignalen mit einer Horizontal-Zeilensynchron-Signalkomponente; - ein
Signal-Trennmittel (214), das mit der Queue gekoppelt ist, zum Trennen der
Horizontal-Zeilen- synchron-Signalkomponente von den Fernsehsignalen; 5s
- ein erstes Phasenvergleichermittel (216), das mit der
Signal-Trenneinrichtung zur Erzeugung sines ersten Phasendifferenz-Signals
gekoppelt ist, das die Phasendifferenz zwischen dem abgetrennten
Horizontal-Zeilensynchronslgnal und einem ersten Schwingungssignal
reprAsentiert; - ein Mittel (218), das mit dem ersten
Phasenvergleichermittel gekoppelt ist und auf das erste Pha-    * C   L   M
S * stantially equal to 13.5 MHz and which is substantially free of any
distortion related to the beat signal compo- nents of the signal MSEIW. 6
Claims 1.  Apparatus, In a television signal processing system, comprising:
a source (210) of television signals including a horizontal line
synchronizing signal component; signal separation means (214), coupled to
said source, for separating the horizontal line synchron- 10      izing
signal component from said television signals; first phase comparison means
(216), coupled to said signal separation means for generating a first phase
difference signal representing the difference In phase between said
separated horizontal line syn- chronizing signal and a first oscillatory
signal; means (218), coupled to said first phase comparison means and
responsive to said first phase dif- 15      ference signal for generating a
first frequency control signal; digital signal generation means including a
digital oscillator (230) responsive to said first frequency control signal
for generating a plural-bit sampled data digital oscillatory signal having
a frequency which varies about a nominal frequency by amounts determined by
said first frequency control signal; second phase comparison means (252),
coupled to receive a signal from said digital signal gen- 20       eration
means, for generating a second phase difference signal representing the
difference In phase be- tween said received signal and a second oscillatory
signal; means (254), coupled to said second phase comparison means and
responsive to said second phase difference signal for generating a second
frequency control signal; a variable oscillator (256), responsive to said
second frequency control signal for generating an 25       analog
oscillatory signal having a frequency determined by said second frequency
control signal; and frequency dividing means (260) coupled to said variable
oscillatorfordividing the analog oscillatory signal provided thereby In
frequency by first and second predetermined factors to generate said first
and second oscillatory signals; characterized in that the signal received
by said second phase comparison means from said digital signal generation
means Is derived from a signal representing the mostsignificant 30
bit of said plural-bit sampled data digital oscillatory signal. 2.  The
apparatus set forth in claim I wherein: said digital signal generation
means further includes a source (240) of clock signal having a pre-
determined frequency; and 35            said digital oscillator is
responsive to said clock signal for generating samples of said plural-bit
sam- pled data digital oscillatory signal at instants determined by said
clock signal; and further characterized in that: the ratio of the frequency
of said clock signal to the nominal frequency of said plural-bit sampled
data digital oscillatory signal is a noninteger value greater than two. 40
3.  Apparatus in accordance with claim 2 further characterized by: means
(235), interposed between said digital signal generation means and said
second phase com- parison means, and operating on said received signal, for
delaying transitions in the value of said received signal by respective
amounts of time that are inversely proportional to the respective values
represented 



45       by bits of said plural-bit sampled data digital oscillatory signal
that have less significance than said most significant bit. PatentansprOche
60 1.  ElnrichtungfareinFernsehsignal-Verarbeitungssystem, beinhaltend: -
sine Quelle (210) von Fernsehsignalen mit elner
Horizontal-Zeilensynchron-Signalkomponente; - ein Signal-Trennmittel (214),
das mit der Quelle gekoppelt ist, zum Trennen der Horizontal-Zeilen-
synchron-Signalkomponente von den Fernsehsignalen; 56         - emn erstes
Phasenvergleichermittel (216), das mit der Signal-Trenneinrichtung zur
Erzeugung eines ersten Phasendifferenz-Signals gekoppelt Ist, das die
Phasendifferenz zwischen dern abgetrennten Horizontal-Zeilensynchronsignal
und einem ersten Schwingungssignal reprisentiert; - ein Mittel (218), das
mit dem ersten Phasenvergleichermittel gekoppelt ist und auf das erste Pha-
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sendifferenzsignal zur Erzeugung eines ersten Frequenz-Steuersignalb
anspricht; - ein Dgital-Signalerzeugungsmittel mit inenm Digitaloazillator
(230), der auf das erste Frequenz- Steuersignal ansprichtzurErzeugung eines
Mehrbit-Abtastdaten-Digital-Schwingungssignals mitei- ner Frequenz, die um
sine Nennfrequenz mit Betragen varniert, die von dam ersten Frequenz-Stbu-
5           orsignal bestimmt werden; - ein zweltes Phasenverglelchermittl
(252), das zum Erhalt elnes Signals des Digital-Signalorzeu- gungsmittels
gokoppelt ist, zum Erzeugen eines zweibtn Phasendifferenzaignals, das die
Phasen- differenz zwischen dem empfangenen Signal und elnerm zwelten
Schwingungsaignal repriasentiert; - ein Mittel (254), das mit dam zweibtn
Phasenvergleichermittbl gekoppelt ist und auf das zweite Pha- to
sendifferenz-Signal zur Erzeugung sines zwelten Frequenz-Stbuersignals
anspricht; - eonen variierbaren Oszillator (256), der auf das zweibt
Froquenz-Stauersignal zur Erzeugung eines Analog-Schwingungssignals mit
elner Frequenz anspricht, die von dem zweiten Frequenz-Steuersi- gnal
bestimmt wird; - sin Frequenzteilernittel (260), des mit dem varrierbaren
Oszillator gokoppelt at, zurn Teilen des von 1S          ihm erzeugton
Analog-Schwingungssignals in seiner Frequenz durch eonen ersten und zweitn
vor- bestimmten Faktor, urn das erste und zweite Schwingungssignal zu
erzeugen, dadurch gekennzeichnet, - dag das von dem zweiten
Phasenvergleichermittel empfangene Signal des Digital-Signalerzeu-
gungsmittels von elnern Signal stammt bzw. hergeleitet lst, das das
hochstwertigste Bt des Mehrbit- 20
Abtastdaten-Digital-Schwingungssignals reprasentlert. 2. Einrichtung nach
Anspruch 1, be! der - das Digital-Signalerzeugungsmittol welter elne Quelle
(240) sines Taktsignals mit vorbestimmter Frequenz beinhalbtt; und 25
- der Digital-Oszillator auf das Taktsignal anspricht zur Erzeugung von
Abtastwerton des Mehrbit- Abtastdaten-Digital-Schwingungssignals zu
Zeitpunkben, die von dem Taktaignal bestimmt warden; welter dadurch
gekennzelchnot, - dal das Verhaltnis der Frequenz des Taktsignals zu der
Nennfrequenz des Mehrbit-Abtastdaten- Digital-Schwingungsaignals keine
ganze Zahl ist, jedoch gr6&or als zwel ist. 30 3. Gerat nach Anspruch 2,
welter gekennzeichnet durch ein Mittl (235), das zwiAschen die
Digital-Signaler- zeugungseinrichtung und das zweite
Phasenvergleichermittel eingeffigt bSt und mit dem empfangenen Si- gnal
arbeitet, um Oberginge Im Wart des empfangenen Signals um jeweilige
Zeitbetrage zu verzogern, die invers proportional zu den jewelfigen Werten
sind, die von den Bits des Mehrbit-Abtastdaten-Digital- 35
Schwingungssignals reprasentiert werden, die geringere Wertigkeit haben als
das hochstwortigste Bit. Revendlcatlons 40  1.  DIbpositif, dans un systeme
do traltement do signaux de t6l6vision, comprenant: une source (210) de
signaux de t:61evison incluant une composante de signal de synchronisation
des lignes horizontales; un moyen de separation des signaux (214) coupl6 A
ladite source, pour s6parer la composante de signal de synchronisation des
lignes horizontales desdits signaux de t6livision; 



45            un premier moyen de comparabson de phase (216) coupl6 audit
moyen de s6paration de signaux, destin6 A g6n6rer un premier signal de
diff6rence de phase repr6sentant la diff6rence de phase entre ledit signal
de synchronisation des lignes horizontales s6par6 et un premier signal
oscillatoire; un moyen (218), coupl6 audit premier moyen de comparaison de
phase et sensible audit premier signal de difference de phase pour g6n6rer
un premier signal de commands de fr6quence; 50            un moyen pour
g6n6rerunsignal numerique Incluantun oscillatbur num6rique (230) sensible
audit premier signal de commando de frequence pour g6nerer un signal
oscillatoire num6rique de donn6es 6chantillonn6es A plusieurs binaires
poss6dant une fr6quence qul vare autour d'une fr6quence nominale selon des
valeurs d6termin6es par ledit premier signal de commands de fr6quence; un
second moyen de comparaison de phase (252) coupl6 pour recevoir un signal
vonant dudit moyen pour g6ndrer un signal num6rique, afin de cr6er un
second signal de diff6rence de phase repr6- sentant la difference de phase
entre ledit signal recu et un second signal oscillatoire; un moyen (254)
couple audit second moyen de comparalson de phase et sensible audit second
signal de diff6rence de phase pour g6n6rer un second signal de commando de
fr6quence; 9    EP 0 299 724 B31                   11111
111111 1111 111 II  Z 111111 un oscillateurvarlable (256) sensible audit
second signal de commands defr6quencoe pourg6nerer un signal oscillatolro
analogique possedant une fr6quence d6termin6e parledit second signal de
comman- de de frequence ; et un moyen diviseur de fr6quence (260) coupl6
audit oscillateur variable pour diviser en fr6quence 5       le signal
oscillatoire analogique ainsi fourni par des premier et second factburs
priditermin6s pour creer lesdits premier et second signaux oscillatoires ;
caracteris6 en ce quo le signal recu par ledit second moyen de comparaison
de phase venant dudit moyen pour g6n6rer des signaux numeriques est d6duit
d'un signal representant le binaire de poids le plus fort dudit signal
oscillatoiro num6rique des donn6es echantillonn6os A plusieurs binaires. 10
2. Dispositif selon la revendication I dans lequel: ledit moyen
g6n6rateurde signaux num6rlques Inclut de plus une source (240) d'un signal
d'horloge poss6dant une frequence predtermin6e ; et ledit oscillateur
num6rique est sensible audit signal d'horloge pour g6n6rer des echantillons
dudit 15      signal oscillatoire num6rique de donnees 6chantillonn6es A
plusieurs binaires A des Instants d6termines par ledit signal d'horloge ;
et caracterise en outre en co quo: le rapport de la fr6quence dudit signal
d'horloge A la fr6quence nominale dudit signal oscillatoire num6rique de
donn6es echantillonnees A plusleurs binaires est une valeur non entiere
sup6rieure A deux. 20  3.  DisposItif selon la revendication 2, caracteris6
de plus par: un moyen (235) interpose entre ledit moyen g6n6ratbur de
signaux num6riques et ledit second moyen de comparaison de phase et
fonctionnant sur ledit signal recu pour retarder des transitions dens la
valeur dudit signal requ de dunres respectives qul sont inversement
proportbonnelles aux valeurs res- pectives representees par les binalres
dudit signal oscillatoiro num6eique de donnees 6chantillonn6es A 25
plusieurs binaires qui possadent un polds infbrieur au binaire le plus
significatif. 30 35 40 4A 60 65 10    


