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Description 

[0001]  The  present  invention  is  in  the  field  of  optical  recording  media,  such  as  compact  discs  (CDs)  and  digital  tapes 
or  cards,  more  particularly,  so-called  WORM  media  (write-once-read-many-times  compact  discs  or  tapes)  and  rewri- 

5  table  CDs  and  tapes.  These  types  of  media  allow  information  to  be  written  by  the  consumer. 
[0002]  In  conventional  read-only  CDs  the  information  is  stored  in  pits  which  are  embossed  in  the  disc.  The  reading 
is  based  on  diffraction  on  the  regular  pit-edge  structure.  Interference  of  the  diffracted  orders  is  dependent  on  the  position 
of  the  laser  spot.  This  results  in  a  modulation  in  reflection,  which  is  used  for  reading  the  information.  The  conventional 
read-only  CDs  are  only  suitable  for  large-scale  production  as  the  production  steps  (for  obtaining  a  written  disc)  are 

10  rather  complicated  and  therefore  only  cost  effective  in  mass  production.  Hence  there  is  need  for  CDs  and  digital  tapes 
or  cards  which  can  be  produced  in  smaller  quantities  or  can  even  be  written  by  the  consumer  himself.  In  EP  0,353,391 
an  optical  recording  medium  is  described  comprising  a  light  transmitting  substrate  having  a  deformable  surface,  a  light 
absorptive  layer  overlaying  the  deformable  surface,  and  a  light  reflective  layer  overlaying  the  light  absorptive  layer, 
said  deformable  surface  being  deformable  by  energy  generated  upon  absorption  of  the  writing  laser  beam  by  the  light 

is  absorptive  layer,  to  form  optically  readable  pits.  The  reading  is  again  based  on  interference  of  diffracted  orders.  During 
irradiation  with  the  reading  laser  the  light  travels  through  the  light  absorptive  layer  and  is  reflected  by  the  reflective 
layer.  As  the  refractive  index  within  a  pit  differs  from  the  refractive  index  outside  it  (land),  the  optical  pathlength  within 
the  pit  differs  from  that  of  the  land.  The  laser  light  which  falls  within  the  pit  interferes  with  the  light  which  falls  on  the 
land  causing  diffraction.  The  interference  of  the  diffracted  orders  depends  on  the  exact  position  of  the  reading  spot. 

20  The  resulting  reflection  modulation  is  used  for  reading  the  information. 
In  US  5,238,722  an  optical  recording  medium  has  been  disclosed  comprising  a  substrate,  a  recording  layer  comprising 
an  inorganic  material  preferably  a  sulfide)  which  is  formed  on  the  substrate,  and  a  reflection  layer  formed  on  the  re- 
cording  layer.  According  to  this  US  patent,  an  undercoat  layer  can  be  interposed  between  the  substrate  and  the  re- 
cording  layer.  The  undercoat  layer  is  provided  to  improve  the  stability  and  to  protect  the  recording  layer  from  moisture. 

25  It  is  not  the  purpose  of  the  undercoat  layer  to  affect  the  phase  difference  of  the  refection  in  the  land  and  the  groove, 
nor  does  it  have  reflective  properties.  Further,  in  the  CDs  of  the  present  invention  it  is  not  required  to  use  inorganic 
material  as  the  main  component  in  the  recording  layer. 
In  EP  23809  another  optical  recording  medium  has  been  disclosed  comprising  a  substrate  a  thin  layer  of  tellurium 
which  acts  as  a  recording  layer,  superposed  by  a  transparent  optical  dielectric  material,  and  a  reflective  layer  formed 

30  thereon.  No  reflective  layer  between  the  substrate  and  the  recording  layer  is  disclosed.  Such  CDs,  which  do  not  form 
a  Fabry-Perot  etalon,  operate  differently  from  the  presently  claimed  CDs. 
In  US  5,026,523  a  different  optical  recording  medium  has  been  disclosed  comprising  a  porous  recording  layer.  No 
groove  in  the  substrate  is  described,  and  because  the  recording  layer  is  not  sandwiched  between  a  reflective  and  a 
partially  reflective  layer,  no  Fabry-Perot  etalon  can  be  obtained. 

35  The  optical  recording  medium  as  disclosed  in  US  4,398,203  has  no  grooved  substrate,  nor  are  the  indices  of  refraction 
specified  or  is  the  thickness  of  the  recording  layer  such  that  the  recording  medium  is  in  the  high  reflective  state  when 
unrecorded. 
There  is  still  need  for  improvement  in  reflectivity  and  contrast  in  the  WORM  media  and  rewritable  media  proposed  so 
far.  In  our  do-pending  PCT  patent  application  WO  96/16402  an  optical  recording  medium  is  described  which  comprises 

40  a  substrate  (1)  provided  with  a  partially  transparent  thin  reflective  layer  (2),  which  is  provided  with  a  layer  (3)  comprising 
liquid-crystalline  material  having  a  thickness  (d)  between  100  and  1200  nm,  which  is  provided  with  a  thick  reflective 
layer  (4)  having  a  reflectance  over  50%; 
Thus,  in  comparison  with  the  above-described  optical  recording  media,  an  extra  thin  reflective  layer  is  present,  resulting 
in  the  liquid-crystalline  material  layer  (3)  being  sandwiched  between  two  reflective  layers.  In  this  way  a  Fabry-Perot 

45  etalon  is  created.  The  Fabry-Perot  phenomenon  is  used  to  obtain  a  difference  in  reflection  between  the  written  and 
the  unwritten  state  in  the  digital  storage  medium.  Although  a  satisfactory  contrast  can  be  obtained  with  the  concept 
described  in  application  WO  96/1  6402,  several  problems  still  have  to  be  solved.  First  of  all,  the  use  of  liquid-crystalline 
material  for  the  recording  layer  makes  the  concept  rather  expensive.  As  the  liquid-crystalline  material  has  to  fulfill 
several  requirements  (Tg,  Tc  orientability,  etc.),  the  choice  is  rather  restricted.  In  consequence  of  this,  the  solubility  of 

so  the  liquid-crystalline  material  of  choice  in  the  spin-coating  solution  often  leaves  much  to  be  desired.  Another  disadvan- 
tage  of  the  above-mentioned  optical  recording  medium  is  that  the  writing  principle  is  based  on  phase  change  of  the 
liquid-crystalline  material.  This  has  for  its  consequence  that  the  liquid-crystalline  material  has  to  be  aligned  after  ap- 
plication  onto  the  substrate,  which  results  in  an  additional  fabrication  step. 
[0003]  With  the  optical  recording  medium  according  to  the  present  invention  the  above-mentioned  problems  are 

55  reduced  or  even  solved  altogether. 
[0004]  The  optical  recording  medium  according  to  the  invention  comprises  the  following  layers: 

a)  a  grooved  transparent  substrate  (1),  superposed  by 

2 
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b)  a  recording  layer  comprising  a  partial  mirror  (2)  of  a  material  having  a  high  complex  index  of  refraction  which 
is  not  within  the  pentagon  defined  by  the  vertices  7.15  -  i3.93,  7.15  -  i5.85,  8.96  -  i6.28,  9.56  -  i5.90,  and  8.14  - 
i3.77  in  the  n,k  plane,  superposed  by  a  buffer  layer  (3)  comprising  a  non-liquid-crystalline  high-molecular  weight 
material  and  optionally  a  dye,  superposed  by  a  thick  reflective  layer  (4),  together  forming  a  Fabry-Perot  wherein 

5  the  thickness  (d)  of  the  buffer  layer  within  the  grooves  is  set  so  that  the  reflection  of  the  medium  is  in  the  high 
reflective  state,  optionally  superposed  by 
c)  a  protective  coating  (5). 

[0005]  Preferably,  the  recording  layer  comprises  a  partial  mirror  of  a  material  having  a  high  complex  index  of  refraction 
10  which  is  not  within  the  hexagon  defined  by  the  vertices  1  -  iO,  2  -  iO,  2  -  i0.8,  1  0  -  i2,  1  0  -  i8,  and  2  -  i1  .5  in  the  n,k  plane. 

By  virtue  of  the  partial  mirror  (2)  a  Fabry-Perot  etalon  is  created.  Information  can  be  written  by  deformation  of  one  or 
more  of  the  partial  mirror,  the  buffer  layer,  the  thick  reflective  layer,  or  the  substrate.  The  deformation  effects  change 
or  destroy  the  Fabry-Perot  etalon  and  a  decrease  in  reflection  occurs.  As  deformation  effects  are  used  for  writing,  a 
non-liquid-crystalline  high-molecular  weight  material  can  be  used  in  the  buffer  layer.  The  tracking  (keeping  the  writing 

is  laser  within  the  grooves)  can  take  place  by  employing  the  difference  in  reflected  amplitude  and/or  phase  of  the  partial 
mirror/substrate  interface  within  and  outside  the  groove,  resulting  in  diffraction  as  will  be  further  explained  below. 
[0006]  For  convenience's  sake,  the  term  CD  will  be  used  to  refer  to  all  optical  recording  media  according  to  the 
invention. 
[0007]  A  Fabry-Perot  etalon  typically  consists  of  two  parallel  reflecting  layers  placed  at  some  distance  (d)  from  each 

20  other.  The  dependence  of  the  reflectance  of  a  Fabry-Perot  etalon  on  the  specific  buffer  layer  thickness  is  shown  in 
Figure  1,  which  provides  a  schematic  depiction  of  a  CD  with  a  substrate  (1)  having  a  refractive  index  of  1.58  and  a 
thickness  of  1.2  mm,  a  partial  mirror  (2)  having  a  refractive  index  of  0.08  -  i4.60  (gold)  and  a  thickness  of  30  nm,  a 
buffer  layer  (3)  having  a  refractive  index  of  1  .67,  and  a  thick  reflective  layer  (4)  having  a  refractive  index  of  0.08  -  i4.60 
(gold)  and  a  thickness  of  200  nm.  For  reasons  of  clarity,  the  protective  coating  (5)  is  not  depicted  here. 

25  [0008]  The  dependence  of  the  reflectance  of  a  Fabry-Perot  etalon  on  the  specific  buffer  layer  thickness  is  shown  in 
Figure  2,  which  provides  a  schematic  depiction  of  a  CD  with  a  substrate  (1)  having  a  refractive  index  of  1.57  and  a 
thickness  of  1  .2  mm,  a  partial  mirror  (2)  having  a  refractive  index  of  2  -  i4  (aluminum  of  a  thickness  of  11  nm),  a  buffer 
layer  (3)  having  a  refractive  index  of  1  .50,  and  a  thick  reflective  layer  (4)  having  a  refractive  index  of  2  -  i7.5  (aluminum 
of  a  thickness  of  100  nm).  For  reasons  of  clarity,  the  protective  coating  (5)  is  not  depicted  here.  The  specific  buffer 

30  layer  thickness  is  defined  as  n.dA. 
[0009]  For  a  gold  partial  mirror  the  reflectance  is  high.  The  reflectance  changes  at  regular  intervals.  A  minimum 
reflectance  is  referred  to  hereinafter  as  a  reflectance  dip.  This  minimum  occurs  when  there  is  destructive  interaction 
between  the  light  cycling  back  and  forth  between  mirrors.  This  is  the  case  when  the  requirements  of  equation  1  are 
fulfilled.  If  the  requirements  of  equation  1  are  fulfilled,  the  reflectance  is  low. 

35 

cp  +  (4it.n.d)A  =  2it(m  +  V2)  [equation  1] 

wherein 
40 

cp  stands  for  the  phase  shift  of  the  laser  light  on  reflection  by  the  mirrors, 
n  stands  for  the  index  of  refraction  in  the  unwritten  state, 
d  stands  for  the  layer  thickness  of  the  buffer  layer, 
X  stands  for  the  wavelength  of  the  laser  light  used  for  reading, 

45  m  is  an  integer  from  0-5. 

[0010]  The  phase  shift  cp  depends  on  the  wavelength  of  the  laser  light,  the  mirror  thickness,  and  the  indices  of  re- 
fraction  of  the  mirrors  and  the  adjacent  media.  As  in  the  CD  according  to  the  invention  information  is  written  within  the 
grooves,  the  thickness  d  is  the  thickness  within  the  grooves. 

50  [0011]  It  is  preferred  for  the  recording  medium  according  to  the  invention  to  be  in  the  high  reflective  state  of  Fabry- 
Perot  with  a  reflectance  above  50%  in  the  unwritten  state  when  the  read-out  spot  of  the  laser  is  positioned  over  the 
groove  and  a  reflectance  above  60%  for  the  read-out  spot  over  the  land,  because  the  conventional  CD-players  need 
about  20%  background  reflection  from  the  groove  in  the  written  state  for  tracking,  and  the  CD-standard  demands  60% 
writing  contrast.  It  was  found  that  with  partial  mirror  material  fulfilling  the  complex  index  of  refraction  requirements 

55  given-above,  CDs  could  be  made  according  to  the  CD  standard.  If,  however,  CD-players  become  available  requiring 
smaller  background  reflection,  lower  reflectance  than  50%  can  be  employed.  For  high-density  recording  media  a  re- 
flectance  which  is  above  20%  in  the  unwritten  state  is  preferred.  Upon  writing  the  Fabry-Perot  is  either  detuned  or 
destroyed  by  deformation  of  one  or  more  of  the  partial  mirror,  the  buffer  layer,  the  thick  reflective  layer,  or  the  substrate, 

3 
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resulting  in  a  decrease  in  reflection  by  at  least  40%  of  the  unwritten  state. 
[001  2]  As  is  described  below,  the  position  of  the  reflectance  dip  is  determined  by  equation  1  .  The  width  and  the  depth 
of  the  reflectance  dip  are  influenced  by  the  optical  parameters  (the  index  of  refraction,  the  absorption  coefficient,  and 
thickness)  of  the  partial  mirror  (2)  and  the  absorption  coefficient  of  the  buffer  layer  (3).  These  influences  can  be  deter- 

5  mined  with  the  help  of  a  computer  program  based  on  a  2x2  matrix  formalism  for  wave  propagation  in  isotropic  stratified 
media  developed  by  Abeles,  such  as  described  in  M.  Born,  E.  Wolf,  Principles  of  Optics,  4th  ed.,  Pergamon  Press 
(1970),  p.  51.  It  can  be  calculated  how  in  a  digital  storage  medium  with  a  substrate  with  a  refractive  index  ns  and  a 
thickness  ds,  a  buffer  layer  with  a  thickness  d  and  a  refractive  index  nu,  and  a  thick  reflective  layer  having  a  thickness 
dm  and  a  refractive  index  nm,  the  thickness  of  the  dielectric  layer  and/or  the  absorption  of  the  buffer  layer  can  be  adapted 

10  to  obtain  a  digital  storage  medium  which  fulfils  the  requirements  of  a  high  reflective  area  of  a  tuned  Fabry-Perot  in  the 
unwritten  state.  These  calculations  are  known  to  persons  skilled  in  the  art  and  need  no  further  elucidation  here. 
[0013]  In  the  known  read-only  CDs  the  recorded  information  is  stored  in  a  spiral  track  in  which  regions  of  low  reflect- 
ance  (written  groove  area)  are  alternated  with  regions  where  the  background  reflectance  (unwritten  groove  area)  is 
higher  than  65%.  For  conventional  CDs  the  pit  length  varies  from  0.9  to  3.3  urn  in  0.3  urn  steps.  In  the  longest  pits 

is  (generating  the  1  1  T  signal)  the  reflectance  must  drop  to  below  40%  of  the  reflectance  in  the  unwritten  state.  The  read- 
out  laser  in  a  conventional  CD-player  has  a  wavelength  between  780  and  830  nm,  in  general  780  +  1  0  nm.  In  order  to 
be  compatible  with  the  read-only  CD,  a  CD  according  to  the  invention  should  have  a  reflectance  in  the  unwritten  state 
of  65%  and  the  reflectance  in  the  longest  pit  should  be  below  40%  of  the  reflectance  in  the  unwritten  state,  when  using 
a  conventional  read-out  laser  for  CD-players. 

20  The  present  invention  provides  CDs  having  parameters  which  can  be  set  to  make  the  CD  compatible  with  the  conven- 
tional  read-only  CD  (hereinafter  referred  to  as  the  CD  standard). 
[0014]  The  optical  recording  medium  according  to  the  invention  comprises  a  grooved  substrate  (1).  The  medium  is 
read  through  the  substrate.  Therefore,  the  substrate  should  be  optically  transparent  for  the  laser  light  used  for  reading 
and  writing.  In  conventional  CD-players  laser  light  with  a  wavelength  of  780  nm  is  used.  Polycarbonate,  amorphous 

25  polyolefin  (APO),  and  glass,  which  are  optically  transparent  at  this  wavelength  and  have  sufficient  thermal  stability  and 
resistance  to  humidity  are  suitable  substrates.  Polycarbonate  substrates  are  preferred  for  their  price  and  ease  of  han- 
dling.  Further,  the  properties  of  polycarbonate  substrates  are  within  the  CD  standard.  APOs  also  have  properties  which 
lie  within  the  CD  standard,  but  these  substrates  are  more  expensive  than  polycarbonates.  However,  polycarbonate  is 
susceptible  to  chemical  attack  by  almost  every  solvent  normally  used  for  applying  the  buffer  layer  material.  With  the 

30  CD  according  to  the  invention  this  problem  is  reduced  in  two  ways:  first  of  all,  the  partial  mirror  may  protect  the  substrate 
from  solvent  attack.  Secondly,  as  non-liquid-crystalline  material  is  used  for  the  buffer  layer,  a  large  freedom  of  choice 
of  solvent  is  created.  Thus,  a  relatively  mild  solvent  can  be  used.  Accordingly,  in  the  case  of  the  CD  according  to  the 
invention  polycarbonate  can  be  readily  used  as  a  substrate.  For  high-density  CDs  the  substrate  has  to  be  transparent 
in  the  wavelength  range  of  610  to  700  nm,  or  below. 

35  [0015]  As  mentioned-above,  a  grooved  substrate  is  used  for  the  CD  according  to  the  invention.  Said  groove  is  a 
spiral-shaped  track  which  is  pressed  in  the  substrate.  This  track  is  used  to  control  the  laser  spot  position  during  reading 
and  writing.  As  the  partial  mirror  has  a  high  index  of  refraction,  the  tracking  can  be  done  via  the  difference  in  reflected 
amplitude  or  phase  of  the  partial  mirror/substrate  interface  within  and  outside  the  groove.  The  width  and  depth  of  the 
groove  are  decisive  for  the  tracking.  Usually  a  track  width  of  0.1-  1.2  urn  is  used.  The  track  depth  is  an  important 

40  parameter  which  has  to  be  chosen  in  relation  with  thicknesses  of  the  buffer  layer  and  partial  mirror,  and  is  usually  in 
the  range  of  30-450  nm.  We  have  found  that  a  relatively  deep  groove  depth  of  200  -  250  nm  in  combination  with  a 
buffer  layer  thickness  of  230  -  260  nm  and  an  aluminum  partial  mirror  of  6  -  1  2  nm,  or  in  combination  with  a  buffer  layer 
thickness  of  220  nm  and  a  silicon  partial  mirror  of  50  nm  results  in  an  optimal  tracking  contrast,  while  preserving  the 
reflection  properties.  It  is  also  possible  to  obtain  optimal  tracking  conditions  with  a  track  depth  of  50  -  90  nm. 

45  [0016]  In  order  to  reduce  the  loss  of  laser  light  by  reflection  at  the  air/substrate  interface,  the  substrate  may  be 
provided  with  an  anti-reflection  structure  on  the  side  not  covered  with  the  thin  reflective  layer. 
[0017]  For  the  partial  mirror  (2)  both  metal  and  non-metal  materials  which  fulfils  the  above-mentioned  index  of  re- 
fraction  requirements  can  be  employed  as  long  as  the  layer  can  be  made  thin  enough  to  be  partially  transparent  for 
the  laser  light.  This  is  usually  in  the  range  of  0.3-50  nm,  corresponding  to  about  20-80%  transmission.  The  complex 

so  indices  of  refraction  of  various  materials  are  listed  in  Handbook  of  Optical  Constants  of  Solids,  parts  1  and  2,  ed.  Palik, 
Acc.  Press  (1  985).  Thin  metal  films  show  a  reduced  metal  like  behavior  and  a  person  skilled  in  the  art  can  easily  choose 
a  suitable  material.  With  materials  having  complex  indices  of  refraction  falling  within  the  pentagon  described-above,  it 
is  not  possible  to  find  a  combination  of  layer  thicknesses  and  track  depths  with  which  an  optical  medium  could  be 
obtained  having  satisfactory  reflection  properties  and  tracking  contrast.  Preferably,  materials  are  chosen  having  com- 

55  plex  indices  of  refraction  falling  outside  the  hexagon  described-above.  This  will  be  further  elucidated  in  the  Examples. 
[0018]  Metals  usually  have  a  high  imaginary  part  of  the  index  of  refraction.  This  means  that  they  are  highly  reflective 
when  used  in  transparent  environment  (such  as  air  and  polycarbonate)  and  absorptive,  provided  that  the  product  nk 
is  high  as  well.  The  absorption  a  per  urn  is  expressed  as  -27tnk/A,  (K  in  urn).  Accordingly,  upon  writing  with  a  laser  the 

4 



EP  0  868  721  B1 

laser  light  is  reflected  (tracking)  by  the  Fabry-Perot  system  and  absorbed  by  the  metal  partial  mirror.  The  absorbed 
laser  light  is  converted  into  heat,  and  deformation  of  one  or  more  of  the  partial  mirror,  the  buffer  layer,  the  thick  reflective 
layer,  or  the  substrate  occurs.  Suitable  absorptive  metals  for  the  partial  mirror  (2)  are  aluminum,  nickel,  vanadium, 
chromium,  tantalum,  iron,  nickel-gold,  nickel-vanadium,  nickel-chromium,  aluminum-gold,  and  other  alloys.  It  is  pre- 

5  ferred  that  the  metal  used  has  a  relatively  low  heat  conductivity,  in  order  to  preserve  the  pit  integrity. 
Suitable  non-absorptive  materials  are  for  instance  gold,  silver,  tellurium,  copper,  or  alloys  thereof,  or  silicon,  silicon 
nitride,  silicon-germanium,  silica,  SiO,  SiO-germanium,  etc.  This  type  of  material  usually  has  one  high  part  of  the  index 
of  refraction  (the  real  or  imaginary  part).  This  means  that  the  material  is  reflective,  but  hardly  absorptive.  Upon  writing 
with  a  laser  on  CDs  with  this  type  of  partial  mirror,  the  laser  light  is  reflected  by  the  Fabry-Perot  system,  but  the  ab- 

10  sorption  of  the  laser  light  will  mainly  have  to  take  place  in  the  buffer  layer.  Thus,  when  employing  a  non-metal  partial 
mirror  in  the  CD  according  to  the  invention,  it  is  preferred  to  use  a  highly  absorptive  buffer  layer.  Especially  preferred 
are  germanium,  silicon-germanium  alloys,  silicon  nitride,  and  silicon  because  of  their  low  imaginary  parts  of  indices  of 
refraction,  and  gold,  copper,  tellurium,  and  alloys  thereof  because  of  their  low  real  parts  of  indices  of  refraction.  The 
partial  mirror  may  be  applied  onto  the  substrate  in  any  conventional  method  normally  used  in  the  field  such  as  vacuum 

is  deposition,  electron  beam  deposition  and  sputtering. 
[0019]  The  non-liquid-crystalline  high-molecular  weight  (500  -  250,000)  material  being  any  material  which  has  a 
suitable  Tg,  serves  as  a  stable  matrix  for  the  dye,  and  can  be  applied  with  satisfactory  accuracy  in  thickness.  The 
thickness  of  the  buffer  layer  as  present  within  the  groove  may  vary  from  0.2  urn  to  1  urn  The  Tg  of  the  material  preferably 
is  above  70°C.  Examples  of  suitable  non-liquid-crystalline  high-molecular  weight  material  are  polymers  such  as  PMMA, 

20  styrene  acrylonitrile,  or  glasses  such  as  glasses  of  sulfonyl  dianiline  and  epoxides  of  cyanobiphenyl  and  o-biphenyl 
and  glasses  of  sulfonyl  dianiline  and  p-biphenyl.  The  dyes  present  in  the  buffer  layer  serve  to  convert  the  writing  laser 
light  into  heat,  whereupon  one  or  more  of  the  partial  mirror,  the  buffer  layer,  the  thick  reflective  layer,  or  the  substrate 
is  deformed.  If  a  metal  partial  mirror  is  used  the  dye  concentration  may  be  decreased  or  the  dye  may  even  be  omitted, 
because  the  laser  light  is  also  absorbed  by  the  metal  partial  mirror  and  the  reflective  layer  (4).  Suitable  dyes  must 

25  therefore  absorb  in  the  wavelength  range  of  the  writing  laser  used.  For  CDs  according  to  the  CD  standard,  which  are 
written  with  a  780  nm  laser,  near-infrared  absorbing  dyes,  absorbing  in  the  wavelength  range  of  780  to  850  nm,  are 
used.  Examples  are  anthraquinone  dyes:  IR-750®,  ex  Nippon  Kayaku  Co.  Ltd,  squarilium  dyes:  NK-2772®,  ex  Nippon 
Kankoh-Shikiso  Kenkyusho  Co.  Ltd,  bis-[3-(7-isopropyl-1-methyl)-azulene-4-yl-2-ethyl-propionic  acid  n-butyl  ester] 
squaric  acid  dye  (EP  0,310,080,  example  16),  dyes  described  in  EP  0,310,080,  and  croconium  dyes:  ST  172®,  ex 

30  Syntec,  ST  9/3®,  ex  Syntec,  ST  9/1®  ex  Syntec,  phthalocyanine  dyes:  copper(ll)-1,  4,8,11,  15,18,22,25-octabutoxy- 
29H,31  H-phthalocyanine,  zinc-1  ,4,8,  11,15,  1  8,22,25-octabutoxy-29H,31  H-phthalocyanine,  ex  Aldrich. 
[0020]  For  high-density  CDs,  dyes  are  required  which  absorb  in  the  wavelength  range  of  400  to  700  nm.  Examples 
of  these  dyes  are:  azo  dyes:  SI-361®,  ex  Mitsui  Toatsu  Chemicals  GmbH,  anthraquinone  dyes:  LCD  116®  and  LCD 
118®,  ex  Nippon  Kayaku  Co.  Ltd,  M-137®,  M-483®  M-83®,  and  SI-497®  ex  Mitsui  Toatsu  Chemicals  GmbH,  squar- 

es  ilium  dyes:  ST  6/2®  and  ST  5/3®,  ex  Syntec,  triphenylmethane  dyes:  Fast  Green  FCF®  and  Solvent  Blue®,  ex  Aldrich. 
The  buffer  layer  may  contain  up  to  90%  by  weight  dye.  However,  it  is  preferred  to  employ  an  amount  up  to  30%  by 
weight  to  avoid  segregation  problems.  The  buffer  layer  may  also  comprise  stabilisers  and/or  102-quenchers  to  improve 
the  stabilty  of  the  layer.  For  applying  the  buffer  layer,  the  high-molecular  weight  material  and  optionally  the  dye  and 
other  additives  are,  preferably,  solved  in  a  suitable  solvent  and  spin-coated.  Other  conventional  means  of  applying 

40  coatings  with  accurate  thicknesses  may  also  be  employed. 
[0021]  As  mentioned  above,  the  absorption  coefficient  of  the  buffer  layer  in  combination  with  the  optical  parameters 
of  the  partial  mirror  influences  the  reflection  and  absorption  of  the  Fabry-Perot.  The  absorption  coefficient  is  determined 
by  the  dye  concentration  and  its  extinction  coefficient  in  the  buffer  layer.  This  can  be  used  to  determine  the  parameters 
for  CDs  according  to  the  invention  which  comply  with  the  CD  standard. 

45  [0022]  The  thick  reflective  layer  is  preferably  a  metal  layer  such  as  gold,  aluminum,  silver,  copper,  chromium,  nickel, 
platinum,  alloys  such  asaluminum-titane,  copper-aluminum,  etcetera,  superposed  onto  the  buffer  layer  by,  for  instance, 
chemical  vapour  deposition  or  sputtering.  This  thick  layer  should  not  be  transparent  to  the  laser  light.  As  aluminum  is 
cheaper  than  gold,  and  the  reflectivity  of  an  aluminum  layer  with  a  thickness  above  50  nm  is  sufficiently  high,  the  use 
of  aluminum  or  alloys  thereof  for  the  thick  reflective  layer  is  preferred.  For  conventional  CDs  a  light  transmission  of 

so  0-5%  is  preferred.  For  high-density  CDs  a  transmission  below  55%  is  preferred. 
[0023]  The  protective  coating  (5)  can  be  any  resin  having  a  high  impact  resistance.  Usually  a  UV  curable  resin  is 
used,  which  is  applied  by  spin-coating,  followed  by  UV  irradiation  for  curing.  Other  suitable  materials  for  the  protective 
coating  are  epoxy  resins,  acrylate  resins,  silicone  hard  coat  resins,  and  urethane  resins.  The  thickness  of  the  protective 
coating  is  not  critical  and  is  usually  within  the  range  of  3  to  30  urn,  preferably  5  to  15  urn. 

55  [0024]  The  invention  is  further  directed  to  a  method  for  the  fabrication  of  an  optical  recording  medium  according  to 
the  invention.  Said  method  comprises  the  steps  of: 

•  applying  a  partial  mirror  onto  a  grooved  substrate, 
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•  applying  a  buffer  layer  onto  said  partial  mirror, 
•  applying  a  thick  reflective  layer  onto  said  buffer  layer. 

[0025]  As  mentioned-above,  the  partial  mirror  and  thick  reflective  layer  can  be  applied  by,  for  instance,  vacuum 
5  deposition,  electron  beam  deposition,  or  sputtering.  The  buffer  layer  may  be  applied  by,  for  instance,  spin-coating. 

[0026]  This  method  of  fabrication  can  easily  be  made  into  a  continuous  process.  An  apparatus  for  fabrication  of 
conventional  read-only  CDs  can  easily  be  adapted  for  the  fabrication  of  the  optical  recording  medium  according  to  the 
invention  by  inserting  means  for  applying  the  partial  mirror,  and  means  for  applying  the  buffer  layer  into  the  conventional 
line.  The  invention  is  also  directed  to  an  apparatus  for  the  continuous  fabrication  of  an  optical  recording  medium  ac- 

10  cording  to  the  invention,  comprising: 

•  means  for  transporting  a  grooved  substrate, 
•  means  for  applying  a  partial  mirror  onto  said  substrate, 
•  means  for  applying  a  buffer  layer  onto  said  partial  mirror, 

is  •  means  for  applying  a  thick  reflective  layer  onto  said  buffer  layer. 

[0027]  The  invention  will  be  further  elucidated  with  reference  to  the  following  unlimitative  examples. 

Example  1 
20 

[0028]  By  means  of  a  computer  program  it  was  calculated  whether  combinations  of  layer  thicknesses  of  the  buffer 
layer  and  partial  mirror  could  be  found  with  partial  mirror  materials  with  various  complex  indices  of  reflection  when  the 
following  demands  were  made  on  the  reflectivity  and  tracking.  The  reflectivity  in  the  land  in  the  unwritten  state  should 
be  higher  than  0.65,  the  reflectivity  in  the  track  in  the  unwritten  state  should  be  higher  than  0.5  and  the  tracking  contrast, 

25  defined  as  the  reflectivity  in  the  track  divided  by  the  reflectivity  in  the  land  (both  in  the  unwritten  state),  should  be  lower 
than  0.95.  It  was  found  that  for  partial  mirror  material  having  a  complex  index  of  refraction  falling  within  the  pentagon 
defined  by  the  vertices  7.1  5  +  i3.93,  7.  1  5  +  i5.85,  8.96  +  i6.28,  9.56  +  i5.90,  and  8.  1  4  +  i3.77  in  the  n,k  plane,  no  suitable 
combination  of  layer  thicknesses  could  be  found  fulfilling  the  reflectivity  and  tracking  requirements.  The  results  of  these 
calculations  are  given  in  Figure  3,  wherein  for  all  combinations  of  n  and  kthe  percentage  of  the  total  amount  of  solutions 

30  fulfilling  the  reflectivity  and  tracking  requirements,  are  given.  In  the  area  1  ,  no  solutions  could  be  found.  This  area  falls 
within  the  pentagon  as  defined-above.  In  the  area  2,  upto  10%  of  the  solutions  were  found.  In  the  area  3,  10%  up  to 
80%  of  the  solutions  were  found.  In  area  4,  more  than  80%  of  the  solutions  were  found.  A  compact  disc  was  designed 
according  to  the  solutions  given  by  the  computer  program. 

35  Example  2 

Synthesis  of  non-LC  glasses  (general  method): 

[0029]  A  mixture  of  1  eq  of  a  compound  containing  two  amine  groups  (diamine)  and  4  eq  of  a  compound  containing 
40  an  oxirane  group  (epoxide)  was  heated  for  5-20  hours,  depending  on  the  diamine  used,  under  a  nitrogen  atmosphere 

at  a  temperature  of  1  30°C.  When  two  or  more  different  diamines  or  epoxides  are  used,  40%  of  weight  of  chlorobenzene 
was  added  for  obtaining  a  homogeneous  melt.  After  1  hour  at  1  30°C  the  chlorobenzene  was  distilled  off.  The  melt  was 
cooled  down  and  dissolved  in  tetrahydrofuran,  and  the  solution  of  approximately  20%  (m/M)  was  precipitated  in  a 
10-fold  excess  of  ethanol.  The  yields  were  in  the  range  of  75  to  90%. 

45 
Example  3 

Synthesis  of  epoxide  of  cyanobiphenyl  (epoxide  1) 

50  [0030]  A  mixture  of  39.0  g  (0.20  mole)  of  hydroxycyanobiphenyl,  100  ml  (1.25  moles)  of  epichlorohydrin,  and  0.44 
g  (2.4  mmoles)  of  benzyl  trimethylammoniumchloride  was  heated  to  70°C.  Next,  a  solution  of  17  g  (0.42  mole)  of 
sodium  hydroxide  in  100  ml  of  water  was  dispensed  in  3  hours.  Following  this  addition,  there  was  one  extra  hour  of 
stirring  at  70°C.  The  reaction  mixture  was  cooled  to  20°C,  and  200  ml  of  dichloromethane  were  added.  The  organic 
layer  was  separated  and  washed  with,  successively,  sodium  chloride  solution  and  water.  After  drying  over  magnesium 

55  sulfate  and  concentration  by  evaporation,  the  crude  product  was  converted  to  the  crystallized  form  from  450  ml  of 
methanol.  The  yield  was  38.3  g  (76%). 
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Example  4 

Synthesis  of  epoxide  of  p-biphenyl  (epoxide  2) 

5  [0031]  The  epoxide  of  p-biphenyl  (epoxide  2)  was  prepared  in  a  manner  analogous  to  that  for  the  synthesis  of  the 
epoxide  of  cyanobiphenyl. 

Example  5 

10  [0032]  Using  90%  epoxide  1  and  10%  epoxide  of  o-biphenyl,  ex  Janssen,  a  glass  (glass  1)  was  prepared  with  3,3'- 
sulfonyl  dianiline,  ex  Aldrich,  by  the  general  method  for  the  synthesis  of  non-LC  glasses  specified  above.  Tg  99-1  04°C, 
MW  1706  (GPC). 

Example  6 
15 

[0033]  Using  epoxide  2,  a  glass  (glass  2)  was  prepared  with  3,3'-sulfonyldianiline,  ex  Aldrich,  by  the  general  method 
for  the  synthesis  of  non-LC  glasses  specified  above.  Tg  84-87°C,  MW  1232  (GPC). 

Example  7 
20 

[0034]  A  thin  aluminum  film  of  1  0  nm  thickness  was  deposited  on  a  1  .2  mm  thick  polycarbonate  substrate  having  a 
pregroove  with  a  depth  of  1  70  nm,  a  width  of  0.5  urn,  and  a  track  pitch  of  1  .6  urn.  On  said  thin  aluminum  layer  a  layer 
of  glass  1  was  spin-coated  from  a  solution  in  diacetone  alcohol  (0.9  g  in  10  ml).  The  thickness  of  the  buffer  layer  was 
250  nm.  Onto  said  buffer  layer  a  1  00  nm  thick  aluminum  layer  was  vacuum-deposited.  After  drying  in  a  vacuum  oven 

25  at  40°C,  a  protecting  layer  of  UV  curable  epoxyacrylate  resin  was  spin-coated  hereonto  and  cured.  The  resulting  CD 
was  evaluated  using  an  evaluation  equipment  employing  a  laser  beam  of  780  nm.  A  signal  to  noise  ratio  (CNR)  of  51 
dB  was  obtained  by  1  .3  m/sec,  720  kHz  and  8  mW  recording  conditions  with  0.7  mW  writing  power,  a  reflectivity  of  72 
%  was  obtained  in  the  land  and  a  reflectivity  of  about  50%  was  obtained  in  the  track.  The  disc  appeared  to  be  replayable 
in  a  compact  disc  player. 

30 

Claims 

1.  An  optical  recording  medium  comprising  the  following  layers: 
35 

a)  a  grooved  transparent  substrate  (1),  superposed  by 
b)  a  recording  layer  comprising  a  partial  mirror  (2)  of  a  material  having  a  high  complex  index  of  refraction  which 
is  not  within  the  pentagon  defined  by  the  vertices  7.15  -  i3.93,  7.15  -  i5.85,  8.96  -  i6.28,  9.56  -  i5.90,  and  8.14 
-  i3.77  in  the  n,k  plane,  superposed  by  a  buffer  layer  (3)  comprising  a  non-liquid-crystalline  high-molecular 

40  weight  material  and  optionally  a  dye,  superposed  by  a  thick  reflective  layer  (4),  together  forming  a  Fabry-Perot 
wherein  the  thickness  (d)  of  the  buffer  layer  within  the  grooves  is  set  so  that  the  reflection  of  the  medium  is  in 
the  high  reflective  state,  optionally  superposed  by 
c)  a  protective  coating  (5). 

45  2.  The  optical  recording  medium  of  claim  1  wherein  the  reflectance  within  the  groove  of  the  medium  is  above  50% 
in  the  unwritten  state  and  below  40%  of  the  unwritten  state  in  the  written  state,  and  for  a  high-density  recording 
medium  wherein  the  reflectance  is  above  20%  in  the  unwritten  state. 

3.  The  optical  recording  medium  of  claim  1  or  2  wherein  the  partial  mirror  (2)  comprises  aluminum,  nickel,  vanadium, 
so  chromium,  tantalum,  or  alloys  thereof. 

4.  The  optical  recording  medium  of  claim  1  or  2  wherein  the  partial  mirror  (2)  comprises  gold,  silver,  copper,  tellurium, 
or  alloys  thereof,  or  silicon  nitride,  silicon,  or  silicon-germanium. 

55  5.  The  optical  recording  medium  of  any  one  of  claims  1  -4  wherein  the  substrate  is  made  of  polycarbonate  or  amor- 
phous  polyolefin. 

6.  The  optical  recording  medium  of  any  one  of  claims  1  -5  wherein  the  buffer  layer  comprises  a  dye  which  absorbs  in 
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the  wavelength  range  of  400  to  700  nm,  or  780  to  850  nm. 

7.  A  method  for  the  fabrication  of  the  optical  recording  medium  of  any  one  of  claims  1  -6,  comprising  the  steps  of: 

applying  a  partial  mirror  onto  a  grooved  substrate, 
applying  a  buffer  layer  onto  said  partial  mirror,  and 
applying  a  thick  reflective  layer  onto  said  buffer  layer. 

8.  An  apparatus  for  the  continuous  fabrication  of  the  optical  recording  medium  of  any  one  of  claims  1  -6,  comprising: 
means  for  transporting  a  grooved  substrate,  means  for  applying  a  partial  mirror  onto  said  substrate,  means  for 
applying  a  buffer  layer  onto  said  partial  mirror,  and  means  for  applying  a  thick  reflective  layer  onto  said  buffer  layer. 

Patentanspriiche 

1.  Optisches  Aufzeichnungsmedium  mit  folgenden  Schichten: 

a)  ein  mit  Rillen  versehenes  transparentes  Substrat  (1),  uberlagert  von 
b)  einer  Aufzeichnungsschicht,  die  einen  partiell  reflektierenden  Spiegel  (2)  aus  einem  Material  mit  einem 
hohen  komplexen  Brechungsindex  aufweist,  der  nicht  innerhalb  des  durch  folgende  Eckpunkte  definierten 
Funfecks  in  der  n,k-Ebene  liegt:  7,15  -  i3,93,  7,15  -  i5,85,  8,96  -  i6,28,  9,56  -i5,90  und  8,14  -  i3,77,  uberlagert 
von  einer  Pufferschicht  (3),  die  ein  nicht  flussigkristallines  hochmolekulares  Material  und  gegebenenfalls  einen 
Farbstoffenthalt,  uberlagert  von  einer  dicken  reflektierenden  Schicht  (4),  gemeinsam  einen  Fabry-Perot  bil- 
dend,  bei  dem  die  Dicke  (d)  der  Pufferschicht  innerhalb  der  Rillen  so  eingestellt  ist,  dass  die  Reflexion  des 
Mediums  sich  im  hoch-reflektierenden  Zustand  befindet,  gegebenenfalls  uberlagert  von 
c)  einer  Schutzschicht  (5). 

2.  Optisches  Aufzeichnungsmedium  nach  Anspruch  1  ,  bei  dem  die  Reflexionsstarke  innerhalb  der  Rille  des  Mediums 
im  unbeschriebenen  Zustand  iiber  50%  und  im  unbeschriebenen  Zustand  unter  40%  des  beschriebenen  Zustands 
liegt,  und  wobei  die  Reflexionsstarke  fur  ein  Medium  zur  Aufzeichnung  in  hoher  Dichte  in  unbeschriebenem  Zu- 
stand  iiber  20%  liegt. 

3.  Optisches  Aufzeichnungsmedium  nach  den  Anspruchen  1  oder  2,  bei  dem  der  partiell  reflektierende  Spiegel  (2) 
Aluminium,  Nickel,  Vanadium  ,  Chrom,  Tantal  oder  Legierungen  hiervon  enthalt. 

4.  Optisches  Aufzeichnungsmedium  nach  den  Anspruchen  1  oder  2,  bei  dem  der  partiell  reflektierende  Spiegel  (2) 
Gold,  Silber,  Kupfer,  Tellur  oder  Legierungen  hiervon,  Siliciumnitrid,  Silicium  oder  Silicium-Germanium  enthalt. 

5.  Optisches  Aufzeichnungsmedium  nach  einem  der  Anspruche  1-4,  bei  dem  das  Substrat  aus  Polycarbonat  oder 
amorphem  Polyolefin  hergestellt  ist. 

6.  Optisches  Aufzeichnungsmedium  nach  einem  der  Anspruche  1-5,  bei  dem  die  Pufferschicht  einen  Farbstoff  ent- 
halt,  der  im  Wellenlangenbereich  von  400  bis  700  nm  oder  780  bis  850  nm  absorbiert. 

7.  Verfahren  zur  Herstellungdes  optischen  Aufzeichnungsmediums  nach  einem  der  Anspruche  1-6  mit  den  Schritten: 

Auftragen  eines  partiell  reflektierenden  Spiegels  auf  ein  mit  Rillen  versehenes  Substrat, 
Auftragen  einer  Pufferschicht  auf  den  partiell  reflektierenden  Spiegel,  und 
Auftragen  einer  dicken  reflektierenden  Schicht  auf  die  Pufferschicht. 

8.  Vorrichtung  zur  kontinuierlichen  Herstellung  des  optischen  Aufzeichnungsmediums  nach  einem  der  Anspruche 
1-6,  umfassend: 

Mittel  zum  Transportieren  eines  mit  Rillen  versehenen  Substrates, 
Mittel  zum  Auftragen  eines  partiell  reflektierenden  Spiegels  auf  das  Substrat, 
Mittel  zum  Auftragen  einer  Pufferschicht  auf  den  partiell  reflektierenden  Spiegel,  und 
Mittel  zum  Auftragen  einer  dicken  reflektierenden  Schicht  auf  die  Pufferschicht. 
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Revendications 

1.  Support  d'enregistrement  optique  comprenant  les  couches  suivantes  : 

5  a)  un  substrat  transparent  creuse  d'un  sillon  (1  )  sur  lequel  est  superposee 
b)  une  couche  d'enregistrement  comprenant  un  miroir  partiel  (2)  fait  d'un  materiau  ayant  un  indice  de  refraction 
complexe  eleve  non  compris  dans  le  pentagone  defini  par  les  sommets  7,15  -  i3,93,  7,15  -  i5,85,  8,96  -  i6,28, 
9.56  -  i5,90  et  8,14  -  i3,77  dans  le  plan  n,k,  sur  laquelle  est  superposee  une  couche  tampon  (3)  comprenant 
un  materiau  de  haut  poids  moleculaire  non  a  cristaux  liquides  et  facultativement  un  colorant,  sur  laquelle  est 

10  superposee  une  couche  reflechissante  epaisse  (4),  formant  ensemble  un  etalon  de  Fabry-Perot  dans  lequel 
I'epaisseur  (d)  de  la  couche  tampon  a  I'interieur  des  sillons  est  ajustee  de  telle  sorte  que  la  reflexion  du  support 
est  a  I'etat  reflechissant  haut,  facultativement  recouvert  de 
c)  une  couche  de  protection  (5). 

is  2.  Support  d'enregistrement  optique  selon  la  revendication  1,  dans  lequel  la  reflectance  a  I'interieur  du  sillon  du 
support  est  superieure  a  50  %  a  I'etat  non  inscrit  et  inferieure  a  40  %  de  I'etat  non  inscrit  a  I'etat  inscrit  et,  pour  un 
support  d'enregistrement  a  haute  densite,  dans  lequel  la  reflectance  est  superieure  a  20  %  a  I'etat  non  inscrit. 

3.  Support  d'enregistrement  optique  selon  la  revendication  1  ou  la  revendication  2,  dans  lequel  le  miroir  partiel  (2) 
20  comprend  de  I'aluminium,  du  nickel,  du  vanadium,  du  chrome,  du  tantale  ou  des  alliages  de  ceux-ci. 

4.  Support  d'enregistrement  optique  selon  la  revendication  1  ou  la  revendication  2,  dans  lequel  le  miroir  partiel  (2) 
comprend  de  I'or,  de  I'argent,  du  cuivre,  du  tellure  ou  des  alliages  de  ceux-ci,  ou  du  nitrure  de  silicium,  du  silicium 
ou  du  silicium-  germanium. 

25 
5.  Support  d'enregistrement  optique  selon  I'une  quelconque  des  revendications  1  a  4,  dans  lequel  le  substrat  est  en 

polycarbonate  ou  en  polyolefine  amorphe. 

6.  Support  d'enregistrement  optique  selon  I'une  quelconque  des  revendications  1  a  5,  dans  lequel  la  couche  tampon 
30  comprend  un  colorant  qui  absorbe  dans  la  plage  de  longueur  d'onde  de  400  a  700  nm,  ou  de  780  a  850  nm. 

7.  Procede  de  fabrication  du  support  d'enregistrement  optique  selon  I'une  quelconque  des  revendications  1  a  6, 
comprenant  les  etapes  consistant  a  : 

35  -  appliquer  un  miroir  partiel  sur  un  substrat  creuse  d'un  sillon, 
appliquer  une  couche  tampon  sur  ledit  miroir  partiel,  et 
appliquer  une  couche  reflechissante  epaisse  sur  ladite  couche  tampon. 

8.  Appareil  pour  la  fabrication  en  continu  du  support  d'enregistrement  optique  selon  I'une  quelconque  des  revendi- 
40  cations  1  a  6,  comprenant  : 

des  moyens  pour  transporter  un  substrat  creuse  d'un  sillon, 
des  moyens  pour  appliquer  un  miroir  partiel  sur  ledit  substrat, 
des  moyens  pour  appliquer  une  couche  tampon  sur  ledit  miroir  partiel, 

45  -  des  moyens  pour  appliquer  une  couche  reflechissante  epaisse  sur  ladite  couche  tampon. 

50 

55 
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Figure  2 
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Figure   3 

12 


	bibliography
	description
	claims
	drawings

