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Description 

BACKGROUND  OF  THE  INVENTION 

i)  Field  of  the  Invention: 

The  present  invention  relates  to  an  optical  disk 
system,  and  particularly  to  a  sampling  servo  sys- 
tem  which  controls  the  focusing  and  tracking  of  the 
optical  disk  relying  upon  servo  signals  that  are 
intermittently  obtained. 

ii)  Prior  Art: 

An  optical  disk  device  which  reads  and  writes 
data  onto  a  given  recording  region  on  the  optical 
disk  requires  a  function  for  controlling  the  light 
beam  spot  so  that  it  properly  falls  on  a  desired 
position  on  the  disk,  i.e.,  requires  a  function  for 
controlling  the  focusing  and  tracking. 

There  has  been  proposed  a  sampling  servo 
system  in  which  servo  signal  regions  with  mark  for 
focusing  and  tracking  are  intermittently  arranged  on 
the  track,  and  the  signals  from  the  servo  signal 
regions  are  sampled  to  control  the  focusing  and 
tracking,  as  has  been  disclosed,  for  example,  in 
U.S.  Patent  No.  4,564,929.  This  system  is  advanta- 
geous  in  that  the  focusing  and  tracking  are  ex- 
ecuted  based  solely  upon  predetermined  regions 
on  the  track,  and  the  focusing  and  tracking  servo 
systems  are  not  affected  by  the  condition  of  the 
optical  disk  system  or  by  the  condition  on  the  track 
such  as  the  condition  for  reading  or  writing  the  data 
on  the  portions  (data  region)  other  than  the  above- 
mentioned  particular  regions. 

It  has  also  been  known  that  the  device  can  be 
so  constructed  as  will  not  be  affected  by  relative 
deviation  between  the  optical  axis  of  the  light  spot 
and  the  disk  surface  or  by  inclinations  thereof,  if 
there  are  employed  marks  or  wobbled  pits  that  are 
recorded  being  deviated  toward  the  right  and  left 
relative  to  the  center  of  the  track  as  references  of 
tracking  signals.  Devices  of  this  type  have  been 
taught  in  U.S.  Patent  Nos.  4,364,118  and 
4,443,870. 

The  above-mentioned  prior  art  is  based  on  the 
prerequisite  that  the  servo  signals  are  properly 
detected,  and  no  consideration  has  been  given  with 
regard  to  the  probability  that  the  servo  signals  may 
be  erroneously  detected  due  to  defects  that  in 
practice  exist  in  a  high  number  on  the  disk  or  due 
to  any  other  error.  In  the  sampling  system,  error 
that  happens  to  be  contained  in  a  detected  sample 
value  is  not  corrected  until  the  time  of  the  next 
sampling.  Therefore,  the  effect  of  an  error  appears 
as  a  serious  disturbance  for  the  control  characteris- 
tics  often  making  it  difficult  to  fulfill  a  predeter- 
mined  performance. 

A  tracking  controler  being  able  to  detect  invalid 
servo  signals  arising  from  damaged  tracking  pits 
by  a  pattern  matching  technique  is  disclosed  in 
EP-A-0  210  330. 

5 
SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  obtain 
an  optical  disc  device  which  guarantees  proper 

io  control  characteristics  even  for  the  defects  on  a 
disk,  by  employing  means  which  detects  or  deter- 
mines  as  error  the  erroneous  detection  of  servo 
signals  caused  by  the  defects. 

The  feature  of  the  present  invention  is  not  to 
75  detect  abnormal  condition  in  the  tracking  signals 

detected  relying  upon  the  difference  of  reproduced 
signals  from  the  tracking  pits  that  are  wobbled 
toward  the  right  and  left,  but  is  to  monitor  the 
abnormal  conditions  in  the  individual  tracking  pits. 

20  If  mentioned  more  concretely,  the  present  invention 
has  differential  detection  means  which  differentially 
detects  reproduced  signals  among  the  pits  that  are 
wobbled  in  the  same  direction,  and  determines 
whether  the  tracking  pits  are  proper  or  abnormal 

25  depending  upon  whether  the  differential  output  is 
proper  or  not.  According  to  this  structure,  the  pres- 
ence  or  absence  of  abnormal  condition  due  to 
defects  can  be  determined  by  taking  into  consider- 
ation  the  moments  at  which  the  light  beam  spot 

30  passes  through  the  wobbled  pits,  irrespective  of 
the  tracking  control  condition,  i.e.,  irrespective  of 
whether  the  light  beam  spot  exists  on  the  track  or 
whether  the  tracking  control  system  is  in  operation 
or  not.  In  the  case  of  abnormal  condition,  proce- 

35  dure  is  taken  immediately  to  discontinue  the  use  of 
tracking  signals  detected  by  the  difference  between 
the  tracking  pits  wobbled  toward  the  right  and  left, 
and  the  tracking  control  is  carried  out  using  a 
proper  tracking  signal  that  was  detected  in  the 

40  previous  time  and  that  was  sampled,  making  it 
possible  to  properly  continue  the  control  operation. 
Further,  even  for  a  region  that  contains  defects  to  a 
serious  degree,  the  time  at  which  the  defective 
region  is  passed  over  can  be  determined. 

45 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  block  diagram  which  illustrates  major 
portions  according  to  an  embodiment  of  the 

50  present  invention; 
Fig.  2  illustrates  the  structure  of  a  track  on  an 
optical  disk  according  to  the  embodiment; 
Figs.  3A  to  3C  are  diagrams  of  waveforms 
showing  the  principle  for  controlling  the  tracking 

55  according  to  the  embodiment; 
Figs.  4  and  5  are  circuit  diagrams  of  the  em- 
bodiment; 
Figs.  6  and  7A  to  7F  are  timing  charts  illustrat- 
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ing  the  structure  of  tracking  pits  and  operation 
timings  according  to  the  embodiment; 
Figs.  8  and  9  are  circuit  diagrams  according  to 
further  embodiments;  and 
Figs.  10  and  11A  to  1  1  D  are  timing  charts 
illustrating  the  operation  timings  at  each  of  the 
portions  of  Fig.  9. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Fig.  1  chiefly  illustrates  a  tracking  servo  sys- 
tem  in  the  structure  of  an  optical  disc  system 
according  to  an  embodiment  of  the  present  inven- 
tion.  An  optical  disk  6  driven  by  a  motor  4  has  a 
multiple  circle-like  or  spiral  tracks  for  storing  the 
data.  Fig.  2  illustrates  the  structure  of  a  track  on 
the  optical  disk,  in  which  a  servo  signal  region  2 
and  a  subsequent  data  region  3  are  alternatingly 
arranged.  In  the  servo  signal  region  2  are  stored  in 
advance  the  data  for  controlling  the  tracking  as  will 
be  described  later.  The  tracking  control  is  effected 
relying  upon  the  data  from  the  servo  signal  region 
to  write  the  data  onto  the  subsequent  data  region 
or  to  read  the  data  thereform. 

Reverting  to  Fig.  1,  reference  numerals  10  to 
70  denote  a  tracking  servo  system.  A  reproduced 
signal  from  an  optical  head  is  amplified  through  a 
pre-amplifier  1  1  ,  and  is  guided  to  a  tracking  signal 
detection  circuit  20  and  to  an  error  detection  circuit 
30.  A  tracking  signal  detected  by  the  tracking  sig- 
nal  detection  circuit  is  guided  to  a  driver  60  via  a 
compensation  circuit  50  having  a  predetermined 
transfer  function  to  improve  characteristics  of  the 
control  system.  Reference  numeral  70  denotes  an 
actuator  which  controls  the  relative  position  of  the 
light  spot  of  the  optical  head  10  in  response  to  a 
drive  signal  from  the  driver  60  thereby  to  control 
the  tracking.  In  this  structure,  the  error  detection 
circuit  30  and  an  error  protection  circuit  40  have 
features  characteristic  to  the  present  invention  that 
are  not  found  in  the  conventional  apparatus. 

Described  below  is  how  to  control  the  tracking 
relying  upon  wobbled  pits  employed  in  this  em- 
bodiment. 

The  wobbled  pits  are  deviated  by  small 
amounts  toward  the  right  and  left  with  the  center  of 
a  track  as  shown  in  Fig.  3A.  The  deviation  of  the 
position  of  the  light  spot  from  the  center  of  the 
track  is  obtained  from  signals  detected  at  the  wob- 
bled  pits.  Fig.  3B  shows  reproduced  signals  at  the 
time  when  the  light  spot  passes  through  the  center 
of  the  track:  the  reproduced  signals  have  an  equal 
amplitude  Ii,  n  for  the  pits  L  and  R  deviated 
toward  the  left  and  right.  When  the  light  spot  is 
deviated  toward  the  left  side  relative  to  the  center, 
the  reproduced  signals  have  such  amplitudes  that 
I2  >  f2  as  shown  in  Fig.  3C.  A  difference  Ax  in  the 

amplitude  is  detected  as  a  tracking  signal,  and  the 
tracking  servo  system  works  so  that  the  difference 
Ax  will  approach  zero.  The  difference  Ax  can  be 
detected  by  using  a  differential  detection  system 

5  shown  in  Fig.  4  which  uses  a  delay  element  210 
that  corresponds  to  a  distance  D1  between  the  two 
pits  L  and  R,  to  take  out  through  a  differential 
amplifier  21  the  difference  between  the  signal  that 
has  passed  through  the  delay  element  and  the 

10  signal  that  has  not  passed  therethrough.  That  is,  a 
sample  holding  circuit  22  assumes  the  sampling 
mode  in  response  to  a  timing  signal  250  that  in- 
dicates  the  moment  at  which  the  light  spot  has 
reached  the  central  position  of  the  pit  R,  and 

15  whereby  the  output  21  1  of  the  differential  amplifier 
21  is  sampled.  In  other  periods,  the  output  211  is 
held.  The  circuit  22  then  produces  a  tracking  signal 
221  corresponding  to  the  difference  Ax.  However, 
in  case  the  tracking  pit  L  or  R  is  deformed  due  to 

20  defects  in  the  disk,  the  amplitudes  of  the  repro- 
duced  signals  I  and  r  do  not  reflect  properly 
tracking  condition,  and  error  is  contained  in  the 
differential  output. 

Fig.  5  illustrates  in  detail  the  tracking  detection 
25  circuit  20  and  the  error  detection  circuit  of  the 

embodiment  of  Fig.  1.  The  tracking  detection  cir- 
cuit  20  is  constituted  quite  in  the  same  manner  as 
that  of  Fig.  4.  That  is,  the  output  110  of  the  pre- 
amplifier  11  is  input  to  one  input  terminal  of  a 

30  differential  amplifier  21,  and  the  other  input  termi- 
nal  of  the  differential  amplifier  receives  a  signal  via 
the  delay  element  210  having  a  delay  quantity  that 
corresponds  to  the  distance  between  the  two  pits  R 
and  L.  The  output  signal  211  of  the  differential 

35  amplifier  21  is  sent  to  the  sample  and  hold  circuit 
22.  In  this  embodiment  as  shown  in  Fig.  6,  two 
pairs  of  tracking  pits  (L10,  R11)  and  (L12,  R13)  are 
provided  on  one  servo  signal  region  2  on  the  track 
of  the  optical  disk,  to  increase  the  precision  for 

40  detecting  error.  Therefore,  the  sampling  timing  of 
the  sample  and  hold  circuit  takes  place  at  a  mo- 
ment  when  the  light  spot  passes  through  the  center 
of  R11  (or  R21)  and  R13  (or  R23).  Fig.  7A  shows 
timing  signals  250  that  give  sampling  timings  to  the 

45  sample  and  hold  circuit  22.  The  timing  signals  250 
are  formed  relying  upon  reproduced  signals  from 
timing  pits  (not  shown)  on  the  optical  disk. 

In  Fig.  5,  elements  31,  32,  33,  34,  35,  36,  37, 
38,  310,  320,  330  and  340  constitute  the  error 

50  detection  circuit  30. 
The  delay  elements  310,  320  and  differential 

amplifiers  31  ,  32  so  work  as  to  obtain  differences  in 
the  reproduced  signals  between  the  tracking  pits 
corresponding  to  distances  D2  and  D3  shown  in 

55  Fig.  6.  That  is,  a  differential  circuit  consisting  of  the 
delay  line  310  and  the  differential  amplifier  31 
works  to  obtain  a  difference  between  the  pits  de- 
viated  on  one  side  in  one  servo  signal  region  as 

3 
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represented  by  L10  and  L12.  A  differential  circuit 
consisting  of  the  delay  line  320  and  the  differential 
amplifier  32  works  to  obtain  a  difference  between 
the  pits  that  are  arranged  at  corresponding  posi- 
tions  between  the  neighboring  servo  signal  regions 
as  represented  by  L10  and  L20.  Under  the  ordinary 
tracking  condition,  deviation  in  position  (i.e.,  track- 
ing  deviation)  between  the  light  spot  and  the  track 
changes  very  little  not  only  in  a  given  servo  signal 
region  but  also  between  the  neighboring  servo  sig- 
nal  regions.  Therefore,  if  there  is  no  error,  the 
above-mentioned  two  differential  outputs  are  nearly 
zero,  i.e.,  the  outputs  312  and  322  of  Fig.  5  are 
nearly  zero.  If  either  one  of  these  outputs  is  not 
zero,  however,  it  is  so  determined  that  error  exists. 
Therefore,  the  outputs  of  the  differential  amplifiers 
31  and  32  are  input  to  comparators  33  and  34 
which  compare  the  outputs  of  31  and  32  respec- 
tively  with  a  value  A,  and  the  former  output  is 
determined  by  the  flip-flops  35  and  37,  and  the 
latter  output  is  determined  by  the  flip-flops  36  and 
38.  Reference  numerals  350  and  370  denote  timing 
signals  that  give  set  timings  to  the  flip-flops  35  and 
37.  The  timing  signal  350  is  generated  at  a  mo- 
ment  when  the  light  spot  passes  the  center  of  the 
tracking  pit  L12  (or  L22)  as  shown  in  fig.  7B. 
Therefore,  the  output  of  the  high  level  produced  by 
the  flip-flop  35  indicates  that  there  was  a  difference 
larger  than  the  value  A  between  the  read  outputs  of 
the  pits  L12  and  L10  (or  L22  and  L20)  which  are 
wobbled  toward  the  left.  The  timing  signal  370  is 
generated  at  a  moment  when  the  light  spot  has 
passed  the  center  of  the  tracking  pit  R13  (or  R23). 
Therefore,  the  output  of  the  high  level  produced  by 
the  flip-flop  37  indicates  that  there  was  a  difference 
larger  than  value  A  between  the  read  outputs  of  the 
pits  R13  and  R11  (or  R23  and  R21)  which  are 
wobbled  toward  the  right.  Outputs  of  these  flip- 
flops  35  and  37  are  input  to  an  AND  gate  330.  With 
the  tracking  pits  being  compared  with  each  other  in 
a  given  servo  signal  region,  therefore,  the  output 
331  of  the  AND  gate  330  serves  as  an  error  detect 
signal  that  indicates  whether  the  tracking  signal 
obtained  in  the  region  is  abnormal  or  not.  The 
timing  signals  360  that  give  set  timings  of  the  flip- 
flop  36  are  generated  at  moments  when  the  light 
spot  has  passed  through  the  centers  of  the  tracking 
pits  L10  and  L12  (or  L20  and  L22)  as  shown  in  Fig. 
7D.  Further,  the  timing  signals  380  that  give  set 
timings  to  the  flip-flop  38  are  generated  at  mo- 
ments  when  the  light  spot  has  passed  through  the 
centers  of  the  tracking  pits  R11  and  R13  (or  R21 
and  R23)  as  shown  in  Fig.  7E.  Therefore,  the 
output  of  the  high  level  produced  by  the  flip-flop  36 
or  38  indicates  that  there  was  a  difference  larger 
than  the  value  A  in  the  read  outputs  between  the 
corresponding  tracking  pits  of  the  servo  region 
read  in  the  previous  time  and  of  the  servo  region 

read  this  time.  Outputs  of  the  flip-flops  36  and  38 
are  input  to  an  AND  gate  340.  With  the  pits  being 
compared  with  each  other  between  the  neighboring 
signal  regions,  therefore,  the  output  341  of  the  AND 

5  gate  340  serves  as  an  error  detect  signal  that 
indicates  whether  the  tracking  signal  is  abnormal  or 
not. 

In  Fig.  5,  the  elements  41  and  42  form  an  error 
protection  circuit  that  protects  tracking  error  using 

io  error  detect  signals  331  and  341.  To  the  sample 
and  hold  circuit  41  is  input  a  tracking  signal  that  is 
held  by  the  sample  and  hold  circuit  22.  A  timing 
signal  450  that  gives  a  sample  timing  to  the  sample 
and  hold  circuit  41  is  generated  being  slightly 

is  lagged  behind  the  sample  timing  signal  250  of  the 
sample  and  hold  circuit  22  as  shown  in  Fig.  7F. 
When  the  servo  signal  region  is  proper,  therefore, 
the  tracking  signal  that  is  detected  and  held  by  the 
sample  holding  circuit  22  is  sampled  again  by  the 

20  sample  and  hold  circuit  41  being  slightly  lagged 
behind  and  is  held  thereby.  This  signal  is  input  to 
the  compensation  circuit  50  of  Fig.  1  to  carry  out 
the  tracking  control  in  an  ordinary  manner.  When 
the  error  detect  signal  331  or  341  assumes  the 

25  high  level,  the  timing  signal  450  is  inhibited  by  an 
inhibit  gate  42,  and  the  sample  and  hold  circuit  41 
does  not  carry  out  the  sampling  operation.  If  an 
error  is  detected,  therefore,  the  sample  and  hold 
circuit  41  continues  to  hold  the  tracking  signal 

30  detected  from  a  normal  servo  signal  region,  and 
the  tracking  control  is  executed  by  the  tracking 
signal  that  is  held.  According  to  this  embodiment, 
between  the  two  pairs  of  tracking  pits  (L10,  R11) 
and  (L12,  R13)  obtained  in  the  data  region  1  of  Fig. 

35  6,  the  tracking  signal  detected  by  the  differential  of 
the  latter  pair  of  tracking  pits  (L12,  R13)  is  always 
used  for  tracking  the  data  region  2  under  normal 
condition.  However,  when  the  tracking  signal  is 
properly  detected  from  the  pair  of  pits  (L10,  R11), 

40  and  when  abnormal  condition  is  detected  in  the 
tracking  signal  from  the  pair  of  pits  (L12,  R13),  the 
tracking  control  at  the  data  region  1  is  carried  out 
by  the  tracking  signal  from  the  former  pair,  i.e., 
controlled  by  the  tracking  signal  detected  from  the 

45  pair  of  pits  (L10,  R11). 
According  to  this  embodiments  as  described 

above,  provision  is  made  of  two  pairs  of  wobbled 
tracking  pits  for  a  servo  region  to  supervise  at  all 
times  the  abnormal  condition  in  the  outputs  from 

50  the  tracking  pits  of  the  right  side  or  the  left  side  as 
well  as  the  abnormal  condition  in  the  outputs  from 
the  tracking  pits  arranged  at  corresponding  posi- 
tions  between  the  neighboring  servo  regions.  When 
the  abnormal  condition  is  detected,  use  of  the  thus 

55  detected  abnormal  tracking  signal  is  readily  inhib- 
ited,  and  the  control  operation  is  carried  out  using 
a  tracking  signal  that  has  been  detected  under 
normal  condition  and  that  has  been  held.  There- 

4 
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fore,  the  tracking  of  the  optical  disc  can  be  prop- 
erly  controlled  without  affected  by  tracking  error. 
When  a  proper  tracking  signal  is  detected  again, 
the  normal  tracking  control  operation  is  resumed 
readily. 

Fig.  8  illustrates  an  embodiment  which  em- 
ploys  a  single  delay  element  200  with  a  plurality  of 
taps,  instead  of  using  three  delay  elements  of  Fig. 
5.  Furthermore,  the  delay  element  200  may  be 
replaced  by  a  variable  delay  element  such  as  CCD 
(charge  coupled  device)  or  switched  capacitor  cir- 
cuit  to  vary  the  amount  of  delay  depending  upon 
the  eccentricity  of  the  disk  or  the  rotating  condition 
of  the  disk.  This  makes  it  possible  to  correctly 
sample  the  central  point  of  the  pairs  of  tracking  pits 
to  obtain  the  difference.  In  Fig.  8,  reference  nu- 
meral  201  denotes  an  operation  clock  input  when 
the  CCD  or  the  switched  capacitor  circuit  is  used. 
The  above-mentioned  object  can  be  achieved  by 
changing  the  frequency  of  the  clock  signals  de- 
pending  upon  the  deviation  data  or  the  like  data. 
The  deviation  data  or  the  like  data  can  be  con- 
trolled  using  a  system  for  controlling  the  rotation  of 
the  disk  or  using  a  deviation  data  memory  mea- 
sured  using  separate  means. 

Fig.  9  illustrates  a  further  embodiment  of  the 
present  invention.  This  embodiment  deals  with  the 
case  of  tracking  the  optical  disk  which  is  provided 
with  a  pair  of  tracking  pits  L10  and  R11  or  L20  and 
R21  that  are  wobbled  toward  the  right  and  left  in 
the  servo  signal  region  2  on  the  track  as  shown  in 
Fig.  10.  Therefore,  the  error  detection  circuit  of  Fig. 
9  does  not  have  a  circuit  that  compares  the  outputs 
of  the  tracking  pits  in  the  same  servo  region  em- 
ployed  in  the  embodiment  of  Fig.  5,  but  has  the 
circuit  only  which  compares  the  outputs  from  the 
corresponding  pits  in  the  neighboring  servo  re- 
gions.  The  circuits  32,  34,  36,  38,  320  and  340  are 
constituted  quite  in  the  same  manner  as  those  of 
Fig.  5.  A  timing  signal  360'  that  gives  a  timing  of 
data  set  for  the  flip-flop  36  is  generated  at  a 
moment  when  the  light  spot  passes  through  the 
center  of  the  pit  L10  (or  L20)  as  shown  in  Fig.  11B. 
A  timing  signal  380'  that  gives  a  timing  of  data  set 
for  the  flip-flop  38  is  generated  at  a  moment  when 
the  light  spot  passes  through  the  center  of  the  pit 
R11  (or  R21)  as  shown  in  Fig.  1  1  C. 

When  the  output  341  of  the  AND  gate  340  that 
takes  AND  of  outputs  of  flip-flops  36  and  38  as- 
sumes  the  high  level,  the  error  protection  circuit  40' 
carries  out  the  protection  operation.  Unlike  the  error 
protection  circuit  40  of  Fig.  5,  however,  the  error 
protection  circuit  40'  does  not  directly  use  the 
tracking  signal  of  the  previous  time,  but  produces 
as  a  tracking  signal  the  value  that  is  estimated  by 
primary  extrapolation  from  a  tracking  signal  of  the 
previous  time  and  a  tracking  signal  of  two  times 
before.  Under  the  normal  condition,  the  tracking 

signal  detected  by  the  sample  and  hold  circuit  22 
is  sampled  by  the  sample  and  hold  circuit  that 
performs  the  sampling  operation  in  response  to  the 
timing  signal  450'.  At  this  moment,  a  switch  46  is 

5  connected  to  the  side  a  and  whereby  the  output  of 
the  sample  and  hold  circuit  41  is  used  as  a  track- 
ing  signal  as  denoted  by  401  .  The  sample  and  hold 
circuit  43  performs  the  sampling  operation  simulta- 
neously  with  the  operation  of  the  sample  and  hold 

io  circuit  41.  Therefore,  the  sample  and  hold  circuit 
43  holds  the  tracking  signal  that  was  detected  in 
the  previous  time.  If  now  the  signal  341  assumes 
the  high  level  and  if  abnormal  condition  is  detected 
in  the  tracking  pit,  the  timing  signal  450'  is  inhibited 

is  at  the  inhibit  gate  42,  and  the  sample  and  hold 
circuits  41  and  43  maintain  the  holding  condition. 
Therefore,  the  sample  and  hold  circuit  41  holds  the 
tracking  signal  of  the  previous  time,  and  the  sam- 
ple  and  hold  circuit  43  holds  the  tracking  signal  of 

20  two  times  before.  The  switch  46  is  changed  to  the 
side  b  by  the  error  output  341  ,  and  the  output  of  an 
adder  45  appears  as  denoted  by  401.  The  output 
of  the  adder  45  consists  of  a  sum  of  the  tracking 
signal  of  the  previous  time  held  in  the  sample  and 

25  hold  circuit  41  and  the  output  of  a  subtractor  44. 
The  output  of  the  subtractor  44  consists  of  a  dif- 
ference  between  the  tracking  signal  of  two  times 
before  held  in  the  sample  and  hold  circuit  43  and 
the  tracking  signal  of  the  previous  time  held  in  the 

30  sample  and  hold  circuit  41.  When  an  error  is  de- 
tected,  therefore,  there  appears  as  the  output  401  a 
tracking  signal  of  a  value  estimated  by  the  first 
order  extrapolation  from  the  tracking  signal  of  the 
previous  time  and  the  tracking  signal  of  two  times 

35  before.  This  condition  is  maintained  until  the  output 
341  of  the  error  detection  circuit  assumes  the  low 
level  again  and,  during  this  time,  the  tracking  con- 
trol  is  carried  out  relying  upon  the  extrapolated 
tracking  signals.  In  this  embodiment,  the  number  of 

40  tracking  bits  is  smaller  than  that  of  the  embodiment 
of  Fig.  5,  and  the  data  region  can  be  broadened. 
Furthermore,  the  tracking  control  can  be  continued 
correctly  relying  upon  the  first  order  extrapolation. 
Here,  it  is  allowable  to  so  modify  the  circuit  as  to 

45  simply  hold  the  tracking  signal  of  the  previous  time 
as  that  of  the  embodiment  of  Fig.  5. 

In  the  embodiments  described  thus  far,  further- 
more,  the  tracking  signals  and  error  were  detected 
by  sampling  the  outputs  reproduced  at  moments 

50  when  the  light  spot  has  passed  through  the  centers 
of  pits.  When  it  is  difficult  to  correctly  detect  the 
timing,  however,  it  is  recommended  to  insert  a 
peak  holding  circuit  in  the  output  side  of  the  pre- 
amplifier  11  in  order  to  sample  the  reproduced 

55  output  which  holds  a  peak  value.  It  is  further  al- 
lowable  to  employ  the  structure  which  compares 
not  only  the  instantaneous  amplitudes  of  repro- 
duced  signals  from  the  pits  but  also  the  areas  of 

5 
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the  reproduced  signals.  Furthermore,  it  is  allowable 
to  employ  the  structure  which  detects  the  tracking 
signals  and  error  signals  after  the  reproduced  sig- 
nals  have  been  converted  in  digital  form. 

Claims 

1.  An  optical  information  recording  and  reproduc- 
ing  apparatus  comprising: 

a  mechanism  (4)  for  rotating  a  recording 
medium  (6)  which  has  servo  signal  regions  (2) 
and  data  regions  (3)  arranged  alternatingly  in 
the  direction  of  rotation,  each  servo  signal  re- 
gion  containing  at  least  a  pair  of  tracking  pits 
(L,  R)  that  are  wobbled  toward  the  right  and 
left  relative  to  the  center  of  the  track; 

an  optical  head  (10)  which  projects  a  light 
spot  onto  said  recording  medium  and  which 
detects  the  reflected  light; 

tracking  detection  means  (20)  which  de- 
tects  a  first  difference  between  a  reproduced 
signal  of  a  tracking  pit  (L)  wobbled  toward  the 
left  side  and  a  reproduced  signal  of  a  tracking 
pit  (R)  wobbled  toward  the  right  side  in  said 
servo  region  among  the  reproduced  signals 
sent  from  said  optical  head,  and  which  holds 
said  first  difference  as  a  tracking  signal; 

a  tracking  control  mechanism  (60)  which 
controls  the  relative  position  of  said  light  spot 
using  said  tracking  signal; 

error  detection  means  (30)  which  detects  a 
second  difference  between  the  reproduced  sig- 
nals  of  a  plurality  of  tracking  pits  (L10,  L12, 
L20,  L22)  that  are  wobbled  toward  the  same 
side,  and  which  produces  a  signal  indicating 
an  error  when  said  second  difference  is  larger 
than  a  threshold  value  (A);  and 

error  protection  means  (40)  which,  when 
the  output  of  said  error  detection  means  in- 
dicates  the  occurrence  of  an  error,  inhibits  the 
tracking  signal  produced  by  said  tracking  de- 
tection  means  from  being  used  for  controlling 
said  tracking  control  mechanism. 

2.  An  optical  information  recording  and  reproduc- 
ing  apparatus  according  to  claim  1,  wherein 
said  error  detection  means  (30)  detects  the 
difference  between  the  reproduced  signals 
from  a  plurality  of  pits  wobbled  toward  the 
same  side  in  a  servo  region. 

3.  An  optical  information  recording  and  reproduc- 
ing  apparatus  according  to  claim  1,  wherein 
said  error  detection  means  (30)  detects  the 
difference  between  the  reproduced  signals 
among  the  pits  that  are  arranged  at  corre- 
sponding  positions  in  a  plurality  of  neighboring 
servo  regions. 

4.  An  optical  information  recording  and  reproduc- 
ing  apparatus  according  to  claim  1,  wherein 
said  error  protection  means  (40)  continues  to 
produce  the  tracking  signal  detected  under 

5  normal  condition  when  the  output  of  said  error 
detection  means  indicates  the  occurrence  of 
an  error. 

5.  An  optical  information  recording  and  reproduc- 
io  ing  apparatus  according  to  claim  4,  wherein 

said  error  protection  means  (40)  includes  a 
sample  and  hold  circuit  (41)  which  samples 
and  holds  an  output  immediately  after  it  is 
produced  from  said  tracking  detection  mean 

is  (20),  and  an  inhibit  gate  (42)  which,  in  re- 
sponse  to  the  output  signal  of  said  error  detec- 
tion  means  (30),  inhibits  the  input  of  a  timing 
signal  (450)  that  gives  a  sampling  timing  to 
said  sample  and  hold  circuit  (41). 

20 
6.  An  optical  information  recording  and  reproduc- 

ing  apparatus  according  to  claim  1,  wherein 
said  error  protection  means  (40)  produces  a 
signal  that  is  obtained  by  the  first  order  ex- 

25  trapolation  from  the  tracking  signal  obtained  in 
the  previous  time  and  from  the  tracking  signal 
obtained  two  times  before,  when  the  output 
signal  of  said  error  detection  means  (30)  in- 
dicates  the  occurrence  of  an  error. 

30 
Patentanspruche 

1.  Optische  Informationsaufzeichnungs-  und  - 
wiedergabevorrichtung  mit 

35  einer  Einrichtung  (4)  zum  Drehen  eines 
Aufzeichnungsmediums  (6),  das  in  Rotations- 
richtung  abwechselnd  angeordnete 
Servosignal-Bereiche  (2)  und  Daten-Bereiche 
(3)  aufweist,  wobei  jeder  Servosignal-Bereich 

40  mindestens  ein  Paar  Spurhaltegruben  (L,  R) 
umfa/St,  die  relativ  zur  Spurmitte  nach  rechts 
und  links  versetzt  sind, 

einem  optischen  Kopf  (10)  der  einen  Licht- 
punkt  auf  das  Aufzeichnungsmedium  projeziert 

45  und  das  reflektierte  Licht  detektiert, 
einer  Spurhalte-Detektoreinrichtung  (20), 

die  eine  erste  Differenz  zwischen  einem  von 
einer  zur  linken  Seite  versetzten  Spurhaltegru- 
be  (L)  wiedergegebenen  Signal  und  einem  von 

50  einer  zur  rechten  Seite  versetzten  Spurhalte- 
grube  (R)  wiedergegebenen  Signal  des  ge- 
nannten  Servo-Bereichs  unter  den  von  dem 
optischen  Kopf  ausgesandten  und  wiedergege- 
benen  Signalen  feststellt  und  die  genannte  er- 

55  ste  Differenz  als  Spurhaltesignal  festhalt, 
einer  Spurhalte-Steuerungseinrichtung 

(60),  die  unter  Verwendung  des  Spurhaltesi- 
gnals  die  relative  Lage  des  genannten  Licht- 

6 
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punkts  steuert, 
einer  Fehlerfeststellungseinrichtung  (30), 

die  eine  zweite  Differenz  zwischen  den  wieder- 
gegebenen  Signalen  einer  Vielzahl  von  Spur- 
haltegruben  (L10,  L12,  L20,  L22),  die  zur  glei- 
chen  Seite  versetzt  sind,  feststellt  und  ein  Si- 
gnal  erzeugt,  das  einen  Fehler  anzeigt,  wenn 
die  zweite  Differenz  gro/Ser  als  ein  Schwellen- 
wert  (A)  ist;  und 

einer  Fehlerschutzeinrichtung  (40),  die, 
wenn  der  Ausgang  der  Fehlerfeststellungsein- 
richtung  das  Auftreten  eines  Fehlers  anzeigt, 
verhindert,  da/S  das  von  der  Spurhaltedetektor- 
einrichtung  erzeugte  Spurhaltesignal  zur 
Steuerung  der  Spurhaltesteuerungseinrichtung 
verwendet  wird. 

2.  Vorrichtung  nach  Anspruch  1,  wobei  die  Feh- 
lerfeststellungseinrichtung  (30)  die  Differenz 
zwischen  den  wiedergegebenen  Signalen  einer 
Vielzahl  von  innerhalb  eines  Servo-Bereichs 
zur  selben  Seite  versetzten  Gruben  feststellt. 

3.  Vorrichtung  nach  Anspruch  1,  wobei  die  Feh- 
lerfeststellungseinrichtung  (30)  die  Differenz 
zwischen  den  wiedergegebenen  Signalen  unter 
Gruben  feststellt,  die  in  einer  Vielzahl  von  be- 
nachbarten  Servo-Bereichen  an  entsprechen- 
den  Positionen  angeordnet  sind. 

4.  Vorrichtung  nach  Anspruch  1,  wobei  die  Feh- 
lerschutzeinrichtung  (40)  fortfahrt,  das  unter 
Normalbedingungen  festgestellte  Spurhaltesi- 
gnal  zu  erzeugen,  wenn  der  Ausgang  der  Feh- 
lerfeststellungseinrichtung  das  Auftreten  eines 
Fehlers  anzeigt. 

5.  Vorrichtung  nach  Anspruch  4,  wobei  die  Feh- 
lerschutzeinrichtung  (40)  eine  Abtast-Halte- 
Schaltung  (41),  die  eine  Ausgabe  ,  sofort  nach- 
dem  sie  von  der  Spurfolge-Detektoreinrichtung 
(20)  erzeugt  wurde,  abtastet  und  festhalt  und 
ein  Sperrgatter  (42),  das  aufgrund  des  Aus- 
gangssignals  der  Fehlerfeststellungseinrichtung 
(30)  die  Eingabe  eines  Zeitsteuersignals  (450), 
das  eine  Abtastzeit  an  die  Abtast-Halte-Schal- 
tung  (41)  liefert,  verhindert,  umfa/St. 

6.  Vorrichtung  nach  Anspruch  1,  wobei  die  Feh- 
lerschutzeinrichtung  (40)  ein  Signal  erzeugt, 
das  durch  Extrapolation  erster  Ordnung  aus 
dem  beim  vorhergehenden  Mai  erhaltenen 
Spurhaltesignal  und  dem  beim  vorvorherge- 
henden  Mai  erhaltenen  Spurhaltesignal  gebil- 
det  ist,  wenn  das  Ausgangssignal  der  Fehler- 
feststellungseinrichtung  (30)  das  Auftreten  ei- 
nes  Fehlers  anzeigt. 

Revendicatlons 

1.  Dispositif  d'enregistrement  et  de  lecture  opti- 
que  d'informations  comprenant  : 

5  un  mecanisme  (4)  pour  faire  tourner  un 
support  d'enregistrement  (6)  qui  possede  des 
regions  (2)  contenant  des  signaux  d'asservis- 
sement  et  des  regions  (3)  de  donnees,  dispo- 
sers  d'une  maniere  alternee  dans  le  sens  de 

io  rotation,  chaque  region  contenant  des  signaux 
d'asservissement  contenant  au  moins  un  cou- 
ple  de  cavites  de  suivi  (L,  R),  qui  sont  deca- 
lees  a  droite  et  a  gauche  par  rapport  au  centre 
de  la  piste; 

is  une  tete  optique  (10)  qui  projette  un  spot 
lumineux  sur  ledit  support  d'enregistrement  et 
qui  detecte  la  lumiere  reflechie; 

des  moyens  de  detection  de  suivi  (20)  qui 
detectent  une  premiere  difference  entre  un  si- 

20  gnal  lu  d'une  cavite  de  suivi  (L)  decalee  vers  la 
gauche  et  un  signal  lu  d'une  cavite  de  suivi  (R) 
decalee  vers  la  droite  dans  ladite  region  d'as- 
servissement  parmi  les  signaux  lus  emis  par 
ladite  tete  optique,  et  qui  conservent  ladite 

25  premiere  difference  en  tant  que  signal  de  suivi; 
un  mecanisme  de  commande  de  suivi 

(60),  qui  commande  la  position  relative  dudit 
spot  lumineux  moyennant  I'utilisation  dudit  si- 
gnal  de  suivi; 

30  des  moyens  de  detection  d'erreurs  (30), 
qui  detectent  une  seconde  difference  entre  les 
signaux  lus  d'une  pluralite  de  cavites  de  suivi 
(L10,  L12,  L20,  L22),  qui  sont  decalees  du 
meme  cote,  et  qui  produisent  un  signal  indi- 

35  quant  une  erreur  lorsque  ladite  seconde  diffe- 
rence  est  superieure  a  une  valeur  de  seuil  (A); 
et 

des  moyens  (40)  de  protection  vis-a-vis 
d'erreurs,  qui,  lorsque  le  signal  de  sortie  des 

40  moyens  de  detection  d'erreurs  indique  I'appa- 
rition  d'une  erreur,  empechent  I'utilisation  du 
signal  de  suivi  produit  par  lesdits  moyens  de 
detection  de  suivi,  pour  la  commande  dudit 
mecanisme  de  commande  de  suivi. 

45 
2.  Dispositif  d'enregistrement  et  de  lecture  opti- 

que  d'informations  selon  la  revendication  1, 
dans  lequel  lesdits  moyens  de  detection  d'er- 
reurs  (30)  detectent  la  difference  entre  les  si- 

50  gnaux  lus  provenant  d'une  pluralite  de  cavites 
decalees  du  meme  cote  dans  une  region  d'as- 
servissement. 

3.  Dispositif  d'enregistrement  et  de  lecture  opti- 
55  que  d'informations  selon  la  revendication  1, 

dans  lequel  lesdits  moyens  de  detection  d'er- 
reurs  (30)  detectent  la  difference  entre  les  si- 
gnaux  lus  parmi  les  cavites  qui  sont  disposees 
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dans  des  positions  correspondantes  dans  une 
pluralite  de  regions  d'asservissement  voisines. 

4.  Dispositif  d'enregistrement  et  de  lecture  opti- 
que  d'informations  selon  la  revendication  1,  5 
dans  lequel  lesdits  moyens  (40)  de  protection 
contre  les  erreurs  continuent  a  produire  le  si- 
gnal  de  suivi  detecte  dans  les  conditions  nor- 
males  lorsque  le  signal  de  sortie  desdits 
moyens  de  detection  d'erreurs  indique  I'appa-  10 
rition  d'une  erreur. 

5.  Dispositif  d'enregistrement  et  de  lecture  opti- 
que  d'informations  selon  la  revendication  4, 
dans  lequel  lesdits  moyens  (40)  de  protection  is 
contre  les  erreurs  comprennent  un  circuit 
d'echantillonnage  et  de  blocage  (41),  qui 
echantillonne  et  bloque  un  signal  de  sortie 
juste  apres  sa  production  par  lesdits  moyens 
de  detection  de  suivi  (20),  et  une  porte  d'inhi-  20 
bition  (42)  qui,  en  reponse  au  signal  de  sortie 
desdits  moyens  de  detection  d'erreurs  (30), 
bloque  I'introduction  d'un  signal  de  cadence- 
ment  (450)  qui  applique  une  cadence  d'echan- 
tillonnage  audit  circuit  d'echantillonnage  et  de  25 
blocage  (41). 

6.  Dispositif  d'enregistrement  et  de  lecture  opti- 
que  d'informations  selon  la  revendication  1, 
dans  lequel  lesdits  moyens  (40)  de  protection  30 
contre  les  erreurs  produisent  un  signal  qui  est 
obtenu  par  ('extrapolation  du  premier  ordre  a 
partir  du  signal  de  suivi  obtenu  a  I'instant 
precedent  et  a  partir  du  signal  de  suivi  obtenu 
deux  instants  auparavant,  lorsque  le  signal  de  35 
sortie  desdits  moyens  de  detection  d'erreurs 
(3)  indique  I'apparition  d'une  erreur. 
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