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Such PLL may be, typically, designed to have a relatively slow tracking
response time to the The invention relates to a synchronized phase-
horizontal sync pulses [err] or [err], by using a loop lock-loop circuit.
In particular, the invention is use-  filter having a relatively large time
constant. The ful in synchronizing a horizontal oscillator of a   5   large
time constant prevents a noise related signal, television receiver by a
signal obtained from, for    that may be included in the horizontal sync
pulses example, a multi-head video tape recorder (VTR).   of signal 100 of
FIGURE 2c, from substantially In, for example, a two-head magnetic
recording  affecting the phase of the PLL output signal. How- and
reproducing apparatus, the video signal is al-  ever, such large time
constant, disadvantageously, ternately recorded onto and reproduced by two
10  prevents the PLL from tracking rapid changes in rotating heads from
tracks oblique with respect to  the aforementioned phase shift . Phase
shift [err] the longitudinal direction of the magnetic tape. The  occurs
after, for example, time [err] of FIGURE 2c, two heads are disposed apart
from each other by    when sync pulses [err] associated with the first head
[err]. The rotation of the rotary heads is controlled  are, for example,
switched-out and pulses [err] asso- so as to rotate one-half revolution in
one vertical  15  ciated with the second head are switched-in, within field
period. When the first head reproduces a     signal 100. If such slow
response time is not video signal that is associated with a picture field
speeded-up after instant [err], a distortion in the [err] such as shown in
FIGURE 2a, no video informa-   picture formed by TV video signal 100 may
occur. tion is obtained from the second head. On the      For example, a
picture that is supposed to contain other hand, when the second head
reproduces a   20   a straight vertical bar will, contain, as a result of
the video signal of an immediately subsequent picture  slow tracking, a bar
that is vertical but that is field F2, such as shown in FIGURE 2b, no video
slightly bent, or curved at, for example, the top of information is
obtained from the first head. The two  the picture. Such bending occurs
because of a video signals are combined to form a TV or video   transient
change in the frequency of the output signal 100 of FIGURE 2c where
corresponding   25  signal of the horizontal oscillator of the PLL. The
sync pulses [err] of FIGURES 2a are shown, sche-     change in the
frequency after instant [err] occurs in matically, in solid narrow lines
and corresponding  order to track pulses [err] in signal 100 of FIGURE sync
pulses [err] of FIGURE 2b are shown in solid    2c that are phase shifted
by phase shift [err]relative thick lines. It should be understood that
during   to the phase of the output signal of the oscillator. each period H
of FIGURES 2a, 2b and 2c, the   30       Phase shift [err] of the sync
pulses changes from corresponding video signal also includes a cor-    a
steady state value that is, for example, approxi- responding active video
portion that contains pic-  mately [err] prior to instant [err], to a value
[err], after ture information that is not shown.                instant
[err]. As is well known, a transient oscillator Because of, for example,
the mechanical ar-     response is produced by the PLL in order to track
rangement of the heads and tape in the VTR, the   35  or effectuate the
corresponding phase shift [err] in the horizontal sync pulses [err]
reproduced by the sec-  output signal. As part of the response process, the
ond head may be phase-shifted by a phase shift [err].  frequency of the
oscillator output signal may mo- Phase shift [err] corresponds to a
fraction of a hori-  mentarily deviate from the steady state value [err]
zontal period H, as shown in FIGURE 2c, relative   and then return to its
value fH, that existed prior to to, for example, horizontal sync pulses
[err] repro-  40  such deviation. duced by the first head. The frequency fH
of each      In one prior art circuit, the problem associated of sync
pulses [err] associated with each of  with tracking phase shift [err]by the
output signal of the heads is substantially the same                the
oscillator is eliminated or reduced by using a In, for example, a
television receiver that is  variable time constant in the loop filter of
the PLL. used for displaying the picture information obtained   45  When
the video signal is obtained from the VTR, a from the video signal of a
VTR, the horizontal sync  user will activate a manually operated switch
that pulses of FIGURES 2a and 2b associated with        causes a reduction
in the time constant of loop alternate picture fields F1 and F2 are
alternately  filter of the PLL A disadvantage of such solution is coupled
via signal 100 of FIGURE 2c to a synchro-  that the user must remember to
operate the switch. nizing input terminal of a phase-lock-loop circuit  so
In another prior art circuit, the time constant of (PLL). The PLL includes,
for example, a horizontal  the loop filter of PLL is automatically reduced
only oscillator of a horizontal deflection circuit of the  during vertical
retrace, to speed up the PLL re- receiver which is synchronized by the sync
pulses.  sponse time when the switching in and out of the During the
greater portion of each corresponding   corresponding groups of sync pulses
[err] vertical interval V, the output signal of the oscillator  55  occurs.
However, this circuit may be subject to is in phase with the corresponding
sync pulses [err]  noise during vertical retrace. and [err].
In accordance with an aspect of the invention, a phase-lock-loop circuit of
a television apparatus 2    
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synchronizing input signal at a  control voltage of a VCO of the
conventional PLL, given phase. A controllable generator responsive to  is
coupled to a comparator 200 that compares the the input signal generates a
periodic output signal  present value of word CTA to that of word PERIOD at
a frequency that is related to the frequency of  and generates a pulse
RESET at an input terminal the input signal and at a phase that is
controlled in   5   21a of counter 21 that initializes counter 21 when
accordance with the given phase of the input sig-  word PERIOD is equal to
word CTA. Pulse RESET nal. A phase detector responsive to the output and
causes counter 21 to reset to the initial value that, input signals
produces a signal that is indicative of  for example, corresponds with word
CT = 1. Each a phase difference therebetween. A low-pass filter  word CT
supplies in a given sequence N, that responsive to the phase difference
indicative signal  10  occurs between successive pulses RESET, the produces
a first signal that is coupled to the gener-  present count, or state, of
counter 21. The rate by ator to form a feedback loop path for controlling
the  which, for example, word CT = 1 recurs defines phase of the output
signal. When a change be-      the frequency of word CT that is analogous
to the tween the given phase of the input signal and the  frequency of the
output signal of a VCO of a phase of the output signal occurs, the first
signal  15  conventional PLL. Thus, word PERIOD controls, via varies to
cause a corresponding change in the      pulse RESET, the period, frequency
and phase of phase of the output signal in a manner that reduces  word CT.
The length of the period of word CT that the phase difference between the
input and output  is controlled by word PERIOD is defined by the signals.
In this way the output signal is synchro-  number of clock CK periods [err]
that are included nized to the input signal. A second signal is gen-  20
between successively occurring pulses RESET. As erated when the change in
the phase difference     described later on, when head switching in the VTR
indicative signal occurs that persists for a predeter-  occurs, the value
of word VCRMOD is changed, to mined interval. The second signal is coupled
to the  produce an abrupt change in the phase of word generator to cause at
least a portion of the change  CT. in the phase of the output signal that
synchronizes   25  Baseband television signal 100 of FIGURE 2c, the output
to the input signal.                    which may be of any one of the
various television In the drawing:                                 signal
formats, is digitized in an analog-to-digital FIGURE 1 illustrates a block
diagram of a circuit  converter 61 of FIGURE 1 and then low-pass fil-
embodying as aspect of the invention; and        tered in a low-pass filter
25. The low-pass filtered FIGURES 2a-2g illustrate timing diagrams asso-
30  signal is coupled to a sync separator 60 that gen- ciated with the
circuit of FIGURE 1.             erates a digitized signal 100a that
includes horizon- FIGURE 1 illustrates a block diagram  of a     tal sync
pulses [err]. phase lock loop (PLL) 20,and of a loop filter by-
Horizontal sync pulses [err] having a period H passing arrangement 120,
embodying the inven-      are coupled to an input port of a phase detector
tion. PLL 20 includes a counter 21 that produces a   35  202 of FIGURE 1.
An example of such phase count or an output word CT at a port 21 b of
detector that is included in a digital PLL is de- counter 21. Word CT is
coupled to a horizontal     scribed in U.S. Patent No. US-A-4639780,
entitled deflection circuit 401 to control the timing of cor-  TELEVISION
SYNCHRONIZING APPARATUS, is- responding horizontal deflection cycles.
Arrange-  sued to D. H. Willis on 27 January 1987. ment 120 and PLL 20 may
be utilized in television   40  A decoder 23 generates timing and control
circuitry other than the horizontal deflection circuit,  signals [err] and
a pulse MS when predetermined in situations where synchronization is
required.   corresponding values of word CT are detected. Counter 21 has
the analogous function of a VCO of  Pulse MS is indicative of the phase of
word CT. As a conventional analog type PLL that generates an   described in
the Willis patent, when PLL 20 is output signal at, for example, the
frequency fH and   45  phase-locked to sync pulses [err], the leading edge
that is synchronized to a horizontal sync signal.  of each pulse MS that is
coupled to phase detector Output word CT of counter 21 is incremented after
202 occurs, for example, substantially coinciden- each leading edge of a
clock CK having a period   tally with the last clock CK edge that occurs
before [err]. Counter 21 counts up, or changes state from   the center of
the corresponding sync pulse [err]. an initial state that corresponds with,
for example,  50  Phase detector 202 generates a phase dif- word CT = 1,
each time clock CK occurs until it is  ference word PH, in accordance with
a phase dif- reset to the initial state.                        ference
between sync pulses [err] and word CT. Word CT is also coupled to an input
port 201c   Phase difference word PH, that is analogous to an of an adder
201 that sums word CT with a phase     output of a phase detector of a
conventional PLL, is modifying word VCRMOD to produce at an output  55
coupled to a lowpass, or loop filter 33, that is port 201a of adder 201 a
word CTA, representing    analogous to the loop filter of a conventional
PLL. the state of counter 21 as modified by word        Loop filter 33
generates word PERIOD, that con- VCRMOD. A word PERIOD, that is analogous
to a      trols the phase and frequency of word CT, by 3    
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successively generated phase words     be in phase again with pulses [err],
due to operation PH. Each of detector 202 and filter 33, that utilize  of
PLL 20 and arrangement 120 of FIGURE 1, word digital techniques, is
controlled by a corresponding  PH of FIGURE 2g contains the value [err]0.
Thus, control signal [err] that is, like pulse MS, produced  word PH of
FIGURE 2g may be illustrated as, for in accordance with timing information
obtained   5   example, a pulse having a leading edge 350 that from  word
CT. For example, the corresponding       occurs at an instant [err] after
instant [err] and an control signal [err] that is coupled to detector 202
amplitude that corresponds to the magnitude of determines the time when
word PH is updated.      word PH. Word PH changes slowly in value from In
steady state operation of PLL 20, each     time [err] to time [err] due to
the slow response time phase difference word PH of phase detector 202 is
10  of PLL 20. substantially zero. This maintains word PERIOD, in    As
described later on, except for a short inter- steady state, substantially
constant. It should be  val when the VTR head switching occurs, word
understood that in other embodiments of the inven-  VCRMOD of FIGURE 1
contains a constant such tion, that are not shown in the FIGURES, the PLL
as, illustratively, zero. If word VCRMOD is zero, may be designed such
that, in steady state opera-  is  counter 21 is reset and the next word CT
of coun- tion, the phase detector output word is nonzero, in  ter 21 is
equal to 1, the initial counting state, when order to maintain word PERIOD
constant.           word CT of counter 21 is equal to word PERIOD. During
transient operation, phase difference   Thus, as explained before, word
PERIOD ex- word PH varies. The variation of word PH causes a  presses, in
multiples of clock CK periods [err] the change in word PERIOD that, in
turn, causes a   20  length of sequence N of counter 21. It should be phase
shift in word CT. The phase shift synchro-  understood that the length of
sequence N may be nizes word CT to sync pulse [err].                   a
noninteger multiple of period [err].When the VTR FIGURES 2a-2g illustrate
timing diagrams use-  head switching occurs, word VCRMOD will assume ful in
explaining the operation of loop filter bypass-  a nonzero value that will
cause an abrupt phase ing arrangement 120 and of PLL 20 of FIGURE 1.  25
shift of word CT, with the phase shift having the Similar symbols and
numerals in FIGURES 1 and     magnitude [err]. 2a-2g illustrate similar
items of functions.          For a given value of word PERIOD, the phase
FIGURE 2c, that was mentioned before, also     of words CT can be changed
by varying the value illustrates sync pulses [err] of sync pulses  of word
VCRMOD from its steady state value that [err] of FIGURE 1, when signal 100
originates in a   30  is zero. Word VCRMOD that is different from zero VTR,
that is not shown in the FIGURES. When       occurs, as described later on,
when the VTR head pulses [err] of FIGURE 2c are produced by the first
switching occurs. The nonzero value of word head of the VTR, that occurs
prior to instant [err] a  VCRMOD will cause a corresponding change of the
given pulse [err] is separated from the next one by  value of word CTA, and
therefore of the time within an interval that is equal to period H.
35  sequence N of counter 21 when word CTA be- Immediately after instant
[err] of FIGURE 2c, a   comes equal to word PERIOD. In such circum- given
pulse [err], drawn in thick lines in FIGURE 2c,  stances, pulse RESET, that
is generated when that originates from the second head of the VTR, is  word
CTA is equal to word PERIOD, produces an separated from, for example, the
following pulse   abrupt phase shift in word CT that is in accordance [err]
by an interval that is also equal to period H.  40  with the value of word
VCRMOD. However, the pulse [err] that occurs immediately       In
accordance with a further aspect of the after constant [err] is
phase-shifted. The amount of  invention, as described later on, a value of
phase phase shift [err] is equal to, for example, the value [err]
modifying word VCRMOD of FIGURE 2e that is relative to the pulse [err] that
occurs immediately  representative of the value [err] is applied to port
before instant [err].                           45  201b of adder 201 by
loop filter bypassing arrange- FIGURE 2d illustrates, schematically, the
tim-  ment 120 to cause an abrupt change in the phase ing of a
predetermined word CT, having a pre-     or word CT such as, for example,
word [err] of determined value. Illustratively, each time word  FIGURE 2d
that occurs after instant T4. The CT, occurs, a given sequence N ends, that
is      change in phase or word [err] is illustratively, equal associated
with a corresponding cycle of word CT   50  to the value [err] so as to
cause word CT to be of counter 21 of FIGURE 1, and the next subse-
immediately in phase with the corresponding pulse quent sequence begins.
Each word [err] of FIGURE    [err] of FIGURE 2c. Except for a short
interval during 2d that occurs prior to instant [err] is in phase with  the
vertical scanning interval, when word VCRMOD the corresponding pulse [err]
of FIGURE 2c. There-  causes the change in the phase of word [err], word
fore, phase difference word PH of FIGURE 2g is  55  VCRMOD is zero. Without
the operation of arrange- zero. After instant [err], pulses [err] are phase
shifted  ment 120, when the phase of pulses [err] change, relative to the
corresponding words [err] of FIGURE  PLL 20 would have adjusted the phase
of words 2d. Until instant [err], when word [err] is caused to   [err] of
FIGURE 2d to be equal to, for example, that 4    
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pulses [err] of FIGURE 2c by vary-  to cause the abrupt phase shift of word
[err] of ing word PERIOD of FIGURE 1 in a relatively slow  FIGURE 2d.
transient manner that is a function of the response   Signal PHONGE is
coupled to a microproces- time of PLL 20 and that is determined by filter
33.  sor 306 of FIGURE 1 that tests for the occurence The elimination or
reduction of the slow transient   5   of signal PHCNGE = TRUE. The
condition of variation in word PERIOD is desirable for prevent-  signal
PHONGE = TRUE, that occurs after instant ing such long settling time of PLL
20 that may    T2 of FIGURE 2f, is indicative of phase shift [err] cause
picture distortion, as described before. When  having a magnitude that
exceeds the threshold the transient variation in word PERIOD is reduced,
level represented by signal REF of FIGURE 1. A the phase of, for example,
word [err] of FIGURE 2d   10  change in phase shift [err] that is smaller,
will not tracks in a fast manner the above-mentioned phase  activate
arrangement 120. Under these circum- shift [err] having the value [err]
that is caused by the  stances, it is the transient change in word PERIOD
head switching in the VTR. Advantageously, the    that will cause PLL 20 to
be synchronized to signal phase change by the value [err], that is caused
by   [err], in accordance with the response that is deter- applying the
nonzero value of word VCRMOD of  15  mined by filter 33. If signal PHCNGE =
TRUE is FIGURE 2e, prevents the occurrence of the un-     followed by
signal PHCNGE = FALSE, there is an desirable long transient variation in
word PERIOD  indication of a stable phase shift. After detecting of FIGURE
1.                                      the condition, signal PHONGE =
TRUE, micropro- Word VCRMOD of FIGURE 1 is generated in        cessor 306
tests signal PHCNGE for detecting the loop filter bypassing arrangement
120, embodying   20  occurrence of signal PHCNGE = FALSE. Signal another
aspect of the invention, as will now be   PHCNGE = FALSE is indicative of a
stable phase described. In arrangement 120, phase difference   shift [err]
having a rate of change that is lower than a word PH of phase detector 202
of PLL 20 is        second threshold level. The second threshold level
coupled to an input port 300a of an averager 300  may be smaller than, or
equal to, the threshold that generates, in a conventional manner, one cor-
25  level represented by signal REF. responding word [err] in each
horizontal period H.     Assume the phase shift [err] of FIGURE 2g stabi-
Word [err] is representative of a running average  lizes immediately after
the change at instant [err]. of, for example, three lastly received words
PH that  Consequently, after a corresponding number of occurred in
corresponding three preceding periods  periods H that is determined by
averager 300 of H. Thus, averager 300 operates as a lowpass filter,  30
FIGURE 1, word [err] will have a constant value. but one having a cutoff
frequency that is substan-  Because word 303a represents a change in words
tially higher than that of filter 33.             [err], word 303a, that
occurs after word [err] be- Each word PHAv is stored, in the corresponding
comes constant, will be zero , such as at instant [err] period H, in a
register 301 under the control of the  of FIGURE 2f. Thus, the condition,
signal PHCNGE corresponding control signal [err] to produce a   35   =
FALSE, that occurs after instant T3 is indicative word DIFFD1. In the
immediately following period  of phase shift [err] that is constant, or
stable. Phase H, word DIFFD1 is transferred to, and stored in a  shift
[err] that is substantially constant is caused by, register 302 to produce
a word DIFFD2 that is     for example, the VTR head switching, as described
stored under the control of the corresponding con-  before. A varying phase
shift may occur when PLL trol signal [err]. Thus, words DIFFD1 and DIFFD2
40  20 of FIGURE 1 is not in steady state operation, represent, at a given
instant, a pair of running  such as during tracking of pulses [err].
averages of words PH that are separated by hori-      After instant [er] of
FIGURE 2f, when the con- zontal period H. Words DIFFD1 and DIFFD2 are
dition, signal PHCNGE = FALSE, is detected, coupled to corresponding input
ports of a subtrac-  microprocessor 306 of FIGURE 1 will supply word tor
303 that produces a word 303a that is repre-  45  VCRMOD at port 201b of
adder 201, thereby by- sentative of the difference between the pair. Word
passing loop filter 33. Word VCRMOD has a value 303a that is indicative of
the occurrence of a    that, as described later on, will cause the phase of
change in phase word PH, is coupled to an ar-     word [err] of FIGURE 2d
to change by the value [err] rangement 304 that produces the absolute value
of  at instant T4. Therefore, after the phase change, word 303a. When the
absolute value of word 303a,  50  word [err] will again be in phase with
pulses [err] of that is indicative of the magnitude of the phase   FIGURE
2c due to the operation of arrangement change, or the rate of change of
word PH, exceeds  120 of FIGURE 1 that is outside the feed back loop a
threshold level indicative signal REF, a compara-  of PLL 20. tor 305
produces a logic signal PHCNGE in a           Microprocessor 306 of FIGURE
1 supplies the TRUE state. Signal PHCNGE is used for detecting  55  value
or word VCRMOD in a manner that is now the time within the vertical
scanning interval when,  described. During steady state operation,
micropro- as a result of head switching in the VTR, word    cessor 306
generates a signal CNT that causes VCRMOD is to be generated at the nonzero
value    word PH to be stored in a register 400 to produce 5    
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Word PASTDIFF contains the        change is done in a gradual manner, word
value of -word PH when PLL 20 operates in steady   VCRMOD is supplied with
corresponding values state operation. Word DIFFD1, that is representa-
during several periods H. The control over the tive of phase shift [err],
and word PASTDIFF are        value and timing of word VCRMOD during each of
coupled to corresponding ports of a subtractor 308   5   the several
periods H is accomplished by micro- that produces, at an output port 308a,
a word      processor 306. VCRMODA that is equal to the difference between
After the change in the phase of word [err] at words DIFFD1 and PASTDIFF.
Word VCRMODA is        instant [err] of FIGURE 2d, each word [err] is in
stored in a register 307 under the control of de-  phase with the
corresponding pulse [err] of FIGURE coder 23 to produce a word VCRMODB.
Word  10  2c. Each word [err] of FIGURE 2d remains in phase VCRMODB is
indicative of the difference between    until after an instant T5 when the
next VTR head the value of word PH, during transient state, and  switching
occurs. After instant Ts, the phase of the value of word PH, during steady
state. For a   word [err] of FIGURE 2d relative to the correspond- typical
design of PLL 20, word PASTDIFF is, illus-  ing pulse [err] of FIGURE 2c
changes in a manner tratively, close to zero in steady state operation.  15
that is similar to that occurring after instant [err] but Thus, word
VCRMODB is indicative of the mag-       in an opposite direction.
Consequently, arrange- nitude and polarity of phase shift [err] of FIGURE
2g.  ment 120 of FIGURE 1 supplies word VCRMOD at Immediately after
detection of the condition,  a value that causes a phase shift in word
[err] of signal PHCNGE = FALSE, that follows the occur-     FIGURE 2d in a
way similar to that described rence of the condition signal PHCNGE = TRUE,
20  before. the phase information that is contained in word       It should
by understood that microprocessor VCRMODB is used by microprocessor 306 for
pro-     306 of FIGURE 1 may be responsive to a vertical ducing word VCRMOD
of FIGURE  1. Word             signal [err] generated by separator 60 for
modifying VCRMOD is coupled to adder 201 during an inter-    word VCRMOD
only during vertical blanking when val that is determined by microprocessor
306 in  25  the VTR head switching may occur. accordance with the timings
of word CT that is        In arrangement 120, decoder 23 generates cor-
coupled to microprocessor 306. Word VCRMOD         responding  control
signals  [err] that control that is produced by microprocessor 306 causes,
in  averager 300 and register 301, 302 and 307. The an abrupt manner, a
phase shift in, illustratively,  timings of control signals [err] are
determined in word [err] of FIGURE 2d that is equal to the value   30
accordance with the timings of word CT. It should [err]. Thus, immediately
after instant [err], each word  be understood that in another embodiment of
the [err] is caused to be in phase with the correspond-  invention that is
not shown in the FIGURES, a ing pulse [err] of FIGURE 2c by the operation
of     microprocessor that is coupled to receive horizontal phase modifying
word VCRMOD of FIGURE 2e.          sync pulse [err] may perform the entire
operation of After effectuating the abrupt phase shift [err] in  35
arrangement 120 and/or generate the control sig- word [err] of FIGURE 2d
that occurs at instant [err],   nals that control the PLL. word VCRMOD of
FIGURE 2e becomes zero again.          In the event that the phase of
pulses [err] of Throughout the remaining portion of each vertical  FIGURE 1
is constant but PLL 20 is not locked-in scanning interval V, phase shift
[err] remains illustra-  the pulses [err], such as at start-up, the
condition, tively, zero so as not to affect the operation of PLL   40
signal PHCNGE = TRUE, may be detected by 20 of FIGURE 1.
microprocessor 306 as long as PLL 20 is not In accordance with yet another
aspect of the   locked-in. When lock-in occurs, the condition, sig-
invention, the phase shift in word [err] of FIGURE   nal PHCNGE = FALSE, is
detected. However, at 2d at instant T4, that immediately follows the VTR
that time, word VCRMODB, representing a steady head switching and that is
caused by word  45  state phase difference, unlike in the situation dis-
VCRMOD of FIGURE 2e, causes phase word PH of       cussed before, is
already zero. Therefore, word FIGURE 2g to become immediately close to
zero.     VCRMOD will remain unmodified at the value zero. Word PH of
FIGURE 1 becomes immediately close      Thus, advantageously, arrangement
120 may be to zero because arrangement 120 causes the         designed in
such a way that it does not affect PLL phase of word CT to become
immediately equal to  50  20 unless a stable phase shift occurs in pulses
[err]. that of sync pulse [err]. Word PH of FIGURE 2 that    Such stable
phase shift may be caused, for exam- becomes immediate close to zero by the
operation   ple, by the switching of the heads in the VTR. of arrangement
120 prevents the occurrence of a long transient state that is undesirable
in word   Claims PERIOD, as described before.                  55 The
change in phase of words CT may alter-      1. A phase-lock-loop circuit of
a television ap- natively be accomplished gradually in discrete
paratus, comprising: steps over a few periods H. When such phase
a source (60) of a synchronizing input sig- 6    



9                 EP 0 286 147 B1                  10 a word PASTDIFF. Word
PASTDIFF contains the       change is done in a gradual manner, word value
of word PH when PLL 20 operates in steady   VCRMOD is supplied with
corresponding values state operation. Word DIFFD1, that is representa-
during several periods H. The control over the tive of phase shift [err],
and word PASTDIFF are       value and timing of word VCRMOD during each of
coupled to corresponding ports of a subtractor 308   5   the several
periods H is accomplished by micro- that produces, at an output port 308a,
a word       processor 306. VCRMODA that is equal to the difference between
After the change in the phase of word [err] at words DIFFD1 and PASTDIFF.
Word VCRMODA is       instant T4 of FIGURE 2d, each word CT, is in stored
in a register 307 under the control of de-  phase with the corresponding
pulse [err] of FIGURE coder 23 to produce a word VCRMODB. Word  io  2c.
Each word [err] of FIGURE 2d remains in phase VCRMODB is indicative of the
difference between   until after an instant [err] when the next VTR head
the value of word PH, during transient state, and  switching occurs. After
instant [err], the phase of the value of word PH, during steady state. For
a  word [err] of FIGURE 2d relative to the correspond- typical design of
PLL 20, word PASTDIFF is, illus-  ing pulse [err] of FIGURE 2c changes in a
manner tratively, close to zero in steady state operation.  15  that is
similar to that occurring after instant [err] but Thus, word VCRMODB is
indicative of the mag-      in an opposite direction. Consequently,
arrange- nitude and polarity of phase shift [err]of FIGURE 2g.  ment 120 of
FIGURE 1 supplies word VCRMOD at Immediately after detection of the
condition,  a value that causes a phase shift in word [err] of signal
PHCNGE = FALSE, that follows the occur-    FIGURE 2d in a way similar to
that described rence of the condition signal PHONGE = TRUE,  20  before.
the phase information that is contained in word      It should by
understood that microprocessor VCRMODB is used by microprocessor 306 for
pro-    306 of FIGURE 1 may be responsive to a vertical ducing word VCRMOD
of FIGURE  1. Word            signal [err] generated by separator 60 for
modifying VCRMOD is coupled to adder 201 during an inter-   word VCRMOD
only during vertical blanking when val that is determined by microprocessor
306 in  25  the VTR head switching may occur. accordance with the timings
of word CT that is       In arrangement 120, decoder 23 generates cor-
coupled to microprocessor 306. Word VCRMOD        responding  control
signals [err] that control that is produced by microprocessor 306 causes,
in  averager 300 and register 301, 302 and 307. The an abrupt manner, a
phase shift in, illustratively,  timings of control signals [err] are
determined in word [err] of FIGURE 2d that is equal to the value  30
accordance with the timings of word CT. It should [err]. Thus, immediately
after instant [err], each word  be understood that in another embodiment of
the [err] is caused to be in phase with the correspond-  invention that is
not shown in the FIGURES, a ing pulse [err] of FIGURE 2c by the operation
of    microprocessor that is coupled to receive horizontal phase modifying
word VCRMOD of FIGURE 2e.         sync pulse [err] may perform the entire
operation of After effectuating the abrupt phase shift [err] in  35
arrangement 120 and/or generate the control sig- word [err] of FIGURE 2d
that occurs at instant T4,  nals that control the PLL. word VCRMOD of
FIGURE 2e becomes zero again.         In the event that the phase of pulses
[err] of Throughout the remaining portion of each vertical  FIGURE 1 is
constant but PLL 20 is not locked-in scanning interval V, phase shift [err]
remains illustra-  the pulses [err] such as at start-up, the condition,
tively, zero so as not to affect the operation of PLL   40  signal PHCNGE =
TRUE, may be detected by 20 of FIGURE 1.
microprocessor 306 as long as PLL 20 is not In accordance with yet another
aspect of the  locked-in. When lock-in occurs, the condition, sig-
invention, the phase shift in word [err] of FIGURE  nal PHCNGE = FALSE, is
detected. However, at 2d at instant [err], that immediately follows the VTR
that time, word VCRMODB, representing a steady head switching and that is
caused by word  45  state phase difference, unlike in the situation dis-
VCRMOD of FIGURE 2e, causes phase word PH of      cussed before, is already
zero. Therefore, word FIGURE 2g to become immediately close to zero.
VCRMOD will remain unmodified at the value zero. Word PH of FIGURE 1
becomes immediately close     Thus, advantageously, arrangement 120 may be
to zero because arrangement 120 causes the        designed in such a way
that it does not affect PLL phase of word CT to become immediately equal to
so  20 unless a stable phase shift occurs in pulses [err]. that of sync
pulse [err]. Word PH of FIGURE 2 that   Such stable phase shift may be
caused, for exam- becomes immediate close to zero by the operation  ple, by
the switching of the heads in the VTR. of arrangement 120 prevents the
occurrence of a long transient state that is undesirable in word  Claims
PERIOD, as described before.                 55 The change in phase of
words CT may alter-    1. A phase-lock-loop circuit of a television ap-
natively be accomplished gradually in discrete       paratus, comprising:
steps over a few periods H. When such phase              a source (60) of a
synchronizing input sig- 6 *C   L  M   S*   
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at a given phase;                       4. A circuit according to claim 3
characterized in a controllable generator (21) responsive to     that said
second signal generating means said input signal for generating a periodic
out-    (120) is responsive to a signal ([err]) at a vertical put signal
(CT) at a frequency that is related to   rate to generate said second
signal (VCRMOD) the frequency of said input signal and at a   5     only
during vertical blanking. phase that is controlled in accordance with said
given phase of said input signal;           5. A circuit according to Claim
1 characterized in a phase detector (202) responsive to said       that
said second signal generating means output (CT) and input ([err]) signals
for produc-      (120) is responsive to said phase difference ing a signal
(PH) that is indicative of a phase   io  indicative signal (PH) that is
produced by said difference therebetween;                            phase
detector (202) for generating therefrom a low-pass filter (33) responsive
to said       said second signal (VCRMOD), is coupled to phase difference
indicative signal (PH) for pro-    said generator (21) in a manner that
bypasses ducing, in accordance therewith, a first signal     said low-pass
filter (33). (PERIOD) that is coupled to said generator (21)  15 to form a
feedback loop path (20) for control-   6. A circuit according to Claim 1
characterized ling said phase of said output signal (CT) such     by,
combining means (201) responsive to said that, when a change between said
given phase        first (PERIOD) and second (VCRMOD) signals of said input
signal ([err]) and said phase of said    for combining said first and
second signals to output signal (CT) occurs, said first signal  20
produce a third signal (RESET) that is coupled (PERIOD) varies to cause a
corresponding            to said generator (21) to control said phase of
change in said phase of said output signal (CT)     said output signal (CT)
such that said phase of in a manner that reduces the phase difference
said output signal is simultaneously affected between said input and output
signals for syn-      by corresponding values of each of said first
chronizing said output to said input signal;  25    (PERIOD) and second
(VCRMOD) signals. characterized by means (120) coupled to said feedback
7. A circuit according to Claim 1 characterized in loop path (20) between
said phase detector          that said second signal generating means (202)
and said low-pass filter (33) for generat-    (120) generates said second
signal (VCRMOD) ing, in accordance with the phase difference   30   after a
change in said given phase of said that is contained in said phase
difference indi-    input signal ([err]) occurs that results in said cative
signal (PH), a second signal (VCRMOD)        input signal ([err]) being at
a phase that is stable when said change in said phase difference
and that is shifted relative to said phase of said indicative signal (PH)
persists for a predeter-     output signal (CT). mined interval, said
second signal (VCRMOD)   35 being coupled to said generator (21) to change
8. A circuit according to Claim 1 characterized in the phase of the output
signal to produce at        that said controllable generator (21) comprises
least a portion of said change in said phase of     sequential means for
generating said output said output signal (CT) that is needed to syn-
signal (CT) in accordance with a sequence of chronize said output signal
(CT) to said input  40  states that change in synchronism with a clock
([err]) signal.                                        signal (CK) and
wherein said second signal (VCRMOD) causes said sequence of states, 2. A
circuit according to Claim 1 characterized in      and the period of said
input signal ([err]) which that said second signal (VCRMOD) is gen-
corresponds thereto, to vary in accordance erated when a rate of said
change in said   45      with said second signal (VCRMOD). phase difference
indicative signal (PH) is great- er than a first predetermined value (REF)
such   9. A circuit according to claim 8 characterized in that, after said
change in said phase difference    that when said change in said phase of
said indicative signal occurs, said portion of said      output signal (CT)
that is caused by said sec- phase difference indicative signal (PH) be-  50
ond signal (VCRMOD), occurs, it occurs ab- comes smaller than a second
predetermined           ruptly and in synchronism with said clock sig-
value.                                              nal (CK). 3. A circuit
according to Claim 1 characterized in  10. A circuit according to Claim 1
characterized in that said input signal ([err]) is at the horizontal  55
that said second signal (VCRMOD) causes deflection frequency.
said change in said phase of said output signal (CT) when said
predetermined criterion is de- tected, by an amount that is related to an *
C   L  M  S *                                     7    



13                EP 0 266 147 B1                    14 amount by which the
phase difference is dif-            sind, zur Erzeugung - in Obereinstim-
ferent from a steady state value of the phase           mung mit der
Phasendifferenz, die in difference.
dem Signal (PH) zur Anzeige der Pha- sendifferenz enthalten ist - eines
zweiten 11. A circuit according to Claim 1 characterized in   5
Signales (VCRMOD), wenn die Anderung that said first signal (PERIOD) is
indicative of a        in dem Signal (PH), das die Phasendiffe- length of a
given period of said output signal          renz anzeigt, flr ein
vorgegebenes Inter- (CT), and wherein said first signal (PERIOD)
val[ Bestand hat, remains substantially unaffected when said           -
wobei das zweite Signal (VCRMOD) an change in said phase difference
indicative sig-   10    den Generator (21) gekoppelt wird, um nal (PH)
occurs that meets said predetermined           die Phase des
Ausgangssignales zu An- criterion.
dern, womit zumindest ein Teil der Ande- rungen der Phase des
Ausgangssignales PatentansprUche
(CT) bewirkt wird, die ben6tigt wird zur 15           Synchronisation des
Ausgangssignales 1. Phasenregel-Schaltung (PLL) fUr ein Fernseh-
(CT) mit dem Eingangssignal (H.). gerat - mit einer Quelle (60) eines
Synchron-      2. Schaltung nach Anspruch 1, Eingangssignales (H.) einer
vorgegebe-        dadurch gekennzelchnet, nen Phase;
20      daB das zweite Signal (VCRMOD) erzeugt wird, - mit einem
steuerbaren Generator (21),         wenn die Anderungs-Rate in dem Signal
(PH), der abhangig von dem  Eingangssignal          das die Phasendifferenz
anzeigt, groler ist als ist, zum  Erzeugen eines periodischen         ein
erster vorgegebener Wert (REF), so daB Ausgangssignales (CT) mit einer Fre-
nach dem Auftreten der Anderung in dem Si- quenz, die Bezug hat zu der
Frequenz   25     gnal, das die Phasendifferenz anzeigt, der Teil des
Eingangssignales, und mit einer           des Signales (PH), das
Phasendifferenz an- Phase, die steuerbar ist in Obereinstim-      zeigt,
geringer wird, als ein zweiter vorbe- mung mit der gegebenen Phase des Ein-
stimmter Wert. gangssignales; - mit einem Phasendetektor (202), der ab-  30
3. Schaltung nach Anspruch 1, hangig   von   Ausgangs-(CT)   und
dadurch gekennzelchnet, Eingangs-(H.)Signalen ist, zum Erzeugen       daB
das Eingangssignal (Hj) die Horizontal- eines Signales (PH), das eine
Phasendif-      Ablenkfrequenz aufweist. ferenz zwischen diesen anzeigt; -
mit einem Tiefpass(-Filter) (33), das ab-  35  4. Schaltung nach Anspruch
3, hangig von dem Signal (PH) zur Anzeige        dadurch gekennzelchnet,
der Phasendifferenz ist, zur Erzeugung -      daB die Mittel (120) zur
Erzeugung des zweiten in Obereinstimmung damit - eines ersten
Signales abh~ngig sind von einem Signal (V.) Signales (PERIOD), das zu dem
Genera-         mit einer vertikalrate zur Erzeugung des zwei- tor (21)
gekoppelt wird, um  einen   40       ten Signales (VCRMOD) nur wahrend der
Ver- RUckkopplungs-Weg (20) zum  Steuern           tikalaustastung
(vertical blanking). der Phase des Ausgangssignales (CT) zu bilden, und
zwar so, daB bei Auftreten    5. Schaltung nach Anspruch 1, eines Wechsels
zwischen der gegebenen         dadurch gekennzelohnet, Phase des
Eingangssignales (Hj) und der  4S   daRl die Mittel (120) zur Erzeugung des
zweiten Phase des Ausgangssignales (CT) das           Signales abhangig
sind von dem Signal (PH) erste Signal (PERIOD) variiert, um eine       zur
Anzeige der Phasendifferenz, welches von entsprechende Anderung in der
Phase           dem Phasendetektor (202) erzeugt wird, zur des
Ausgangssignales (CT) in der Weise        davon ausgehenden Erzeugung des
zweiten zu bewirken, dal die Phasendifferenz   5o     Signales (VCRMOD), in
einer Weise mit dem zwischen den Eingangs- und Ausgangs-          Generator
(21) gekoppelt ist, die den Tiefpass signalen reduziert wird zur
Synchronisa-      (33) umgeht (bypassed). tion des Ausgangs- auf das
Eingangssi- gnal;                                      6. Schaltung nach
Anspruch 1, gekennzelchnet durch                  ss      dadurch
gekennzelchnet, - Mittel (120), die mit dem RUckkopplungs-       daB
Kombiniermittel (201) vorgesehen sind, die Weg (20) zwischen dem
Phasendetektor          abhangig sind von dem ersten (PERIOD) und (202) und
dem Tiefpass (33) gekoppelt         zweiten (VCRMOD) Signal zur Kombination
der 8    
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Signale, ur ein drittes Si-     Signals (PH) zur Anzeige der
Phasendilferenz gnal (RESET) zu erzeugen, das an den Gene-
auftritt, die das vorbestimmte Kriterium erfUlit. rator (21) gekoppelt
wird, um die Phase des Ausgangssignales (CT) so zu steuem, daB die
Revendications Phase des Ausgangssignales gleichzeitig von   5 V'    den
korrespondierenden Werten jades des er-       1. Circuit de boucle
verrouillee en phase d'un sten (PERIOD) und zweiten (VCRMOD) Signale
televiseur comprenant: beeinfluBt wird.
une source (60) d'un signal d'entree de synchronisation (Hj) de phase
donnee; 7. Schaltung nach Anspruch 1,                 70          un
g6nerateur commandable (21) sensible dadurch gekennzelchnet,
audit signal d'entr6e pour generer un signal de daR die Mittel (120) zur
Erzeugung des zweiten     sortie p6riodique (CT) a une frdquence qui est
Signales das zweite Signal (VCRMOD) erzeu-         reliee & la lrequence
dudit signal d'entrde et a gen, nachdem ein Wechsel in der gegebenen
une phase qui est command6e salon ladita Phase des Eingangssignales (Hj)
auftritt, was  i5  phase donnea audit signal d'entree; darin resultiert,
daB das Eingangssignal (Hj)          un detecteur de phase (202) sensible
aux- eine Phase aufweist, die stabil ist und die        dits signaux de
sortie (CT) et d'entrea (Hs) relativ zu der Phase des Ausgangssignales
pour produire un signal (PH) qui est indicateur (CT) verschoben ist.
d'une difference de phase entre eux; 20         un filtre passe-bas (33)
sensible audit si- &  Schaltung nach Anspruch 1,
gnal indicateur de la difference de phase (PH) dadurch gekennzelchnet,
pour fournir, salon eux, un premier signal daB der steuerbare Generator
(21) sequentielle     (PERIOD) qui est couple audit gen6rateur (21) Mittel
aufweist zur Erzeugung des Ausgangssi-      pour former un chemin de boucle
de reaction gnales (CT) in Obereinstimmung mit eaner Se-  25   (20) destin6
& commander ladite phase dudit quenz von Zustanden (states), die synchron
signal de sortie (CT) de telle sorte qua, quand mit einem Taktsignal (CK)
wechseln, und wo-        une variation entre ladite phase donnee dudit bei
das zweite Signal (VCRMOD) bewirkt, daB        signal d'entrde (Hj) et
ladite phase dudit signal die Folge von Zustanden (sequence of states)
de sortie (CT) se produit, ledit premier signal und die Periode des
Eingangssignales (HI) -  30    (PERIOD) varne pour provoquer une variation
die damit korrespondiert - in Obereinstimmung      correspondante de ladite
phase dudit signal de mit dem zweiten Signal (VCRMOD) variiert.
sortie (CT) d'une maniere qui r~duit la differen- ce de phase entre lesdits
signaux d'entr6e et 9. Schaltung nach Anspruch 8,
de sortie atin de synchroniser ledit signal de dadurch gekennzelchnet,
35      sortie audit signal d'entr~e ; caracterise par dal3, wenn die
Anderung (Wechsel) in der Pha-         des moyens (120) couples audit
chemin se des Ausgangssignals (CT), die von dem           de boucle de
reaction (20) entre ledit detecteur zweiten Signal (VCRMOD) bewirkt wird,
auftritt,    de phase (202) at ledit filtre passe-bas (33) sie/er abrupt
auftritt und synchron mit dem        pour gendrer, selon la difference de
phase qui Taktsignal (CK).                          40       est contenue
dans le signal indicateur de diff6- rence de phase (PH), un second signal
10. Schaltung nach Anspruch 1,                         (VCRMOD) quand
ladite variation dudit signal dadurch gekennzelchnet,
indicateur de difference de phase (PH) persiste daB das zweite Signal
(VCRMOD) die Ande-           pendant un intervalle pred6termin6, ledit se-
rung in der Phase des Ausgangssignales (CT)  45    cond signal (VCRMOD)
6tant coupl4 audit ge- bewirkt, wenn das vorbestimmte Kriterium er-
ndrateur (21) pour changer la phase du signal falt wird, und zwar um einen
Betrag, der bezo-     de sortie pour produire au moins une partie gen ist
auf den Betrag, urn den die Phasendif-     dudit changement de ladite phase
dudit signal ferenz sich von dem stationlren Wart der Pha-      de sortie
(CT) qui est ndcessaire pour synchro- sendifferenz unterscheidet.
50       niser ledit signal de sortie (CT) audit signal d'entree (Hj). 11.
Schaltung nach Anspruch 1, dadurch gekennzeichnet,
2. Circuit selon la revendication 1, caracterise en daBi  das  erste
Signal  (PERIOD)  eine           ce qua ledit second signal (VCRMOD) est
ge- Lange/Breite einer gegebenen Periode des   55      n6re quand une
valeur de ladite variation dudit Ausgangssignales (CT) anzeigt und wobei
das        signal indicateur de difference de phase (PH) erste Signal
(PERIOD) im wesentlichen unbe-        est superieure a une premibre valeur
pr6d6ter- einflult davon bleibt, wenn die Anderung des       minee (REF) de
telle sorte qua , apres qua 9                       ,,"  ,",l1  l1 11|    
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dudit signal indicateur de diffd-  second signal (VCRMOD). rence de phase
se produit, ladite partie dudit signal indicateur de difference de phase
(PH)  9. Circuit selon la revendication 8 caract6ris6 en devient plus
petite qu une seconde valeur pr6-     ce que , quand ledit changement de
ladite determinee.                                5       phase dudit
signal de sortie (CT) qui est entrai- ne par ledit second signal (VCRMOD) a
lieu, il 3  Circuit selon le revendication 1, caracterisW en    se produit
de fagon abrupte et en synchroni- ce que ledit signal d'entree (Hj) est d
la fre-    sme avec ledit signal d'horloge (CK). quence de deflexion
horizontale. 10  10. Circuit selon la revendication 1, caractdris6 en 4.
Circuit selon la revendication 3, caracterise en    ce que ledit second
signal (VCRMOD) entraine ce que lesdits moyens de formation du second
ledit changement de ladite phase dudit signal signal (120) sont sensibles a
un signal (Vj) a     de sortie (CT) quand ledit critbre predetermine une
frequence verticale pour generer ledit se-     est detect4 par une quantite
qui est reliee k cond signal (VCRMOD) seulement pendant la  i5      une
quantite dont la difference de phase diffe- suppression trame.
re d'une valeur de la difference de phase en r6gime permanent. 5. Circuit
selon la revendication 1 , caract6ris6 en ce que lesdits moyens de
formation du second   11. Circuit selon la revendication 1, caract6ris6 en
signal (120) sont sensibles audit signal indica-  20  ce que ledit premier
signal (PERIOD) est indi- teur de difference de phase (PH) qui est pro-
cateur d'une longueur de periode donnee dudit duit par ledit d6tecteur de
phase pour g6nerer     signal de sortie (CT) et dans lequel ledit pre- a
partir de lui ledit second signal (VCRMOD),      mier signal (PERIOD) reste
sensiblement in- sont couplds audit generateur (21) d'une ma-       change
quand se produit ladite variation dudit niAre qui contourne ledit filtre
passe-bas (33).    25  signal indicateur de difference de phase (PH) qui
satisfait ledit critere pr~ddtermin4. 6. Circuit selon la revendication 1,
caracteris6 par , des moyens de combinaison (201) sensibles auxdits
premier  (PERIOD)  et  second (VCRMOD) signaux pour combiner lesdits pre-
30 mier et second signaux afin de produire un troisibme signal (RESET) qui
est coupld audit gen6rateur (21) pour commander ladite phase dudit signal
de sortie (CT) de telle sorte que ladite phase dudit signal de sortie soit
simulta-  35 n6ment affectee par les valeurs correspondan- tes de chacun
desdits premier (PERIOD) et second (VCRMOD) signaux. 7. Circuit selon la
revendication 1, caract6ris6 en   40 ce que lesdits moyens de formation du
second signal (120) gen&rent ledit second signal (VERMOD) aprbs que se
produit un change- ment de ladite phase donnee dudit signal d'en- trWe (H.)
qui conduit ledit signal d'entree (Hj) a   45 poss6der une phase qui est
stable et qui est decalee par rapport h ladite phase dudit signal de sortie
(CT). 8. Circuit selon la revendication 1, caracterise en   5o ce que ledit
g6n6rateur commandable (21) comprend un moyen s6quentiel pour g6nerer ledit
signal de sortie (CT) selon une s6quence d'etats qui change en synchronisme
avec un signal d'horloge (CK) et dans lequel ledit se-  55 cond signal
(VRCMOD) entraine ladite s6quen- ce d'etats et la periode dudit signal
d'entr6e (Hs) qui lui correspond & varier selon ledit 10                  I
1!11111 111111 11111 11111 11 111    


