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Description 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  process  for 
producing  a  substrate  for  an  optical  disk,  compris- 
ing  a  forming  step  in  which  a  disk-shaped  polycar- 
bonate  substrate  is  formed  by  injection  molding 
plastic  material  with  a  mold  in  such  a  manner  that 
the  absolute  value  of  double  refraction  of  the  sub- 
strate  is  less  than  30  nm,  yet  the  sign  of  the  double 
refraction  of  the  substrate  near  its  external  periph- 
ery  is  opposite  to  the  sign  of  the  double  refraction 
of  the  substrate  near  its  center. 

Such  a  process  is  described  in  EP-A- 
0.155.452.  As  is  realized  by  this  publication,  one 
important  parameter  in  an  optical  disk  is  the  value 
of  double  refraction:  this  value  should  be  low,  oth- 
erwise  it  becomes  difficult  to  read  the  information 
written  on  the  disk.  It  is  for  this  reason  that  said 
publication  aims  to  provide  a  substrate  which  is 
such  prepared  that  the  value  of  double  refraction  is 
low  over  the  entire  surface  of  the  substrate  when  it 
is  completed. 

However,  the  substrate  is  only  an  intermediate 
product  in  the  fabrication  of  an  optical  disk.  In 
order  to  prepare  an  optical  disk  from  the  substrate, 
further  processing  steps  are  made,  such  as  the 
formation  of  a  reflective  film  on  a  surface  of  the 
substrate,  which  involve  exposing  the  substrate  to 
high  temperature.  Due  to  such  high  temperature 
exposure,  a  conventional  optical  disk  can  show 
considerable  double  refraction  in  the  vicinity  of  the 
external  periphery  and  in  an  area  somewhat  distant 
said  from  external  periphery,  even  if  the  substrate 
would  be  completely  free  from  double  refraction 
after  its  preparation.  Factors  such  as  transportation 
or  extended  storage  can  cause  the  same. 

OBJECT  OF  THE  INVENTION 

The  object  of  the  present  invention  is  to  avoid 
the  above-mentioned  drawbacks  in  the  prior  tech- 
nology.  More  specifically,  the  present  invention 
aims  to  provide  a  substrate  for  an  optical  disk 
having  a  low  value  of  double  refraction,  even  after 
heating  or  prolonged  storage. 

SUMMARY  OF  THE  INVENTION 

The  above-mentioned  object  can  be  achieved, 
according  to  the  invention,  by  a  process  of  the 
above-indicated  kind,  characterized  in  that  after 
said  forming  step  is  completed  the  substrate  thus 
formed  is  annealed;  and  that  said  forming  step  is 
effected  in  such  a  manner  that,  after  said  forming 
step  is  completed  and  before  said  annealing  step 
is  conducted,  when  considering  the  value  of  double 

refraction  positive  in  a  compression  stress  state  in 
the  radial  direction  of  the  substrate  and  negative  in 
a  tension  stress  state  in  the  radial  direction  of  the 
substrate,  the  value  of  double  refraction  of  the 

5  substrate  near  its  external  periphery  is  in  a  range 
from  -10  to  -30  nm  and  the  value  of  double  refrac- 
tion  of  the  substrate  near  its  center  is  in  a  range 
from  +10  to  +30  nm. 

The  above-mentioned  values  of  double  refrac- 
io  tion  are  usually  defined  in  positions  corresponding 

to  the  information  recording  area.  Therefore,  the 
above-mentioned  molding  of  the  substrate  is  made 
in  such  a  manner  that  the  value  of  double  refraction 
is  in  a  range  from  -10  to  -30  nm  at  the  external 

75  periphery  of  the  information  recording  area  and  in  a 
range  from  +10  to  +30  nm  at  the  internal  periph- 
ery  of  said  area. 

The  magnitude  of  the  double  refraction  is  mea- 
sured  by  a  polarization  microscope  and  is  consid- 

20  ered  positive  or  negative,  respectively,  in  a  com- 
pression  stress  state  or  a  tension  stress  state, 
respectively,  in  the  radial  direction  of  the  substrate. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
25 

Fig.  1  is  a  schematic  cross-sectional  view  of  an 
ordinary  optical  disk; 
Figs.  2A  to  2C  are  schematic  cross-sectional 
views  showing  steps  of  the  process  of  the 

30  present  invention  for  producing  the  optical  disk 
substrate; 
Figs.  3A  to  3C  are  charts  showing  the  change  in 
the  distribution  of  double  refraction  in  the  optical 
disk  substrate  produced  by  the  process  of  the 

35  present  invention;  and 
Figs.  4A  and  4B  are  charts  showing  the  change 
in  the  distribution  of  double  refraction  in  the 
optical  disk  substrate  produced  by  a  conven- 
tional  process. 

40 
Related  Background  Art 

As  schematically  shown  by  a  cross-sectional 
view  in  Fig.  1,  an  optical  disk  is  prepared  by 

45  forming,  on  a  face  of  a  substrate  1  of  a  disk  form 
or  doughnut  form  (in  this  text  a  disk  form  in  which 
a  central  concentric  portion  is  removed),  a  record- 
ing  surface  2  on  which  information  is  recorded  or 
which  is  capable  of  recording  information.  In  case 

50  of  a  medium  of  read-only  memory  (ROM)  type, 
such  as  the  video  disk,  said  information  recording 
surface  2  can  be  formed  by  forming  a  train  of  pits 
representing  information  on  the  surface  of  the  sub- 
strate  and  depositing  thereon  a  reflective  film  com- 

55  posed  for  example  of  aluminum.  In  case  of  a 
DRAW  (direct-read-after-write)  type  medium  such 
as  a  magnetooptical  disk,  said  information  record- 
ing  surface  2  can  be  formed  by  forming  a  record- 
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ing  layer,  capable  of  optical  information  recording 
and  reproduction,  on  the  substrate.  In  this  case 
spiral  or  concentric  guide  grooves  are  often  formed 
on  the  surface  of  the  substrate.  Such  recording 
surface  2  is  usually  formed  in  an  annular  area  of  a 
predetermined  width  on  the  substrate. 

The  information  recorded  on  an  optical  disk  is 
read  by  irradiating  the  disk  with  a  light  beam  from 
a  side  opposite  to  said  recording  surface,  and 
converting  the  change  in  intensity  of  the  light 
beam,  which  is  transmitted  in  the  substrate  and 
reflected  by  the  recording  surface,  into  an  electrical 
signal.  In  an  optical  disk  it  is  an  important  target  to 
reduce  the  loss  in  said  intensity  change,  since  a 
large  double  refraction  in  the  light-transmitting 
member  will  reduce  the  intensity  of  light  emerging 
from  the  disk,  thus  rendering  the  signal  reading 
more  difficult.  Consequently  in  the  conventional 
process,  the  substrate  for  optical  disk  has  been  so 
prepared  that  the  double  refraction  is  substantially 
zero  over  the  entire  surface  when  the  substrate  is 
completed. 

However,  the  substrate  prepared  in  this  manner 
has  been  associated  with  a  drawback,  even  if  it  is 
free  from  double  refraction  immediately  after  the 
preparation  of  showing  considerable  double  refrac- 
tion  in  the  vicinity  of  the  external  periphery  and  in 
an  area  somewhat  distant  from  said  external  pe- 
riphery,  as  the  result  of  exposure  to  high  tempera- 
ture  in  the  formation  of  the  reflective  film  thereon  or 
in  the  transportation  of  the  optical  disk,  or  as  the 
result  of  extended  storage. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Figs.  2A  to  2C  illustrate  the  process  of  produc- 
ing  an  optical  disk  substrate  according  to  the 
present  invention.  At  first,  as  shown  in  Fig.  2A,  a 
substrate  1  is  injection  molded  by  means  of  molds 
3,  4.  In  this  operation  the  temperature  of  the  molds 
is  elevated  to  110  -  130°C  or  selected  higher  by 
10  -  20  °C  at  the  internal  periphery  than  at  the 
external  periphery,  in  order  that  the  substrate  after 
molding  has  a  double  refraction  in  a  range  of  -10  to 
-30  nm  in  the  vicinity  of  the  external  periphery  of 
the  recording  area  and  in  a  range  of  +10  to  +30 
nm  in  the  vicinity  of  the  internal  periphery  thereof. 
Otherwise  the  injection  speed  may  be  gradually 
increased  from  the  internal  periphery  toward  the 
external  periphery.  The  double  refraction  should 
remain  almost  constant  on  any  concentric  circle, 
and,  more  specifically,  the  fluctuation  on  a  concen- 
tric  circle  should  not  exceed  5  nm. 

Then  the  substrate  is  taken  out  from  the  molds 
3,  4  as  shown  in  Fig.  2B,  and  is  annealed  by 
heating  for  example  in  a  drying  oven  5  as  shown  in 
Fig.  2C.  The  heating  is  preferably  conducted  at  a 

temperature  lower  by  10  -  60  °C  than  the  glass 
transition  temperature  of  the  plastic  substrate,  for  a 
period  of  1  to  6  hours,  but  these  conditions  are 
suitably  regulated  according  to  the  plastic  material 

5  employed  and  the  thickness  of  the  substrate.  The 
substrate  after  annealing  shows  reduced  double 
refraction  at  the  external  and  internal  peripheries, 
thus  exhibiting  limited  double  refraction  over  the 
entire  surface. 

io  An  optical  disk  is  prepared  by  forming  a  re- 
cording  layer,  a  reflective  layer,  a  protective  layer 
etc.  on  thus  molded  substrate.  This  substrate 
scarcely  shows  increase  in  the  double  refraction 
even  by  heating  at  the  formation  of  the  recording 

is  layer  etc.  or  even  after  prolonged  storage. 
In  the  following  there  will  be  given  an  example 

of  the  present  invention  and  a  reference  example. 

Example 
20 

Polycarbonate  resin  AD5503  (glass  transition 
point  150°C)  supplied  by  Teijin  Kasei  Co.,  Ltd.  was 
injection  molded  with  a  75-ton  injection  molding 
machine  of  Sumitomo  Heavy  Machinery  Co.,  Ltd. 

25  to  obtain  a  doughnut-shaped  plastic  substrate  with 
an  external  diameter  OD  =  150  mm0,  an  internal 
diameter  ID  =  15  mm0  (having  a  central  concen- 
tric  hole)  and  a  thickness  t  =  1.2  mm.  This  plastic 
substrate  has  an  annular  recording  area  from  25 

30  mm  to  64  mm  in  the  radius  R  from  the  center,  and 
showed  a  gradient  distribution  of  double  refraction 
from  a  position  at  R  =  25  mm  to  a  position  at  R  = 
64  mm. 

Said  gradient  distribution  is  illustrated  in  Fig. 
35  3A,  which  shows  the  double  refraction  in  a  single 

pass  (double  refraction  for  the  light  transmitted 
once  through  the  substrate)  of  said  substrate  im- 
mediately  after  molding,  wherein  the  abscissa  in- 
dicates  the  distance  R  from  the  center  of  disk, 

40  while  the  ordinate  indicates  the  single-pass  double 
refraction  An.  As  shown  in  this  chart,  the  double 
refraction  shows  a  gradient  distribution  from  +20 
nm  at  a  position  on  a  circle  at  R  =  25  mm  to  -20 
nm  on  a  circle  at  R  =  64  mm. 

45  In  the  present  invention,  the  double  refraction 
preferably  decreases  gradually  from  the  internal 
periphery  of  the  recording  area  toward  the  external 
periphery  and  falls  rapidly  to  the  negative  range  in 
the  vicinity  of  the  external  periphery,  as  shown  in 

50  Fig.  3A. 
Said  plastic  substrate  was  then  annealed  (6 

hours  in  an  oven  of  90  °  C)  to  obtain  an  optical  disk 
substrate. 

Fig.  3B  shows  the  double  refraction  of  said 
55  substrate  after  annealing.  In  this  manner  the  range 

of  double  refraction,  which  was  as  large  as  ±20  nm, 
could  be  reduced  to  ±10  nm  by  suitable  heat 
treatment. 

4 
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Fig.  3C  shows  the  double  refraction  of  said 
substrate  after  it  was  again  placed  in  an  oven  of 
90  °C  for  6  hours.  It  is  evident  that  the  double 
refraction,  after  suitable  heat  treatment,  no  longer 
changes  by  repeated  heat  application. 

Reference  Example 

A  similar  plastic  substrate  was  prepared  by 
injection  molding  in  the  same  manner  as  in  the 
foregoing  example,  except  that  the  double  refrac- 
tion  was  maintained  low  over  the  entire  surface 
according  to  the  conventional  process,  as  shown  in 
Fig.  4A. 

Fig.  4B  shows  the  double  refraction  obtained 
after  said  plastic  substrate  was  subjected  to  heat 
treatment  of  6  hours  at  90  °C.  As  will  be  apparent 
from  Fig.  4B,  the  substrated  prepared  in  the  con- 
ventional  process  shows  an  area  of  undesirably 
high  double  refraction  after  heating. 

The  present  invention  is  not  limited  to  the 
foregoing  embodiment  but  can  be  used  in  various 
applications.  For  example  it  is  applicable  in  the 
production  of  optical  disks  in  which  information  is 
detected  by  the  light  transmitted  by  the  recording 
surface.  The  present  invention  includes  such  modi- 
fications  and  applications,  as  long  as  it  is  within  the 
scope  and  spirit  of  the  appended  claims. 

Claims 

1.  A  process  for  producing  a  substrate  (1)  for  an 
optical  disk,  comprising  a  forming  step  in 
which  a  disk-shaped  polycarbonate  substrate 
is  formed  by  injection  molding  plastic  material 
with  a  mold  (3,  4)  in  such  a  manner  that  the 
absolute  value  of  double  refraction  of  the  sub- 
strate  is  less  than  30  nm,  yet  the  sign  of  the 
double  refraction  of  the  substrate  near  its  ex- 
ternal  periphery  is  opposite  to  the  sign  of  the 
double  refraction  of  the  substrate  near  its  cen- 
ter; 
characterized  in: 
that  after  said  forming  step  is  completed  the 
substrate  thus  formed  is  annealed;  and 
that  said  forming  step  is  effected  in  such  a 
manner  that,  after  said  forming  step  is  com- 
pleted  and  before  said  annealing  step  is  con- 
ducted,  when  considering  the  value  of  double 
refraction  positive  in  a  compression  stress 
state  in  the  radial  direction  of  the  substrate  and 
negative  in  a  tension  stress  state  in  the  radial 
direction  of  the  substrate,  the  value  of  double 
refraction  of  the  substrate  near  its  external 
periphery  is  in  a  range  from  -10  to  30  nm  and 
the  value  of  double  refraction  of  the  substrate 
near  its  center  is  in  a  range  from  +10  to  +30 
nm. 

2.  A  process  according  to  claim  1,  characterized 
in  that  said  annealing  is  conducted  by  heating 
said  substrate  at  a  temperature  lower  by  10  to 
60  °  C  than  the  glass  transition  temperature  of 

5  said  substrate,  for  a  period  of  1  to  6  hours. 

3.  A  process  according  to  claim  1,  characterized 
in  that  said  forming  is  conducted  in  such  a 
manner  that  the  fluctuation  of  double  refraction 

io  on  any  concentric  circle  of  the  substrate  does 
not  exceed  5  nm. 

4.  A  process  according  to  claim  1,  characterized 
in  that  the  temperature  of  molds  used  in  said 

is  forming  is  in  a  range  of  110  to  130  °C. 

5.  A  process  according  to  claim  1,  characterized 
in  that  the  temperature  of  molds  used  in  said 
forming  is  higher  by  10  to  20  °C  in  an  area 

20  thereof  corresponding  to  the  external  periphery 
area  of  the  substrate  than  in  an  area  cor- 
responding  to  the  central  area  of  the  substrate. 

6.  A  process  according  to  claim  1,  characterized 
25  in  that  said  forming  is  conducted  by  injection 

molding,  of  which  injection  speed  is  gradually 
increased  from  the  central  area  of  the  sub- 
strate  toward  the  external  periphery  area  there- 
of. 

30 
Patentanspruche 

1.  Verfahren  zur  Herstellung  eines  Tragers  (1)  fur 
eine  optische  Scheibe,  das  einen  Umform- 

35  schritt  aufweist,  in  dem  ein  scheibenformiger 
Polykarbonattrager  durch  SpritzgieBen  von  Pla- 
stikmaterial  mittels  einer  Form  (3,  4)  in  einer 
solchen  Weise  ausgebildet  wird,  dal3  der  Abso- 
lutwert  der  Doppelbrechung  des  Tragers  klei- 

40  ner  als  30  nm  ist,  wobei  das  Vorzeichen  der 
Doppelbrechung  des  Tragers  in  der  Nahe  sei- 
nes  auBeren  Umfangs  entgegengesetzt  dem 
Vorzeichen  der  Doppelbrechung  des  Tragers 
in  der  Nahe  seines  Mittelpunktes  ist; 

45  dadurch  gekennzeichnet, 
dal3  der  folglich  ausgebildete  Trager,  nach- 

dem  der  Umformschritt  abgeschlossen  ist,  ge- 
tempert  wird;  und 

dal3  der  Umformschritt  in  einer  solchen 
50  Weise  ausgefuhrt  wird,  dal3,  nachdem  der  Um- 

formschritt  abgeschlossen  und  bevor  der  Tem- 
perschritt  durchgefuhrt  wird,  unter  der  Annah- 
me,  dal3  der  Wert  der  Doppelbrechung  bei 
einem  Druckspannungszustand  in  der  radialen 

55  Richtung  des  Tragers  positiv  ist,  und  bei  ei- 
nem  Zugspannungszustand  in  der  radialen 
Richtung  des  Tragers  negativ  ist,  der  Wert  der 
Doppelbrechung  des  Tragers  nahe  seines  au- 

5 
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Beren  Umfangs  in  einem  Bereich  von  -10  bis 
-30  nm  ist,  und  der  Wert  der  Doppelbrechung 
des  Tragers  nahe  seines  Mittelpunktes  in  ei- 
nem  Bereich  von  +10  bis  +30  nm  ist. 

3.  Verfahren  gemaB  Anspruch  1,  dadurch  ge- 
kennzeichnet,  daB  das  Umformen  in  einer 
solchen  Weise  durchgefuhrt  wird,  daB  die 
Schwankung  der  Doppelbrechung  auf  jedem 
konzentrischen  Kreis  des  Substrates  5  nm 
nicht  ubersteigt. 

4.  Verfahren  gemaB  Anspruch  1,  dadurch  ge- 
kennzeichnet,  daB  die  Temperatur  der  beim 
Umformen  benutzten  Formen  in  einem  Bereich 
von  110  bis  130°C  ist. 

5.  Verfahren  gemaB  Anspruch  1,  dadurch  ge- 
kennzeichnet,  daB  die  Temperatur  der  beim 
Umformen  benutzten  Formen  in  deren  einer 
Flache,  die  der  auBeren  Umfangsflache  des 
Tragers  entspricht,  urn  10  bis  20  °C  hoher  ist, 
als  in  einer  Flache,  die  der  mittleren  Flache 
des  Tragers  entspricht. 

tion  a  ete  achevee  et  avant  que  ladite  etape  de 
recuit  soit  conduite,  en  considerant  la  valeur 
de  la  birefringence  comme  etant  positive  dans 
un  etat  de  contrainte  sous  compression  dans 

5  la  direction  radiale  du  substrat  et  negative 
dans  un  etat  de  contrainte  sous  traction  dans 
la  direction  radiale  du  substrat,  la  valeur  de  la 
birefringence  du  substrat  a  proximite  de  sa 
peripherie  exterieure  soit  dans  une  plage  de 

io  -10  a  -30  nm  et  la  valeur  de  la  birefringence 
du  substrat  a  proximite  de  son  centre  soit  dans 
une  plage  de  +10  a  +30  nm. 

2.  Procede  selon  la  revendication  1,  caracterise 
is  en  ce  que  ledit  recuit  est  conduit  par  chauffage 

dudit  substrat  a  une  temperature  inferieure  de 
10  a  60  °C  a  la  temperature  de  transition  vi- 
treuse  dudit  substrat,  pendant  une  periode  de 
1  a  6  heures. 

20 
3.  Procede  selon  la  revendication  1,  caracterise 

en  ce  que  ladite  formation  est  conduite  de 
maniere  que  la  fluctuation  de  la  birefringence 
sur  un  cercle  concentrique  quelconque  du 

25  substrat  ne  depasse  pas  5  nm. 

4.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  la  temperature  des  moules  utilises 
dans  ladite  formation  est  dans  une  gamme  de 

30  110a130°C. 

5.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  la  temperature  des  moules  utilises 
dans  ladite  formation  est  plus  elevee  de  10  a 

35  20  °C,  dans  une  zone  de  ceux-ci  correspon- 
dent  a  la  zone  de  la  peripherie  exterieure  du 
substrat,  que  dans  une  zone  correspondant  a 
la  zone  centrale  du  substrat. 

6.  Verfahren  gemaB  Anspruch  1,  dadurch  ge- 
kennzeichnet,  daB  das  Umformen  durch 
SpritzgieBen  durchgefuhrt  wird,  bei  dem  die  35 
Spritzgeschwindigkeit  von  der  mittleren  Flache 
des  Tragers  aus  auf  dessen  auBere  Umfangs- 
flache  zu  allmahlich  gesteigert  wird. 

2.  Verfahren  gemaB  Anspruch  1,  dadurch  ge- 
kennzeichnet,  daB  das  Tempern  durch  Er- 
warmen  des  Tragers  auf  eine  Temperatur,  die 
urn  10  bis  60  °C  geringer  als  die  Umwand- 
lungstemperatur  des  Tragers  ist,  fur  eine  Dau-  10 
er  von  1  bis  6  Stunden  durchgefuhrt  wird. 

endicatlons  40  6.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  ladite  formation  est  conduite  par 

Procede  de  production  d'un  substrat  (1)  pour  moulage  par  injection,  dont  la  vitesse  d'injec- 
un  disque  optique,  comprenant  une  etape  de  tion  est  augmentee  progressivement  depuis  la 
formation  dans  laquelle  un  substrat  en  polycar-  zone  centrale  du  substrat  vers  la  zone  de  sa 
bonate,  en  forme  de  disque,  est  forme  par  45  peripherie  exterieure. 
moulage  par  injection  d'une  matiere  plastique 
a  I'aide  d'un  moule  (3,  4)  de  maniere  que  la 
valeur  absolue  de  la  birefringence  du  substrat 
soit  inferieure  a  30  nm,  alors  que  le  signe  de 
la  birefringence  du  substrat  a  proximite  de  sa  50 
peripherie  exterieure  est  oppose  au  signe  de  la 
birefringence  du  substrat  a  proximite  de  son 
centre  ; 
caracterise  en  ce  que  : 

apres  que  ladite  etape  de  formation  a  ete  55 
achevee,  le  substrat  ainsi  forme  est  recuit  ;  et 

ladite  etape  de  formation  est  effectuee  de 
maniere  que,  apres  que  ladite  etape  de  forma- 

Revendicatlons  40 

1.  Procede  de  production  d'un  substrat  (1)  pour 
un  disque  optique,  comprenant  une  etape  de 
formation  dans  laquelle  un  substrat  en  polycar- 
bonate,  en  forme  de  disque,  est  forme  par  45 

6 
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