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@  Optical  record  medium  having  an  improved  reflection  thin  film. 

(57)  This  invention  relates  to  an  optical  information  signal 
record  medium  which  comprises  a  resin  substrate  of  a  desired 
form  having  information  signals  encoded  on  at  least  one  side 
thereof,  a  reflection  thin  layer  of  a  Cu  alloy,  and  a  protective 
layer  formed  on  the  substrate  in  this  order.  The  reflection  thin 
layer  is  made  of  an  alloy  such  as  a  Cu-Ni  alloy,  a  Cu-AI  alloy  or  a 
Cu-Ni-AI  alloy  each  having  a  defined  composition. 
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Description 

OPTICAL  RECORD  MEDIUM  HAVING  AN  IMPROVED  REFLECTION  THIN  FILM 

in  which  information  signals  have  been  recorded  as 
pits  and  can  be  optically  read  out  by  irradiation  of  a 
laser  beam  and  which  is  resistant  to  severe 
environmental  conditions. 

It  is  another  object  of  the  invention  to  provide  an 
optical  information  signal  record  medium  which  is 
more  durable  than  known  similar  mediums  using  a 
reflection  thin  film  made  of  aluminium. 

It  is  a  further  object  of  the  invention  to  provide  an 
optical  information  signal  record  medium  which  is 
unlikely  to  deteriorate  when  the  medium  is  colored. 

The  optical  information  signal  record  medium  of 
the  invention  comprises  a  resin  substrate  having 
information  signals  encoded  on  at  least  one  side 
thereof,  a  reflection  thin  film  formed  on  the  at  least 
one  side,  and  a  protective  layer  formed  on  the 
reflection  thin  film.  The  reflection  thin  film  is  made  of 
a  Cu  alloy  selected  from  a  Cu-Ni  alloy  consisting 
essentially  of  from  3  to  22  atomic  percent  of  Ni  and 
the  balance  of  Cu,  and  a  Cu-AI  alloy  consisting 
essentially  of  from  20  to  30  atomic  percent  of  Al  and 
the  balance  of  Cu.  Preferably,  with  the  Cu-Ni  alloy, 
the  content  of  Ni  is  from  4  to  6  atomic  percent.  In  this 
case,  Al  may  be  further  added  in  an  amount  of  up 
to  9  atomic  percent.  As  a  matter  of  course,  an  ink 
layer  for  printing  may  be  further  formed  on  the 
protective  layer.  Moreover,  if  required,  information 
may  be  provided  on  the  other  side  of  the  substrate, 
on  which  a  reflection  thin  film,  a  protective  layer  and 
an  ink  layer  may  be  formed  similar  to  the  above 
embodiment. 

BACKGROUND  OF  THE  INVENTION 

Field  of  The  Invention 

This  invention  relates  to  the  art  of  optical 
information  and  more  particularly,  to  an  improve-  10 
ment  in  optical  information  record  mediums  such  as 
digital  audio  disks,  optical  video  disks,  CD  video 
disks,  and  memory  disks  for  computers  such  as 
CD-ROM,  CD-I  and  the  like. 

15 

Description  of  the  Prior  Art 

Known  optical  information  record  mediums  have 
an  arrangement  which  includes  a  resin  substrate  20 
which  is  preferably  optically  transparent.  The  sub- 
strate  is  encoded  with  information  signals  in  the  form 
of  pits  directly  thereon  or  through  a  cured  lacquer 
layer  at  least  one  side  of  the  substrate.  The  encoded 
substrate  is  subsequently  covered  on  the  at  least  25 
one  side  with  a  reflection  thin  layer  of,  for  example, 
aluminium.  This  layer  has  usually  a  thickness  of  50  to 
100  nm.  The  reflection  thin  layer  is  then  covered  with 
a  protective  resin  layer  having  a  thickness  of 
approximately  6  micrometers.  In  practical  applica-  30 
tions,  a  print  or  ink  layer  is  further  formed  on  the 
protective  resin  layer. 

However,  these  known  information  record  me- 
diums  or  disks  are  disadvantageous  in  that  when 
they  are  placed  under  relatively  severe  conditions  of  35 
high  temperature  and  high  humidity  or  are  allowed  to 
stand  over  a  long  term,  the  reflection  thin  film  made 
of  Al  deteriorates  so  that  the  reflectance  gradually 
decreases.  This  may  eventually  bring  about  passage 
of  light  or  a  laser  beam,  making  it  difficult  to  read  out  40 
the  information  signal  reliably.  In  a  worst  case,  the 
medium  cannot  stand  further  use. 

The  above  disadvantage  may  become  more 
pronounced  when  the  medium  is  colored  as  required 
in  certain  cases.  For  the  coloration  of  the  medium,  it  45 
is  usual  to  color  both  the  substrate  and  the 
protective  layer.  For  this  purpose,  dyes  are  added  to 
compositions  for  the  substrate  and  the  protective 
layer.  Such  compositions  generally  comprise,  aside 
from  starting  resins  and  dyes,  dispersants  which  50 
allow  good  dispersion  of  the  dyes  in  the  resin  matrix. 
Such  dispersants  will  adversely  affect  the  reflection 
thin  layer,  thereby  facilitating  the  layer  to  deteriorate. 
This  is  considered  for  the  reason  that  when  the  Al 
film  contacts  the  dye  or  other  additives  in  the  55 
substrate  and  the  protective  layer,  it  is  more  liable  to 
corrode. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

The  sole  figure  is  a  schematic  side  view  of  an 
optical  information  signal  record  disk  according  to 
the  present  invention. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

Referring  now  to  the  accompanying  drawing, 
there  is  generally  shown  a  record  disk  R  which 
includes  a  resin  substrate  1  having  information 
signals  on  an  upper  side  thereof  as  viewed  in  the 
figure.  On  the  upper  side  of  the  substrate  1  are 
formed  a  reflection  thin  film  2  of  a  Cu  alloy,  a 
protective  resin  layer  3  and  a  print  layer  4  in  this 
order.  At  the  center  of  the  disk  R,  there  is  formed  a 
hole  5  for  setting  the  disk  in  position  when 
reproduced  in  a  suitable  optical  information  repro- 
ducing  apparatus.  In  this  arrangement,  a  laser  beam 
for  reproduction  of  the  information  signals  is 
irradiated  from  the  side  of  the  resin  substrate  as 
shown  by  arrow.  In  this  embodiment,  the  information 
signals  are  illustrated  as  formed  on  one  side  of  the 
substrate,  but  may  be  formed  on  opposite  sides  of 
the  substrate.  In  this  case,  the  reflection  thin  film  2 
and  the  protective  resin  layer  3  should  also  be 
formed  on  the  other  side  in  this  order.  The 

SUMMARY  OF  THE  INVENTION 

It  is  accordingly  an  object  of  the  invention  to 
provide  an  optical  information  signal  record  medium 
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from  3  to  22  atomic  percent.  For  the  Cu-AI  alloys,  if 
the  content  of  Al  exceeds  30  atomic  percent, 
characteristic  properties  of  the  medium  under  high 
temperature  and  high  humidity  conditions  becomes 

5  poor.  At  less  than  20  atomic  percent,  the  lightness  of 
color  is  reduced  when  a  colored  medium  is  placed 
under  high  temperature  and  high  humidity  condi- 
tions  over  a  relatively  long  term.  Thus,  the  content  of 
Al  is  in  the  range  of  from  20  to  30  atomic  percent  in 

10  the  alloy. 
With  the  preferred  alloys  of  Ni-AI-Cu,  if  the  Al 

content  is  larger  than  9  atomic  percent  and  the  Ni 
content  is  less  than  4  atomic  percent,  characteristic 
properties  of  the  mediums  tend  to  lower  although 

15  involving  little  problems  in  practical  applications. 
Over  6  atomic  percent  of  the  Ni  content,  the 
reflectance  tends  to  lower.  Accordingly,  in  this 
preferred  embodiment,  the  Ni  content  is  in  the  range 
of  from  4  to  6  atomic  percent  and  the  Al  content  is  in 

20  the  range  of  up  to  9  atomic  percent. 
The  fabrication  of  the  optical  information  record 

medium  is  not  specific  and  the  medium  can  be  made 
according  to  any  known  techniques.  For  instance, 
the  Cu  alloy  reflection  thin  film  may  be  formed  by 

25  sputtering  or  vacuum  evaporation  in  a  thickness.  of 
several  tens  nm. 

The  present  invention  is  more  particularly  de- 
scribed  by  way  of  example. 

30  Example 
Optical  information  record  mediums  of  the  type 

shown  in  the  figure  were  made  by  forming  on  a  1.2 
mm  thick  colored  polycarbonate  substrate  1  having 
information  signals  on  one  side  thereof  a  50  to  100 

35  nm  thick  reflection  thin  film  2,  a  6  micrometer  thick 
colored  protective  layer  3  made  of  a  cured  epoxy 
modified  acrylic  resin  and  a  print  layer  4.  The 
reflection  thin  film  2  was  formed  using  Al  for 
comparison  and  Cu  alloys  of  the  invention  including 

40  Cu-Ni  alloys,  Cu-AI  alloys  and  Cu-Ni-AI  alloys  each  in 
a  wide  compositional  range. 

The  resultant  mediums  were  each  subjected  to 
measurements  of  reflectance,  variations  in  signal 
characteristic  and  variation  in  color  and  lightness 

45  after  a  load  test  A,  and  a  variation  in  signal 
characteristic  after  a  load  test  B. 

The  load  test  A  was  effected  as  follows:  a  disk 
sample  was  allowed  to  stand  under  conditions  of  a 
temperature  of  60°  C  and  a  relative  humidity  of  90% 

50  for  96  hours,  after  which  it  was  subjected  to 
measurement  of  a  variation  of  a  signal  characteristic 
by  the  use  of  a  semiconductive  IR  laser  system 
wherein  a  signal  of  780  nm  was  recorded  and 
reproduced,  and  also  to  measurement  of  color  and 

55  lightness  by  means  of  a  chromameter.  The  values  of 
color  and  lightness  measured  were  those  of  a* 
(green  to  red),  b*  (blue  to  yellow)  and  L*  (lightness) 
in  the  L*,  a*  and  b*  colorimetric  system.  The 
variations  in  the  values  of  a*  and  b*  were  substan- 

60  tially  proportional  to  the  variation  of  L*,  so  that  the 
variation  of  the  color  and  lightness  was  expressed 
as  a  difference  in  L*,  i.e.  A  L*. 

The  load  test  B  was  effected  as  follows:  a  disk 
sample  was  allowed  to  stand  under  conditions  of  a 

65  temperature  of  60°  C  and  a  relative  humidity  of  90% 

construction  of  the  disk  shown  in  the  figure  is  known 
per  se.  The  substrate  1  ,  the  protective  resin  layer  3 
and  the  print  layer  4  are  first  described  briefly. 

The  substrate  1  is  made  of  a  resin  which  should  be 
preferably  optically  transparent.  Examples  of  the 
resin  suitable  for  the  purpose  of  the  invention 
include  polycarbonate  resins,  polymethyl  methacry- 
late  resins,  polyvinyl  chloride  resins,  modified  poly- 
carbonate  resins,  and  the  like.  The  substrate  1  is 
illustrated  in  the  figure  as  a  disk  but  may  take  any 
other  forms  such  as  a  rectangular  card,  if  desired. 
The  substrate  1  may  be  formed  in  a  thickness 
sufficient  to  impart  good  mechanical  strength  or 
should  have  a  defined  thickness  if  standards  have 
been  provided  for  intended  mediums.  If  desired,  the 
substrate  1  may  be  made  of  a  colored  resin 
composition.  For  this  purpose,  an  intended  dye  or 
dyes  are  added  to  a  polymer  resin  indicated  above  in 
an  amount  suitable  for  attaining  a  desired  color.  As  a 
matter  of  course,  additives  such  as  dispersants, 
surface  active  agents  and  the  like  may  be  further 
added  in  order  to  facilitate  dispersion  of  the  dyes. 

The  protective  layer  3  formed  on  the  reflection  thin 
film  2  is  usually  made  of  a  cured  product  of  a  UV 
curable  resin.  Examples  of  UV  curable  resins  include 
epoxy-modified  acrylic  copolymers  which  are  known 
in  the  art.  For  ensuring  the  protection  of  the  medium, 
the  layer  3  is  generally  formed  in  a  thickness  of 
from  4  to  I0  micrometers.  If  the  substrate  is  colored, 
this  layer  3  should  also  be  colored  in  the  same  color 
as  the  substrate  by  the  use  of  dyes  and  other 
additives. 

In  practical  applications,  a  print  layer  4  is  further 
formed  on  the  protective  layer  but  is  not  essential  in 
the  practice  of  the  invention.  The  print  layer  is 
formed  to  provide  necessary  information  for  record 
mediums. 

The  present  invention  is  characterized  in  that  the 
reflection  thin  film  2  provided  between  the  sub- 
strate  1  and  the  protective  layer  3  is  made  of  a 
specific  type  of  alloy  which  is  highly  resistant  to  high 
temperature  and  high  humidity  conditions  and  also 
to  chemicals  which  are  used  when  the  substrate  and 
the  protective  layer  are  colored.  Accordingly,  the 
resultant  record  medium  is  durable  and  reliable  over 
a  long  term  and  is  rarely  adversely  influenced  owing 
to  the  deterioration  of  the  reflection  film.  More 
particularly,  the  reflection  thin  film  2  is  made  of  a  Cu 
alloy  comprising  a  major  proportion  of  Cu.  The  Cu 
alloy  suitable  in  the  present  invention  is  either  a 
Cu-Ni  alloy  consisting  essentially  of  from  3  to  22 
atomic  percent  of  Ni  and  the  balance  of  Cu  or  a 
Cu-AI  alloy  consisting  essentially  of  from  20  to  30 
atomic  percent  of  Al  and  the  balance  of  Cu. 
Preferably,  the  Cu-Ni  alloy  should  consist  essentially 
of  from  4  to  6  atomic  percent  of  Ni  and  the  balance  of 
Cu  with  or  without  further  addition  of  Al  in  an  amount 
of  from  0  to  9  atomic  percent. 

With  the  Cu-Ni  alloy,  if  the  Ni  content  is  larger  than 
22  atomic  percent,  the  reflectance  becomes  poor. 
On  the  contrary,  when  the  content  is  less  than  3 
atomic  percent,  characteristic  properties  of  the 
medium  under  high  temperature  and  high  humidity 
conditions  tend  to  become  worsened.  This  is  why 
the  atomic  percent  range  for  Ni  is  in  the  range  of 



EP  0  329  450  A2 

the  signal  characteristic  after  the  load  test  B  is  lower 
when  the  content  of  Al  is  over  30  atomic  percent.  At 
contents  less  than  20  atomic  percent,  the  color  and 
lightness  after  the  load  test  A  becomes  poor. 

With  Cu-Ni-AI  alloys,  when  the  nickel  content  is  in 
the  range  of  from  4  to  6  atomic  percent  and  the 
aluminium  content  is  in  the  range  of  up  to  9  atomic 
percent,  good  results  are  obtained.  Outside  the 
above  ranges,  problems  may  be  involved  in  the 
reflectance  and  the  variation  after  the  load  test  B. 

The  Cu  alloys  with  Ni  and/or  Al  have  been 
described  hereinabove.  Various  variations  or  modifi- 
cations  of  the  present  invention  may  be  possible 
within  the  scope  of  the  invention.  For  instance,  Cu 
alloys  containing  other  elements  such  as  Mn,  Fe 
and/or  Si  in  addition  to  Ni  and/or  Al  may  be  usable  in 
the  practice  of  the  invention  and  such  alloys  may 
include  Al  bronze,  arms  bronze  and  CA-I  (an  alloy 
made  of  2  to  6  atomic  %  of  Ni,  3  to  6  atomic  °/o  of  Al, 
0.6  to  1  .0  atomic  %  of  Si  and  the  balance  of  Cu). 

for  10,000  hours,  after  which  a  variation  of  a  signal 
characteristic  was  measured. 

The  reflectance,  variations  in  the  signal  character- 
istic  and  the  lightness  after  the  load  test  A  and 
variation  in  the  signal  characteristic  after  the  load 
test  B  are  shown  in  the  following  table  for  the 
respective  samples. 

Table 
10 

Reflect-  Variation  Variation  Variation 
ance  (°/o)  in  Signal  in  Signal  in  Color 
(at780nm,  Character-  Character-  and 

mirror  istic  after  istic  after  Lightness 
surface)  Load  Test  Load  Test  After  Load 

A  B  Test  A 
Alumi- 
nium: 

O  a  x  o  
(IOO-xiJCu/xtNj  alloy: 
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20 

Claims O  (xi  £  O  O  (xi  S 
22)  3) 

(100-x2)Cu/x2AI  alloy: 1.  An  optical  information  signal  record  me- 
dium  comprises  a  resin  substrate  having  infor- 
mation  signals  encoded  on  at  least  one  side 
thereof,  a  reflection  thin  film  formed  on  the  at 
least  one  side,  and  a  protective  layer  formed  on 
the  reflection  thin  film,  said  reflection  thin  film 
being  made  of  a  Cu  alloy  selected  from  a  Cu-Ni 
alloy  consisting  essentially  of  from  3  to  22 
atomic  percent  of  Ni  and  the  balance  of  Cu,  and 
a  Cu-AI  alloy  consisting  essentially  of  from  20  to 
30  atomic  percent  of  Al  and  the  balance  of  Cu. 

2.  An  optical  information  signal  record  me- 
dium  according  to  claim  1,  wherein  said 
reflection  thin  layer  is  made  of  the  Cu-Ni  alloy 
having  a  content  of  Ni  of  from  4  to  6  atomic 
percent. 

3.  An  optical  information  signal  record  me- 
dium  according  to  claim  2,  further  comprising 
from  0  to  9  atomic  percent  of  aluminium. 

4.  An  optical  information  signal  record  me- 
dium  according  to  claim  1,  2  or  3,  further 
comprising  a  print  layer  formed  on  the  protec- 
tive  layer. 

5.  An  optical  information  signal  record  me- 
dium  according  to  any  one  of  claims  1  to  4 
wherein  said  substrate  has  information  signals 
encoded  on  only  one  side  thereof. 

25 

o  O  O  (X2  Si 
30) 

O(X2  2: 
20) 

(100-x3-x4)Cu/X4Ni/ 
X3AI  alloy: 

30 

O  O  (X4   ̂ 6) O  O  (X3  =S 
9,  x4  £;  4) 

The  values  for  xi  to  X4  are  by  atomic  percent. 

The  values  for  x,  to  X4  are  by  atomic  percent.  The 
standards  for  the  judgement  of  these  characteristics 
are  as  follows. 

The  reflectance  was  judged  as  "O"  when  it  was 
70%  or  over,  as  "X"  below  7O<Vo. 

The  variation  in  the  signal  characteristic  was 
judged  as  "  Q  "  when  it  was  within  a  specification 
limit,  as  "  A  "  when  it  was  outside  a  specification  limit 
although  reproducible,  and  as  "X"  when  the  signal 
was  not  reproducible. 

The  variation  in  the  color  and  lightness  was 
judged  as  "  O  "  when  A  L*<3,  as  "  A  "  when 
3<AL*   ̂ 20,  and  as  "X"  when  20<AL\ 

As  will  be  apparent  from  the  above  results,  the 
disk  sample  using  an  Al  reflection  thin  film  are  good 
with  respect  to  the  reflectance  and  the  color  and 
lightness  after  the  load  test  A,  but  are  poor  in  the 
signal  characteristic.  Especially  after  the  load  test  B, 
the  reproduction  was  not  possible. 

With  Cu-Ni  alloys,  good  results  are  obtained  when 
the  nickel  content  is  in  the  range  of  from  3  to  22 
atomic  percent.  When  the  content  is  over  22  atomic 
percent,  the  reflectance  becomes  poor.  On  the 
other  hand,  when  the  content  of  Ni  is  below  3  atomic 
percent,  the  variation  after  the  load  test  B  is 
adversely  influenced. 

With  Cu-AI  alloys,  good  results  are  obtained  when 
the  aluminium  content  is  in  the  range  of  from  20  to  30 
atomic  percent.  Outside  this  range,  the  variation  in 
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