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(54)  Methods  of  forming  protective  films  on  optical  recording  media. 

(g)  A  method  of  forming  a  protective  film  (14)  for  an  optical 
recording  medium  such  as  a  compact  disc  (16).  A  protective 
film  forming  ink  (22)  having  a  viscosity  in  the  range  between 
0.09  and  10  Pa.s  is  applied  to  a  surface  of  a  pad  (21)  having  a 
Shore  A  hardness  between  8  and  30.  The  spherical  surface  of 
the  pad  (21)  thus  loaded  with  the  ink  (22)  is  pressed  against  a 
substrate  (11)  of  the  optical  recording  medium  on  which  a 
reflective  layer  (13)  has  been  formed,  to  transfer  the  protective 
film  forming  ink  (22)  to  the  surface  of  the  substrate  (1  1).  The  ink 
(22)  is  then  cured  to  form  the  protective  film  (14)  over  the  entire 
surface  of  the  reflective  layer  (13). 
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Description 

METHODS  OF  FORMING  PROTECTIVE  FILMS  ON  OPTICAL  RECORDING  MEDIA 

peripheral  region  and  the  inner  peripheral  region 
including  the  annular  groove  12  of  the  substrate  11 
are  covered  selectively  with  a  mask  15  as  shown  in 
Figure  7  of  the  accompanying  drawings,  by  way  of 
example,  the  recording  layer  13  is  formed  selectively 
in  the  region  in  which  the  information  pits  10  are 
formed,  for  example,  by  an  aluminium  evaporation 
process,  the  mask  15  is  removed,  and  then  the 
stubstrate  11  is  rotated  and  an  ultravoilet  curable 
resin,  for  example,  is  deposited  on  the  substrate  11 
at  a  position  indicated  by  an  arrow  a  in  Figure  5, 
namely,  a  position  radially  outside  the  annular 
groove  12  and  radially  inside  the  region  in  which  the 
recording  layer  13  is  formed,  so  as  to  form  the 
protective  film  14.  Since  the  protective  film  14  is 
formed  over  the  entire  surface  of  the  recording  layer 
13  including  its  circumference,  the  recording  layer 
13  can  be  protected  effectively.  However,  as  men- 
tioned  above  with  reference  to  Figure  7,  complex 
manufacturing  steps  are  required  for  forming  and 
removing  the  mask  15,  which  is  an  obstacle  to  mass 
production. 

On  the  other  hand,  in  forming  the  protective  film 
14  of  the  CD  having  a  construction  as  shown  in 
Figure  6,  the  reflective  film  or  the  recording  layer  13 
is  formed  over  the  entire  region  having  the  informa- 
tion  pits  10  of  the  substrate  11  including  the  annular 
groove  12,  for  example,  by  an  aluminium  evaporation 
process  without  using  any  mask  15,  and  then  the 
protective  film  14  is  formed  similarly  over  the  entire 
region  having  the  information  pits  10  by  a  spin-coat- 
ing  process.  In  this  case,  the  troublesome  work  and 
complex  steps  for  forming  and  removing  the  mask 
15  are  avoided.  However,  radial  irregularities  appear 
in  the  protective  film  14  in  a  region  outside  the 
annular  groove  12  due  to  the  adverse  effect  of  the 
annular  groove  12,  entailing  degradation  of  the 
commercial  value,  and  the  edges  of  the  recording 
layer  13  are  not  covered  by  the  protective  film  14, 
which  results  in  the  erosion  of  the  recording  layer  13 
from  the  edges. 

According  to  the  present  invention  there  is  a 
method  of  forming  a  protective  film  on  an  optical 
recording  medium,  the  method  comprising  the  steps 
of: 
applying  a  protective  film  forming  ink  having  a 
viscosity  in  a  range  of  0.09  to  10  Pa.s  to  a  pad  having 
a  Shore  A  hardness  in  the  range  of  8  to  30;  and 
pressing  the  pad  against  a  substrate  to  transfer  the 
protective  film  forming  ink  to  the  substrate  thereby 
forming  the  protective  film. 

A  preferred  embodiment  of  the  present  invention, 
to  be  described  in  greater  detail  hereinafter,  pro- 
vides  a  method  of  forming  a  protective  film  for  an 
optical  recording  medium  in  which  a  reflective  film  or 
recording  layer  is  effectively  covered  by  the  protec- 
tive  film. 

A  protective  film  forming  method  according  to  the 
preferred  embodiment  is  suitable  for  mass  produc- 
tion  of  the  optical  recording  medium  with  a  simplified 
process. 

This  invention  relates  to  methods  of  forming 
protective  films  on  optical  recording  media  such  as 
compact  discs  (CDs),  video  discs  or  magneto-opti-  5 
cal  recording  discs. 

In  manufacturing  an  optical  recording  medium 
such  as  a  compact  disc  (CD),  small  holes  or 
depressions  serving  as  information  pits  are  formed 
in  at  least  one  surface  of  a  substrate,  for  example,  a  10 
transparent  substrate  formed  of  polymethyl  methac- 
rylate  resin  (PMMA)  or  polycarbonate  resin  (PC), 
during  moulding  of  the  substrate,  an  evaporated 
metallic  film  serving  as  a  reflective  film  or  recording 
layer  is  formed  over  the  surface  having  the  informa-  15 
tion  pits,  and  a  protective  film  having  a  thickness  in 
the  range  of  several  microns  to  several  tens  of 
microns  and  formed  of  a  transparent  resin,  such  as 
an  ultraviolet  curable  resin  or  laquer,  is  formed  over 
the  evaporated  metallic  film.  20 

The  substrate  having  the  information  pits  is 
formed  by  a  stamping  process  using  a  stamper 
having  protrusions  corresponding  to  the  information 
pits  by  an  injection  moulding  process  using  the 
same  stamper  disposed  in  a  mould,  or  by  a  so-called  25 
2P  process  (photopolymerisation  process)  in  which 
an  ultraviolet  curable  resin  is  filled  into  a  space 
between  a  flat  resin  plate  having  good  optical 
characteristics  and  a  stamper,  and  then  the  ultravi- 
olet  curable  resin  is  irradiated  by  ultraviolet  radiation  30 
to  cure  the  resin. 

Generally,  the  protective  film  is  formed  by  a 
spin-coating  method.  However,  such  a  spin-coating 
method  involves  various  problems.  For  example,  as 
shown  in  Figure  3  of  the  accompanying  drawings,  in  35 
forming  the  substrate  by  an  injection  moulding 
process,  a  stamper  1  having  a  surface  carrying  a 
pattern  of  pits  complementing  the  desired  pattern  of 
information  pits  is  placed  on  a  movable  mould  2,  a 
fixed  mould  3  is  held  over  the  movable  mould  2  so  as  40 
to  form  a  cavity  4  between  the  movable  mould  2  and 
the  fixed  mould  3,  and  then  a  resin  is  injected 
through  a  sprue  5  into  the  cavity  4.  A  die  6  and  a 
punch  7  are  provided  for  forming  a  central  hole  in  the 
substrate  being  formed.  The  stamper  1  is  held  along  45 
its  inner  and  outer  peripheries  by  stamper  holders  8 
and  9,  and  an  annular  groove  12,  as  shown  in 
Figure  4  of  the  accompanying  drawings,  corre- 
sponding  to  the  stamper  holder  8,  is  formed  in  the 
moulded  substrate  11  having  information  pits  10  50 
corresponding  to  the  surface  pattern  protrusions  of 
the  stamper  1  .  Then,  as  shown  in  Figure  5  or  Figure  6 
of  the  accompanying  drawings,  a  reflective  film  or  a 
recording  layer  13,  such  as  an  aluminium  film  formed 
by  vacuum  evaporation,  having  a  thickness  inothe  55 
range  of  6  x  10~8  m  to  15  x  10~8  m  (600A  to  1500A)  is 
formed  over  the  surface  having  the  information  pits 
10  of  the  substrate  11,  and  then  a  protective  film  14 
is  formed  over  the  recording  layer  13  to  complete  the 
optical  recording  medium,  for  example,  a  CD  16  60 
having  a  central  hole  17. 

In  forming  the  protective  layer  14  of  the  CD  having 
a  constructon  as  shown  in  Figure  5,  the  outer 
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As  shown  in  Figure  1D,  the  printing  pad  21  is 
moved,  relative  to  the  substrate  11,  towards  the 
substrate  1  1  and  is  pressed  against  the  substrate  11 
to  transfer  the  ink  22  on  the  entire  surface  of  the 

5  substrate  11. 
The  layer  of  the  ink  22  thus  formed  over  the  entire 

region  having  the  information  pits  10  in  the  surface 
of  the  substate  is  hardened,  for  example,  by 
ultraviolet  irradiation  to  form  a  protective  film  14,  as 

10  shown  in  Figure  1E.  Since  the  pad  21  is  elastically 
flexible,  the  pad  21  deforms  when  pressed  against 
the  substrate  11  so  as  to  extend  over  the  outer 
circumference  of  the  substrate  11  and  into  the 
central  hole  17,  so  that  the  outer  circumference  of 

15  the  reflective  film  or  the  recording  layer  13  and  the 
inner  circumference  of  the  substrate  11  defining  the 
central  hole  17  are  coated  with  the  protective  film  14. 

The  pad  21  is  formed,  for  example,  of  a  RTV  (room 
temperature  vulcanized)  silicone  resin  having  a 

20  Shore  A  hardness  in  the  range  of  8  to  30  in  a 
spindle-shape  rotationally  symmetric  with  respect  to 
an  axis  Z  or  in  a  hemispherical  shape,  as  shown  in 
Figures  2Ai  and  2A2.  The  ink  has  a  viscosity  in  the 
range  of  0.09  to  10  Pa.s  (0.9  to  100  poise).  The  ink  is 

25  applied  to  the  pad  21  by  using,  for  example,  a  plate 
33  provided  with  minute  pits  31  having  a  depth  in  the 
range  of  25  to  35  urn  distributed  in  a  density  in  the 
order  of  100  mesh  (95%  in  aperture  ratio)  as  shown 
in  Figure  2Ai  ,  or  a  plate  33  provided  with  the  same 

30  minute  pits  31  distributed  in  the  same  density  in  the 
bottom  surface  of  a  recess  32  as  shown  in  Figure 
2A2.  The  protective  film  forming  ink  22  is  squeezed 
out  from  an  ink  tank  to  fill  up  the  minute  pits  31  of  the 
plate  33  of  Figure  2Ai  or  the  minute  pits  31  and  the 

35  recess  32  of  the  plate  33  of  Figure  2A2,  and  the 
excessive  protective  film  forming  ink  22  is  scraped 
off,  for  example,  with  a  doctor  blade.  Then,  as  shown 
in  Figure  2B,  the  printing  pad  21  is  pressed  against 
the  plate  33  of  Figure  2Ai  or  Figure  2A2  to  transfer 

40  the  ink  22  applied  to  the  plate  33  to  the  printing 
surface  of  the  pad  21  as  shown  in  Figure  2C.  Then, 
the  pad  21  coated  with  the  ink  22  is  pressed  against 
the  substrate  11  as  mentioned  with  reference  to 
Figure  1D  to  transfer  the  ink  22  to  the  substrate  11. 

45  The  protective  film  forming  ink  22  is  prepared  in  an 
appropriate  viscosity  by  mixing  a  photosetting 
oligomer  or  polymer  preferably  having  at  least  two 
acrylic  double  bonds  in  a  single  molecule,  such  as 
epoxy  acrylate,  polyester  acrylate  or  epoxy  urethane 

50  acrylate,  and,  if  necessary,  a  diluent,  such  as 
2-hydroxyethyl  (meta)acrylate,  trimethylolpropane 
tri(meta)acrylate,  pentaerythritol  tetra(meta)acrylate 
or  ethylene  glycol  di(meta)acrylate  of  a  radiation 
curable  monomer  having  acrylic  double  bonds,  and 

55  then  adding  a  radical  initiator,  such  as  benzoin  ethyl 
ether,  diacetyl  benzoin  to  the  mixture  to  initiate 
photopolymerisation. 

A  protective  film  forming  ink  22  (ultravoilet  curable 
resin  coating:  "Raycure  4100"  (trade  mark),  Jujo 

60  Kako  KK)  having  a  viscosity  of  4  Pa.s  (40  poise)  was 
applied  to  a  substrate  1  1  at  a  transfer  speed  of  3  s  by 
a  rotationally  symmetric  printing  pad  21  of  a 
paraboloidal  shape  having  an  axis  Z  of  symmetry, 
formed  of  a  silicone  resin  in  a  Shore  A  hardness  in 

65  the  range  of  19  to  20,  according  to  the  method 

The  invention  will  now  be  described  by  way  of 
example  with  reference  to  the  accompanying  draw- 
ings,  throughout  which  like  parts  are  referred  to  by 
like  references,  and  in  which: 

Figures  1A  to  1E  are  schematic  illustrations  for 
explaining  the  steps  of  a  method  of  forming  a 
protective  film  for  an  optical  recording  medium 
according  to  a  preferred  embodiment  of  the  present 
invention; 

Figures  2Ai,  2A2,  2B  and  2C  are  schematic 
illustrations  for  explaining  one  way  of  applying  a 
protective  film  forming  ink  to  a  pad; 

Figure  3  is  a  sectional  view  of  an  arrangement  for 
forming  a  substrate  of  an  optical  recording  medium; 

Figure  4  is  a  sectional  view  of  half  a  substrate, 
such  as  may  be  produced  by  the  arrangement  of 
Figure  3; 

Figures  5  and  6  are  sectional  views  of  respective 
optical  recording  media,  in  each  of  which  only  half 
the  optical  recording  medium  is  shown;  and 

Figure  7  is  a  sectional  view  for  explaining  a 
previously-proposed  method  of  forming  a  protective 
film  for  an  optical  recording  medium. 

In  accordance  with  a  preferred  embodiment  of  the 
present  invention,  a  protective  film  is  formed  over 
the  surface  of  a  substrate  by  applying  a  protective 
film  forming  ink  having  a  viscosity  in  the  range  of  0.09 
to  10  Pa.s  (0.9  to  100  poise,)  preferably  1  to  5  Pa.s 
(10  to  50  poise),  to  the  surface  of  a  pad,  such  as  a 
bulged  pad  or  a  roller  pad,  having  a  Shore  A 
hardness  in  the  range  of  8  to  30,  and  by  pressing  the 
pad  against  the  substrate  to  transfer  the  protective 
film  forming  ink  on  the  substrate. 

Although  the  method  embodying  the  present 
invention  finishes  the  protective  film  with  a  matte 
surface,  the  protective  film  formed  by  this  method  is 
free  of  imperfections,  such  as  pinholes  and  irregu- 
larities,  and  is  uniform.  The  reproducibility  of  the 
protective  film  formed  by  this  method  proved 
satisfactory. 

The  present  invention  will  now  be  explained  in 
detail  with  reference  to  specific  embodiments 
described  in  the  following  examples. 

Example  1 

A  first  embodiment  of  the  present  invention  will  be 
described  with  reference  to  Figures  1A  to  1E,  in 
which  parts  similar  or  corresponding  to  those 
previously  described  with  reference  to  Figure  4  are 
denoted  by  the  same  reference  numerals,  the 
description  of  which  will  be  omitted.  A  transparent 
substrate  11  having  information  pits  as  shown  in 
Figure  1A  formed  PMMA  or  PC  by  the  foregoing 
known  technique,  such  as  the  method  described 
with  reference  to  Figure  3,  is  used. 

Then,  as  shown  in  Figure  1B,  a  reflective  film  or  a 
recording  layer  13  having  a  thickness  in  the  range 
of  6  x  10-8  m  to  15  x  10"8  m  (600A  to  1500A)  is 
formed  over  the  entire  region  having  information  pits 
10  in  the  surface  of  the  substrate  1  1  ,  for  example,  by 
an  aluminium  evaporation  process. 

A  protective  film  forming  ink  22  is  applied  to  the 
printing  surface  of  a  printing  pad  21,  for  example,  a 
bulged  printing  pad,  as  shown  in  Figure  1C. 
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conditions  including  pressure  for  pressing  the  pad 
21  against  the  substrate  11  and  transfer  time,  when 
the  viscosity  of  the  protective  film  forming  ink  22  is  in 
the  range  of  0.09  to  10  Pa.s  (0.9  to  100  poise), 
preferably  3  to  8  Pa.s  (30  to  80  poise),  and  the  Shore 
A  hardness  of  the  pad  21  is  the  range  of  8  to  30. 
When  the  Shore  A  hardness  of  the  pad  was  less  than 
8,  the  levelling  performances  of  the  pad  was 
unsatisifactory,  and  there  is  a  possibility  that 
pinholes  would  be  formed  in  the  protective  film; 
when  the  Shore  A  hardness  was  higher  then  30,  it 
was  necessary  to  apply  an  increased  pressure  to  the 
pad  to  transfer  the  ink  to  the  substrate  and  the  error 
rate  increased  as  a  result. 

As  is  apparent  from  the  foregoing  description,  the 
elimination  of  a  mask  simplifies  the  manufacturing 
process,  the  error  rate  is  reduced,  and  the  protec- 
tive  film  having  a  matte  surface  facilitates  labelling  of 
the  CD. 

described  with  reference  to  Figures  1A  to  1E.  Then, 
the  film  of  the  protective  film  forming  ink  22  was 
irradiated  by  ultraviolet  radiation  by  means  of  a 
high-pressure  mercury-vapour  lamp  to  form  the 
protective  film  14.  5 

The  adhesive  strength  of  the  protective  film  14 
thus  formed  was  measured.  In  measuring  the 
adhesive  strength,  a  pressure-sensitive  adhesive 
tape  of  15  mm  in  width  was  applied  to  the  protective 
film  14,  and  then  the  pressure-sensitive  adhesive  10 
tape  was  peeled  off  by  pulling  it  back.  The  protective 
film  14  did  not  peel  off  when  the  peeling  force  was 
300  g,  while  a  protective  film  formed  by  a  previously- 
proposed  spin-coating  method  was  peeled  off  by  a 
peeling  force  in  order  of  70  to  80  g.  15 

Comparative  Example 

A  protective  film  was  formed  as  a  comparison  by 
the  same  process  as  that  of  the  first  embodiment,  20 
except  that  the  viscosity  of  the  protective  film 
forming  ink  22  was  0.03  Pa.s  (30  centipoise). 

When  the  protective  film  forming  ink  22  was 
transferred  on  to  the  substrate  1  1  by  the  printing  pad 
21,  the  ink  cohered  to  form  an  uneven  protective  25 
film. 

Although  the  bulged  pad  21  was  used  for 
transferring  the  protective  film  forming  ink  22  on  the 
substrate  1  1  in  the  foregoing  examples,  the  protec- 
tive  film  forming  ink  22  may  instead  be  transferred  on  30 
to  the  substrate  1  1  by  rolling  a  roller  pad,  such  as 
that  employed  in  rotary  printing,  relative  to  the 
substrate  11.  Another  embodiment  employing  such 
a  roller  pad  will  be  described  hereinafter. 

35 
Example  2 

A  roller  pad  of  120  mm  in  outside  diameter  formed 
of  a  RTV  silicone  resin  having  a  Shore  A  hardness  in 
the  range  of  13  to  15  was  used.  The  roller  pad  was  40 
rotated  at  53  rpm  and  at  a  relative  speed  of  20  m/min 
relative  to  a  substrate  11  to  apply  "Raycure  4100° 
(trade  mark)  (Jujo  Kako  KK)  in  a  thickness  in  the 
range  of  10  to  15iim.  A  protective  film  14  of  uniform 
thickness  was  formed.  45 

It  has  been  shown  that  the  method  embodying  the 
present  invention  is  capable  of  forming  a  protective 
film  14  having  a  matte  surface  and  free  from 
imperfections  without  using  any  mask  over  the  entire 
surface  of  a  region  having  information  pits  10  in  the  50 
surface  of  a  substate  11  including  the  outer  and 
inner  circumferences  of  a  relative  film  or  a  recording 
layer  13  and  an  annular  groove  12  of,  for  example,  a 
depth  in  order  of  0.3  mm.  Thus,  the  reflective  film  or 
the  recording  layer  13  formed  of  aluminium  or  the  55 
like  is  covered  perfectly  and  is  protected  from 
corrosion  by  the  moisture  resistance  of  the  protec- 
tive  film  14,  which  enhances  the  reliability  of  the 
optical  recording  medium. 

In  practicing  the  method  embodying  the  present  60 
invention,  it  was  shown  that  the  ink  22  can  properly 
be  transferred  from  the  pad  21  on  to  the  substrate  1  1 
without  entailing  imperfections  such  as  the  co- 
herence  of  the  ink  22,  insufficient  application  and 
pinhols  under  a  comparatively  wide  range  of  coating  65 

Claims 

1.  A  method  of  forming  a  protective  film  (14)  on  an 
optical  recording  medium  (16),  the  method  compris- 
ing  the  steps  of: 
applying  a  protective  film  forming  ink  (22)  having  a 
viscosity  in  a  range  of  0.09  to  10  Pa.s  to  a  pad  (21) 
having  a  Shore  A  hardness  in  the  range  of  8  to  30; 
and 
pressing  the  pad  (21)  against  a  substrate  (11)  to 
transfer  the  protective  film  forming  ink  (22)  to  the 
substrate  (11)  thereby  forming  the  protective  film 
(14). 

2.  A  method  according  to  claim  1  ,  including  a  step 
to  cure  the  protective  film  forming  ink  (22)  on  the 
substrate  (11). 

3.  A  method  according  to  claim  1  or  claim  2, 
wherein  the  protective  film  forming  ink  (22)  has  a 
viscosity  in  a  range  between  3  and  9  Pa.s. 

4.  A  method  according  to  claim  1  ,  claim  2  or  claim 
3,  wherein  the  pad  (21)  has  a  spindle-shaped 
rotationally  symmetric  shape  with  respect  to  a 
centre  axis  (Z),  or  a  hemispherical  shape. 

5.  A  method  according  to  claim  4,  wherein  the  pad 
(21  )  is  pressed  against  the  substrate  (  1  1  )  so  that  the 
axis  (Z)  coincides  with  a  centre  of  the  substrate  (11). 
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