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Description 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  method  and  an 
apparatus  for  recording  and/or  reproducing  informa- 
tion  on  orfrom  an  information  recording  medium  such 
as  an  optical  disk,  a  magnetic  disk,  a  magnetooptical 
disk  and  others.  More  particularly,  the  present  inven- 
tion  is  concerned  with  the  information  recording/re- 
producing  method  and  apparatus  capable  of  record- 
ing  and/or  reproducing  information  on  orfrom  the  re- 
cording  medium  along  record  tracks  with  an  en- 
hanced  accuracy  by  using  a  sampling  servo  type 
tracking  system  and  which  are  profitably  suited  forthe 
information  recording  and/or  reproduction  on  orfrom 
an  erasable  recording  medium  susceptible  to  over- 
writing  of  information  such  as  typified  by  a  magne- 
tooptical  disk  or  the  like  media. 

As  a  means  for  tracking  the  information  recording 
tracks  in  the  prior  art  information  recording/reproduc- 
ing  systems  such  as  optical  disk  apparatuses,  mag- 
netic  disk  apparatuses  and  others,  there  is  known  a 
sampling  servo  type  tracking  system  in  which  marks 
for  detecting  a  tracking  signal  are  previously  formed 
on  the  recording  medium  intermittently  along  the 
track  in  the  form  of  so-called  prepits,  wherein  data  are 
recorded  in  the  recording  areas  defined  between  the 
prepits.  For  further  particulars,  reference  may  be 
made,  for  example,  to  US-A-  4,364,118  or  EP-A-  89 
274. 

In  recent  years,  reversible  recording  media  have 
been  developed  for  use  in  the  optical  disk  apparatus. 
Among  them,  an  overwritable  (erasable)  recording 
medium  attracts  attention.  In  particular,  promising  is 
the  magnetooptical  recording  medium  which  permits 
the  overwrite  operation  under  application  of  the  mag- 
neticf  ield  modulated  with  the  data  signal  to  be  record- 
ed.  A  typical  one  of  the  overwritable  disk  systems  op- 
erative  through  application  of  the  modulated  magnet- 
ic  field  is  proposed,  for  example,  in  Japanese  Patent 
Publication  JP-B-60-48806. 

When  an  optical  disk  apparatus  is  to  be  imple- 
mented  by  adopting  both  the  sampling  servo  type 
tracking  system  and  the  magnetic  field  modulation 
overwrite  system,  it  is  necessary  to  modify  or  rear- 
range  the  tracking  system  as  well  as  the  track  access 
system  and  the  data  recording/reproducing  system  so 
that  the  optical  disk  apparatus  can  carry  out  these  va- 
rious  operations  in  an  integrated  manner.  Heretofore, 
however,  no  proposal  has  been  made  in  connection 
with  the  optical  disk  apparatus  of  such  integrated 
structure  because  of  problems  remaining  to  be 
solved,  such  as  mentioned  below. 

(1)  Because  the  amount  of  prepit  signals  such  as 
the  tracking  signal  detection  mark  signal,  header 
information  signal  and  others  is  great  when  com- 
pared  with  that  of  the  magnetooptical  signal  rep- 
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resentative  of  the  record  information  (i.e.  infor- 
mation  to  be  recorded  or  reproduced),  the  prepit 
signal  may  leak  into  the  information  or  data  signal 
to  thereby  interfere  with  the  latter. 
(2)  Means  is  required  for  detecting  the  wobbling 
phase  of  the  meandering  row  of  the  tracking  sig- 
nal  detection  marks  or  prepits  with  high  reliability. 
(3)  For  realizing  the  track  access  operation,  there 
is  required  a  means  for  detecting  the  positional 
information  of  the  information  recording/repro- 
ducing  means  such  as  a  light  spot  focussing  sys- 
tem  relative  to  the  recording  medium. 

SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  provide  in- 
formation  recording/reproducing  method  and  appara- 
tus  which  can  detect  the  tracking  signal  as  well  as  the 
clock  signal  from  the  prepits  serving  as  the  tracking 

20  signal  detection  marks  with  high  reliability  without  be- 
ing  attendant  with  unwanted  leakage  of  the  prepit  in- 
formation  into  the  record  or  data  information. 

A  further  object  of  the  present  invention  is  to  pro- 
vide  information  recording/reproducing  method  and 

25  apparatus  in  which  a  sampling  servo  type  tracking 
system  is  adopted  and  in  which  timing  information 
corresponding  to  the  position  of  the  prepits  can  be  de- 
tected  from  the  recording  disk. 

According  to  the  teachings  of  the  present  inven- 
30  tion,  the  problems  mentioned  hereinbefore  can  be 

coped  with  or  solved  successfully  in  the  manners  as 
set  out  in  claims  1  and  2. 

(i)  The  problem  (1)  may  be  solved  by  providing  a 
blank  area  (recording  inhibited  area  where  no 

35  data  is  recorded)  between  the  data  recording 
area  and  the  prepit  serving  as  the  tracking  signal 
detection  mark.  By  virtue  of  this  feature,  interfer- 
ence  of  the  prepit  signal  to  the  recorded  data  or 
information  can  be  reduced. 

40  (ii)  The  problem  (2)  can  be  satisfactorily  solved  by 
providing  previously  in  combination  with  the 
tracking  signal  detection  marks  a  synchronizing 
mark  in  such  a  pattern  which  differs  from  both 
the  prepit  pattern  and  the  data  pattern.  By  detect- 

45  ing  the  synchronizing  mark  upon  reproduction, 
the  synchronizing  signal  can  be  generated  with 
high  reliability,  which  in  turn  allows  the  prepits 
serving  as  the  tracking  signal  detection  marks 
and  other  functions  to  be  detected  with  high  ac- 

50  curacy. 
(iii)  To  solve  the  problem  (3),  a  specific  pattern  for 
the  access  operation  is  provided  which  allows  the 
track  addresses  to  be  detected  at  least  approxi- 
mately  upon  simple  passing  of  the  optical  spot 

55  over  the  tracks.  This  access  pattern  is  previously 
formed  in  a  synchronizing  area  together  with  the 
synchronizing  mark.  Additionally,  at  least  a  part  of 
the  address  information  and  preferably  the  more 

2 



3 EP  0  320  975  B1 4 

significant  bits  of  the  address  may  be  provided 
between  the  tracks  with  a  view  of  making  it  pos- 
sible  to  detect  the  positional  information  even  in 
the  course  of  high-speed  movement  of  the  light 
spot.  Further,  in  order  to  detect  accurately  or  def- 
initely  the  track  address  information,  the  position 
of  the  tracking  signal  detection  marks  or  prepits 
provided  in  the  wobbling  or  meandering  row  pat- 
tern  or  the  position  of  the  specific  prepit  men- 
tioned  above  may  be  slightly  displaced  so  that 
the  prepit  can  also  be  used  as  the  mark  for  detect- 
ing  the  address  information.  By  virtue  of  this  ar- 
rangement,  the  positional  information  of  the  light 
spot  can  be  detected  straightforwardly  from  the 
disk  surface  to  allow  a  speedy  access  to  a  de- 
sired  track  by  controlling  an  associated  actuator 
(light  spot  position  control  means)  in  accordance 
with  the  detected  positional  information. 
The  tracking  signal  as  well  as  the  clock  informa- 

tion  can  be  detected  with  improved  reliability  from  the 
wobbled  row  or  pattern  of  the  prepits  serving  as  the 
tracking  signal  detection  marks  even  in  the  case  of  an 
overwritable  recording  medium,  while  avoiding  leak- 
age  or  interference  of  the  prepit  signal  to  the  record 
data.  Besides,  the  address  information  for  making  ac- 
cess  to  the  track  can  also  be  detected.  Furthermore, 
compatibility  with  the  write-once  type  or  other  type  of 
recording  media  as  well  as  the  other  types  of  informa- 
tion  recording/reproducing  apparatuses  can  be  as- 
sured. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  schematic  diagram  for  illustrating  the 
general  concept  underlying  the  optical  disk  infor- 
mation  recording/reproducing  apparatus  accord- 
ing  to  an  exemplary  embodiment  of  the  present 
invention; 
Fig.  2  is  a  block  diagram  showing  a  system  struc- 
ture  of  the  optical  disk  information  recording/re- 
producing  apparatus  according  to  an  embodi- 
ment  of  the  present  invention; 
Fig.  3  is  a  diagram  for  illustrating  an  example  of 
the  track  format  (concerning  only  the  prepit  pat- 
tern)  which  can  be  employed  in  carrying  out  the 
present  invention; 
Fig.  4  is  a  chart  for  illustrating  two  different  prepit 
patterns  for  the  detection  of  the  tracking  signal 
together  with  the  detected  signals; 
Figs.  5(A)  to  5(E)  are  diagrams  for  illustrating  a 
track  format  (concerning  the  prepits  and  the  re- 
cord  data)  which  can  be  employed  in  carrying  out 
the  invention  together  with  waveforms  of  signals 
as  reproduced; 
Fig.  6  is  a  schematic  diagram  for  illustrating  tem- 
poral  deviation  taking  place  in  the  magnetoopti- 
cal  data  recording; 
Fig.  7  is  a  diagram  illustrating  in  detail  an  exam- 

ple  of  the  track  format  which  can  be  employed  ac- 
cording  to  the  invention; 
Fig.  8  is  a  block  diagram  showing  a  circuit  ar- 
rangement  of  a  signal  detecting  system  accord- 

5  ing  to  an  embodiment  of  the  invention; 
Figs.  9(A)  to  9(J)  are  diagrams  for  illustrating,  re- 
spectively,  prepit  pattern  and  various  signals 
generated  in  the  system  shown  in  Fig.  8  in  the 
track  deviation  (tracking  error)  detecting  opera- 

10  tion  mode; 
Figs.  1  0(A)  and  1  0(B)  are  schematic  diagrams  for 
illustrating  examples  of  a  synchronizing  mark  or 
prepit  pattern; 
Figs.  11A  is  a  block  diagram  showing  a  circuit 

15  configuration  of  a  system  for  generating  a  clock 
signal  for  reproduction; 
Fig.  11  B  is  a  characteristic  diagram  illustrating 
the  loop  characteristics  of  the  system  shown  in 
Fig.  11A; 

20  Figs.  12,  13  and  14  are  schematic  diagrams  for  il- 
lustrating  pit  patterns  for  the  track  access  provid- 
ed  in  a  synchronizing  area,  respectively;  and 
Figs.  15(A)  and  15(B)  are  diagrams  showing  typ- 
ical  examples  of  pit  patterns  for  the  track  access, 

25  respectively. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

30  Fig.  1  shows  schematically  a  general  arrange- 
ment  of  an  optical  disk  information  recording/repro- 
ducing  apparatus  according  to  an  exemplary  embodi- 
ment  of  the  present  invention.  Referring  to  the  Figure, 
an  optical  disk  1  is  previously  provided  with  a  multi- 

35  plicity  of  tracking  signal  detecting  marks  2  in  an  inter- 
mittent  pattern.  More  specifically,  the  tracking  signal 
detecting  marks  2  are  formed,  being  periodically  wob- 
bled  relative  to  the  center  line  of  the  track  with  a  very 
small  distance  or  displacement  therefrom,  as  will  be 

40  seen  in  Fig.  1.  Each  mark2  is  in  the  form  of  a  so-called 
prepit  (or  phase  pit  of  concave  or  convex  shape).  The 
marks  2  are  originally  formed  in  a  disk  prototype  upon 
fabrication  thereof  by  means  of  a  laser  cutting  tool. 
The  marks  or  prepits  2  on  the  optical  disk  1  are 

45  formed  upon  replication  thereof  from  the  prototype. 
Formed  over  the  disk  1  is  a  recording  film  (not  shown) 
on  which  data  D  are  recorded  along  the  track  center 
line  in  the  areas  located  between  the  tracking  signal 
detecting  marks  or  prepits  2  by  illuminating  the  re- 

50  cording  film  with  a  light  spot.  To  this  end,  a  laser  light 
beam  4  emitted  from  a  laser  light  source  (not  shown) 
is  focussed  on  the  recording  film  of  the  disk  1  by  a 
lens  5  to  thereby  form  the  light  spot  3  on  the  recording 
film  of  the  disk  1.  The  reflected  light  beam  from  the 

55  disk  1  is  introduced  to  a  photodetector  7  through  a 
beam  splitter  6. 

The  signal  originating  in  the  tracking  signal  de- 
tecting  marks  or  prepits  2  is  first  amplified  by  an  am- 
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plifier  8  to  be  subsequently  Inputted  to  a  timing  de- 
tection  circuit  9  for  detecting  the  timing  at  which  the 
tracking  signal  detecting  marks  or  prepits  2  makes 
appearance,  wherein  the  mark  or  prepit  signal  is 
separated  from  other  data  signals.  The  timing  detec- 
tion  circuit  9  may  be  composed  of  a  differentiator  cir- 
cuit  and  a  zero-cross  comparator.  Alternatively,  the 
differentiator  circuit  may  be  spared  by  disposing  a 
pair  of  photodetectors  7  in  the  direction  in  which  the 
light  spot  is  caused  to  move,  wherein  difference  be- 
tween  the  outputs  of  the  paired  photodetectors  7  may 
be  utilized  for  detecting  the  timing  of  concern.  With 
the  aid  of  the  output  signal  from  the  timing  detection 
circuit  9,  a  sample  and  hold  circuit  10  having  the  input 
supplied  with  the  signal  output  from  the  amplifier  8 
holds  the  signal  originating  in  the  mark  or  prepit  2. 
Since  the  tracking  signal  detecting  prepit  2  is  mean- 
deringly  wobbled  on  a  pair  basis  relative  to  the  track 
center  line  with  a  very  small  distance  therefrom,  the 
difference  between  the  values  of  the  signal  repre- 
senting  the  paired  marks  2  as  held  by  the  sample  and 
hold  circuit  10  is  derived  in  a  manner  described  here- 
inafter  in  more  detail.  In  this  way,  one  sample  value 
of  the  tracking  signal  is  derived  from  one  pair  of  the 
marks  2.  The  sampled  tracking  signal  thus  detected 
is  caused  to  pass  through  a  low-pass  filter  circuit  11 
to  be  subsequently  processed  by  a  servo  circuit  12, 
the  output  signal  of  which  is  supplied  to  a  tracking  ac- 
tuator  13  to  be  utilized  for  the  tracking  control  per- 
formed  by  the  actuator.  In  this  case,  the  frequency  at 
which  the  tracking  signal  detection  marks  (prepits)  2 
make  appearance  in  the  detection  signal  is  given  by 
n.r,  where  n  represents  the  number  of  times  the  track- 
ing  signal  is  sampled  along  one  turn  of  the  track  on 
the  disk  and  r  represents  the  rotation  number  of  the 
disk  per  second.  More  specifically,  when  the  cut-off 
frequency  of  the  low-pass  filter  11  is  represented  by 
fc,  the  frequency  n.r  of  the  tracking  signal  detection 
mark  signal  and  the  cut-off  frequency  of  the  low-pass 
filter  circuit  11  are  so  selected  that  n.r  >  fc.  In  this  con- 
junction,  it  is  noted  that  the  cut-off  frequency  fc  has 
to  be  selected  greater  than  the  frequency  band  fs  re- 
quired  for  the  servo  circuit  12. 

As  a  numerical  example,  it  is  assumed  that  the 
disk  1  having  a  diameter  of  5  inches  is  rotated  at  30 
Hz  and  that  the  number  of  the  tracking  signal  detec- 
tion  marks  (prepits)  is  12,000  and  hence  the  number 
of  samples  is  6,000,  then  the  cut-off  frequency  fc  of 
the  low-pass  filter  circuit  11  may  be  selected  on  the 
order  of  30  KHz.  In  view  of  the  fact  that  defect  reflect- 
ing  components  having  a  duration  shorter  than  30  p.S 
tends  to  be  dominant  in  the  present  state  of  the  art,  it 
is  preferred  to  select  the  cut-off  frequency  fc  of  the 
low-pass  filter  circuit  11  on  the  order  of  30  KHz,  as 
mentioned  above,  with  a  view  to  eliminating  any  ma- 
terial  influence  of  the  defect  components. 

With  the  arrangement  described  above,  even 
when  the  tracking  signal  detection  marks  suffer  from 

some  sort  of  defect,  the  influence  of  such  defect  can 
be  suppressed  substantially  completely  by  the  low- 
pass  filter  circuit  1  1  .  Additionally,  because  the  cut-off 
frequencyfcof  the  low-pass  filter  circuit  11  is  selected 

5  higher  than  the  frequency  band  fs  of  the  servo  circuit 
12,  the  tracking  servo  operation  itself  can  be  protect- 
ed  against  the  influence  of  the  defect. 

Next,  a  general  arrangement  of  the  optical  disk 
apparatus  according  to  an  embodiment  of  the  inven- 

10  tion  will  be  described  in  more  detail  by  reference  to 
Fig.  2  on  the  assumption  that  the  invention  is  applied 
to  a  magnetooptical  disk  apparatus.  Referring  to  Fig. 
2,  a  magnetooptical  disk  1  is  driven  by  a  rotating  spin- 
dle  102.  A  floating  magnetic  head  103  is  disposed  in 

15  the  floating  state  above  the  disk  surface  with  a  gap 
of  several  microns  therefrom.  Disposed  in  opposition 
to  the  magnetic  head  103  is  an  optical  head  104  which 
is  so  positioned  that  the  light  spot  produced  by  the 
optical  head  1  04  impinges  on  the  disk  surface  within 

20  a  region  to  which  the  magnetic  field  generated  by  the 
magnetic  head  1  03  is  applied.  At  this  juncture,  it  is  to 
be  mentioned  that  the  technique  concerning  the  mag- 
netic  field  modulation  type  overwritable  disk  system 
using  the  floating  magnetic  head  is  disclosed  in  detail 

25  in  U.S.  Patent  Application  Serial  No.  153,094,  the 
contents  of  which  are  herein  incorporated  for  refer- 
ence  with  further  description  of  this  technique  being 
omitted.  Detection  signal  produced  by  the  optical 
head  104  is  supplied  to  an  arithmetic  processing  cir- 

30  cuit  1  1  0  to  be  separated  into  a  magnetooptical  signal 
representative  of  record  data  recorded  in  the  form  of 
magnetized  domains,  a  signal  originating  in  the  track- 
ing  signal  detection  marks  provided  in  the  form  of  the 
prepits  (this  signal  will  be  also  referred  to  as  the  prepit 

35  signal  hereinafter),  a  header  signal  and  others.  The 
magnetooptical  signal  (i.e.  data  signal)  is  applied  to  a 
data  demodulation  circuit  111  to  be  demodulated  with 
the  aid  of  a  reproducing  clock  signal  RCK  and  a  data 
location  indicating  gate  signal  RDT,  wherein  the  de- 

40  modulated  data  signal  outputted  from  the  data  de- 
modulation  circuit  1  11  is  transmitted  to  a  data  control- 
ler  115. 

The  prepit  signal  outputted  from  the  arithmetic 
processing  circuit  110  is  supplied  to  a  clock  generat- 

es  ing  circuit  112  for  generating  the  clock  signals  RCK 
and  WCK  which  are  required  for  the  data  reproduction 
and  recording,  respectively  and  for  generating  a  clock 
signal  for  the  tracking  operation.  Additionally,  the  pre- 
pit  signal  is  supplied  to  a  track  deviation  detecting  cir- 

50  cuit  114  for  generating  a  track  deviation  (tracking  er- 
ror)  signal  TE  by  utilizing  a  control  signal  produced 
from  a  timing  generation  circuit  113.  Further,  the  pre- 
pit  signal  is  supplied  to  the  timing  generation  circuit 
113  for  producing  the  control  signal  for  detecting  the 

55  track  deviation  (tracking  error),  a  control  signal  for  de- 
tecting  a  position  signal  for  the  track  access,  a  control 
signal  for  controlling  a  data  to  be  recorded  or  repro- 
duced  and  other  signals  by  utilizing  the  clock  signal 

4 
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produced  by  the  clock  generation  circuit  112,  wherein 
the  track  deviation  detecting  control  signal  is  supplied 
to  the  track  deviation  detecting  circuit  114,  the  posi- 
tional  information  detecting  control  signal  is  supplied 
to  an  access  controller  1  16  and  the  data  control  signal 
is  supplied  to  the  data  controller  115. 

The  access  controller  116  is  supplied  with  the 
prepit  signal  from  the  arithmetic  processing  circuit 
110fordetecting  the  information  indicative  of  the  pos- 
ition  of  the  light  spot  with  the  aid  of  the  control  signal 
produced  by  the  timing  generation  circuit  113.  The  ac- 
cess  controller  116  is  further  supplied  with  the  track 
deviation  detecting  signal  from  the  track  deviation  de- 
tecting  circuit  114  for  deriving  fine  track  position  infor- 
mation.  On  the  basis  of  these  input  signals  and  a  de- 
sired  track  identification  signal  designated  by  a  high- 
rank  CPU  (inputted  through  a  bus  118),  the  access 
controller  116  issues  commands  FA  and  CA  for  con- 
trolling  two  actuators,  respectively. 

The  reproduced  data  resulting  from  the  process- 
ing  by  the  data  controller  115  is  transmitted  to  the 
CPU  117  by  way  of  the  bus  118.  On  the  other  hand, 
a  data  to  be  recorded  is  supplied  to  the  data  controller 
115  from  the  CPU  117  through  the  bus  118  to  be  add- 
ed  with  control  data  such  as  ECC  (error  correc- 
tion/concealment  code)  and  others  and  undergo  in- 
terleave  and  other  processing,  the  resulting  data  be- 
ing  then  supplied  to  a  data  modulation  circuit  120.  In 
this  data  modulation  circuit  120,  a  data  pulse  signal 
to  be  actually  recorded  on  the  disk  surface  is  gener- 
ated  by  utilizing  the  clock  signals  WCK  and  WDT  sup- 
plied  from  the  clock  generation  circuit  112  and  the 
timing  generation  circuit  113,  respectively.  In  accor- 
dance  with  the  data  pulse  signal,  a  magnetic  head 
driver  circuit  107  is  energized  for  thereby  modulating 
correspondingly  the  magnetic  field  applied  by  the 
magnetic  head  103.  At  that  time,  the  power  of  the  light 
spot  on  the  disk  surface  is  controlled  by  a  laser  drive 
circuit  106  at  the  timing  synchronized  with  a  signal 
WRC  issued  by  the  CPU  117  and  representing  the 
mode  of  recording  or  reproduction. 

A  part  of  the  detection  signal  from  the  optical  disk 
1  is  inputted  to  a  focus  error  detection  circuit  119  for 
generating  a  control  signal  AF  for  an  automatic  fo- 
cussing  servo  system.  The  control  signal  AF  is  then 
applied  to  a  light  spot  control  circuit  109  to  undergo 
phase  compensation  and  other  processing.  The  out- 
put  signal  of  the  light  spot  control  circuit  1  09  is  utilized 
for  driving  an  objective  lens  (not  shown  in  Fig.  2  but 
can  be  exemplified  by  the  lens  5  shown  in  Fig.  1)  in- 
corporated  in  the  optical  head  104  for  thereby  effec- 
tuating  the  focussing  control.  In  this  conjunction,  it 
should  be  mentioned  that  an  example  of  the  focussing 
control  technique  which  can  be  adopted  in  carrying 
out  the  invention  is  disclosed  in  US-A-  4,742,218. 
Further,  the  light  spot  control  circuit  109  is  supplied 
with  the  track  deviation  (tracking  error)  signal  TE 
which  undergoes  phase  compensation  and  other 

processing  to  generate  control  signals  for  controlling 
a  fine  actuator  and  a  coarse  actuator,  respectively. 
The  coarse  actuator  control  signal  serves  to  drive  a 
coarse  actuator  105  through  a  coarse  drive  circuit 

5  108  for  moving  the  head  assembly  (103,  104)  as  a 
whole  in  the  direction  radially  of  the  disk. 

The  signal  FA  outputted  from  the  access  control- 
ler  116  is  inputted  to  the  light  spot  control  circuit  109 
for  controlling  a  fine  actuator  (not  shown  in  Fig.  2)  in- 

10  corporated  in  the  optical  head  104  for  making  it  pos- 
sible  to  perform  a  fine  control  of  the  light  spot  at  a  high 
speed,  as  required  in  the  access  operation.  Further, 
the  signal  CA  outputted  from  the  access  controller 
116  is  supplied  to  the  coarse  drive  circuit  108  for  the 

15  purpose  of  controlling  the  macroscopical  or  coarse 
movement  of  the  optical  head  as  a  whole  as  required 
in  the  access  operation.  Parenthetically,  such  two- 
stage  tracking  servo  system  in  which  two  actuators, 
i.e.  a  coarse  actuator  and  a  fine  actuator  are  used,  as 

20  described  above,  is  disclosed  in  US-A-  4,607,358. 
A  recording/reproduction  indicating  signal  WRC 

is  inputted  to  the  clock  generation  circuit  112  and  the 
timing  generation  circuit  113  for  controlling  the  output 
signals  of  these  circuits  112  and  113,  respectively,  in 

25  accordance  with  the  recording  mode  or  reproduction 
mode. 

Now,  the  general  arrangement  of  the  optical  disk 
apparatus  according  to  an  embodiment  of  the  inven- 
tion  have  been  described  in  the  foregoing.  It  will  be 

30  noted  that  the  timing  detection  circuit  9  shown  in  Fig. 
1  is  included  in  the  timing  generation  circuit  113 
shown  in  Fig.  2.  The  sample  and  hold  circuit  10  and 
the  low-pass  filter  circuit  11  shown  in  Fig.  1  are  incor- 
porated  in  the  track  deviation  detecting  circuit  114 

35  shown  in  Fig.  2.  Finally,  the  servo  circuit  12  shown  in 
Fig.  1  is  included  in  the  control  circuit  109  shown  in 
Fig.  2. 

Next,  referring  to  Fig.  3,  description  will  be  made 
of  a  prepit  pattern  of  the  marks  for  detecting  the  head- 

40  er  information  and  the  tracking  signal.  Each  track  on 
the  disk  surface  is  provided  with  prepit  patterns  re- 
peated  for  every  data  delimiter  or  sector.  More  spe- 
cifically,  each  sector  includes  a  header  field  at  the 
start  thereof,  which  headerfield  carries  address  infor- 

ms  mation  and  other  control  information  recorded  in  the 
form  of  prepits  on  and  along  the  track  center  line.  Fur- 
ther,  in  succession  to  the  header  field,  a  data  field  is 
provided  in  which  data  are  recorded.  Throughout  the 
headerfield  and  the  data  field,  the  tracking  signal  de- 

50  tect  marks  are  provided  in  the  form  of  prepits  formed 
intermittently,  being  meanderingly  wobbled  to  the  left 
and  the  right  relative  to  the  track  center  line  by  a  very 
small  distance  or  displacement.  The  data  is  recorded 
on  and  along  the  track  center  line  between  the  track- 

55  ing  signal  detecting  marks  (prepits).  Starting  from 
these  prepits,  pit  pulses  indicating  the  prepit  positions 
are  generated,  wherein  the  clock  signal  utilized  for 
the  data  recording/reproduction  and  the  track  devia- 

5 
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tion  (tracking  error  signal  are  detected  from  the  pit 
pulses.  Typical  waveforms  of  the  track  deviation  sig- 
nal  are  illustrated  in  Fig.  4.  The  meandering  or  wob- 
bling  prepit  pattern  may  be  realized  in  either  one  of 
two  patterns,  i.e.  a  phase-inverted  prepit  pattern  and 
an  in-phase  prepit  pattern.  Accordingly,  the  track  de- 
viation  signal  waveforms  for  the  phase-inverted  pit 
pattern  and  the  in-phase  pit  pattern  are  illustrated  in 
the  state  where  the  servo  operation  is  off  and  in  the 
state  where  the  track-following  servo  operation  is  be- 
ing  activated  (on). 

The  data  recording  in  the  data  area  located  be- 
tween  the  prepits  is  accomplished  by  deriving  a  clock 
signal  (shown  in  Fig.  5(D))  from  the  prepit  pulse  signal 
shown  in  Fig.  5(C)  in  synchronism  with  the  latter  and 
modulating  the  data  to  be  recorded  with  the  clock  sig- 
nal.  In  the  case  of  the  magnetic  field  modulation  over- 
writable  disk  system,  each  of  the  magnetized  do- 
mains  thus  formed  is  generally  of  an  elongated  cres- 
cent-like  shape,  as  will  be  seen  in  Fig.  5(A).  In  con- 
nection  with  reading  or  reproducing  the  data  recorded 
in  the  form  of  the  magnetized  domains,  the  use  of  the 
clock  signal  derived  from  the  prepit  array  is  attended 
with  problems  mentioned  below.  More  specifically, 
referring  to  Fig.  6,  since  a  data  pulse  is  recorded 
through  illumination  by  the  light  spot  and  the  magnet- 
ic  field,  the  corresponding  temperature  distribution 
on  the  disk  surface  is  such  that  a  trail  portion  A1  fol- 
lows  the  light  spot  under  the  influence  of  the  light  in- 
tensity  distribution  thereof.  According  to  the  principle 
underlying  the  magnetic  field  modulation  overwriting 
system,  the  temperature  distribution  on  the  disk  sur- 
face  where  the  temperature  becomes  lower  than  the 
Curie  point  is  recorded  as  the  data  domain  magne- 
tized  in  compliance  with  the  direction  of  externally  ap- 
plied  magneticf  ield.  Accordingly,  when  the  location  of 
the  disk  surface  distanced  by  A2  from  the  center  of 
the  temperature  distribution  becomes  lower  than  the 
Curie  temperature,  there  arises  a  deviation  A3  corre- 
sponding  to  a  sum  of  A1  and  A2  between  the  trail 
edge  of  the  data  pulse  for  modulating  the  magnetic 
field  and  that  of  the  magnetized  domain  (i.e.  the  re- 
cord  domain)  actually  formed  on  the  disk. 

As  will  be  seen  from  the  above  elucidation,  in  the 
case  of  the  magnetic  field  modulation  overwriting 
system,  there  takes  place  in  principle  a  deviation  be- 
tween  the  recording  pulse  (data  pulse)  and  the  do- 
main  recorded  thereby.  Although  magnitude  of  this 
deviation  may  vary  in  dependence  on  the  power  level 
of  the  illumination  by  the  light  spot,  linear  velocity  of 
the  light  spot,  sensitivity  of  the  optical  disk  and  other 
factors,  it  may  be  reasonably  regarded  that  the  devia- 
tion  remains  substantially  constant  within  one  and  the 
same  sector  and  undergoes  no  change  at  each  of  the 
individual  domains.  Under  the  circumstances,  a  self- 
clocking  system  designed  for  generating  the  clock 
signal  from  the  data  is  adopted  as  the  reproducing 
clock  generating  means  in  the  case  of  the  illustrated 

embodiment  of  the  present  invention. 
At  this  juncture,  another  problem  has  to  be  men- 

tioned.  When  the  magnetooptical  (MO)  signal  origi- 
nating  in  the  magnetized  domain  and  the  prepit  signal 

5  originating  in  the  prepits  are  to  be  detected  in  terms 
of  a  difference  and  a  sum  between  two  polarized  light 
components,  as  will  hereinafter  be  described  in  de- 
tail,  the  prepit  signal  leaks  into  the  microoptical  signal 
because  of  an  intensity  ratio  on  the  order  of  1  :  50  to 

10  1  00  between  these  two  signals.  By  way  of  example, 
assuming  that  the  light  spot  is  1  .5  urn  in  diameter  and 
that  the  prepit  has  a  diameter  of  0.6  urn,  the  intensity 
of  the  prepit  signal  becomes  equal  to  that  of  the  mag- 
netooptical  signal  when  they  are  spaced  about  1  .3  urn 

15  from  each  other.  Accordingly,  when  taking  into  con- 
sideration  of  a  margin  for  the  signal  detection,  the  re- 
cording  area  for  the  data  to  be  recorded  (i.e.  magne- 
tized  domain)  has  to  be  distanced  from  the  center  of 
the  prepit  about  2  to  2.5  urn.  To  this  end,  a  blank  area 

20  (recording  area  where  data  is  inhibited  from  being  re- 
corded)  Xs  of  about  4  to  5  urn  is  provided  around  each 
prepit  inclusive  thereof,  as  is  illustrated  in  Fig.  3. 

Further,  when  the  prepit  signal  is  differentiated 
for  the  purpose  of  detecting  the  center  position  of  pre- 

25  pit,  erroneous  signals  may  be  produced  due  to  noise, 
defect  on  the  optical  disk  and  other  factors,  resulting 
in  that  the  signal  incapable  or  representing  correctly 
the  prepit  position  is  generated,  whereby  the  track  de- 
viation  (tracking  error)  signal  is  falsified  because  of 

30  incapability  of  detecting  the  correct  timing  signal.  Be- 
sides,  in  order  to  detect  the  track  deviation  signal,  it 
is  necessary  to  detect  the  wobbling  phase  of  the  me- 
andering  or  wobbled  prepit  pattern.  To  this  end,  a 
mark  for  synchronization  is  previously  formed  on  the 

35  optical  disk  also  in  the  form  of  prepits,  wherein  the 
wobbling  phase  is  determined  by  detecting  the  mark 
for  synchronization  and  at  the  same  time  the  position 
of  the  prepit  is  identified. 

An  example  of  the  track  format  which  may  be  em- 
40  ployed  in  carrying  out  the  present  invention  will  now 

be  described  in  detail  by  referring  to  Fig.  7.  One  track 
consists  of  N  sectors  each  of  which  in  turn  includes 
of  M  blocks,  wherein  one  block  includes  L  pairs  of  pre- 
pits  (also  referred  to  as  prepit  pair  areas).  Taking  as 

45  an  example  the  optical  disk  of  3.5  inches,  the  number 
of  data  bytes  in  one  track  assumed  to  be  unformatted 
is  18  KB,  the  number  of  sectors  (N)  is  in  the  range  of 
about  20  to  24,  the  number  of  blocks  (M)  is  about  20 
to  40,  and  the  number  of  prepit  pair  areas  (L)  is  about 

so  8  to  16.  The  number  of  prepit  signal  samples  per  track 
which  has  relevance  to  the  tracking  servo  function 
and  the  clock  generating  function  is  about  6000  to 
3000.  Thus,  in  this  case,  influence  of  the  defects  can 
also  be  suppressed  by  selecting  the  cut-off  frequency 

55  of  the  low-pass  filter  circuit  lower  than  the  frequency 
at  which  the  tracking  signal  detecting  marks  (prepits) 
make  appearance,  as  described  hereinbefore. 

In  connection  with  the  modulation  of  data  to  be  re- 
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corded,  it  is  preferred  to  use  a  fixed  length  code  in 
view  of  the  fact  that  the  data  is  segmented  in  a  fixed 
length.  As  the  modulation  system  which  is  susceptible 
to  the  self-clocking,  there  may  be  mentioned  8/9  con- 
version,  4/5  conversion,  a  certain  2-7   modulation 
and  other  systems.  Among  them,  the  2  -  7  modulation 
and  1-7  modulation  are  preferred.  From  the  view- 
point  of  density,  the  2  -  7  modulation  is  advantageous, 
while  the  1  -  7  modulation  is  preferred  when  taking 
into  consideration  the  available  margin  for  detection. 
In  the  magnetooptical  disk  system  in  which  severe  re- 
quirement  is  imposed  in  respect  to  the  S/N  ratio  and 
in  which  the  recording/reproducing  channels  scarcely 
bring  about  degradation  in  amplitude  at  the  data  fre- 
quency  as  used,  the  1  -  7  modulation  having  tolerance 
in  respect  to  the  detection  margin  is  preferred.  It 
should  however  be  mentioned  that  a  variable-length 
code  can  also  be  used  as  well  in  consideration  of  ef- 
ficiency  in  the  recording  density. 

As  the  recording  scheme,  there  can  be  men- 
tioned  the  pit  position  recording  in  which  information 
is  carried  at  the  center  location  of  the  magnetized  do- 
main,  as  in  the  case  of  the  track  format  shown  in  Fig. 
7  or  the  edge  recording  according  to  which  the  infor- 
mation  is  recorded  at  the  edges  of  the  magnetized  do- 
main,  as  illustrated  in  Fig.  5.  In  the  case  of  the  pit  pos- 
ition  recording,  no  consideration  is  needed  for  the 
modulation  method.  However,  the  recording  density 
attainable  with  the  pit  position  recording  is  low  when 
compared  with  the  pit  edge  recording.  Since  data  to 
be  handled  in  the  system  according  to  the  illustrated 
embodiment  of  the  invention  is  of  a  fixed  length, 
adoption  of  the  pit  edge  recording  scheme  is  attended 
with  such  restriction  that  the  start  and  the  end  of  data 
to  be  recorded  must  necessarily  coincide  with  either 
one  of  the  recording  levels.  In  order  to  solve  this  prob- 
lem,  data  to  be  recorded  may  be  added  with  an  addi- 
tional  bit  in  accordance  with  the  data  content  before 
undergoing  modulation  so  that  the  level  of  the  end  of 
the  data  to  be  recorded  coincides  with  either  one  of 
the  recording  levels  after  modulation  or  alternatively 
the  data  to  be  recorded  may  be  added  with  an  addi- 
tional  bit  after  modulation  to  thereby  realize  the 
matching  of  the  recording  level  as  required. 

Now,  a  method  of  processing  the  detection  signal 
in  the  optical  disk  system  in  which  the  format  shown 
in  Fig.  7  is  employed  will  be  described  in  detail  by  ref- 
erence  to  Figs.  8  and  9.  Referring  first  to  Fig.  8,  a  light 
beam  emitted  from  a  laser  light  source  (e.g.  semicon- 
ductor  laser)  32  excited  by  a  laser  drive  circuit  1  06  is 
collimated  by  a  lens  31  to  be  guided  to  a  voice-coil 
lens  21  by  way  of  a  beam  splitter  30  and  a  galvano- 
mirror  reflector  34,  whereby  the  light  spot  70  (Fig.  9) 
is  focussed  onto  the  optical  disk  1.  The  resulting  re- 
flection  light  follows  the  optical  path  defined  by  the 
voice-coil  lens  21,  the  galvano-mirror  reflector  34  and 
the  beam  splitter  30  by  which  a  part  of  the  reflected 
light  beam  is  so  reflected  as  to  impinge  on  a  beam 

splitter  33  at  which  the  light  beam  is  divided  into  two 
split  beams,  one  of  them  being  applied  to  a  focus  error 
detecting  system  119,  while  the  other  beam  is  caused 
to  pass  through  a  halfwave  plate  35  to  be  subse- 

5  quently  separated  into  polarized  light  components  by 
a  polarized  light  beam  splitter  36,  the  separated  po- 
larized  light  components  being  then  focussed  onto 
photodetectors  38  and  40  through  associated  lenses 
37  and  39,  respectively.  The  output  signals  from  the 

10  photodetectors  38  and  40  undergo  addition  and  sub- 
traction,  respectively,  whereby  a  sum  signal  and  a 
difference  signal  are  produced,  as  can  be  seen  in  Fig. 
8.  From  the  sum  signal,  the  prepit  information  and  the 
reflected  light  intensity  can  be  derived,  while  the  mag- 

15  netooptically  recorded  signal  component  can  be  de- 
rived  from  the  difference  signal.  Referring  to  Fig. 
9(A),  when  the  light  spot  70  moves  along  an  inclined 
path  intersecting  tracks  71  and  72,  the  sum  signal  73 
varies  in  dependence  on  the  prepit  pattern  in  such  a 

20  manner  as  illustrated  in  Fig.  9(B).  this  sum  signal  73 
is  then  amplified  by  an  amplif  ier41  to  be  subsequent- 
ly  inputted  to  a  low-  pass  filter  (LPF)  42,  the  output  sig- 
nal  of  which  is  differentiated  by  a  differentiator  circuit 
43.  The  differentiated  signal  88  having  such  wave- 

25  form  as  illustrated  in  Fig.  9(C)  is  compared  with  a  giv- 
en  threshold  level  (indicated  by  a  broken  line  in  Fig. 
9(C))  by  a  comparator  44  to  thereby  derive  a  pulse 
signal  89  illustrated  in  Fig.  9(D).  The  pulse  width  of 
this  pulse  signal  89  is  extended  by  a  monostable  mul- 

30  tivibrator  45  to  obtain  a  signal  90  illustrated  in  Fig. 
9(E).  On  the  other  hand,  a  signal  91  indicative  of  zero- 
cross  points  of  the  differentiated  signal  88,  as  shown 
in  Fig.  9(F),  is  obtained  by  a  zero-cross  point  detector 
46  and  subsequently  logically  ANDed  with  the  signal 

35  90  outputted  from  the  monostable  multivibrator  45, 
whereby  there  can  be  obtained  a  pit  signal  92  indicat- 
ing  only  the  prepit  pattern,  as  illustrated  in  Fig.  9(G). 
The  pit  signal  92  is  inputted  to  a  shift  register  48  to 
be  temporally  shifted  under  a  predetermined  clock 

40  47  to  thereby  detect  the  synchronization  mark  con- 
sisting  of  the  prepits  86  and  87  on  the  basis  of  differ- 
ence  in  the  time  interval  between  the  prepits  86  and 
87  and  the  time  interval  between  the  prepits  77  and 
82,  while  a  synchronization  timing  signal  93  is  gener- 

45  ated  on  the  basis  of  the  delay  time  of  the  register  48. 
Further,  the  pit  signal  92  is  applied  to  the  input  of  a 
phase-locked  loop  (PLL)  circuit  49  to  generate  a  clock 
signal  WCK  which  is  in  synchronism  with  the  pit  signal 
92.  The  clock  signal  WCK  is  then  inputted  to  a  fre- 

50  quency  division  circuit  50  constituted  by  a  counter  to 
thereby  generate  pulses  94  at  the  timing  coinciding 
with  the  presence  of  prepits  periodically  at  a  time  in- 
terval  at  which  the  prepit  makes  appearance.  The  fre- 
quency  division  start  timing  of  the  counter  50  is  deter- 

55  mined  by  the  synchronization  timing  signal  93  men- 
tioned  above.  The  pulse  signal  94  is  inputted  to  a  flip- 
flop  53  to  generate  a  signal  having  a  period  twice  as 
long  as  the  period  at  which  the  prepit  makes  appear- 

7 
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ance,  which  signal  is  then  logically  ANDed  with  the 
signal  94  to  produce  signals  fa  and  fa  illustrated  in 
Fig.  9(H)  and  (I),  respectively.  These  signals  fa  and 
fa  represent  the  timing  information  corresponding  to 
the  positions  of  the  prepits  (tracking  signal  detecting 
marks)  located  on  the  left  and  right  sides  to  the  track 
center  line.  Further,  the  clock  signal  WCK  is  inputted 
to  another  frequency  division  circuit  51  constituted  by 
a  counter  which  is  started  at  the  timing  of  the  signal 
94  to  thereby  generate  pulses  each  located  at  a  pos- 
ition  corresponding  to  a  mid  point  between  the  adja- 
cent  prepits,  the  pulse  signal  thus  produced  being 
utilized  for  deriving  a  signal  <t)3  (Fig.  9(J))  by  a  flip-flop 
52. 

The  output  signal  of  the  low-pass  filter  42  is  ap- 
plied  to  the  sample  and  hold  circuits  57  and  58  to  be 
sampled  and  held  in  response  to  the  signals  fa  and  fa, 
respectively.  The  output  signals  of  these  sample  and 
hold  circuits  57  and  58  are  applied  to  the  inputs  of  the 
differential  amplifier  59  to  determine  difference 
therebetween.  The  output  signal  of  the  differential 
amplifier  59  may  be  utilized  as  the  track  deviation  sig- 
nal  as  it  is.  In  the  case  of  the  illustrated  embodiment, 
however,  the  difference  signal  outputted  from  the  dif- 
ferential  amplifier  59  is  applied  to  an  inverter  circuit 
60,  wherein  the  output  signal  of  the  inverter  circuit  60 
is  applied  to  one  input  of  an  analog  switch  61  having 
the  other  input  to  which  the  output  signal  of  the  dif- 
ferential  amplifier  59  is  directly  applied.  The  analog 
switch  61  is  changed  over  alternately  by  the  signal  fa 
and  the  inverted  signal  thereof  obtained  by  applying 
the  signal  ^toan  inverter  62.  In  this  manner,  the  sam- 
pling  frequency  for  detecting  the  track  deviation 
(tracking  error)  can  effectively  be  increased  twice  as 
high.  It  goes  without  saying  that  the  low-pass  filter 
may  also  be  provided  in  the  stage  succeeding  to  the 
differential  amplifier  54,  as  in  the  case  of  the  arrange- 
ment  shown  in  Fig.  1. 

As  the  synchronizing  pattern,  there  can  be  em- 
ployed  a  particular  array  of  prepits  such  as  those  des- 
ignated  by  reference  numerals  84,  85,  86  and  87  in 
Fig.  9(A)  which  has  a  time  interval  different  from  that 
of  the  meandering  or  wobbling  prepit  row  serving  as 
the  tracking  signal  detecting  marks,  as  described 
above.  It  should  however  be  mentioned  that  the  syn- 
chronizing  pattern  may  be  constituted  by  an  elongat- 
ed  pit  95  or  96,  as  illustrated  in  Fig.  10(A).  Additionally 
another  elongated  pit  88  may  be  provided  between 
the  tracks,  as  shown  in  Fig.  10(B).  Similarly,  the  pat- 
tern  of  the  prepits  84,  85  and  86,  87  shown  in  Fig.  9(A) 
may  be  provided  between  the  tracks  71  and  72.  In  this 
case,  the  synchronizing  mark  can  be  detected  even 
when  the  liquid  spot  is  located  between  the  tracks  71 
and  72.  In  view  of  possible  applications  of  the  optical 
disk  in  the  future,  it  is  considered  that  the  optical  disk 
system  now  under  consideration  should  also  be  capa- 
ble  of  reproducing  the  write-once  type  disk  used  here- 
tofore  as  well.  In  that  case,  the  recorded  data  is  de- 

tected  from  the  sum  signal  described  above  at  the 
same  level  as  the  track  deviation  signal  and  the  syn- 
chronizing  mark  signal.  Discriminative  identification 
of  the  synchronizing  mark  can  then  be  realized  by  se- 

5  lecting  the  pit  pattern  which  differs  from  the  pit  pat- 
tern  for  the  recorded  data. 

Next,  description  will  be  directed  to  demodulation 
of  the  data  signal.  The  difference  signal  obtained 
from  the  outputs  of  the  photodetectors  38  and  40  is 

10  converted  into  a  digital  signal  by  a  binary  coding  cir- 
cuit  54,  which  digital  signal  is  then  applied  to  an  input 
of  a  phase  comparator  55  having  the  other  input  sup- 
plied  with  a  reproducing  clock  signal  RCK  derived 
from  the  clock  signal  WCK  outputted  by  the  PLL  cir- 

15  cuit  49  after  undergone  phase  error  correction 
through  a  phase  shift  circuit  56  which  in  turn  is  so 
controlled  by  the  output  signal  of  the  phase  compar- 
ator  55  that  the  clock  signal  RCK  is  in  phase  with  the 
reproduced  data  signal.  In  this  way,  the  clock  signal 

20  RCK  can  be  controlled  to  be  in  synchronism  with  the 
recorded  and  reproduced  data  signal  even  when  the 
magnetized  domains  suffer  temporal  shift  (this  is  the 
so-called  self-clocking  control).  The  reproduction 
clock  signal  RCK  is  inputted  to  a  demodulator  circuit 

25  111  to  demodulate  the  data.  With  this  arrangement, 
recording  can  be  performed  without  undergoing  the 
influence  of  eccentricity  of  the  disk  and  fluctuation  of 
disk  rotation  because  the  clock  signal  WCK  is  em- 
ployed  which  is  in  synchronism  with  the  prepit  signal. 

30  On  the  other  hand,  upon  reproduction,  a  clock  signal 
having  the  frequency  coinciding  with  that  of  the  re- 
corded  data  can  be  detected  in  synchronism  with  the 
prepit  signal  without  being  influenced  by  the  disk  ec- 
centricity  and  fluctuation  in  the  rotation.  By  detecting 

35  the  deviation  in  the  phase  between  the  clock  signal 
and  the  reproduced  data  signal  and  performing  the 
phase  control  such  that  the  phase  deviation  can  be 
cancelled  out,  it  is  possible  to  obtain  the  clock  signal 
RCK  for  reproduction  which  is  in  synchronism  with  the 

40  data  to  be  reproduced. 
Another  embodiment  of  the  circuit  for  generating 

the  reproducing  clock  signal  RCK  will  be  described  by 
reference  to  Fig.  11(A).  The  pit  signal  92  is  inputted 
to  a  frequency/voltage  (F/V)  converter  201  ,  whereby 

45  the  frequency  of  the  pit  signal  92  is  converted  into  a 
voltage  signal  which  is  then  compared  with  a  refer- 
ence  speed  voltage  signal  Vref  by  a  differential  ampli- 
fier  202,  the  resulting  difference  being  applied  to  one 
input  of  a  summing  amplifier  204  by  way  of  a  phase 

so  compensation  circuit203.  The  summing  amplif  ier204 
has  the  other  input  supplied  with  the  output  signal  of 
a  phase  compensation  circuit  206  which  in  turn  is 
supplied  with  a  phase  difference  signal  outputted 
from  a  phase  comparator  207  and  representing  a 

55  phase  difference  between  the  output  of  a  voltage 
controlled  oscillator  205  and  the  binary  coded  mag- 
netooptical  signal.  Thus,  there  is  implemented  a  con- 
trol  loop  system  having  two  inputs  and  one  output. 

8 
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This  control  loop  system  includes  the  F/V  path  loop 
and  the  conventional  PLL  phase  control  loop  and 
should  preferably  have  such  loop  characteristics  as  il- 
lustrated  in  Fig.  11(B).  In  this  Figure,  the  cross  fre- 
quency  fc2  is  selected  in  a  range  of  2  to  5  KHz  in  order 
to  impart  inertia  to  the  F/V  loop.  The  frequency  han- 
dled  in  the  PLL  phase  control  loop  is  of  the  order  of 
several  hundred  KHz  with  the  self-clocking  usually 
adopted.  With  such  broad  frequency  band,  however, 
influence  of  noise  becomes  intolerable.  Accordingly, 
the  frequencyfc1  shown  in  Fig.  11(B)should  be  select- 
ed  higher  than  fc2  about  one  order  of  magnitude  and 
more  preferably  in  the  range  of  20  to  50  KHZ.  With  this 
arrangement,  the  reproducing  clock  signal  RCK  can 
be  protected  against  overrunning  due  to  defects  and 
other  causes.  Besides,  jitter  brought  about  by  noise 
can  be  reduced  as  compared  with  the  conventional 
self-clocking  system.  Further,  because  of  duplicate- 
loop  configuration,  gain  in  the  low  frequency  range  is 
increased,  whereby  the  follow-up  control  characteris- 
tics  can  be  improved. 

Next,  referring  to  Figs.  12  to  15(A)  and  15(B),  de- 
scription  will  be  made  of  formats  for  the  track  access. 
In  the  access  operation,  it  is  necessary  to  detect  al- 
ways  the  track  position  correctly  regardless  of 
change  in  the  moving  speed  of  the  light  spot.  In  the 
case  of  the  optical  disk  of  3.5  inches,  the  number  of 
the  track  is  in  the  range  of  15,000  to  11,000  at  the 
track  pitch  of  1  .5  to  1  .4  ^m.  Accordingly,  all  the  track 
addresses  can  be  satisfactorily  defined  with  14  bits. 
In  the  following  description,  it  is  assumed  that  14  bits 
are  employed  for  the  track  addresses. 

In  the  basic  format  structure  according  to  the  il- 
lustrated  embodiment,  the  address  information  is 
placed  in  the  synchronizing  area  (labelled  SYNC 
AREA)  together  with  the  synchronizing  marks.  By 
way  of  example,  bits  including  the  most  significant  bit 
B13  to  the  least  significant  bit  B0  are  placed  in  suc- 
cession  to  the  synchronizing  marks  (indicated  by 
symbol  x  in  the  Figures),  as  illustrated  in  Fig.  12.  Usu- 
ally,  when  the  light  spot  is  moved  at  a  high  speed  (e.g. 
at  1  m/sec.,)  in  the  access  operation,  there  is  a  high 
probability  that  the  light  spot  may  have  passed  over 
a  track  before  all  the  address  bits  of  that  track  are 
read  out.  Accordingly,  it  is  proposed  to  place  a  bit  pat- 
tern  including  at  least  nine  more  significant  bits  B13 
to  B5  between  the  adjacent  tracks,  as  is  illustrated  in 
Fig.  12.  This  is  for  the  purpose  of  making  it  possible 
to  detect  these  more  significant  bits,  even  when  the 
light  spot  moves  at  the  highest  speed,  because  other- 
wise  there  remains  uncertainty  corresponding  to  five 
less  significant  bits  in  the  track  address  detection.  By 
virtue  of  the  nine  more  significant  bits  placed  be- 
tween  the  adjacent  tracks,  satisfactory  access  speed 
control  can  be  accomplished  even  when  the  light  spot 
moves  at  a  high  speed.  Needless  to  say,  the  less  sig- 
nificant  bits  may  preferably  be  placed  between  the 
tracks,  as  indicated  by  broken  lines  in  Fig.  12,  to 

thereby  further  enhance  the  reliability  in  the  track  ad- 
dress  detection. 

The  format  shown  in  Fig.  12  requires  as  many  as 
14  bits  for  the  track  address  and  this  can  not  be  ap- 

5  plied  to  the  case  where  the  synchronizing  area 
(SYNC  AREA)  has  no  adequate  margin  in  respect  to 
the  number  of  data  capable  of  being  recorded  therein. 
In  this  case,  the  nine  more  significant  bits  may  be  dis- 
tributive^  placed  in  the  synchronizing  areas  of  nine 

10  blocks,  respectively,  on  a  one-by-one  bit  basis,  with 
the  five  less  significant  bits  being  placed  in  the  syn- 
chronizing  area  of  each  block,  as  will  be  seen  in  Fig. 
1  3.  With  this  format,  the  nine  more  significant  bits  can 
not  be  detected  before  nine  blocks  have  been  read. 

15  However,  the  access  control  can  satisfactorily  be  ac- 
complished  with  this  format,  although  it  certainly  de- 
pends  on  the  speed  of  the  light  spot.  In  case  the  dis- 
tribution  of  the  nine  more  significant  bits  among  nine 
blocks  on  the  one-bit  basis  is  intolerable  in  respect  to 

20  the  number  of  the  blocks  as  required,  the  nine  more 
significant  bits  may  be  distributed  among  the  blocks 
by  2  or  3  bits  to  thereby  decrease  correspondingly  the 
required  number  of  blocks. 

The  format  shown  in  Fig.  13  can  be  advanta- 
25  geously  employed  when  the  number  of  blocks  is  suf- 

ficiently  large.  However,  in  case  the  number  of  avail- 
able  blocks  is  small,  the  number  of  sampled  values  for 
the  speed  control  is  decreased  correspondingly,  in- 
volving  instability  in  the  speed  control,  which  makes 

30  high-speed  seeking  operation  impractical.  In  that 
case,  the  five  less  significant  bits  B4  to  B0  shown  in 
Fig.  12  may  be  represented  by  the  wobbling  prepits 
which  serve  at  the  same  time  for  the  tracking  signal 
detecting  mark.  More  specifically,  one  of  the  paired 

35  prepits  formed  for  the  detection  of  the  tracking  signal 
is  deviated  by  1  from  the  positions  (indicated  by  brok- 
en  line)  at  which  the  prepits  are  inherently  to  be  pro- 
vided,  as  is  illustrated  in  Fig.  14.  Further,  the  other 
prepit  is  also  deviated  from  its  intrinsic  position  byA2. 

40  To  this  end,  the  blank  area  Xs  is  enlarged  by  one  bit, 
as  is  illustrated  in  Fig.  15(A),  whereby  the  prepits  are 
deviated  each  by  a  distance  corresponding  to  1/2  bit 
so  that  the  phases  of  the  prepits  correspond  to  the 
less  significant  bits  B4  to  B0.  respectively.  In  this 

45  case,  deviations  or  displacements  A1  and  A2  are  of 
the  same  amount  in  the  same  time  basis  direction. 

Another  example  of  the  format  is  shown  in  Fig. 
15(B),  in  which  the  positions  of  the  paired  prepits  for 
the  tracking  signal  detection  are  so  displaced  as  to 

so  represent  the  less  significant  bits  B4  to  B0.  In  a  ver- 
sion  of  this  format,  two  displacements  A1  and  A2  may 
be  utilized  to  represent  each  of  the  less  significant 
bits  B4  to  B0  divided  in  two  groups,  as  shown  in  Fig. 
15(B).  With  this  format  structure,  overhead  of  the 

55  blank  area  Xs  is  reduced  to  enhance  the  utilization  ef- 
ficiency  of  data. 

It  is  noted  that  in  the  case  of  the  format  shown  in 
Fig.  14,  those  of  the  tracking  signal  detecting  prepits 

9 
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which  represent  the  less  significant  bits  of  the  ad- 
dress  information  are  not  allowed  to  be  used  for  gen- 
erating  the  clock  signal,  because  these  prepits  are 
deviated  in  the  phase.  To  deal  with  this  problem, 
phase  synchronization  of  the  PLL  may  be  established 
in  the  synchronizing  area  (SYNC  AREA).  Alternative- 
ly,  marks  for  the  PLL  synchronization  may  be  provid- 
ed  in  the  form  of  the  prepits  shown  in  Fig.  10(B)  in  a 
radial  row  for  establishing  the  phase  synchronization. 

As  will  be  appreciated  from  the  above  descrip- 
tion,  the  track  addresses  can  be  detected  with  a  high 
accuracy  in  a  simplified  manner  when  the  light  spot 
is  simply  moved  over  the  tracking  signal  detection 
marks. 

For  coding  the  fourteen  bits  used  for  the  pattern 
for  the  access  control,  a  reflected  binary  code  (gray 
code)  can  be  employed.  Since  each  of  the  binary  ex- 
pressions  differs  from  the  preceding  expression  in 
one  place  only  in  this  code,  it  is  possible  to  perform 
the  error  check  or  other  functions  as  desired. 

Claims 

1.  A  method  of  recording  and/or  reproducing  infor- 
mation  on  or  from  a  recording  medium  on  which 
wobbling  prepits  (2;  74-83)  are  intermittently  pro- 
vided  along  each  track  in  a  pattern  wobbling  al- 
ternately  across  the  track  centre  with  a  very 
small  displacement  therefrom,  wherein  data  re- 
cording  areas  (D)  are  defined  between  said  pre- 
pits,  and  a  synchronising  prepit  (84,  85;  86,  87; 
95,  96;  88,  89,  97)  is  provided  for  every  predeter- 
mined  numberof  pairs  of  said  wobbling  prepits  (2; 
74-83), 

characterised  in  that  timing  information 
(fa,  fa)  corresponding  to  the  position  of  said  wob- 
bling  prepits  (2,  74-83)  is  produced  by  determin- 
ing  the  phase  of  said  wobbling  prepits  with  the  aid 
of  a  synchronisation  timing  signal  (93)  derived 
from  said  synchronising  prepits. 

2.  An  apparatus  for  recording  and/or  reproducing  in- 
formation  on  or  from  a  recording  medium  on 
which  wobbling  prepits  (2;  74-83)  are  intermit- 
tently  provided  along  each  track  in  a  pattern  wob- 
bling  alternately  across  the  track  centre  with  a 
very  small  displacement  therefrom,  wherein  data 
recording  areas  (D)  are  defined  between  said 
prepits,  and  a  synchronising  prepit  (84,  85;  86, 
87;  95,  96;  88,  89,  97)  is  provided  for  every  pre- 
determined  numberof  pairs  of  said  wobbling  pre- 
pits  (2;  74-83),  comprising  a  head  (104)  for  illu- 
minating  said  data  recording  areas  (D)  on  said  re- 
cording  medium  (1)  with  a  light  beam  (4),  a  servo 
system  (12)  including  a  track  deviation  detecting 
circuit  (114)  for  obtaining  a  tracking  signal  by  de- 
tecting  said  prepits  through  sampling  with  said 

light  beam  (4)  and  a  control  circuit  (109)  for  per- 
forming  control  operation  with  the  aid  of  said 
tracking  signal  such  that  said  light  beam  follows 
said  track, 

5  characterised  by  timing  information  de- 
tecting  means  (48-50,  53)  for  producing  timing  in- 
formation  (fa,  fa)  corresponding  to  the  position  of 
said  wobbling  prepits  (2;  74-83)  by  determining 
the  phase  of  said  wobbling  prepits  with  the  aid  of 

10  a  synchronisation  timing  signal  (93)  obtained 
from  said  synchronising  prepit. 

3.  The  method  of  claim  1  or  the  apparatus  of  claim 
2,  wherein  the  phase  of  a  clock  signal  (WCK)  ob- 

is  tained  from  said  wobbling  prepits  (2;  74-83)  is  so 
shifted  as  to  coincide  with  the  phase  of  a  repro- 
duced  signal  (MODATA)  of  said  data  for  deriving 
a  clock  signal  (RCK)  for  demodulating  said  data. 

20  4.  The  method  of  claim  1  or  3  or  the  apparatus  of 
any  of  claims  2  or  3,  wherein  a  blank  area  (Xs) 
where  no  data  is  recorded  is  provided  between 
said  wobbling  prepits  (2)  and  said  data  recording 
area  (D)  to  thereby  reduce  interference  between 

25  said  wobbling  prepits  and  the  data  recorded  in 
said  recording  area. 

5.  The  method  or  the  apparatus  of  claim  3  or  4, 
wherein  address  signal  marks  for  access 

30  (B13  B5  B0)  are  provided  together  with 
said  synchronising  prepit. 

6.  The  method  or  the  apparatus  of  claim  5,  wherein 
at  least  the  more  significant  bits  (B13  B5)  of 

35  said  address  signal  are  provided  between  the 
tracks. 

7.  The  method  or  the  apparatus  of  claim  5  or  6, 
wherein  positions  of  said  wobbling  prepits  are 

40  displaced  in  accordance  with  at  least  the  less  sig- 
nificant  bits  (B4  B0)  of  said  address  signal. 

Patentanspruche 
45 

1  .  Verfahren  zur  Auf  zeichnung  und/oder  Wiederga- 
be  von  Informationen  auf  bzw.  von  einem  Auf- 
zeichnungsmedium,  auf  dem  langs  einer  Spur 
Wobbel-Prepits  (2;  74-83)  intermittierend  in  ei- 

50  nem  Muster  angeordnet  sind,  das  quer  zur  Spur- 
mitte  mit  sehr  geringer  Versetzung  gegenuber 
dieser  hin  und  herwobbelt,  wobei  zwischen  den 
Prepits  Datenaufzeichnungsbereiche  (D)  defi- 
niert  sind  und  fur  jeweils  eine  vorgegebene  An- 

55  zahl  von  Paaren  der  Wobbel-Prepits  (2;  74-83) 
ein  Synchronisier-Prepit  (84,  85;  86,  87;  95,  96; 
88,  89,  97)  vorgesehen  ist, 

dadurch  gekennzeichnet,  dali  der  Lage 
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der  Wobbel-Prepits  (2;  74-83)  entsprechende 
Zeitsteuerinformationen  (fa,  fa)  dadurch  erzeugt 
werden,  dali  die  Phase  der  Wobbel-Prepits  mit 
Hilfe  eines  von  den  Synchronisier-Prepits  abge- 
leiteten  Synchronisations-Zeitsteuersignals  be-  5 
stimmt  wird. 

Gerat  zur  Aufzeichnung  und/oder  Wiedergabe 
von  Informationen  auf  bzw.  von  einem  Aufzeich- 
nungsmedium,  auf  dem  langs  einer  Spur  Wobbel-  10 
Prepits  (2;  74-83)  intermittierend  in  einem  Muster 
angeordnet  sind,  das  quer  zur  Spurmitte  mit  sehr 
geringer  Versetzung  gegenuber  dieser  hin  und 
her  wobbelt,  wobei  zwischen  den  Prepits  Daten- 
aufzeichnungsbereiche  (D)  def  iniert  sind  und  fur  15 
jeweils  eine  vorgegebene  Anzahl  von  Paaren  der 
Wobbel-Prepits  (2;  74-83)  ein  Synchronisier- 
Prepit  (84,  85;  86,  87;  95,  96;  88,  89,  97)  vorge- 
sehen  ist,  umfassend  einen  Kopf  (104)  zum  Be- 
leuchten  der  Datenaufzeichnungsbereiche  (D)  20 
auf  dem  Aufzeichnungsmedium  (1)  mit  einem 
Lichtstrahl  (4),  ein  Servosystem  (12)  mit  einer 
Spurabweichungs-Erfassungsschaltung  (114) 
zur  Ableitung  eines  Spurfuhrungssignals  durch 
Erfassen  der  Prepits  mittels  Abtastung  durch  den  25 
Lichtstrahl  (4),  und  eine  Steuerschaltung  (109) 
zur  Durchf  uhrung  eines  Steuervorgangs  mit  Hilfe 
des  Spurfuhrungssignals,  so  daft  der  Lichtstrahl 
der  Spur  folgt, 

gekennzeichnet  durch  eine  Zeitsteuer-  30 
informations-Erfassungseinrichtung  (48-50;  53) 
zur  Erzeugung  von  der  Lage  der  Wobbel-Prepits 
(2;  74-83)  entsprechenden  Zeitsteuerinformatio- 
nen  (fa,  fa)  durch  Bestimmen  der  Phase  der 
Wobbel-Prepits  mit  Hilfe  eines  von  dem  35 
Synchronisier-Prepit  abgeleiteten  Synchronisier- 
Zeitsteuersignals  (93). 

Verfahren  nach  Anspruch  1  oder2,  wobei  zur  Ab- 
leitung  eines  Taktsignals  (RCK)  zum  Demodulie-  40 
ren  der  Daten  die  Phase  eines  aus  den  Wobbel- 
Prepits  (2;  74-83)  gewonnenen  Taktsignals 
(WCK)  so  verschoben  wird,  dali  sie  mit  der  Phase 
eines  wiedergegebenen  Signals  (MODATA)  der 
Daten  zusammenfallt.  45 

Verfahren  nach  Anspruch  1  oder  3  bzw.  Gerat 
nach  Anspruch  2  oder  3,  wobei  zwischen  den 
Wobbel-Prepits  (2)  und  dem  Datenaufzeich- 
nungsbereich  (D)  ein  Leerraum  (Xs)  vorgesehen  50 
wird,  in  dem  keine  Daten  aufgezeichnet  sind,  urn 
Interferenzen  zwischen  den  Wobbel-Prepits  und 
den  in  dem  Aufzeichnungsbereich  aufgezeichne- 
ten  Daten  zu  reduzieren. 

55 
Verfahren  bzw.  Gerat  nach  Anspruch  3  oder  4, 
wobei  zusammen  mit  dem  Synchronisier-Prepit 
Adrelisignal-Markierungen  (B13  B5  B0) 

fur  den  Zugriff  vorgesehen  sind. 

6.  Verfahren  bzw.  Gerat  nach  Anspruch  5,  wobei 
zwischen  den  Spuren  mindestens  die  hoheren 
Bits  (B13  B5)  des  Adrelisignals  vorgesehen 
sind. 

7.  Verfahren  bzw.  Gerat  nach  Anspruch  5  oder  6, 
wobei  die  Wobbel-Prepits  entsprechend  minde- 
stens  den  niedrigeren  Bits  (B4,  ...  B0)  des  Adreli- 
signals  in  ihrer  Lage  versetzt  sind. 

Revendications 

1.  Procede  d'enregistrement  et/ou  de  reproduction 
d'informations  sur  ou  a  partir  d'un  support  d'en- 
registrement,  dans  lequel  des  pre-cavites  de  vo- 
bulation  (2;74-83)  sont  prevues  d'une  maniere  in- 
termittente  le  long  de  chaque  piste  selon  une  dis- 
position  alternee  par  rapport  au  centre  de  la  piste 
avec  un  tres  faible  decalage  par  rapport  a  ce  der- 
nier,  des  zones  (D)  d'enregistrement  de  donnees 
etant  definies  entre  lesdites  pre-cavites,  et  une 
pre-cavite  de  synchronisation  (84,85;  86,87; 
95,96;  88,  89,  97)  est  prevue  pour  chaque  nom- 
bre  predetermine  de  couples  desdites  pre-cavi- 
tes  de  vobulation  (2;74-83), 

caracterise  en  ce  qu'une  information  de 
cadencement  (fa,  fa)  correspondant  a  la  position 
desdites  pre-cavites  de  vobulation  (2,74-83)  est 
produite  par  determination  de  la  phase  desdites 
pre-cavites  de  vobulation,  a  I'aide  d'un  signal  de 
cadencement  de  synchronisation  (93)  derive 
desdites  pre-cavites  de  synchronisation. 

2.  Dispositif  d'enregistrement  et/ou  de  reproduc- 
tion  d'informations  sur  ou  a  partir  d'un  support 
d'enregistrement,  dans  lequel  des  pre-cavites  de 
vobulation  (2;74-83)  sont  prevues  d'une  maniere 
intermittente  le  long  de  chaque  piste  selon  une 
disposition  alternee  par  rapport  au  centre  de  la 
piste  avec  un  tres  faible  decalage  par  rapport  a 
ce  dernier,  des  zones  (D)  d'enregistrement  de 
donnees  est  definies  entre  lesdites  pre-cavites, 
et  une  pre-cavite  de  synchronisation  (84,85; 
86,87;  95,96;  88,  89,  97)  etant  prevue  pour  cha- 
que  nombre  predetermine  de  couples  desdites 
pre-cavites  de  vobulation  (2;74-83),  comprenant 
une  tete  (104)  pour  eclairer  lesdites  zones  (D) 
d'enregistrement  de  donnees  sur  ledit  support 
d'enregistrement  (1)  avec  un  faisceau  de  lumiere 
(4),  un  systeme  d'asservissement  (12)  contenant 
un  circuit  (114)  de  detection  de  I'ecart  par  rapport 
a  la  piste,  pour  obtenir  un  signal  de  suivi  par  de- 
tection  desdites  pre-cavites  au  moyen  d'un 
echantillonnage  avec  ledit  faisceau  de  lumiere 
(4),  et  un  circuit  de  commande  (1  09)  pour  execu- 
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ter  une  operation  de  commande  a  I'aide  dudit  si- 
gnal  de  suivi  de  sorte  que  ledit  faisceau  de  lumie- 
re  suit  ladite  piste, 
caracterise  par  des  moyens  (48-50,  53)  de  detec- 
tion  d'informations  de  cadencement  pour  produi-  5 
re  une  information  de  cadencement  (fa,  fa) 
correspondant  a  la  position  desdites  pre-cavites 
de  vobulation  (2;  74-83)  par  determination  de  la 
phase  desdites  pre-cavites  de  vobulation  a  I'aide 
d'un  signal  de  cadencement  de  synchronisation  10 
(93)  delivre  par  ladite  pre-cavite  de  synchronisa- 
tion. 

3.  Precede  selon  la  revendication  1  ou  dispositif  se- 
lon  la  revendication  2,  dans  lequel  la  phase  d'un  15 
signal  d'horloge  (WCK)  delivree  par  lesdites  pre- 
cavites  de  vobulation  (2;  74-83)  est  decalee  de 
maniere  a  coTncider  avec  la  phase  d'un  signal  re- 
produit  (MODATA)  desdites  donnees  pour  I'ob- 
tention  d'un  signal  d'horloge  (RCK)  pour  la  demo-  20 
dulation  desdites  donnees. 

4.  Precede  selon  la  revendication  1  ou  3  ou  dispo- 
sitif  selon  I'une  quelconque  des  revendications  2 
ou  3,  dans  lequel  une  zone  vide  (Xs),  dans  laquel-  25 
le  aucune  donnee  n'est  enregistree,  est  disposee 
entre  lesdites  pre-cavites  de  vobulation  (2)  et  la- 
dite  zone  (D)  d'enregistrement  de  donnees  de 
maniere  a  reduire  de  ce  fait  une  interference  en- 
tre  lesdites  pre-cavites  de  vobulation  et  les  don-  30 
nees  enregistrees  dans  ladite  zone  d'enregistre- 
ment. 

5.  Precede  ou  dispositif  selon  la  revendication  3  ou 
4,  dans  lequel  des  marques  de  signaux  d'adres-  35 
ses  pour  un  acces  (B13  B5  BO)  sont  pre- 
vues  conjointement  avec  ladite  pre-cavite  de  syn- 
chronisation. 

6.  Precede  ou  dispositif  selon  la  revendication  5,  40 
dans  lequel  au  moins  les  bits  de  poids  plus  el  eve 
(B13  B5)  dudit  signal  d'adresse  sont  prevus 
entre  les  pistes. 

7.  Precede  ou  dispositif  selon  la  revendication  5  ou  45 
6,  dans  lequel  les  positions  desdites  pre-cavites 
de  vobulation  sont  decalees  en  fonction  d'au 
moins  les  bits  de  poids  inferieur(B4  BO)  dudit 
signal  d'adresse. 
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