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Description 

1  .  Field  of  the  Invention 

This  invention  relates  to  a  phase  locked  loop 
(PLL)  circuit,  and  more  particularly  to  a  PLL  circuit 
applied  with  an  input  signal  which  would  often 
cause  discontinuous  changes  in  phase. 

2.  Description  of  the  Prior  Art 

A  digital  signal  processing  circuit  such  as  a 
time-base  collector  (TBC)  in  a  video  tape  recorder 
(VTR)  uses  a  memory  for  temporarily  storing  a 
digital  video  signal  as  shown  in  FIG.  1.  Referring  to 
FIG.  1,  a  digital  video  signal  is  written  into  a 
memory  51  in  response  to  a  write  clock  and  the 
stored  digital  video  signal  is  read  out  from  the 
memory  51  in  response  to  a  read  clock.  The  ad- 
dress  of  the  memory  51  is  reset  periodically,  for 
example  at  intervals  of  horizontal  scanning  period 
(H),  by  a  reset  signal.  Used  as  the  reset  signal  is  a 
reference  signal  d  which  is  a  periodic  pulse  train  as 
shown  in  FIG.  2  produced  from  the  horizontal  syn- 
chronizing  signal  or  the  burst  signal  of  the  video 
signal  reproduced  via  a  pair  of  rotary  heads  from  a 
recording  tape.  The  write  clock  is  generated  from 
the  reference  signal  by  a  PLL  circuit  50  comprising 
a  phase  comparator  2,  a  low-pass  filter  (LPF)  3,  a 
voltage  controlled  oscillator  (VCO)  4  and  a  fre- 
quency  divider  5.  The  PLL  circuit  50  operates  so 
that  the  phase  of  the  output  signal  e  of  the  fre- 
quency  divider  5  is  locked  to  the  phase  of  the 
reference  signal  d.  The  response  speed  of  the  PLL 
circuit  50  which  is  determined  by  the  time  constant 
of  the  LPF  3  cannot  be  made  too  short  so  that  the 
PLL  circuit  50  does  not  respond  to  a  noise. 

The  PLL  circuit  50  arranged  as  above  cannot 
immediately  recover  the  stable  state  when  the  ref- 
erence  signal  d  causes  a  discontinuous  change  in 
phase.  Since  the  video  signal  recorded  on  the 
recorded  tape  is  reproduced  via  a  pair  of  alter- 
nately  switched  heads,  there  would  be  caused  a 
discontinuity  of  the  reproduced  signal,  resulting  in 
a  sudden  change  of  the  phase  of  the  reference 
signal.  Referring  to  FIG.  2,  HSW  is  the  head 
switching  signal  for  periodically  changing  over  the 
pair  of  heads,  and  the  reference  signal  causes  a 
discontinuous  phasechange  between  pulses  di  and 
d2.  The  phase  comparator  2  generates  an  error 
signal  g  corresponding  to  the  phase  difference 
between  the  reference  signal  d  and  the  output 
signal  e  of  the  frequency  divider  5.  The  frequency 
divider  5  resets  itself  by  the  reset  signal  f  synchro- 
nized  with  the  signal  e.  Due  to  the  time  constant  of 
the  LPF  3,  the  error  signal  g  is  converted  by  the 
LPF  3  to  a  gradually  changing  voltage  signal  h. 
Therefore,  it  takes  a  fairly  long  time  (about  10H  in 

the  case  of  Fig.  2)  for  the  PLL  circuit  50  to  recover 
the  stable  state  in  which  the  phase  of  the  output 
signal  of  the  frequency  divider  5  is  locked  to  the 
phase  of  the  reference  signal  after  the  discontinu- 

5  ous  phase  change. 
A  phase  locked  loop  circuit  is  disclosed  in  DE- 

A-2,716,813  as  comprising: 
a  voltage-controlled  oscillator  oscillating  at  a 

frequency  corresponding  to  a  voltage  applied 
io  thereto; 

a  frequency  divider  for  dividing  the  oscillation 
frequency  of  the  voltage-controlled  oscillator; 

a  phase  comparator  for  comparing  phases  of  a 
reference  signal  inputted  to  the  phase  locked  loop 

75  circuit  and  an  output  signal  of  the  frequency  di- 
vider; 

a  low-pass  filter  for  converting  a  phase  com- 
parison  result  of  the  phase  comparator  to  a  voltage 
for  controlling  the  voltage-controlled  oscillator; 

20  first  control  means  responsive  to  a  discontinu- 
ous  phase  change  of  the  reference  signal  for  pre- 
venting  a  phase  change  of  the  reference  signal 
from  being  transmitted  through  the  low-pass  filter 
to  the  voltage  controlled  oscillator  during  a  pre- 

25  determined  period;  and 
second  control  means  responsive  to  the  dis- 

continuous  phase  change  of  the  reference  signal 
for  forcedly  pulling-in  the  phase  of  the  phase 
locked  loop  circuit  so  that  the  phase  of  the  output 

30  signal  of  the  frequency  divider  is  locked  to  a  new 
phase  of  the  reference  signal  after  the  discontinu- 
ous  change  during  a  predetermined  period. 

US-A-4,005,479  discloses  a  phase  locked  loop 
circuit  comprising  a  means  for  resetting  a  fre- 

35  quency  divider  of  the  loop  circuit  in  response  to  a 
pulse  of  the  new  reference  signal  whereby  to  for- 
cedly  lock  the  phase  of  the  output  signal  of  the 
frequency  divider  to  the  new  phase  of  the  refer- 
ence  signal. 

40 
SUMMARY  OF  THE  INVENTION 

Therefore,  an  object  of  the  present  invention  is 
to  provide  a  PLL  circuit  which  is  capable  of  re- 

45  covering  stability  when  an  input  signal  of  the  PLL 
circuit  causes  a  discontinous  change  in  phase. 

A  PLL  circuit  according  to  the  present  invention 
comprises: 

a  voltage-controlled  oscillator  oscillating  at  a 
50  frequency  corresponding  to  a  voltage  applied 

thereto; 
a  frequency  divider  for  dividing  the  oscillation 

frequency  of  the  voltage-controlled  oscillator; 
a  phase  comparator  for  comparing  phases  of  a 

55  reference  signal  inputted  to  the  phase  locked  loop 
circuit  and  an  output  signal  of  the  frequency  di- 
vider; 

a  low-pass  filter  for  converting  a  phase  com- 

3 
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parison  result  of  the  phase  comparator  to  a  voltage 
for  controlling  the  voltage-controlled  oscillator; 

first  control  means  responsive  to  a  discontinu- 
ous  phase  change  of  the  reference  signal  for  pre- 
venting  a  phase  change  of  the  reference  signal 
from  being  transmitted  through  the  low-pass  filter 
to  the  voltage  controlled  oscillator  during  a  pre- 
determined  period;  and 

second  control  means  responsive  to  the  dis- 
continuous  phase  change  of  the  reference  signal 
for  forcedly  pulling-in  the  phase  of  the  phase 
locked  loop  circuit  so  that  the  phase  of  the  output 
signal  of  the  frequency  divider  is  locked  to  a  new 
phase  of  the  reference  signal  after  the  discontinu- 
ous  change  during  a  predetermined  period; 

characterised  in  that  said  first  control  means 
comprises:  a  first  pulse  generator  responsive  to  the 
discontinuous  phase  change  of  the  reference  signal 
for  generating  a  first  pulse  having  a  predetermined 
duration;  and  a  first  switch  responsive  to  the  first 
pulse  for  disconnecting  the  low-pass  filter  from  the 
phase  comparator  during  the  predetermined  dura- 
tion  of  the  first  pulse,  and 

said  second  control  means  comprises:  a  sec- 
ond  pulse  generator  responsive  to  the  discontinu- 
ous  phase  change  of  the  reference  signal  for  gen- 
erating  a  second  pulse  having  a  predetermined 
duration;  a  voltage  generator  for  generating  a  volt- 
age  signal  corresponding  to  the  discontinuous 
phase  change  of  the  reference  signal;  a  second 
switch  responsive  to  the  second  pulse  for  passing 
the  voltage  signal  generated  by  the  voltage  gener- 
ator  during  the  predetermined  duration  of  the  sec- 
ond  pulse;  and  a  voltage  adder  for  adding  output 
voltages  from  the  low-pass  filter  and  the  second 
switch  and  applying  an  added  voltage  to  the  volt- 
age-controlled  oscillator  to  forcedly  change  the  os- 
cillation  frequency  so  that  the  phase  of  the  output 
signal  of  the  frequency  divider  becomes  locked  to 
the  new  phase  of  the  reference  signal. 

An  arrangement  is  described  below  in  which  a 
first  control  means  inhibits  the  phase  comparison 
operation  of  the  phase  comparator,  and  a  second 
control  means  resets  the  frequency  divider  by  a 
pulse  of  the  reference  signal  after  the  discontinu- 
ous  phase  change. 

In  a  preferred  embodiment  of  the  invention,  the 
first  control  means  disconnects  the  low-pass  filter 
from  the  phase  comparator,  and  the  second  control 
means  generates  a  voltage  signal  corresponding  to 
the  discontinuous  phase  change  of  the  reference 
signal  and  applies  this  voltage  signal  to  the  volt- 
age-controlled  oscillator  for  changing  the  oscillation 
frequency  so  that  the  phase  of  the  output  signal  of 
the  frequency  divider  becomes  closer  or  equal  to 
the  phase  of  the  reference  signal  after  the  dis- 
continuous  phase  change. 

Since  the  discontinuous  phase  change  of  the 
reference  signal  is  not  transmitted  through  the  low- 
pass  filter  to  the  voltage-controlled  oscillator,  no 
long  time  unstable  state  due  to  the  time  constant  of 

5  the  low-pass  filter  is  caused.  At  the  same  time,  the 
PLL  circuit  is  forcedly  locked  to  the  new  phase  of 
the  reference  signal  after  the  discontinuous  phase 
change  during  a  short  period.  Thus,  the  PLL  circuit 
can  recover  its  stable  state  quickly  after  the  dis- 

io  continuous  phase  change  of  the  reference  signal. 
The  above  and  other  objects,  features  and  ad- 

vantages  of  the  present  invention  will  be  apparent 
from  the  following  detailed  description  taken  in 
connection  with  the  accompanying  drawings  in 

is  which: 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  block  diagram  showing  a  conven- 
20  tional  PLL  circuit  used  for  controlling  a  memory 

in  a  VTR; 
FIG.  2  is  a  signal  waveform  chart  for  explaining 
the  operation  of  the  PLL  circuit  in  FIG.  1; 
FIG.  3  is  a  block  diagram  showing  an  arrange- 

25  ment  of  another  PLL  circuit; 
FIG.  4  and  FIG.  5  are  signal  waveform  charts  for 
explaining  the  operation  of  the  PLL  circuit  in 
FIG.  3; 
FIG.  6  is  a  block  diagram  showing  a  PLL  circuit 

30  as  an  embodiment  of  the  present  invention; 
FIG.  7  is  a  signal  waveform  chart  for  explaining 
the  operation  of  the  PLL  circuit  in  FIG.  6; 
FIG.  8  is  an  exemplary  circuit  diagram  of  a 
voltage  generating  circuit  used  in  the  PLL  circuit 

35  in  FIG.  6; 
FIG.  9  is  a  block  diagram  showing  a  modified 
PLL  circuit  of  Fig.  3; 
FIG.  10  is  a  signal  waveform  chart  for  explaining 
the  operation  of  a  phase  change  detector  used 

40  in  the  PLL  circuit  in  FIG.  9;  and 
FIG.  11  is  a  block  diagram  showing  a  PLL  circuit 
as  another  embodiment  of  the  present  invention. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
45  MENTS 

FIG.  3  shows  an  arrangement  of  PLL  circuit 
and  FIGs.  4  and  5  show  signal  waveform  chart  for 
explaining  the  operation  of  the  PLL  circuit  in  FIG.  3. 

50  A  reference  signal  inputted  to  the  PLL  circuit 
through  an  input  terminal  1  is  a  periodic  pulse  train 
having  a  period  of  H  (horizontal  scanning  period) 
produced  from  the  horizontal  synchronizing  signal 
or  the  burst  signal  of  a  video  signal  reproduced 

55  from  a  recording  tape  via  a  pair  of  rotary  heads.  A 
voltage  controlled  oscillator  (VCO)  4  generates  a 
predetermined  high  frequency  signal  which  is  high- 
er  in  frequency  than  and  equal  in  phase  to  the 

4 
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reference  signal  when  an  output  signal  h  of  a  low- 
pass  filter  (LPF)  3  inputted  to  the  VCO  4  is  kept 
constant  in  level.  This  high  frequency  signal  is 
outputted  through  an  output  terminal  11  as  an 
output  signal  of  the  PLL  circuit.  The  high  frequency 
signal  from  the  VCO  4  is  on  the  other  hand  divided 
in  frequency  by  a  frequency  divider  5  to  be  equal 
in  frequency  to  the  reference  signal  as  shown  as 
an  output  signal  e  of  the  frequency  divider  5.  The 
frequency  divider  5  generates  also  a  reset  signal 
which  is  synchronized  with  the  output  signal  e  for 
resetting  itself.  A  phase  comparator  2  compares 
the  phases  of  the  reference  signal  d  and  the  output 
signal  e  of  the  frequency  divider  5.  An  output 
signal  g  of  the  phase  comparator  2  applied  to  the 
LPF  3  is  0  when  the  phases  of  the  reference  signal 
d  and  the  output  signal  e  of  the  frequency  divider  5 
are  equal  to  each  other,  i.e.,  when  the  PLL  circuit  is 
in  the  phase-locked  state. 

As  is  well-known,  the  pair  of  rotary  heads  are 
periodically  alternately  selected  by  a  head  switch- 
ing  signal  (HSW  signal).  Since  a  discontinuity  of 
the  reproduced  video  signal  and  the  resultant  dis- 
continuous  phase  change  of  the  reference  signal  d 
would  occur  at  each  switching  timing  of  the  pair  of 
rotary  head,  the  HSW  signal  can  be  regarded  as  a 
discontinuous  phase  change  informing  signal  for 
informing  an  occurrence  of  discontinuous  phase 
change  of  the  reference  signal  d.  The  HSW  signal 
referred  to  by  the  symbol  a  is  inputted  to  the  PLL 
circuit  through  an  additional  input  terminal  10.  A 
transition  detector  12  produces  a  pulse  in  response 
to  each  transition  of  the  level  (from  LOW  to  HIGH 
or  from  HIGH  to  LOW)  of  the  HSW  signal  a. 

A  monostable  multivibrator  (MM)  8  produces  a 
pulse  b  having  a  duration  T1  in  response  to  the 
output  pulse  of  the  transition  detector  12.  The 
pulse  b  is  applied  to  a  switch  7.  The  switch  7 
normally  connects  its  common  terminal  C  to  its  first 
terminal  A  so  that  the  reset  signal  from  the  fre- 
quency  divider  7  becomes  a  reset  signal  f  applied 
to  a  RESET  terminal  of  the  frequency  divider  5.  A 
second  terminal  B  of  the  switch  7  is  connected 
through  a  delay  circuit  6  to  the  input  terminal  1. 
The  switch  7,  when  the  pulse  b  is  applied  thereto, 
connects  the  common  terminal  C  to  the  second 
terminal  B  so  that  the  reference  signal  adjusted  in 
timing  by  the  delay  circuit  6  becomes  the  reset 
signal  f  during  the  duration  T1  of  the  pulse  B.  Here, 
the  delay  circuit  6  is  not  always  necessary,  but 
may  be  removed  if  it  is  not  necessary  to  adjust  the 
timing  of  the  reference  signal  applied  as  the  reset 
signal  f  to  the  frequency  divider  5. 

On  the  other  hand,  a  monostable  multivibrator 
(MM)  9  produces  a  pulse  c  having  a  duration  T2  in 
response  to  the  output  pulse  of  the  transition  de- 
tector  12.  The  pulse  c  is  applied  to  an  INHIBIT 
terminal  of  the  phase  comparator  2  to  inhibit  the 

phase  comparison  operation  of  the  phase  compara- 
tor  2  during  the  duration  T2  of  the  pulse  c.  There- 
fore,  the  phase  change  information  of  the  reference 
signal  is  not  transferred  to  the  VCO  4  during  the 

5  duration  T2  of  the  pulse  c. 
Referring  to  FIG.  4,  in  a  stable  state  of  the  PLL 

circuit  before  a  transition  of  the  HSW  signal  a,  the 
output  signal  e  of  the  frequency  divider  5  (ei  ,  for 
example)  is  phase-locked  to  the  reference  signal  d 

io  (di  ,  for  example),  and  the  reset  signal  f  (fi  ,  for 
example)  is  synchronized  with  the  signal  e.  After 
the  transition  of  the  HSW  signal  a,  the  phase  of  the 
reference  signal  d  is  discontinuously  delayed  as 
shown  by  62,  so  that  a  large  phase  difference  is 

15  caused  between  the  reference  signal  62  and  the 
output  signal  e2  of  the  frequency  divider  5.  If  the 
phase  comparator  2  were  active,  the  phase  com- 
parator  2  would  produce  an  error  signal  gi  cor- 
responding  to  the  phase  error  between  62  and  e2. 

20  However,  since  the  operation  of  the  phase  com- 
parator  2  is  inhibited  by  the  pulse  c  as  described 
above,  no  error  signal  is  produced  by  the  phase 
comparator  2. 

At  this  time,  since  the  pulse  b  is  applied  to  the 
25  switch  7,  the  reference  signal  d2  becomes  the 

reset  signal  h  for  resetting  the  frequency  divider  5. 
As  the  result,  the  next  pulse  e3  of  the  output  signal 
e  of  the  frequency  divider  5  becomes  equal  to,  or 
locked  to,  the  reference  signal  d3.  Both  of  the 

30  pulses  b  and  c  have  been  ended  before  the  occur- 
rence  of  the  pulse  d3  of  the  reference  signal,  so 
that  the  PLL  circuit  has  started  its  normal  operation 
with  a  phase-locked  state  to  the  new  phase  of  the 
reference  signal.  Thus,  the  reset  signal  is  again 

35  synchronized  with  the  signal  e  as  shown  by  f3. 
FIG.  5  shows  the  operation  of  the  PLL  circuit  in 

FIG.3  in  the  case  that  the  phase  of  the  reference 
signal  e  is  discontinuously  advanced.  FIG.  5  may 
be  easily  understood  from  the  above  description. 

40  Thus,  the  description  of  FIG.  5  is  omitted. 
As  described  above,  according  to  the  arrange- 

ment  shown  in  FIG.  3,  when  a  discontinuous  phase 
change  of  the  reference  signal  occurs,  the  opera- 
tion  of  the  phase  comparator  is  inhibited  during  a 

45  predetermined  time  so  that  the  discontinuous 
phase  change  information  is  not  transferred 
through  the  LPF  to  the  VCO.  Further,  the  frequency 
divider  is  forcedly  reset  by  the  reference  signal 
after  the  discontinuous  phase  change  so  that  the 

50  output  signal  of  the  frequency  divider  is  quickly 
phase-locked  to  the  reference  signal  after  the  dis- 
continuous  phase  change.  Accordingly,  the  PLL 
circuit  can  quickly  recover  the  stable  phase-locked 
state  even  when  a  discontinuous  phase  change  of 

55  the  reference  signal  is  caused. 
The  arrangement  shown  in  FIG.  3  uses  dif- 

ferent  monostable  multivibrators  8,  9  for  producing 
the  pulses  b,  c  having  different  durations  from  each 

5 
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other.  Alternatively,  a  single  monostable  multivibra- 
tor  may  be  used  for  producing  a  pulse  having  a 
predetermined  duration  which  is  applied  to  both  the 
phase  comparator  and  the  switch.  Of  course,  other 
various  pulse  generating  circuits  may  be  used  in- 
stead  of  multivibrator.  For  example,  the  multivibra- 
tor  may  be  replaced  by  a  flip-flop  circuit  which  is 
set  by  the  output  pulse  of  the  transition  detector  12 
and  reset  by  the  reset  pulse  h  or  by  a  pulse 
obtained  by  delaying  the  reset  pulse  h  for  a  pre- 
determined  time  shorter  than  the  period  of  the 
reference  signal. 

FIG.  6  shows  an  embodiment  of  PLL  circuit 
according  to  the  invention  used  in  a  VTR.  The 
reference  signal  inputted  through  the  input  terminal 
1,  the  HSW  signal  inputted  through  the  input  termi- 
nal  10,  and  the  configuration  and  function  of  each 
of  the  phase  comparator  2,  LPF  3,  VCO  4,  fre- 
quency  divider  5,  transition  detector  12  and  MMs 
8,  9  are  the  same  as  those  of  the  FIG.  3  embodi- 
ment.  The  structural  elements  peculiar  to  the  PLL 
circuit  in  FIG.  6  are  a  switch  16  connected  between 
the  phase  comparator  2  and  the  LPF  3,  an  adder 
15  connected  between  the  LPF  3  and  the  VCO  4, 
and  a  voltage  generator  13  and  a  switch  14  which 
are  connected  between  the  phase  comparator  2 
and  the  adder  15. 

The  switch  16  is  normally  closed  to  pass  the 
output  signal  of  the  phase  comparator  2  to  the  LPF 
3.  The  switch  16  is  opened  in  response  to  the 
output  pulse  b  of  the  MM  8  so  that  the  output 
signal  of  the  phase  comparator  is  not  transmitted  to 
the  LPF  3  during  the  duration  T1  of  the  pulse  b. 
The  voltage  generator  13  generates  a  voltage  sig- 
nal  corresponding  to  the  output  signal  of  the  phase 
comparator  2.  The  switch  14  is  normally  opened, 
but  is  closed  in  response  to  the  output  pulse  c  of 
the  MM  9  so  as  to  pass  the  voltage  signal  from  the 
voltage  generator  13  to  the  adder  15  during  the 
duration  T2  of  the  pulse  c.  The  adder  15  adds  the 
output  signals  of  the  LPF  3  and  the  switch  14,  and 
applies  the  added  result  to  the  VCO  4. 

Referring  to  FIG.  7  which  shows  a  waveform 
chart  for  explaining  the  operation  of  the  PLL  circuit 
in  FIG.  6,  a  discontinuous  phase  change  is  caused 
between  pulses  di  and  62  of  the  reference  signal 
d.  The  phase  comparator  2  outputs  an  error  signal 
gi  which  is  a  pulse  having  a  duration  correspond- 
ing  to  the  phase  difference  between  the  reference 
signal  62  and  the  output  signal  e2  of  the  frequency 
divider  5.  At  this  time,  since  the  switch  16  is 
opened  in  response  to  the  output  pulse  b  of  the 
MM  8,  the  error  signal  gi  is  not  transmitted  to  the 
LPF  3  as  shown  in  the  broken  line  pulse  waveform 
in  FIG.  7.  Thus,  the  output  signal  of  the  LPF  3  does 
not  follow  the  discontinuous  phase  change  of  the 
reference  signal  d.  In  other  words,  the  discontinu- 
ous  phase  change  of  the  reference  signal  d  is  not 

transmitted  through  the  LPF  3  to  the  VCO  4. 
The  voltage  generator  13  generates  a  voltage 

signal  i  having  a  level  vi  corresponding  to  the 
pulse  width  of  the  error  signal  gi  .  An  exemplary 

5  configuration  of  the  voltage  generator  13  is  shown 
in  FIG.  8.  When  the  phase  comparator  2  produces 
a  positive  error  pulse  signal,  a  circuit  composed  of 
resistors  21  ,  24,  26,  a  diode  22,  a  capacitor  23  and 
a  buffer  25  generates  a  positive  voltage  corre- 

10  sponding  to  the  pulse  with  of  the  positive  error 
pulse  signal.  When  the  phase  comparator  2  pro- 
duces  a  negative  error  pulse  signal,  a  circuit  com- 
posed  of  resistors  27,  30,  32,  a  diode  28,  a  capaci- 
tor  29  and  a  buffer  31  generates  a  negative  voltage 

15  corresponding  to  the  pulse  width  of  the  negative 
error  pulse  signal. 

Alternatively,  the  voltage  generator  13  may 
generate  a  constant-voltage  pulse  having  a  duration 
corresponding  to  the  pulse  width  of  the  error  signal 

20  produced  by  the  phase  comparator  2.  The  neces- 
sary  function  of  the  voltage  generator  13  is  to 
generate  such  a  voltage  signal  that  the  integrated 
value  thereof  during  the  time  T1  (which  is  the 
duration  of  the  pulse  c)  in  which  the  switch  14  is 

25  closed  corresponds  to  the  pulse  width  of  the  error 
signal  produced  by  the  phase  comparator  2. 

The  voltage  signal  i  generated  by  the  voltage 
generator  2  is  applied  through  the  switch  14  to  the 
adder  15.  Since  the  output  signal  of  the  LPF  3  is 

30  kept  unchanged,  the  voltage  signal  i  becomes  a 
change  of  voltage  signal  k  applied  to  the  VCO  4.  In 
response  to  the  rapid  change  of  the  voltage  signal 
k,  the  VCO  4  rapidly  changes  (decreases  in  the 
case  of  FIG.  7)  its  oscillation  frequency  so  that  the 

35  phase  of  the  output  signal  e  of  the  frequency 
divider  5  rapidly  becomes  close  to  that  of  the 
reference  signal.  That  is,  the  pulse  e3  next  to  the 
pulse  e2  of  the  output  signal  e  of  the  frequency 
divider  5  becomes  close  in  phase  to  the  pulse  d3 

40  next  to  the  pulse  d2  of  the  reference  signal.  Since 
the  phase  difference  between  the  pulse  d3  and  the 
pulse  e3  is  now  very  small,  the  PLL  circuit  can  be 
immediately  brought  into  the  phase-locked  state  by 
its  normal  control  loop. 

45  As  described  above,  according  to  the  embodi- 
ment  shown  in  FIG.  6,  when  a  discontinuous  phase 
change  of  the  reference  signal  occurs,  the  switch 
for  normally  connecting  the  phase  comparator  and 
the  LPF  is  opened  during  a  predetermined  time  so 

50  that  the  discontinuous  phase  change  information  is 
not  transmitted  through  the  LPF  to  the  VCO.  Fur- 
ther,  the  voltage  generator  generates  rapidly  a  volt- 
age  signal  corresponding  to  the  pulse  width  of  the 
error  signal  produced  by  the  phase  comparator, 

55  and  the  generated  voltage  signal  is  applied  to  the 
VCO  to  forcedly  change  the  oscillation  frequency 
of  the  VCO  so  that  the  output  signal  of  the  fre- 
quency  divider  is  quickly  phase-locked  to  the  refer- 
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ence  signal  after  the  discontinuous  phase  change 
of  the  reference  signal.  Accordingly,  the  PLL  circuit 
can  quickly  recover  the  stable  phase-locked  state 
even  when  a  discontinuous  phase  change  of  the 
reference  signal  is  caused. 

Also  in  the  embodiment  shown  in  FIG.  6,  the 
two  MMs  8,  9  may  be  replaced  by  a  single  mon- 
ostable  multivibrator  which  is  responsive  to  the 
output  pulse  of  the  transition  detector  12  for  pro- 
ducing  a  pulse  having  a  predetermined  duration 
which  is  applied  to  both  the  switches  16,  14.  Of 
course,  other  various  pulse  generating  circuits  may 
be  used  instead  of  multivibrator.  For  example,  the 
multivibrator  may  be  replaced  by  a  flip-flop  circuit 
which  is  set  by  the  output  pulse  of  the  transition 
detector  12  and  reset  by  a  pulse  obtained  by 
delaying  the  pulse  62  of  the  reference  signal  for  a 
predetermined  time  shorter  than  the  period  of  the 
reference  signal. 

Furthermore,  the  HSW  signal  is  used  as  the 
discontinuous  plase  change  informing  signal  for 
controlling  the  PLL  circuit  in  the  arrangements 
shown  in  FIGs.  3  and  6.  But,  alternatively,  the 
vertical  synchronizing  signal  contained  in  the  repro- 
duced  video  signal  may  be  used  as  the  discontinu- 
ous  plase  change  informing  signal  because  the 
transition  timing  of  the  HSW  is  generally  adjacent 
to  the  vertical  synchronizing  signal  occurrence  tim- 
ing. 

In  the  above  description,  it  is  thought  that  the 
discontinuous  phase  change  of  the  reference  signal 
would  be  caused  at  the  switching  timing  of  the  pair 
of  rotary  heads,  and  thus  each  of  the  PULL  circuits 
shown  in  FIGs.  3  and  6  uses  the  HSW  signal  as 
the  control  signal  for  controlling  the  PLL  circuit  to 
recover  the  stable  state.  However,  there  would  be 
such  a  case  that  a  discontinuous  phase  change  of 
the  reference  signal  would  be  caused  by  other 
unexpectable  causes.  Further,  the  PLL  circuit 
would  be  used  in  other  apparatus  in  which  the 
signal  like  the  HSW  signal  is  not  available.  These 
problems  can  be  solved  by  modifying  the  PLL 
circuits  shown  in  FIGs.  3  and  6  to  be  equipped  with 
a  phase  change  detector  which  is  capable  of  de- 
tecting  a  discontinuous  phase  error  of  the  refer- 
ence  signal  for  producing  the  control  signal  for  the 
PLL  circuit.  Such  modified  embodiments  of  the 
invention  will  be  described  hereinbelow. 

FIG.  9  shows  a  PLL  circuit  which  is  obtained 
by  modifying  the  FIG.  3  arrangement  such  that  the 
input  terminal  9  and  the  transition  detector  12  are 
removed  and  a  phase  change  detector  40  is  con- 
nected  between  the  phase  comparator  2  and  the 
MMs  8,  9.  FIG.  10  shows  a  waveform  chart  for 
explaining  the  operation  of  the  phase  change  de- 
tector  40.  The  phase  change  detector  40  is  respon- 
sive  to  a  large  phase  change  of  the  reference 
signal  d  for  producing  a  pulse  which  triggers  the 

MMs  8,  9.  In  other  words,  when  the  output  pulse  of 
the  phase  comparator  2  has  a  wider  pulse  width 
than  a  predetermined  pulse  width,  the  phase 
change  detector  40  outputs  the  pulse  for  triggering 

5  the  MMs  8,  9  so  that  the  PLL  circuit  recovers  its 
stable  state  in  the  manner  as  described  above  in 
connection  with  the  embodiment  shown  in  FIG.  3. 

The  signal  A  inputted  to  a  low-pass  filter  (LPF) 
41  is  the  output  signal  of  the  phase  comparator  2. 

10  When  the  phase  comparator  2  outputs  a  positive 
pulse  A1  having  a  wider  pulse  width  than  the 
predetermined  pulse  width,  the  output  signal  B  of 
the  LPF  41  becomes  higher  than  an  upper  thresh- 
old  level  Va  as  shown  by  B1.  Thus,  a  level  com- 

15  parator  42  produces  a  pulse  C1  for  triggering  the 
MMs  8,  9.  When  the  phase  comparator  2  outputs  a 
negative  pulse  A2  having  a  wider  pulse  width  than 
the  predetermined  pulse  width,  the  output  signal  B 
of  the  LPF  41  becomes  lower  than  a  lower  thresh- 

20  old  level  Vb  as  shown  by  B2.  Thus,  a  level  com- 
parator  43  produces  a  pulse  C2  for  triggering  the 
MMs  8,  9.  The  pulse  produced  by  the  level  com- 
parator  42  or  43  is  applied  through  an  OR  gate  44, 
as  the  pulse  signal  C,  to  the  MMs  8,  9. 

25  The  same  modification  can  be  applied  to  the 
FIG.  6  embodiment  as  shown  in  FIG.  11.  The 
phase  change  detector  40  in  FIG.  11  has  the  same 
configuration  as  that  shown  in  FIG.  9,  and  is  re- 
sponsive  to  a  large  phase  change  of  the  reference 

30  signal  for  producing  a  pulse  which  triggers  the 
MMs  8,  9  so  that  the  PLL  circuit  recovers  its  stable 
state  in  the  manner  as  described  in  connection  with 
the  FIG.  6  embodiment. 

35  Claims 

1.  A  phase  locked  loop  circuit  comprising: 
a  voltage-controlled  oscillator  (4)  oscillating 

at  a  frequency  corresponding  to  a  voltage  ap- 
40  plied  thereto; 

a  frequency  divider  (5)  for  dividing  the 
oscillation  frequency  of  the  voltage-controlled 
oscillator; 

a  phase  comparator  (2)  for  comparing 
45  phases  of  a  reference  signal  inputted  to  the 

phase  locked  loop  circuit  and  an  output  signal 
of  the  frequency  divider; 

a  low-pass  filter  (3)  for  converting  a  phase 
comparison  result  of  the  phase  comparator  to 

50  a  voltage  for  controlling  the  voltage-controlled 
oscillator; 

first  control  means  (8,  16)  responsive  to  a 
discontinuous  phase  change  of  the  reference 
signal  for  preventing  a  phase  change  of  the 

55  reference  signal  from  being  transmitted 
through  the  low-pass  filter  to  the  voltage  con- 
trolled  oscillator  during  a  predetermined  pe- 
riod;  and 
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second  control  means  (9,  13,  14,  15)  re- 
sponsive  to  the  discontinuous  phase  change  of 
the  reference  signal  for  forcedly  pulling-in  the 
phase  of  the  phase  locked  loop  circuit  so  that 
the  phase  of  the  output  signal  of  the  frequency  5 
divider  is  locked  to  a  new  phase  of  the  refer- 
ence  signal  after  the  discontinuous  change 
during  a  predetermined  period; 

characterised  in  that  said  first  control 
means  (8,  16)  comprises:  a  first  pulse  gener-  10 
ator  (8)  responsive  to  the  discontinuous  phase 
change  of  the  reference  signal  for  generating  a 
first  pulse  having  a  predetermined  duration; 
and  a  first  switch  (16)  responsive  to  the  first 
pulse  for  disconnecting  the  low-pass  filter  (3)  is 
from  the  phase  comparator  (2)  during  the  pre- 
determined  duration  of  the  first  pulse,  and 

said  second  control  means  (9,  13,  14,  15) 
comprises:  a  second  pulse  generator  (9)  re- 
sponsive  to  the  discontinuous  phase  change  of  20 
the  reference  signal  for  generating  a  second 
pulse  having  a  predetermined  duration;  a  volt- 
age  generator  (13)  for  generating  a  voltage 
signal  corresponding  to  the  discontinuous 
phase  change  of  the  reference  signal;  a  sec-  25 
ond  switch  (14)  responsive  to  the  second  pulse 
for  passing  the  voltage  signal  generated  by  the 
voltage  generator  during  the  predetermined 
duration  of  the  second  pulse;  and  a  voltage 
adder  (15)  for  adding  output  voltages  from  the  30 
low-pass  filter  and  the  second  switch  and  ap- 
plying  an  added  voltage  to  the  voltage-con- 
trolled  oscillator  (4)  to  forcedly  change  the 
oscillation  frequency  so  that  the  phase  of  the 
output  signal  of  the  frequency  divider  (5)  be-  35 
come  locked  to  the  new  phase  of  the  reference 
signal. 

Patentanspruche 
40 

1.  Phasenregelschleifenschaltung  umfassend: 
einen  spannungsgeregelten  Oszillator  (4),  der 
bei  einer  Frequenz  schwingt,  die  einer  daran 
angelegten  Spannung  entspricht; 
einen  Frequenzteiler  (5)  zum  Teilen  der  45 
Schwingfrequenz  des  spannungsgeregelten 
Oszillators; 
einen  Phasenkomparator  (2)  zum  Vergleichen 
der  Phasen  eines  der  Phasenregelschleifens- 
chaltung  eingegebenen  Bezugssignals  und  ei-  so 
nes  Ausgangssignals  des  Frequenzteilers; 
ein  TiefpaBfilter  (3)  zum  Umwandeln  eines 
Phasenvergleichsergebnisses  des  Phasenkom- 
parators  in  eine  Spannung  zum  Regeln  des 
spannungsgeregelten  Oszillators;  55 
eine  erste  Steuereinrichtung  (8,  16),  anspre- 
chend  auf  eine  diskontinuierliche  Phasenande- 
rung  des  Bezugssignals,  urn  zu  verhindern, 

dal3  wahrend  einer  vorbestimmten  Periode 
eine  Phasenanderung  des  Bezugssignals  uber 
das  TiefpaBfilter  an  den  spannungsgeregelten 
Oszillator  ubertragen  wird,  und 
eine  zweite  Steuereinrichtung  (9,  13,  14,  15), 
ansprechend  auf  die  diskontinuierliche  Phasen- 
anderung  des  Bezugssignals,  urn  die  Phase 
der  Phasenregelschleifenschaltung  gezwungen 
einzuziehen,  so  dal3  die  Phase  des  Ausgangs- 
signals  des  Frequenzteilers  nach  der  diskonti- 
nuierlichen  Anderung  wahrend  einer  vorbe- 
stimmten  Periode  mit  einer  neuen  Phase  des 
Bezugssignals  verriegelt  wird; 
dadurch  gekennzeichnet,  dal3  die  erste  Steuer- 
einrichtung  (8,  16)  umfaBt:  einen  ersten  Impuls- 
generator  (8),  ansprechend  auf  die  diskontinu- 
ierliche  Phasenanderung  des  Bezugssignals, 
urn  einen  ersten  Impuls  mit  einer  vorbestimm- 
ten  Dauer  zu  erzeugen,  und  einen  ersten 
Schalter  (16),  ansprechend  auf  den  ersten  Im- 
puls,  urn  das  TiefpaBfilter  (3)  wahrend  der  vor- 
bestimmten  Dauer  des  ersten  Impulses  von 
dem  Phasenkomparator  (2)  zu  trennen,  und 
daf3 
die  zweite  Steuereinrichtung  (9,  13,  14,  15) 
umfaBt:  einen  zweiten  Impulsgenerator  (9),  an- 
sprechend  auf  die  diskontinuierliche  Phasenan- 
derung  des  Bezugssignals,  urn  einen  zweiten 
Impuls  mit  einer  vorbestimmten  Dauer  zu  er- 
zeugen;  einen  Spannungsgenerator  (13)  zum 
Erzeugen  eines  Spannungssignals,  das  der 
diskontinuierlichen  Phasenanderung  des  Be- 
zugssignals  entspricht;  einen  zweiten  Schalter 
(14),  ansprechend  auf  den  zweiten  Impuls,  urn 
das  von  dem  Spannungsgenerator  erzeugte 
Spannungssignal  wahrend  der  vorbestimmten 
Dauer  des  zweiten  Impulses  zu  ubermitteln, 
und  einen  Spannungsaddierer  (15),  urn  die 
Ausgangsspannungen  von  dem  TiefpaBfilter 
und  dem  zweiten  Schalter  zu  addieren  und  urn 
eine  addierte  Spannung  an  den  spannungsge- 
regelten  Oszillator  (4)  anzulegen,  urn  die 
Schwingfrequenz  erzwungen  zu  andern,  so 
dal3  die  Phase  des  Ausgangssignals  des  Fre- 
quenzteilers  (5)  mit  der  neuen  Phase  des  Be- 
zugssignals  verriegelt  wird. 

Revendicatlons 

1.  Circuit  de  boucle  a  verrouillage  de  phase  com- 
prenant  : 

un  oscillateur  commande  en  tension  (4) 
qui  oscille  a  une  frequence  correspondant  a 
une  tension  qui  lui  est  appliquee  ; 

un  diviseur  de  frequence  (5)  pour  diviser  la 
frequence  d'oscillation  de  I'oscillateur  com- 
mande  en  tension  ; 

un  comparateur  de  phase  (2)  pour  compa- 
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rer  les  phases  d'un  signal  de  reference  entre 
sur  le  circuit  de  boucle  a  verrouillage  de  phase 
et  d'un  signal  de  sortie  du  diviseur  de  frequen- 
ce  ; 

un  filtre  passe-bas  (3)  pour  convertir  un  5 
resultat  de  comparaison  de  phase  du  compara- 
teur  de  phase  en  une  tension  pour  commander 
I'oscillateur  commande  en  tension  ; 

un  premier  moyen  de  commande  (8,  16) 
sensible  a  une  variation  de  phase  discontinue  10 
du  signal  de  reference  pour  empecher  qu'une 
variation  de  phase  du  signal  de  reference  ne 
soit  transmise  au  travers  du  filtre  passe-bas  a 
I'oscillateur  commande  en  tension  pendant  une 
periode  predeterminee  ;  et  is 

un  second  moyen  de  commande  (9,  13, 
14,  15)  sensible  a  la  variation  de  phase  discon- 
tinue  du  signal  de  reference  pour  exciter  de 
maniere  forcee  la  phase  du  circuit  de  boucle  a 
verrouillage  de  phase  de  telle  sorte  que  la  20 
phase  du  signal  de  sortie  du  diviseur  de  fre- 
quence  soit  verrouillee  sur  une  nouvelle  phase 
du  signal  de  reference  apres  la  variation  dis- 
continue  pendant  une  periode  predeterminee, 

caracterise  en  ce  que  ledit  premier  moyen  25 
de  commande  (8,  16)  comprend  :  un  premier 
generateur  d'impulsion  (8)  sensible  a  la  varia- 
tion  de  phase  discontinue  du  signal  de  referen- 
ce  pour  generer  une  premiere  impulsion  pre- 
sentant  une  duree  predeterminee  ;  et  un  pre-  30 
mier  commutateur  (16)  sensible  a  la  premiere 
impulsion  pour  deconnecter  le  filtre  passe-bas 
(3)  du  comparateur  de  phase  (2)  pendant  la 
duree  predeterminee  de  la  premiere  impulsion 
;  et  35 

ledit  second  moyen  de  commande  (9,  13, 
14,  15)  comprend  :  un  second  generateur 
d'impulsion  (9)  sensible  a  la  variation  de  phase 
discontinue  du  signal  de  reference  pour  gene- 
rer  une  seconde  impulsion  presentant  une  du-  40 
ree  predeterminee  ;  un  generateur  de  tension 
(13)  pour  generer  un  signal  de  tension  corres- 
pondent  a  la  variation  de  phase  discontinue  du 
signal  de  reference  ;  un  second  commutateur 
(14)  sensible  a  la  seconde  impulsion  pour  lais-  45 
ser  passer  le  signal  de  tension  genere  par  le 
generateur  de  tension  pendant  la  duree  prede- 
terminee  de  la  seconde  impulsion  ;  et  un  addi- 
tionneur  de  tension  (15)  pour  additionner  des 
tensions  de  sortie  en  provenance  du  filtre  pas-  so 
se-bas  et  du  second  commutateur  et  pour  ap- 
pliquer  une  tension  additionnee  a  I'oscillateur 
commande  en  tension  (4)  afin  de  modifier  de 
maniere  forcee  la  frequence  d'oscillation  de 
telle  sorte  que  la  phase  du  signal  de  sortie  du  55 
diviseur  de  frequence  (5)  devienne  verrouillee 
sur  la  nouvelle  phase  du  signal  de  reference. 
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