
19 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets (TT)  Publication  number:  0  513   062   B 1  

EUROPEAN  PATENT  S P E C I F I C A T I O N  

@  Date  of  publication  of  patent  specification 
08.06.94  Bulletin  94/23 

©  int.  ci.5:  G11B  7/00,  G11B  7/24,  
G11C  13 /04  

(2j)  Application  number  :  91902808.4 

(22)  Date  of  filing  :  17.01.91 

(86)  International  application  number  : 
PCT/NO91/00006 

(87)  International  publication  number  : 
WO  91/11804  08.08.91  Gazette  91/18 

(54)  DATA  STORAGE  MEDIUM  AND  METHODS  FOR  RECORDING  AND  READING  OF  DATA. 

CO 
CM 
CO 
o  
CO 
In  
o  
Q_ 
UJ 

(30)  Priority  :  31.01.90  NO  900443 

(43)  Date  of  publication  of  application 
19.11.92  Bulletin  92/47 

(45)  Publication  of  the  grant  of  the  patent  : 
08.06.94  Bulletin  94/23 

@  Designated  Contracting  States  : 
AT  BE  CH  DE  DK  ES  FR  GB  GR  IT  LI  LU  NL  SE 

(56)  References  cited  : 
US-A-  4  807  218 
US-A-  4  852  077 

(73)  Proprietor  :  DYNO  PARTICLES  A.S. 
Postboks  160 
N-2001  Lillestrom  (NO) 

@  Inventor  :  NORDAL,  Per-Erik 
Hestehagen  18 
N-1360  Nesbru  (NO) 

(74)  Representative  :  Tomlinson,  Kerry  John 
Frank  B.  Dehn  &  Co. 
European  Patent  Attorneys 
Imperial  House 
15-19  Kingsway 
London  WC2B  6UZ  (GB) 

Note  :  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any 
person  may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted. 
Notice  of  opposition  shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been 
filed  until  the  opposition  fee  has  been  paid  (Art.  99(1)  European  patent  convention). 

Jouve,  18,  rue  Saint-Denis,  75001  PARIS 



1 EP  0  513  062  B1 2 

Description 

The  present  invention  relates  to  an  optical  data 
storage  medium  and  methods  for  recording  and  read- 
ing  data  on/from  said  medium. 

More  specifically,  a  concept  is  described  for  opt- 
ical  storage  of  information  on  data  carriers  such  as 
f  iches,  cards  or  tape. 

The  data  carrier's  surface  is  completely  or  partly 
covered  with  focusing  microstructures  adjacent  to  a 
layer  which  is  able  to  change  its  optical  properties 
when  exposed  to  intense  light.  (In  the  following,  this 
layer  will  for  simplicity  in  most  cases  be  referred  to  as 
the  "burn-film".  This  expression  does  not  imply  any 
particular  embodiment  of  the  layer,  which  can  be  of 
the  reversible  or  the  irreversible  type,  see  below.) 
During  recording  of  data,  such  local  changes  are  cre- 
ated  in  the  layer  by  having  the  microstructures  focus- 
ing  the  light,  thus  obtaining  a  high  light  intensity  on 
the  layer.  During  reading  of  data,  the  optical  micro- 
structures  may  operate  as  an  active  optical  compo- 
nent  assisting  the  reading  equipment. 

By  using  e.g.  transparent  microspheres  (typical 
diameter:  1  to  100  ^m)  as  focusing  elements  dis- 
posed  over  an  optically  absorbing  film,  a  tight  focus- 
ing  and  a  high  data  storage  capacity  can  be  achieved 
without  the  complexity  and  the  expenses  that  other- 
wise  would  be  required  for  a  recording  and  reading 
system  which  focuses  directly  on  the  light  absorbing 
layer.  Using  oblique  illumination  through  the  micro- 
spheres,  possibilities  arise  for  storage  of  a  high  num- 
ber  of  data  bits  at  each  microsphere  position,  as  well 
as  for  hierarchically  built  data  bases,  in  certain  cases 
combined  with  data  protection.  Easy  prerecording  on 
mass  produced  data  carriers  becomes  possible.  Dur- 
ing  reading  of  data  the  microspheres  function  as  aux- 
iliary  optics,  which  makes  it  possible  e.g.  to  read  large 
blocks  of  data  without  the  use  of  a  laser. 

Storage  of  data  by  means  of  laser  beams  which 
produce  local  change  of  the  optical  properties  of  a 
thin  film  on  a  planar  substrate  are  well  known,  for  ex- 
ample  from  SPIE  vol.329  (1982)  "Optical  Disk  Tech- 
nology",  SPIE  vol.  490  (1984)  "Applications  of  Optical 
Digital  Data  Disk  Storage  System",  SPIE  vol.  695 
(1986)  "Optical  Mass  Data  Storage  II",  SPIE  vol.  899 
(1988)  "Optical  Storage  Technology  and  Applica- 
tions",  SPIE  vol.  1078  (1989)  "Optical  Data  Storage 
Topical  Meeting".  The  change  in  optical  properties 
can  be  reversible,  whereby  the  stored  data  can  be  de- 
leted  and  replaced  by  new  data. 

Alternatively,  the  change  in  optical  properties 
can  be  irreversible,  whereby  it  becomes  impossible 
to  delete  and/or  rerecord  new  data.  Storage  media  of 
the  latter  type  are  often  referred  to  as  WORM  (Write 
Once  Read  Many  Times)  media. 

A  usual  method  of  preparation  of  WORM  media 
consists  of  depositing  on  the  substrate,  which  is  a 
plastic  disc,  a  thin  film  of  a  low  melting  point  metal 

such  as  Te.  During  data  storage  each  bit  is  represent- 
ed  by  the  physical  status  of  the  specific  film  area  as- 
signed  for  the  storage  of  said  bit  (one  elementary  data 
storage  cell  with  its  address),  i.e.  whether  that  area 

5  has  been  irreversibly  changed  due  to  exposure  to 
light  or  whether  it  is  unchanged.  To  our  knowledge,  all 
practical  optical  data  storage  systems  are  so  far 
based  on  reflection  from  the  burn-film.  The  irrever- 
sible  change  consists  in  such  at  case  of  an  increase 

10  or  a  decrease  of  the  reflectivity  of  each  cell  when  a 
focused  laser  beam  heats  the  burn-film.  In  the  film 
is  thereby  created  a  hole  through  which  the  light  can 
pass,  or  the  film  issmoothened  so  that  its  reflectivity 
increases.  Several  other  processes  can  be  used,  e.g. 

15  local  deformation  of  the  substrate  which  influences 
the  reflectivity.  Reading  is  most  commonly  per- 
formed  by  examining  the  reflectivity  of  each  cell  by 
means  of  a  focused  laser  beam  scanning  the  surface 
of  the  data  carrier  systematically.  This  laser  beam  is 

20  too  weak  to  influence  the  reflectivity. 
From  NO  patent  application  86.4041  (=  DE 

3536739)  a  data  storage  medium  of  the  optical  type 
is  known,  which  medium  is  equipped  with  focusing 
optical  structures  integrated  in  the  medium  together 

25  with  and  on  top  of  a  material  the  optical  properties  of 
which  can  be  changed  by  irradiation  with  light.  This 
known  data  carrier  is  however  only  adapted  for  stor- 
age  of  visible  data,  i.e.  images  which  are  visually  per- 
ceptible  and  which  consist  of  spots  that  are  to  be  in- 

30  terpreted  together  in  order  to  create  an  image.  "Tilt- 
images"  can  be  created  due  to  the  optical  structures, 
i.e.  a  lens  raster  or  array,  because  the  lenses  are  able 
to  direct  light  to  defined  small  areas  underneath  the 
lenses,  depending  on  the  direction  of  illumination. 

35  The  lenses  are  however,  relatively  large,  the  variation 
range  for  the  lens  diameter  is  indicated  to  be  150-500 
urn,  recommended  about  400  urn.  Thus,  the  techni- 
que  described  does  not  relate  to  a  data  storage  me- 
dium  for  optimized  "close  packing"  of  e.g.  digital,  in- 

40  dependency  interpretable  data  bits,  but  only  a  spot- 
structured  image  storage  of  the  directly  visible  type. 
Only  irreversible  recording  of  data  is  described  in  NO 
patent  application  86.4041. 

A  main  objective  for  the  use  of  optical  data  stor- 
45  age  media  instead  of  magnetic  ones  is  the  very  high 

storage  density  which  can  be  achieved,  combined 
with  good  long-time  stability  (e.g.  immunity  against 
magnetic  fields).  Optical  data  storage  is  however 
subject  to  both  fundamental  and  practical  limitations, 

so  and  a  trade-off  must  be  made  between  different  de- 
sired  features,  of  which  the  most  important  are: 

1)  Large  number  of  stored  bits  per  unit  area 
2)  Low  laser  energy  for  recording  of  each  bit 
3)  High  contrast  when  reading  information 

55  4)  Fast  recording  and  reading 
5)  Short  "random  access"  time 
6)  Robust  and  stable  data  storage  medium 
7)  Inexpensive  data  storage  medium 

2 



3 EP  0  513  062  B1 4 

8)  Inexpensive  recording  and  reading  equipment 
9)  Moderate  requirements  for  precise  focusing 
(distance  control) 
Today's  techniques  have  various  limita- 

tions/problems.  Consider  first  the  recording  and 
reading  systems:  If  a  high  data  storage  density  is  de- 
sired  it  is  necessary  to  use  a  laser  beam  for  data  re- 
cording  which  is  focused  on  the  burn-film  by  means 
of  very  high  speed  optics  (lens  with  low  f-number). 
Theoretically,  the  light  beam  can  under  optimum  con- 
ditions  be  focused  to  a  diameter  of  about  the  wave 
length  of  the  light  which  is  applied.  Practical  systems 
have  been  realized  which  come  very  close  to  that, 
with  focal  point  diameters  of  0.5-1  ^m.  However,  un- 
der  such  strong  focusing  the  requirements  for  the 
mechanical  control  of  the  lens  become  very  strict: 

Lens  to  burn-film  distance  must  be  controlled 
precisely:  On  either  side  of  the  focal  point  the  laser 
beam  diverges  very  quickly  and  in  a  distance  of  z/2 
from  the  focus  the  diameter  is  doubled  (provided  a 
Gaussian  light  beam,  see  fig.  1).  z  can  be  interpreted 
as  a  measure  of  "depth  of  field"  which  is  correlated  to 
the  beam  diameter  w  at  the  focal  point  and  the  light 
wave  length  X  by  the  equation: 

Z  =  nw2IX  (1) 
Since  w  is  very  small  in  this  connection,  z  lies 

only  in  the  range  1-10  urn,  which  means  that  the  dis- 
tance  between  lens  and  storage  medium  must  be 
controlled  with  corresponding  precision.  Possible  de- 
viations  from  planarity  in  the  data  storage  medium 
and  variations  in  the  optical  thickness  of  the  protec- 
tive  film  covering  the  burn-film,  entail  that  the  dis- 
tance  in  practice  must  be  servo-controlled  during  the 
fast  relative  movement  between  storage  medium  and 
lens. 

Furthermore,  the  position  of  the  burn-film  is  crit- 
ical.  When  storing  data  on  rotating  discs,  the  burn- 
spots  are  typically  positioned  in  a  spiral  pattern  or  in 
concentrical  tracks,  or  in  straight  stripes  when  storing 
on  cards.  In  both  cases,  the  burn-spots  must  be 
placed  as  close  to  one  another  as  possible  in  order 
that  a  high  storage  density  be  achieved;  a  typical  dis- 
tance  between  spots  being  from  a  few  urn  down  to  ap- 
prox. 
1  urn.  The  requirements  forthe  positioning  of  the  lens 
become  correspondingly  stringent  and  imply  in  prac- 
tice  that  the  data  storage  medium  beforehand  has  re- 
ceived  optical  "guide-tracks"  which  can  be  followed 
during  recording  and  reading  by  a  control  servo. 

During  the  reading  of  data,  corresponding  funda- 
mental  limitations  apply  as  during  recording:  In  order 
to  be  able  to  detect  the  small  burn-spots  and  to  dis- 
cern  them  from  one  another,  the  use  of  either  a  laser 
beam  with  focusing  properties  and  positioning  as 
mentioned  above  for  recording  is  required,  or  an  im- 
aging  system.  In  the  latter  case  the  resolving  power 
requirements  imply  that  the  lens  must  be  positioned 
with  a  distance  precision  corresponding  to  the  one 

which  applies  when  a  laser  beam  is  used. 
To  summarize:  Recording  and  reading  systems 

which  operate  with  burn-spot  diameters  of  approx.  1 
ixm  or  less  require  in  practice  a  laser  as  a  light  source, 

5  optical  components  of  high  quality,  sophisticated 
mechanical  control-systems  as  well  as  data  carriers 
with  well  controlled  mechanical  and  optical  proper- 
ties  (cf.  below).  With  regard  to  commercial  competi- 
tion,  this  probably  has  little  consequence  for  larger 

10  stationary  units  in  controlled  environments,  but  it 
may  represent  a  considerable  handicap  for  small, 
possibly  mobile  recording  and  reading  units,  particu- 
larly  in  difficult  environments  (vibrations,  dust  etc). 

The  data  storage  medium  itself  is  also  encum- 
15  bered  with  limitations  and  problems:  a  potential  dis- 

advantage  of  small  burn-spot  sizes  lies  in  a  possible 
interference  of  recording  and  reading  due  to  small 
dust  particles  2  or  the  like.  In  principle,  this  problem 
can  be  solved  by  depositing  a  transparent  protective 

20  film  3  onto  the  burn-film  4,  see  fig.  2.  Provided  that 
the  protective  film  3  is  thick  enough,  the  laser  beam 
1  due  to  its  strong  focusing,  will  have  such  a  large  di- 
ameter  on  the  surface  of  the  protective  film  3,  that 
small  particles  2  only  obscure  a  small  part  6  of  the 

25  beam  1.  This  however,  requires  high  quality  of  the 
optical  properties  of  the  protective  film:  A  general  re- 
quirement  exists  for  flatness  and  refractive  index 
constancy  in  order  to  avoid  focus  displacement;  this 
requirement  becomes  more  severe  in  the  case  of 

30  small  burn  spots.  Thin  and  flexible  data  carriers  like 
optical  tapes,  fiches  or  cards  represent  a  particularly 
big  problem.  The  necessary  stiffness/flatness  can 
not  be  built  into  the  data  carrier  itself,  and  shadowing 
effects  from  (dust)  particles  cannot  be  appreciably 

35  reduced  through  focusing  as  shown  in  fig.  2.  For  re- 
cording  and  reading  on/from  data  storage  systems 
which  are  based  on  measuring  light  reflected  from  the 
burn-film,  it  is  usual  to  apply  polarisation  sensitive 
beam-splitters.  This  means  that  a  protective  film  in 

40  addition  to  being  homogenous,  etc.,  also  has  to  be 
free  from  double  refraction.  This  excludes  large 
groups  of  materials  which  otherwise  would  have  been 
eligible  e.g.  rolled  or  extruded  plastic  foils. 

Reading  by  means  of  reflection  from  the  burn- 
45  film  requires  in  addition  that  it  posesses  a  not  insig- 

nificant  reflection  capability.  Since  the  film  at  the 
same  time  must  be  able  to  absorb  enough  radiation 
during  the  recording  phase,  the  choice  of  film  mate- 
rial  and  film  thickness  is  significantly  restricted,  and 

so  a  sufficiently  good  control  of  reflection/absorption 
during  the  production  process  must  be  taken  care  of. 

In  order  to  avoid  the  above  mentioned  problems 
and  to  achieve  adaption  to  special  market  niches, 
optical  data  storage  systems  have  been  introduced, 

55  based  on  relatively  large  burn-  spots,  i.e.  2.5-25  urn 
in  diameter.  In  US  patent  4.542.288  and  US  patent 
4.284.716  Drexler  et  al.  describe  an  optical  data  car- 
rier  of  credit  card  size,  where  burn-spots  are  recorded 
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along  a  series  of  straight  tracks  on  a  foil  with  burn- 
film  which  is  bonded  to  the  card.  The  burn-spot  size 
is  typically  from  2.5-7  p.m  and  upwards  in  diameter, 
with  a  distance  of 
12  urn  between  the  burn  tracks.  This  leads  to  a  sig- 
nificantly  lower  data  storage  density  than  described 
in  the  introduction  of  this  application,  and  the  capaci- 
ty  of  the  card  is  thus  only  2-4  megabytes.  On  the 
other  hand,  recording  and  reading  becomes  relatively 
uncritical,  and  it  becomes  possible  to  employ,  e.g.  an 
incoherent  light  source  (light  emitting  diode)  for  read- 
ing.  It  is  intended  to  introduce  optical  data  cards 
which  are  rigid  and  inexpensive  enough  to  have  user 
characteristics  comparable  to  ordinary  credit  cards. 

A  potential  problem  associated  with  large  burn- 
spots  is  the  required  heating  of  considerably  larger 
areas  by  the  laser  during  recording:  For  example, 
changing  the  burn-spot  diameterfrom  0.7  urn  to  7 
leads  to  an  increase  of  the  spot  area  by  a  factor  of 
100.  In  order  to  avoid  a  dramatic  and  unacceptable  in- 
crease  in  the  requirements  for  the  laser  power  or 
pulse  energy,  it  is  therefore  necessary  to  lowerthe  re- 
cording  threshold  of  the  burn-film  (threshold  for  con- 
trolled  thermal  damage  during  exposure  to  laser  light) 
considerably  in  relation  to  what  is  acceptable  in  stron- 
ger  focused  systems.  Drexler  et  al.  have  developed  a 
burn-film  consisting  of  silver  microparticles  in  gelat- 
in,  which,  through  chemical  treatment,  reaches  an 
optimized  surface  reflection  and  has  a  very  low  re- 
cording  threshold. 

Even  though  Drexler  et  al.  by  use  of  their  special 
burn-film  and  the  large  burn-spot  area  have  achieved 
technical  solutions  which  are  suited  for  large  and  im- 
portant  markets,  this  has  resulted  in  a  lowered  data 
storage  capacity,  which  lies  approx.  2  orders  of  mag- 
nitude  below  other  optical  data  storage  systems.  At 
present,  data  storage  applications  seem  to  have  been 
targeted  that  can  be  met  within  the  2-4  megabytes  ca- 
pacity  of  this  card  limit  (e.g.  patient  journals),  but 
there  is  no  doubt  that  this  low  data  storage  density  in 
the  future  will  be  considered  as  even  more  limiting 
and  unacceptable,  also  with  regard  to  small  and  dis- 
tributed  data  systems.  Finally  it  is  until  now  unclear 
to  which  extent  the  highly  sensitive  and  chemically 
special  burn-film  may  have  poorer  stability  when  ex- 
posed  to  strong  influences  from  adverse  environ- 
ments  (heat,  light,  chemical  attacks)  than  burn-films 
made  from  e.g.  tellurium. 

A  main  objective  of  the  present  invention  is  to 
provide  an  optical  data  carrier  and  methods  for  re- 
cording  and  reading  which,  in  spite  of  high  data  stor- 
age  density,  impose  modest  requirements  upon  the 
recording  and  reading  equipment  with  respect  to  pow- 
er  and  precision. 

The  object  is  achieved  according  to  the  invention 
by  manufacturing  an  optical  data  storage  medium  of 
the  type  which  is  precisely  defined  in  claims  1-16, 
and  by  applying  recording  and  reading  processes  for 

data  on  the  medium,  as  precisely  defined  in  claims 
17-20. 

The  invention  shall  now  be  further  described  by 
means  of  examples  of  embodiments.  It  shall  also  be 

5  explained  with  the  aid  of  the  following  figures: 
Fig.  1  shows  schematically  the  basic  relationship 
between  the  degree  of  focusing  and  the  depth  of 
field  as  described  above. 
Fig.  2  shows  how  a  protective  film  on  top  of  a 

10  burn-film  reduces  the  influence  of  impurities  or 
defects  on  the  surface  as  described  above. 
Fig.  3  illustrates  the  effect  of  optical  structures 
such  as  transparent  spheres  over  the  burn-film, 
compared  with  traditional  set-ups. 

15  Fig.  4  shows  more  detailed  howa  hole  can  be  cre- 
ated  in  the  burn-film  in  various  positions  under- 
neath  one  single  transparent  sphere  by  varying 
the  direction  of  the  incident  light  beam. 
Fig.  5  shows  experimentally  produced  burn- 

20  patterns  achieved  through  the  use  of  transparent 
spheres. 
Fig.  6  shows  an  alternative  type  of  optical  struc- 
tures,  i.e.  reflecting  microstructures  under  the 
burn-film. 

25  Fig.  7  illustrates  retro-reflection  from  the  burn- 
film  by  means  of  a  transparent  sphere. 
Fig.  8  is  a  schematic  drawing  showing  the  princi- 
ple  of  a  reading  method  where  diffused  light  is 
applied  from  the  bottom  side  of  the  data  storage 

30  medium. 
Fig.  9A  shows  an  alternative  reading  method  ap- 
plying  directional  light  from  the  top  side  of  the 
medium. 
Fig.  9B  shows  images  taken  from  the  bottom  side 

35  of  the  medium,  for  various  directions  of  light  inci- 
dent  on  the  top  side. 
Fig.  10A  shows  the  experimental  result  of  simple 
trickling  of  spheres  onto  a  pre-pitted  substrate. 
Fig.  10B  shows  the  corresponding  results  after 

40  deposition  by  means  of  dry  brushing. 
Fig.  11  A,  B,  C  illustrate  various  methods  for  de- 
position  of  transparent  spheres  into  pits  on  a  sub- 
strate. 
Fig.  12  shows  one  example  of  a  complete  data 

45  storage  medium  with  transparent  spheres  in  pits. 
Fig.  13  illustrates  the  possibility  of  recording 
through  one  single  sphere  from  several  direc- 
tions  by  screening  or  parallel  displacement  of  the 
light  beam  at  the  entrance  to  the  optical  system. 

so  Fig.  14A  is  a  schematic  drawing  showing  an  ar- 
rangement  for  reading  with  directional  light,  and 
Fig.  14  B,  C,  D  show  examples  of  detector  sys- 
tems  for  use  in  the  arrangement  of  Fig.  14  A. 
By  incorporating  focusing  structures  into  the 

55  data  storage  medium,  the  same  advantages  can  be 
achieved  as  when  applying  large  burn-spots,  without 
the  need  to  reduce  the  high  data  storage  density.  At 
the  same  time  possibilities  for  technical  solutions 

4 
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and  applications  are  accessible,  which  are  not  within 
reach  with  traditional  data  storage  media. 

Figs.  2  and  3  (left  part  of  fig.  3)  show  schematic 
drawings  of  a  memory  medium  according  to  this  in- 
vention:  A  carrier  layer  5  of  e.g.  plastic  is  coated  with 
a  thin  burn-film  4,  which  is  covered  with  microlenses 
(10),  e.g.  small,  transparent  spheres  which  are 
spread  on  top  of  the  film  4  or  adjacent  to  it,  preferably 
in  a  certain  pattern.  During  recording  of  data  a  light 
beam  1  from  a  laser  7  is  directed  toward  one  sphere 
1  0  at  a  time;  the  beam  1  only  having  to  be  sufficiently 
in  focus  to  hit  single  spheres  1  0.  The  light  is  thereafter 
focused  in  the  actual  sphere  10  and  illuminates  a 
small  spot  of  the  burn-film  4  underneath  the  sphere 
10,  which  causes  a  change  of  the  optical  properties 
of  the  burn-film  4  at  this  spot,  e.g.  a  hole  is  created 
in  the  burn-film  (a  "burn-spot")  through  which  light 
can  pass.  The  presence  or  non-presence  of  a  burn- 
spot  represents  one  information  bit  (logical  "0"  or  "1  "). 
The  medium's  role  in  including  "auxiliary  optics  10"  is 
illustrated  in  principle  in  fig.  3,  through  the  compari- 
son  with  a  traditional  medium  (right  part  of  fig.  3)  with- 
out  microlenses,  where  a  powerful  lens  8  must  be 
used.  It  shows  that  small  burn-spots  with  corre- 
sponding  low  power/energy  requirement  for  the  laser 
beam  can  be  combined  with  relatively  large  spheres 
10  and  corresponding  uncritical  focusing  (low  power 
lens  9),  and  positioning  of  the  beam  1. 

The  problem  still  remains,  that  large  spheres  10, 
in  analogy  with  large  burn-spots,  as  mentioned 
above,  give  low  data  storage  density  as  long  as  only 
one  burn-spot  relates  to  each  sphere.  However,  by  il- 
luminating  the  spheres  10  from  other  directions, 
burn-spots  will  occur  at  many  points  11  underneath 
one  given  sphere  1  0,  see  fig.  4.  Writing  of  burn-spots 
11  by  illuminating  at  skew-angles  thus  enables  each 
sphere  10  to  store  several  bits,  depending  on  how 
many  burn-positions  can  be  assigned  to  each  sphere. 
When  each  sphere  10  has  the  coordinates  x,  y  in  the 
plane,  and  the  skew-angle  is  defined  by  the  polar-co- 
ordinates  ©,  9,  the  complete  address  of  each  bit-pos- 
ition  on  the  storage  medium  can  be  written  (x,  y,  ©, 
9  ).  The  number  of  possible  burn-directions  (©j,  <pj)  for 
each  sphere  10  can  be  interpreted  as  a  "multiplex  fac- 
tor"  N.  Present  experiments  indicate  practically  ach- 
ievable  values  for  N  up  to  25,  possibly  more. 

Fig.  5  shows  an  example  where  light  has  been 
sent  through  a  large  number  of  spheres  in  the  same 
way  using  5  different  angles  in  the  same  plane.  The 
corresponding  burn-holes  in  the  film  are  formed  in 
line  (one  burn-hole  is  weaker  than  the  rest,  due  to  an 
unintentionally  less  intense  laser  beam),  with  good  in- 
dividual  definition.  This  result  shows  that  it  is  possible 
to  produce  under  each  sphere,  for  example,  a  group 
of  approx.  17  well  defined  burn-holes  (2  Bytes  plus 
control  hole,  see  below). 

Reading  consists  in  determining  the  addresses 
which  have  a  burn-spot,  which  implies  determination 

of  the  local  change  of  the  optical  reflection  or  trans- 
mission  properties  of  the  burn-film.  Principal  and 
technical  aspects  in  connection  therewith  will  be  dis- 
cussed  in  the  following. 

5  The  focusing  microstructures  can  have  many 
forms:  Light-refracting  structures  1  0  may  be  placed 
in  front/on  top  of  the  data  storage  film  4  as  shown  in 
fig.  4.  Such  structures  can  include  e.g.: 

-  Discrete  optical  elements,  immobilized  in  rela- 
10  tion  to  the  data-storage-film  (spheres,  convex 

lenses,  Fresnel  structures). 
-  Stamped  surface  patterns  in  the  transparent 

layer. 
-  Controlled  refractive  index  variations  in  a  com- 

15  pletely  or  partly  transparent  layer,  said  index 
variations  produced  e.g.  by  incorporating  addi- 
tives,  in  controlled  concentrations  and  posi- 
tions  by  means  of  semiconductor  doping  tech- 
niques,  i.e.  diffusion  or  ion  implantation. 

20  Light  reflecting  structures  13  may  be  placed  be- 
hind/under  the  data  storage  film  4,  so  that  the  light  1, 
after  passing  through  the  film  4  (assumed  partly 
transparent)  and  a  transparent  layer  12,  is  reflected 
and  focused  against  the  film  backside,  see  fig.  6. 

25  The  burn-film  4  can  be  of  the  irreversibly 
changeable  type,  or  it  may  be  reversible  if  different 
light  intensities  are  applied  for  recording,  erasing  and 
reading.  Reversible  optical  burn-materials  are  known 
for  example  from  the  article  "Organometallic  materi- 

30  als  for  erasable  optical  storage"  by  Hoffman  and  Po- 
tember,  Applied  Optics,  vol.  28,  p.  1417-1421,  1989. 
Other,  well  known  reversible  burn-films  are  of  the 
type  magneto-optical,  phase-changing,  blistering, 
among  others. 

35  Two  main  alternatives  exist  for  reading  of  data 
from  the  data  storage  medium,  namely  measuring  the 
light  that  is  reflected  from  the  medium,  or  the  light 
that  is  transmitted  through  it: 

Reflection:  A  laser  beam  1  scans  the  addresses 
40  of  interest  on  the  data  storage  medium.  The  illumin- 

ation  of  the  spheres  10  is  performed  under  the  same 
conditions  as  during  recording,  but  the  beam  intensity 
is  now  adjusted  so  that  it  is  too  weak  to  affect  the 
burn-film  4.  In  a  properly  designed  data  storage  me- 

45  dium,  the  light  that  is  reflected  from  the  burn-film  4 
hits  the  sphere  10  from  the  bottom  side  and  is  fo- 
cused  in  such  a  manner  that  the  light  returns  in  the 
direction  from  which  it  entered  (Fig.  7).  The  reflected 
light  can  be  separated  from  the  incident  light  beam  by 

so  means  of  a  beam  splitter,  and  the  intensity  is  meas- 
ured  by  a  photo-detector.  This  is  a  well  known  techni- 
que  which  is  used  in  a  majority  of  existing  optical  data 
storage  systems.  At  addresses  with  a  burn-spot,  the 
reflection  becomes  weaker  (stronger  for  some  types 

55  of  burn-films)  than  otherwise,  whereby  the  logical 
state  "0"  or  "1"  of  each  single  address  is  determined. 

Transmission:  In  this  case,  light  is  only  allowed  to 
pass  through  the  burn-film  4  in  positions  where  burn- 

5 
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spots  11  exist.  In  analogy  with  the  reflection  case,  the 
addresses  of  interest  can  be  scanned  with  a  laser 
beam,  while  at  the  same  time  recording  through 
which  ones  light  passes  to  a  photo-detector  which  is 
placed  on  the  back/bottom  (in  the  following  the 
front/top  is  defined  as  the  side  where  the  spheres  10 
are  placed).  The  special  data  storage  media  disclosed 
here,  however,  permit  new  and  in  many  cases  very 
simple  reading  methods  to  be  used.  Two  concepts 
are  described  in  the  following;  in  one  case  illumina- 
tion  is  provided  from  the  back,  in  the  other  case  from 
the  front: 

Under  "Spatial  filtering  in  the  Fourier  plane"  (see 
Fig.  8)  the  data  storage  medium  is  illuminated  with  a 
broad,  diffuse  light  beam  14  from  the  back.  Light 
source  can  be  for  example  a  lamp  or  a  light  emitting 
diode.  Each  burn-spot  11  then  acts  as  a  light  source 
under  each  sphere  10,  with  a  position  in  relation  to 
the  sphere  which  causes  the  light  after  passing 
through  the  sphere  to  follow  the  direction  which  the 
laser  beam  had  during  recording.  Address  determina- 
tion  is  effected  in  two  steps:  a  lens  15  first  focuses 
the  illumination  in  one  plane  16  (Fourier  plane)  where 
light  from  all  burn-spots  11  which  were  recorded  un- 
der  a  given  direction  (©,  9)  passes  through  the  same 
point  18  resp.  19,  characteristic  for  that  burn- 
direction  (dir.  2  resp.  dir.  3).  Thereafter,  the  light  which 
passes  through  each  of  these  characteristic  points 
18;  19,  is  separated  by  means  of  a  hole  mask  (e.g. 
time  controlled  electro-optically),  mirror  or  the  like. 
For  each  light  bundle  an  image  20,21  of  the  datastor- 
age  medium  will  be  created  in  a  plane  17  behind  the 
Fourier  plane,  where  burn-spots  11  which  were  re- 
corded  in  a  given  direction  (©,  9)  appear  bright 
against  a  dark  background.  The  surface  position  (x, 
y)  on  the  area  can  thereby  be  determined  by  means 
of  one  or  more  photo  detectors.  In  this  mannera  com- 
plete  address-set  (x,  y,  ©,  9)  can  be  obtained  for  each 
direction  (fy,  9j)  which  is  accessible  for  data  storage 
in  the  given  medium. 

An  alternative  reading  method  may  be  termed 
"directional  illumination",  where  the  data  storage  me- 
dium  is  illuminated  from  the  side  where  the  spheres 
10  are  located.  Only  light  14  with  an  angle  of  inci- 
dence  towards  the  spheres  10  corresponding  to  one 
of  the  directions  which  were  applied  during  recording, 
will  be  able  to  pass  through  a  burn-spot  11,  see  fig. 
9A.  By  illuminating  a  larger  area  of  the  data  storage 
medium  using  the  angle  of  incidence  (©j,  9j),  it  be- 
comes  possible  to  determine  from  the  backside  of  the 
medium  those  burn-spot  positions  (x,  y)  on  the  me- 
dium  which  have  this  direction  in  their  addresses. 
This  is  illustrated  in  fig.  9B,  where  a  group  of  four 
holes  has  been  burned  under  each  one  of  some 
neighbouring  spheres.  As  shown,  it  is  possible  by 
means  of  directional  illumination  to  have  the  light 
pass  selectively  through  holes  which  correspond  to 
each  of  the  four  burn-directions.  By  systematically  il- 

luminating  in  all  accessible  burn-directions,  it  is 
therefore  possible  to  determine  the  logical  state  "0" 
or  "1"  for  complete  address  sets  (x,  y,  ©,  9). 

During  recording  and  (in  certain  cases)  reading, 
5  the  laser  beam  has  to  be  positioned  and  oriented  at 

such  an  angle  that  each  single  sphere  is  struck  cor- 
rectly.  In  analogy  with  today's  optical  data  storage 
techniques,  this  might  be  achieved  with  a  system  that 
directs  a  weak  (which  means  not  intense  enough  to 

10  affect  the  burn-film)  laser  beam  to  the  desired  ad- 
dress  by  means  of  an  optical  control  track  or  guide  in 
the  burn-film. 

These  tracks  or  guides  must  have  an  unequivocal 
spatial  relationship  to  the  sphere  positions,  and  could 

15  have  higher  or  lower  reflectivity  than  the  rest  of  the 
burn-film.  Alternatively,  one  can  make  use  of  the  fact 
that  the  spheres  are  immobilized  in  relation  to  the 
burn-film,  in  a  pattern  that  can  serve  as  a  coordinate 
reference  in  the  plane.  Provided  that  the  burn-film  is 

20  sufficiently  reflecting,  the  modification  of  the  weak 
laser  beam  reflection  when  the  beam  strikes  the 
spheres  could  be  applied  as  guidance  criterion. 

One  disadvantage  of  such  techniques  is,  that 
they  are  not  applicable  for  systems  based  on  lightthat 

25  is  transmitted  through  burn-spots  in  data  carriers.  As 
far  as  we  know,  reading  by  reflection  is  the  only  meth- 
od  employed  with  optical  data  storage  systems  which 
are  at  present  on  the  market.  In  US  pat.  no.  4.542.288 
Drexler  claims  that  data  storage  on  reflecting  media 

30  is  advantageous  because,  e.g.  automatic  focusing  is 
easier  to  implement.  This  is  not  surprising,  since  the 
burn-film  does  not  allow  light  to  pass  through. 

In  our  case,  however,  optical  guide  marks  can  be 
established  in  a  very  simple  manner,  and  these 

35  marks  can  be  applied  in  both  reflection  and  transmis- 
sion  based  systems:  After  the  data  storage  medium 
has  been  manufactured,  it  is  exposed  to  a  strong  light 
flash  from  a  laser  or  a  flash  lamp  which  exposes  a 
large  area  of  the  data  storage  medium  simultaneous- 

40  ly.  The  light  strikes  the  plane  where  the  spheres  are 
deposited  in  a  direction  perpendicular  to  the  plane, 
and  the  intensity  is  controlled  such  that  changes  in 
the  burn-film  only  take  place  in  a  small  area  in  the 
center  under  each  sphere.  The  sphere's  lens  effect 

45  thus  causes  a  small,  well  defined  burn-spot  to  be 
made,  similar  to  burn-spots  which  are  obtained  dur- 
ing  laser  recording  of  data  (laboratory  experiments 
have  shown  that  this  is  relatively  easily  achieved). 
Burn-spots  created  during  the  light  flash  are  thereby 

50  automatically  positioned  correctly  each  in  relation  to 
its  sphere.  At  spheres  that  are  located  somewhat  off 
their  nominal  position,  the  burn-spot  is  formed  corre- 
spondingly  displaced.  If  a  sphere  were  lacking  in  a 
given  position  on  the  data  storage  medium,  no  posi- 

55  tioning  burn-spot  would  be  formed  at  that  point. 
In  data  storage  media  where  the  burn-spot  is  a 

hole  in  the  burn-film  through  which  light  can  pass,  it 
is  possible  to  create,  e.g.  by  illumination  of  the  me- 
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dium  from  the  opposite  side  of  the  burn-film,  a  well 
defined  light  source  related  to  each  sphere,  which  can 
be  used  for  automatic  positioning  and  focusing  during 
recording  and  reading  of  data. 

It  should  be  pointed  out  that  the  optical  control 
mark  not  necessarily  needs  to  be  located  centrally 
under  each  sphere,  but  can  be  achieved  with  oblique 
illumination.  It  can  be  of  advantage  that  certain  data 
are  recorded  before  a  user  starts  the  first  recording. 
When  the  data  storage  medium  is  delivered  to  the 
user,  it  is  as  mentioned  above,  typically  equipped  with 
optical  control  guides  for  focusing  and  positioning  of 
the  recording  and  reading  systems.  Also,  various 
other  types  of  information  may  have  been  stored,  for 
example,  address  or  control  codes. 

Elementary  pre-recorded  information  of  thattype 
becomes  common  to  all  users  of  a  certain  type  of  opt- 
ical  data  storage  medium,  for  example  one  category 
of  data  card.  However,  in  addition  it  may  be  of  interest 
for  many  users  to  prerecord  user  specific  information 
which  is  duplicated  on  a  great  number  of  identical 
cards.  Such  users  may  be  organizations,  insurance 
companies  etc.,  which  wish  to  store  expiration  data, 
user  codes  or  the  like  on  cards  that  are  sent  to  mem- 
bers  as  the  end  users.  Alternatively,  it  may  concern 
data  programs,  which  are  distributed  in  great  num- 
bers  etc. 

In  principle  recording  of  such  information  is  pos- 
sible  with  a  standard  equipment  for  recording,  which 
either  is  used  directly  or  is  modified  with  respect  to 
automatic  handling  of  the  cards.  This  may,  however, 
become  very  time  consuming  and  may  be  expensive: 
the  number  of  cards  to  be  prerecorded  can  be  very 
large  (from  thousands  to  millions),  and  in  certain  cas- 
es  it  will  at  the  same  time  be  of  interest  to  store  con- 
siderable  amounts  of  data  (e.g.  data  programs)  on 
each  card. 

On  this  background  it  is  desirable  to  have  a 
cheaper  and  more  efficient  alternative  to  standard 
laser  recording.  As  far  as  we  know,  there  exists  at 
present  in  the  technical  and  scientific  litterature  no 
technical  solution  to  this  problem.  Admittedly,  Drexler 
discloses  in  US  pat.  no.  4.542.288  prerecording  of 
data  on  cards  by  means  of  photolithography,  laser  re- 
cording  or  surface  molding.  However,  this  has  to  be 
done  before  the  card  is  sealed  and  sent  to  the  users, 
and  is  in  most  cases  probably  limited  to  simple  basic 
information  as  discussed  above. 

A  seemingly  simple  alternative  is  to  apply  a 
masking  technique  in  analogy  with  the  light  exposing 
step  in  photolithography:  A  mask  which  has  holes 
where  burn-spots  are  desired,  is  placed  over  a  data 
storage  medium  and  in  register  with  it  (which  means, 
the  mask  is  placed  with  the  holes  in  correct  position 
in  relation  to  the  data  storage  medium).  The  data  stor- 
age  medium  is  then  illuminated  through  the  holes  in 
the  mask  thereby  obtaining  burn-spots  in  the  right 
places.  However,  two  problems  arise: 

First,  the  light's  wave  nature  causes  it  to  spread 
fan-like  behind  the  holes,  and  the  shadow  pattern  be- 
comes  blurry.  The  deviation  from  the  geometric 
shadowing  increases,  the  smaller  the  holes,  and  the 

5  larger  the  distance  from  the  shadowing  mask.  Prac- 
tical  optical  data  storage  media  are  typically  equip- 
ped  with  a  protective  film  of  1  50-500  urn  in  thickness. 
This  means  in  practice  that  recording  through  a  mask 
on  media  that  have  been  through  the  complete  man- 

10  ufacturing  process  (i.e.  are  covered  with  protective 
film)  cannot  be  performed  by  means  of  mask- 
technique  as  long  as  the  burn-spot  size  is  supposed 
to  stay  well  below  approx.  4  -  8  in  diameter.  Thus, 
all  of  todays  data  storage  media  are  excluded,  with 

15  the  possible  exception  of  media  with  particularly  low 
data  storage  density.  As  far  as  we  know,  only  Drexler 
Technology  Corp.'s  Lasercard  may  be  of  relevance  in 
this  connection. 

The  other  problem  is  less  fundamental,  but  of 
20  great  practical  and  economic  importance:  Reading  of 

data  requires  that  the  light  intensity  and  the  pulsation 
energy  are  sufficiently  high  at  the  point  where  the 
burn-spot  is  to  be  created.  When  using  the  mask  tech- 
nique  a  large  area  (which  means  the  whole  mask)  is 

25  exposed  simultaneously  and  the  light  source  must  be 
sufficiently  intensive  over  that  complete  area.  This 
can  mean,  that  instead  of  a  flash  lamp  a  relatively 
strong  laser  beam  may  be  required,  which  easily  can 
become  a  dominating  and  prohibitive  cost  element  in 

30  recording  equipment,  intended  for  markets  where 
users  are  numerous,  each  with  their  own  equipment 
("distributed  users"). 

In  the  present  invention  these  problems  are  cir- 
cumvented: 

35  -  First,  only  light  spots  of  the  size  of  the  focusing 
optical  structure  need  to  be  defined  during  il- 
lumination  through  the  mask.  The  dimensions 
of  the  structures  and  the  thickness  of  the  pro- 
tective  film  are  adjusted  to  each  other,  while  si- 

40  multaneously  a  high  data  storage  density  is 
maintained  by  applying  many  directions  for  re- 
cording  and  reading,  as  discussed  before. 

-  Second,  the  structures  (e.g.  spheres)  collect 
light  energy  over  a  large  part  of  their  cross  sec- 

45  tion  and  concentrate  it  in  a  considerably  small- 
er  area  (burn-spot).  Thereby  the  power/energy 
requirements  of  the  light  source  are  reduced. 

The  focusing  micro-optics  (e.g.  spheres)  in  the 
data  storage  medium  itself  may  thus  be  viewed  as  an 

so  integral  part  of  the  optical  reading  and  recording  sys- 
tems.  Micro-optics  can  have  an  "assisting  role"  so 
that  the  requirements  for  the  remaining  optical  and 
mechanical  system-components  can  be  reduced,  but 
they  can  also  lead  to  qualitatively  new  possibilities  in 

55  optical  data  storage.  In  the  following  both  types  of  ad- 
vantages/possibilities  are  shortly  summarized: 

7 
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a)  High  data  storage  density  combined  with  an 
uncritical  positioning  and  focusing  during  recording 
and  reading: 

Not  the  burn-spots,  but  the  considerably  larger 
focusing  optical  structures  (spheres)  define  the  opt- 
ical  and  mechanical  requirements  for  the  recording 
and  reading  equipment.  This  leads  to  an  increased 
depth  of  focus  and  lower  requirements  for  positioning 
with  subsequent  simplifications  and  cost  reductions 
for  recording  and  reading  systems,  as  well  as  for  the 
data  storage  medium  itself  (planeness  etc.). 

In  typical  difficult  environments,  an  optical  data 
storage  system  based  on  integrated  optical  struc- 
tures  (e.g.  spheres)  in  the  data  storage  medium  will 
be  less  critical  and  tolerate  more  vibrations,  temper- 
ature  changes  and  other  physical  disturbance  para- 
meters.  This  can  be  of  importance  in  airplanes  and  for 
military  use. 

b)  Possibilities  for  prerecording  of  data  by  means  of 
mask  technique,  cf.  above: 

Each  optical  structure,  e.g.  sphere,  on  a  data 
storage  medium  which  is  to  be  illuminated  selectively 
through  holes  in  the  mask,  is  so  large  that  diffraction- 
effects  behind  the  holes  can  be  tolerated.  This  in- 
cludes  practical  media  with  a  protective  film.  At  the 
same  time,  the  structures  collect  light  from  an  area 
which  is  considerably  larger  than  the  area  of  the  burn- 
spot,  which  permits  the  use  of  correspondingly  weak- 
er  light  sources. 

c)  Oblique  recording  and  reading  permit  directed 
data  accessibility  and  increase  data  security: 

The  reading  equipment  must  be  adapted  to  the 
same  angles  (©j,  <pj)  which  were  defined  during  re- 
cording.  It  is  fully  possible  to  supply  different  user 
groups  with  equipment  which  only  can  read  at  some 
of  the  angles,  but  not  all  which  were  used  during  re- 
cording.  The  angles  which  are  not  accessible  for  a 
certain  user  group  can,  for  example,  store  informa- 
tion  which  only  is  meant  to  be  read  by  other  user 
groups. 

The  angles  (©j,  <pj)  need  not  be  defined  before  re- 
cording.  Thus,  completely  manufactured  media  can 
be  delivered  from  factories  and  thereafter  be  used  for 
recording  at  user-specified  sets  of  angles.  Reading  is 
thereafter  only  possible  by  applying  the  same  angles. 
This  represents  a  certain  protection  against  reading 
with  "pirate  equipment". 

d)  The  medium  is  well  suited  for  data-reading  by 
transmission: 

The  task  of  easy  establishing  of  optical  guide 
marks  can  probably  be  solved  by  illuminating  the 

data  storage  medium  in  such  a  manner  that  burn- 
spots  only  are  created  where  optical  structures  are 
located  which  have  focused  the  light.  Furthermore, 
less  stringent  requirements  for  focusing  and  imaging 

5  (see  a)  herein  above)  means  that  the  relatively  large 
optical  path  lengths  through  the  data  storage  me- 
dium,  which  must  be  expected  during  reading  with 
transmission,  can  be  tolerated. 

A  considerable  advantage  in  using  transmission 
10  instead  of  reflection  consists  in  the  large  freedom  of 

choice  of  the  burn-film.  It  no  longer  needs  to  possess 
a  controlled  reflection  ability,  but  can  independently 
thereof  be  optimized  with  respect  to  burn-threshold, 
stability  and  production  costs.  Further,  possibilities 

15  arise  to  use  films  with  special  properties,  for  example 
reversible  burn-films,  fluorescent  dyes  which  are 
bleached  in  the  burn-spot  area  during  recording,  or 
dyes  which  only  can  be  recorded  or  read  at  one  or 
more  defined  wave  lengths. 

20  A  potentially  important  advantage  with  transmis- 
sion  is  that  double  refraction  in  the  data  storage  me- 
dium,  which  was  mentioned  earlier  as  a  problem,  has 
little  or  no  importance. 

25  e)  Simple  and  fast  reading: 

Because  of  their  special  properties,  data  storage 
media  with  spheres  can  be  used  in  new  types  of  read- 
ing  equipment  based  on  extended  surface  illumina- 

30  tion  of  the  medium  (i.e.  not  laser  scanning)  combined 
with  imaging  in  a  detection  system  which,  for  exam- 
ple,  can  be  an  electronically  scanned  matrix  which 
contains  a  large  number  of  single  detector  elements, 
see  below.  Such  reading  systems  can  be  very  simple 

35  and  compact,  and  allow  parallel  reading  from  several 
areas  on  the  data  storage  medium  simultaneously. 
When  employing  large  detector  matrices,  etc.  it  be- 
comes  possible  to  achieve  high  reading  speed  and 
short  "random  access"  time  (today's  data  storage 

40  systems  have  the  disadvantage  of  slow  random  ac- 
cess  due  to  the  need  for  mechanical  movement  of  the 
laser,  the  data  storage  system  and/or  the  optics,  dur- 
ing  reading). 

It  is  no  trivial  task  to  manufacture  a  data  storage 
45  medium  according  to  the  invention,  for  example  of  the 

types  with  transparent  spheres  as  optical  structures. 
The  spheres  have  to  be  placed  as  a  monolayer  onto 
the  burn-film  itself  or  in  a  small  well  defined  distance 
from  it;  they  have  thereafter  to  be  fastened  and  pro- 

50  tected.  In  practice  the  spheres  must  probably  also  be 
positioned  with  high  precision  in  a  predefined  pat- 
tern. 

Several  techniques  for  controlled  positioning  can 
be  of  interest,  see  further  down.  So  far  results  from 

55  practical  tests  suggest  that  it  will  be  possible  to  ach- 
ieve  good  technical  solutions  of  the  problem  concern- 
ing  positioning  of  the  spheres. 

One  might  expect  that  focusing  microstructures, 
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e.g.  hemispheric  elevations  which  are  stamped  into  a 
transparent  layer  over  the  burn-film,  can  replace  the 
spheres.  In  analogy  with  production  processes  for 
compact  discs  (CD),  for  example,  such  structures 
could  be  stamped  in  large  numbers  by  means  of  a 
master.  Closer  studies  show,  however,  that  the  use  of 
stamped  or  pressed  structures  require  that  certain 
non-trivial  problems  be  solved,  cf.  below. 

Factors  favoring  the  sphere  solution  compared  to 
stamped  or  pressed  structures  are  partly  connected 
with  the  focusing,  partly  with  the  energy  situation 
during  recording  of  data: 
-  The  numberof  recording  directions  (©j,  <pj)  which  can 
be  assigned  to  each  focusing  element,  N,  is  an  essen- 
tial  factor.  A  high  N  implies  strict  requirements  on  the 
shape  of  the  focusing  element  and  its  surface  quality. 
More  important  here  is  probably  the  small  distance 
tolerances  (urn  or  less)  between  the  focusing  element 
and  burn-film,  which  have  to  be  observed  over  mac- 
roscopic  distances  (some  cm).  If  stamping  or  pressing 
is  applied  to  a  transparent  layer  on  top  of  the  burn- 
film,  which  itself  is  mounted  on  a  plastic  material,  it 
may  prove  difficult  to  achieve  a  correct  distance  to 
the  burn-film  over  the  whole  data  storage  medium  in 
practice.  In  addition,  the  burn-film  must  not  be  locally 
deformed  during  stamping/pressing,  even  if  the 
structure  to  be  made  (e.g.  hemisphere)  has  a  profile 
height  which  is  comparable  with  the  distance  to  the 
burn-film. 

When  spheres  are  used,  however,  it  is  relatively 
easy  to  achieve  full  control  of  the  focal  conditions, 
provided  that  the  spheres  are  monodisperse  and 
have  small  deviations  from  perfect  spherical  shape. 
-  In  general,  it  is  desireable  to  employ  the  lowest  pos- 
sible  power/energy  per  recorded  data  bit.  The  focal 
distance  of  a  stamped/pressed  hemispheric  area  is 
about  twice  as  large  as  of  a  sphere  of  corresponding 
size,  and  the  burn-spot  area  about  four  times  larger. 
To  a  first  approximation  the  sphere  alternative  is 
more  advantageous  by  a  factor  of  4.  This  situation  is 
further  improved  by  a  factor  of  about  2,  because 
burn-films  which  are  related  to  stamped/pressed  fo- 
cusing  structures  are  in  contact  with  solid  material  on 
both  sides,  while  sphere-based  data  storage  media 
typically  have  air  on  one  side  of  the  burn-film  and  sol- 
id  material  on  the  other.  In  sum,  this  means  that  data 
storage  media  with  stamped/pressed  focusing  ele- 
ments  require  more  power/energy  for  recording  than 
media  with  spheres.  In  addition  to  dimensioning  the 
recording  laser,  this  can  be  of  importance  for  achiev- 
ing  the  smallest  possible  size  of  the  burn-spot,  the 
fastest  possible  recording  of  each  bit  etc.  (the  "dam- 
age"  process  in  the  burn-film  during  reading  can  be 
h  ig  hly  non-linear  wit  h  respect  to  energy  or  power  den- 
sity). 

To  illustrate  the  practical  feasibility  of  the  inven- 
tion,  we  describe  below  some  embodiments  where 
critical  features  have  been  verified  in  practical  tests. 

On  the  surface  of  a  transparent  substrate  5  con- 
sisting  of,  e.g.  polycarbonate,  a  pitted  pattern  is 
stamped/pressed  with  a  die  (a  "master").  In  analogy 
to  the  process  for  the  production  of  compact  discs 

5  [CD-records],  the  master  can  be  produced  by  means 
of  photolithography,  followed  by  vacuum  deposition, 
followed  by  electrolytic  coating.  Also  the  stamp- 
ing/pressing-process  itself  can  be  performed  in  ana- 
logy  to  CD  production,  where  large  scale  production 

10  techniques  have  reached  an  advanced  stage  of  de- 
velopment. 

After  the  pits  22  have  been  stamped/pressed  into 
the  substrate  5,  a  burn-film  4  is  applied  onto  the 
stamped/pressed  surface.  This  can,  for  example,  be 

15  done  by  depositing  tellurium  under  vacuum,  whereby 
an  even,  opaque  layer  on  the  bottom  of  each  pit  22  is 
obtained.  One  sphere  10  is  placed  in  each  pit  22  by 
trickling  from  the  liquid  phase  or  by  dry  brush  appli- 
cation.  This  is  a  non-trivial  task  which,  however,  shall 

20  not  be  discussed  any  further  here.  Suffice  it  to  state 
here  that  tests  made  until  now,  show  practical  feasi- 
bility:  Substrates  with  pits  of  1-2  urn  in  depth  and  a 
diameter  in  the  range  of  2-15  urn  have  been  photoli- 
thographically  manufactured.  Fig.  10A  shows 

25  spheres  with  adiameterof  7.1  which  were  depos- 
ited  by  means  of  trickling  from  the  liquid  phase  to  a 
matrix  of  pits,  each  with  a  diameter  of  about  5  ^m.  De- 
spite  of  the  simple  non-optimized  process,  a  high  fill- 
ing  degree  was  achieved.  A  corresponding  result  was 

30  obtained  by  the  dry  brush  method,  see  Fig.  10B, 
which  shows  spheres  with  a  diameter  of  6.4  urn  of  the 
same  pitted  pattern. 

Data  storage  media  with  pits  can  be  manufac- 
tured  on  several  levels  of  sophistication:  Fig.  11  A 

35  shows  the  simple  case  where  the  spheres  10  are  in 
the  pits  22,  directly  on  the  burn-layer  4.  In  Fig.  11  B 
the  pit  diameter  is  adapted  to  the  size  of  the  sphere, 
such  that  the  latter  is  kept  in  the  optimal  focusing  dis- 
tance  relative  to  the  burn-layer  4  at  the  bottom  of  the 

40  pit  22.  This  requires  use  of  monodisperse  spheres.  In 
Fig.  11Cthe  bottom  of  the  pit  22  is  shaped  like  a  part 
of  a  spherical  surface,  concentric  with  the  sphere  10. 
Thereby  ideal  focusing  on  the  burn-layer  4  is  ach- 
ieved  for  all  angles  of  incidence,  as  well  as  perfect  ret- 

45  ro-reflex  for  systems  based  on  reading  with  reflec- 
tion. 

After  deposition  of  the  spheres  10,  the  medium 
is  encapsulated  with  a  protective  film  3  of,  e.g.  trans- 
parent  polycarbonate,  see  Fig.  12.  A  relevant  total 

so  thickness  of  the  memory  medium  is  0.8  mm,  an  ISO- 
standard  for  credit  cards.  Oblique  recording  does  in 
practice  not  necessarily  imply  large  technical  compli- 
cation.  A  simple  technique,  which  permits  illumina- 
tion  of  one  and  the  same  sphere  10  from  many  direc- 

55  tions  without  readjustment  of  the  light  beam  in  each 
direction  is  shown  on  the  principle  sketch  on  Fig.  13: 

All  incident  beams  1a,  1b,  that  are  parallel  with 
each  other,  will,  after  having  passed  through  the  illu- 

9 
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mination  optics  15,  be  refracted  in  such  a  mannerthat 
they  strike  the  same  point  (the  sphere  center)  from 
different  directions.  Only  a  fraction  of  the  illumination 
optics  aperture  is  used  for  each  direction.  This  is  ach- 
ieved  by  having  a  laser  beam  1  with  limited  diameter 
strike  different  positions  on  the  aperture,  depending 
on  the  desired  light  direction  towards  the  sphere  10. 

Alternatively,  partial  screening  of  the  fully  illu- 
minated  aperture  can  be  applied.  In  both  cases  it  is 
possible  to  choose  the  direction  without  mechanical 
movement  of  components  (not  discussed  furhter 
here). 

The  principle  solution  of  Fig.  13  requires  a  rea- 
sonable  choice  of  parameters  and  components, 
where  the  f-number  and  aperture  of  the  optics  are 
adapted  to  the  sphere  diameter,  illumination  angles 
and  their  tolerance.  Again  it  turns  out  that  large 
spheres  make  it  easier  to  find  practical  solutions. 

With  respect  to  reading  with  directional  illumina- 
tion,  one  of  the  techniques  which  was  mentioned 
above  in  connection  with  reading  under  light  trans- 
mission  shall  be  discussed: 

A  simple  light  source  such  as  a  LED  23  illumin- 
ates  the  data  storage  medium  from  a  direction  (©j,  <pj) 
which  corresponds  to  one  of  the  reading  angles,  see 
Fig.  9A,  B  and  Fig.  14A.  A  large  area  on  the  medium 
with  many  spheres  is  illuminated  simultaneously 
from  that  side  of  the  burn-film  where  the  spheres  are 
placed.  The  light  14  has  almost  plane-wave-character 
at  each  single  sphere  10,  and  the  focusing  in  the 
sphere  deviates  little  from  the  one  during  the  preced- 
ing  recording  with  the  laser  beam.  After  focusing  in 
the  sphere  10,  the  light  will  pass  through  the  burn- 
film  4,  provided  a  burn-spot  11  (a  "hole")  had  previ- 
ously  been  created  in  that  direction  during  the  record- 
ing  of  data. 

Light  that  passes  through  the  holes  11  in  the 
burn-film  4  is  recorded  by  means  of  a  simple  optical 
system  24  which  does  not  need  to  resolve  each  hole: 
since  the  direction  (©j,  <pj)  under  which  the  illumina- 
tion  takes  place  is  already  known,  it  is  sufficient  to  de- 
termine  at  which  sphere  positions  (x,  y)  light  is  trans- 
mitted.  This  can  be  done,  for  example,  by  means  of  a 
detector  matrix  with  one  or  more  detector  elements 
26,  assigned  to  each  sphere  position  in  the  medium 
25  by  "proximity"  (Fig.  14B),  optical  fiber  27  (Fig. 
14C)  or  imaging  optics  28  (Fig.  14D). 

The  number  of  detector  elements  26  per  matrix 
can  be  large  (CCD-matrices  for  TV  cameras  contain 
several  hundred  thousand  elements).  Thereby  corre- 
spondingly  large  blocks  of  the  data  storage  medium 
can  be  read  quickly  by  electronic  scanning,  and  the 
whole  medium  can  be  covered  by  a  small  number  of 
mechanical  displacements.  Intermediate  solutions 
are  conceivable:  An  alternative  to  large  detector  ma- 
trices  which  "stare",  are,  for  example,  detector  arrays 
which  scan.  If  the  medium  is  not  too  broad  (e.g.  tape) 
the  matrix  can  cover  the  whole  width  of  it.  Mechanical 

displacement  can  in  that  case  be  obtained  by  pulling 
the  medium  in  one  direction,  preferably  continously. 
Large  matrices,  however,  place  more  stringent  re- 
quirements  on  reading  system  and  data  storage  me- 

5  dium,  and  it  becomes  e.g.  more  difficult  to  achieve 
register  between  the  sphere's  position  and  the  as- 
signed  detector  element  for  all  sphere  positions  in  the 
block.  In  this  connection,  the  data  storage  system  ac- 
cording  to  the  invention  offers  special  advantages:  It 

10  is  considerably  easier  to  achieve  register  with  a  lower 
number  of  relatively  large  focusing  structures 
(spheres),  than  with  a  larger  number  of  smaller  data 
spots  in  a  traditional  optical  data  storage  medium. 
Indeed,  simple  imaging  analysis  shows  that  in  many 

15  relevant  cases,  there  is  a  dichotomy  where  the  one 
solution  is  practically  achievable  while  the  other  is 
not.  Solutions  based  on  redundancy  (several  detector 
elements  assigned  to  each  focusing  structure  or 
burn-spot  on  the  data  storage  medium),  or  fast-scan 

20  near  nominal  positions  will  hardly  change  this  funda- 
mental  situation. 

After  illumination  in  a  given  direction  (©i,  <pj)  this 
LED  23  can  be  turned  off,  and  another  LED  23  is 
turned  on,  which  provides  reading  in  a  new  direction 

25  (©k,  <pi),  etc.  until  all  directions  in  question  have  been 
covered.  This  can  be  done  in  a  very  fast  sequence, 
while  the  data  storage  medium  is  immobile  during  the 
illumination  cycle.  In  practice  light  sources  23  can  be 
used  which  switch  on  and  off  at  such  a  rate  that  the 

30  relative  displacement  between  the  medium  and  the 
reading  equipment  during  the  illumination  cycle  is 
negligible,  even  at  relative  speeds  up  to  many  m/s. 

By  employing  mutually  spectrally  adapted  light 
source/detector  element  pairs,  possibilities  arise  for 

35  simultaneous  parallel  reading  of  data  in  several  direc- 
tions. 

It  is  evident  that  reading  equipment  in  many  sub- 
categories  can  easily  be  manufactured,  where  each 
category  only  has  illumination  possibilities  in  asmall- 

40  er  number  of  reading  directions  (see  paragraph  C 
above  concerning  control  of  data  accessibility). 

Finally  it  should  be  remarked  that,  even  if  the 
data  storage  technique  which  is  the  essential  feature 
in  the  present  invention,  concerns  in  principle  visually 

45  non-readable  data  spots  which  are  read  and  interpret- 
ed  independently,  there  is  actually  no  hindrance  to 
achieve  additional  indications  which  also  are  visible 
to  the  eye,  by  using  the  same  technique.  In  the  latter 
case,  visible  features  are  produced  through  correla- 

50  tion  of  data  points  in  macroscopic  areas  to  create  visi- 
ble  images  by  "cooperation".  Such  images  can  be 
visible  from  all,  or  only  a  limited  number  of  directions. 

Of  course,  a  practical  data  storage  medium 
(card)  can  be  additionally  equipped  with  visual  indica- 

55  tions  which  are  created  by  printing. 
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Claims 

1  .  An  optical  data  storage  medium  (25)  for  the  stor- 
age  of  data  in  a  number  of  elementary  cells  in  the 
form  of  groups  of  localized  areas  (11),  said  me-  5 
dium  (25)  including  a  wholly  or  partially  light  ab- 
sorbing  film  (4),  here  termed  the  burn-film,  said 
burn-film  (4)  being  able  to  change  locally  and 
possibly  reversibly  its  optical  properties  under 
the  influence  of  strong  localized  illumination,  10 
said  ability  being  applied  for  recording  data  on 
said  medium  (25),  and  further  including  optical 
structures  (10)  positioned  in  close  proximity  to 
the  burn-film  (4)  for  refractive  or  reflective  influ- 
ence  on  and/or  control  of  the  illumination  towards  15 
the  burn-film  (4),  each  optical  structure  (10)  al- 
lowing  the  striking  of  the  burn-film  (4)  in  one 
group  of  localized  areas  (11)  by  illuminating  the 
structure  (10)  with  light  (1)  from  different  direc- 
tions,  said  optical  structures  (1  0)  constituting  an  20 
integral  part  of  the  data  storage  medium  (25), 
characterized  in  that  the  optical  structures  (10) 
have  characteristical  dimensions  less  than  100 
urn,  preferably  in  the  range  3-10  urn,  in  at  least 
any  direction  parallel  to  said  burn-film  (4),  each  25 
said  group  and  each  said  localized  area  (11)  be- 
ing  arranged  to  be  read  and  interpreted  individ- 
ually,  said  stored  data  lacking  inherent  correla- 
tion  to  neighbouring  groups  of  areas,  thus  being 
not  directly  recognizable  to  the  eye.  30 

2.  The  optical  medium  of  claim  1  , 
characterized  in  that  the  optical  structures  (10) 
consist  of  structural  modulations  in  a  substantial- 
ly  transparent  film  above  the  burn-film  (4).  35 

3.  The  optical  medium  of  claim  2, 
characterized  in  that  the  modulations  are  sur- 
face  modulations  of  mechanical/geometrical 
character.  40 

4.  The  optical  medium  of  claim  2, 
characterized  in  that  the  modulations  are  bulk 
modulations  of  the  complex  optical  refractive  in- 
dex  induced  by  the  introduction  or  removal  of  45 
ions  or  molecules  in  defined  localized  regions  of 
the  substantially  transparent  film. 

5.  The  optical  medium  of  claim  1  , 
characterized  in  that  the  optical  structures  (10)  50 
consist  of  a  reflective  layer  (13)  positioned  at  an 
adjusted  distance  underneath  the  burn-film  (4), 
said  burn-film  being  partly  transparent  to  said  il- 
lumination,  and  said  reflective  layer  (13)  having 
geometric  modulations.  55 

6.  Theoptical  medium  of  any  of  the  previous  claims, 
characterized  in  that  the  optical  structures  (10) 

are  designed  for  concentrating  or  focusing  inci- 
dent  light  beams  (1)  on  the  burn-film  (4). 

7.  The  optical  medium  of  claim  1  , 
characterized  in  that  the  optical  structures  (10) 
consist  of  a  plurality  of  separate,  totally  or  partial- 
ly  transparent  and  optically  refracting  objects 
(10)  placed  above  the  burn-film  (4). 

8.  The  optical  medium  of  claim  7, 
characterized  in  that  the  optically  refracting  ob- 
jects  are  spheres  (10). 

9.  The  optical  medium  of  claim  8, 
characterized  in  that  the  spheres  (1  0)  have  sub- 
stantially  the  same  diameter  and  bulk  properties. 

10.  The  optical  medium  of  claim  8  or  9, 
characterized  in  that  the  spheres  (10)  lie  in  con- 
tact  with  the  burn-film  (4). 

11.  The  optical  medium  of  claim  8  or  9, 
characterized  in  that  the  spheres  (10)  lie  above 
depressions  or  pits  (22)  in  a  substrate  (5)  with  the 
burn-film  (4)  covering  the  bottom  of  the  depres- 
sions  (22). 

12.  The  optical  medium  of  claim  11, 
characterized  in  that  the  dimensions  of  the  de- 
pressions  (22)  are  adapted  to  the  sphere  diame- 
ter  for  achieving  optimum  focusing  of  the  illumin- 
ation  on  the  burn-film  (4). 

13.  The  optical  medium  of  claim  11  or  12, 
characterized  in  that  the  bottom  of  each  depres- 
sion  (22)  is  shaped  concentrically  in  relation  to  a 
sphere  (10)  which  lies  in  a  stable  position  on  top 
of  the  depression. 

14.  The  optical  medium  of  any  one  of  claims  8-13, 
characterized  in  that  the  sphere  (10)  diameter  is 
in  the  range  1-100  urn,  preferably  3-10  urn. 

15.  Theoptical  medium  of  any  of  the  previous  claims, 
characterized  in  that  at  least  one  of  said  local- 
ized  areas  (11)  in  every  group  is  a  marker  area 
for  guidance  and  control  purposes  in  connection 
with  subsequent  recording  and  reading  of  data 
on/from  said  medium  (25),  said  marker  areas  be- 
ing  generated  by  intense  pre-illumination  via  the 
optical  structures  (10)in  accordance  with  a  pre- 
determined  assignment  scheme. 

16.  The  optical  medium  of  claim  15, 
characterized  in  that  each  said  markerarea  is  lo- 
cated  centrally  below  each  respective  optical 
structure  (10). 

11 
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17.  A  method  for  recording  data  on  an  optical  data 
storage  medium  (25)  of  the  type  described  in  any 
one  of  the  previous  claims,  where  intense  illumin- 
ation  is  directed  selectively  toward  the  medium 
from  a  number  of  different  directions,  each  re- 
spective  illuminated  optical  structure  (10)  there- 
by  effecting  the  reversible  or  irreversible  change 
of  said  optical  properties  of  said  burn-film  (4)  se- 
lectively  in  a  corresponding  number  of  localized 
areas  (11)  relating  to  each  optical  structure, 
characterized  in  that  the  various  directions  of 
the  illumination  are  achieved  by  parallel  transla- 
tion  of  a  light  beam  (1)  through  various  parts  of 
the  entrance  side  of  one  and  the  same  optical  fo- 
cusing  system  (15),  by  selectively  exciting  per- 
manently  positioned,  separate  light  sources  or  by 
selective  partial  blocking  of  a  broad  light  beam 
(1)  at  the  entrance  side,  causing  the  light  to  pass 
through  different  parts  of  the  focusing  system 
(15). 

18.  A  method  for  recording  data  on  an  optical  data 
storage  medium  (25)  of  the  type  described  in  any 
one  of  claims  1-16,  where  intense  illumination  is 
directed  selectively  toward  the  medium  from  a 
number  of  different  direct  ions,  each  respective  il- 
luminated  optical  structure  (10)  thereby  effect- 
ing  the  reversible  or  irreversible  change  of  said 
optical  properties  of  the  burn-film  (4)  selectively 
in  a  corresponding  number  of  localized  areas  (11) 
relating  to  each  optical  structure, 
characterized  in  that  certain  optical  structures 
(10)  are  illuminated  selectively  through  corre- 
sponding  holes  in  a  data-imparting  mask  posi- 
tioned  in  close  proximity  to  the  medium  (25),  said 
mask  being  positioned  with  the  holes  in  register 
with  said  certain  optical  structures  (10). 

19.  A  method  for  reading  data  from  an  optical  data 
storage  medium  (25)  of  the  type  described  in  any 
one  of  claims  1-16, 
characterized  in  that  determination  of  the  posi- 
tion  of  reversibly  or  irreversibly  changed  local- 
ized  areas  (11)  in  the  burn-film  (4)  is  done  by  sup- 
plying  diffuse  illumination  (14)  toward  said  data 
storage  medium  (25),  by  spatial  filtering  of  light 
emerging  from  said  medium  in  an  area  (16) 
spaced  from  an  optically  transforming  system 
(15)  placed  outside  said  medium  (25),  and  by  im- 
aging  of  said  medium  in  a  focal  plane  (17)  of  the 
optically  transforming  system,  with  light  corre- 
sponding  to  separate  predefined  directions  (dir. 
1,  dir.  2)  from  said  optical  structures  (10). 

20.  A  method  for  reading  data  from  an  optical  data 
storage  medium  (25)  of  the  type  described  in  any 
one  of  claims  1-16, 
characterized  in  that  determination  of  the  posi- 

tion  of  reversibly  or  irreversibly  changed  local- 
ized  areas  (11)  in  the  burn-film  (4)  is  performed 
by  illuminating  said  medium  (25)  from  predeter- 
mined  selective  directions,  and  readout  correlat- 

5  ed  with  each  direction,  of  light  emerging  from 
said  medium  (25),  by  means  of  light  detector  (26) 
single  elements  or  a  light  detector  (26)  matrix  in 
one  or  two  dimensions,  possibly  operating  in  a 
scanning  mode. 

10 

Patentanspruche 

1.  Optisches  Datenspeichermedium  (25)  zum  Spei- 
15  chern  von  Daten  in  einer  Anzahl  von  Elementar- 

zellen  in  Form  von  Gruppen  lokalisierter  Berei- 
che  (11),  wobei  das  Medium  (25)  einen  ganz  oder 
teilweise  lichtabsorbierenden  Film  (4)  aufweist, 
hier  Brennfilm  genannt,  der  Brennfilm  (4)  seine 

20  optischen  Eigenschaften  unterdem  Einflulistark 
lokalisierter  Beleuchtung  lokal  und  gegebenen- 
falls  reversibel  andern  kann,  diese  Fahigkeit  zur 
Aufzeichnung  von  Daten  auf  dem  Medium  (25) 
angewendetwird,  und  das  weiteroptische  Struk- 

25  turen  (10)  aufweist,  die  in  enger  Nachbarschaft 
zu  dem  Brennfilm  (4)  zur  lichtbrechenden  oder 
reflektierenden  Beeinflussung  und/oder  zur 
Steuerung  der  auf  den  Brennfilm  (4)  gerichteten 
Beleuchtung  angeordnet  sind,  wobei  jede  opti- 

30  sche  Struktur  (1  0)  durch  Beleuchtung  der  Struk- 
tur  (10)  mit  Licht  (1)  aus  verschiedenen  Richtun- 
gen  das  Auftreffen  auf  den  Brennfilm  (4)  in  einer 
Gruppe  lokalisierter  Bereiche  (11)  erlaubt  und 
die  optischen  Strukturen  (10)  einen  integralen 

35  Teil  des  Datenspeichermediums  (25)  bilden, 
dadurch  gekennzeichnet, 
dali  die  optischen  Strukturen  (10)  wenigstens  in 
jeder  zu  dem  Brennfilm  (4)  parallelen  Richtung 
charakteristische  Dimensionen  von  weniger  als 

40  1  00  urn,  bevorzugt  in  dem  Bereich  von  3  -  1  0 
aufweisen,  wobei  jede  Gruppe  und  jeder  lokali- 
sierte  Bereich  (11)  zum  individuellen  Lesen  und 
Interpretieren  angeordnet  ist  und  den  gespei- 
cherten  Daten  eine  inharente  Korrelation  zu  be- 

45  nachbarten  Gruppen  von  Bereichen  fehlt,  so  dali 
sie  mit  dem  Auge  nicht  direkt  erkennbar  sind. 

2.  Optisches  Medium  nach  Anspruch  1,  dadurch 
gekennzeichnet,  dali  die  optischen  Strukturen 

so  (10)  aus  strukturellen  Modulationen  in  einem  im 
wesentlichen  transparenten  Film  uber  dem 
Brennfilm  (4)  bestehen. 

3.  Optisches  Medium  nach  Anspruch  2,  dadurch 
55  gekennzeichnet,  dali  die  Modulationen  Oberfla- 

chenmodulationen  von  mechanisch/geometri- 
schem  Charakter  sind. 

12 
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4.  Optisches  Medium  nach  Anspruch  2,  dadurch 
gekennzeichnet,  dali  die  Modulationen  Materi- 
almodulationen  mit  komplexem  optischem  Bre- 
chungsindex  sind,  der  durch  Einf  uhren  oder  Ent- 
fernen  von  lonen  oder  Molekulen  in  definierten 
lokalisierten  Regionen  des  im  wesentlichen 
transparenten  Films  induziert  ist. 

5.  Optisches  Medium  nach  Anspruch  1,  dadurch 
gekennzeichnet,  dali  die  optischen  Strukturen 
(1  0)  aus  einer  ref  lekt  ierenden  Schicht  (1  3)  beste- 
hen,  die  mit  einem  eingestellten  Abstand  unter- 
halb  des  Brennf  ilms  (4)  angeordnet  ist,  wobei  der 
Brennfilm  fur  die  Beleuchtung  teilweise  transpa- 
rent  ist  und  die  reflektierende  Schicht  (13)  geo- 
metrische  Modulationen  aufweist. 

6.  Optisches  Medium  nach  einem  dervorhergehen- 
den  Anspruche,  dadurch  gekennzeichnet,  dali 
die  optischen  Strukturen  (10)  zur  Konzentration 
oder  Fokussierung  einfallender  Lichtstrahlen  (1) 
auf  den  Brennfilm  (4)  ausgebildet  sind. 

7.  Optisches  Medium  nach  Anspruch  1,  dadurch 
gekennzeichnet,  dali  die  optischen  Strukturen 
(1  0)  aus  einer  Mehrzahl  separater,  ganz  oder  teil- 
weise  transparenter  und  optisch  brechender  Ob- 
jekte  (10)  bestehen,  die  uber  dem  Brennfilm  (4) 
angeordnet  sind. 

8.  Optisches  Medium  nach  Anspruch  7,  dadurch 
gekennzeichnet,  dali  die  optisch  brechenden 
Objekte  Kugeln  (10)  sind. 

9.  Optisches  Medium  nach  Anspruch  8,  dadurch 
gekennzeichnet,  dali  die  Kugeln  (10)  im  we- 
sentlichen  gleiche  Durchmesser  und  Materialei- 
genschaften  aufweisen. 

10.  Optisches  Medium  nach  Anspruch  8  oder  9,  da- 
durch  gekennzeichnet,  dali  die  Kugeln  (10)  mit 
dem  Brennfilm  (10)  in  Kontakt  liegen. 

11.  Optisches  Medium  nach  Anspruch  8  oder  9,  da- 
durch  gekennzeichnet,  dali  die  Kugeln  (10) 
uber  Vertiefungen  oder  Gruben  (22)  in  einem 
Substrat  (5)  liegen  und  der  Brennfilm  (4)  den  Bo- 
den  der  Vertiefungen  (22)  bedeckt. 

12.  Optisches  Medium  nach  Anspruch  11,  dadurch 
gekennzeichnet,  dali  die  Dimensionen  der  Ver- 
tiefungen  (22)  an  den  Kugeldurchmesser  ange- 
palit  sind,  urn  ein  optimales  Fokussieren  der  Be- 
leuchtung  auf  dem  Brennfilm  (4)  zu  erreichen. 

13.  Optisches  Medium  nach  Anspruch  11  oder  12, 
dadurch  gekennzeichnet,  dali  der  Boden  jeder 
Vertiefung  (22)  bezuglich  einer  Kugel  (10),  die  in 

einer  stabilen  Position  auf  der  Vertiefung  liegt, 
konzentrisch  geformt  ist. 

14.  Optisches  Medium  nach  einem  der  Anspruche  8 
5  bis  13,  dadurch  gekennzeichnet,  dali  der 

Durchmesser  der  Kugel  (10)  in  dem  Bereich  von 
1  -  100  urn,  bevorzugt  3  -  10  ^m,  liegt. 

15.  Optisches  Medium  nach  einem  der  vorhergehen- 
10  den  Anspruche,  dadurch  gekennzeichnet,  dali 

wenigstens  einer  der  lokalisierten  Bereiche  (11) 
in  jeder  Gruppe  ein  Markierungsbereich  fur 
Fuhrungs-  und  Steuerzwecke  in  Verbindung  mit 
nachfolgendem  Aufzeichnen  und  Lesen  von  Da- 

is  ten  auf/von  dem  Medium  (25)  ist,  wobei  die  Mar- 
kierungsbereiche  durch  intensive  Vorbeleuch- 
tung  durch  die  optischen  Strukturen  (10)  gemali 
einem  vorbestimmten  Zuordnungsschema  er- 
zeugt  werden. 

20 
16.  Optisches  Medium  nach  Anspruch  15,  dadurch 

gekennzeichnet,  dali  jeder  Markierungsbereich 
zentral  unter  jeder  jeweiligen  optischen  Struktur 
(10)  angeordnet  ist. 

25 
17.  Verfahren  zum  Aufzeichnen  von  Daten  auf  einem 

optischen  Datenspeichermedium  (25)  des  in  ei- 
nem  dervorhergehenden  Anspruche  beschriebe- 
nen  Typs,  in  dem  intensive  Beleuchtung  aus  ei- 

30  ner  Anzahl  verschiedener  Richtungen  selektiv 
auf  das  Medium  gerichtet  ist,  wodurch  jede  je- 
weils  beleuchtete  optische  Struktur  (10)  die  re- 
versible  oder  irreversible  Anderung  der  opti- 
schen  Eigenschaften  des  Brennf  ilms  (4)  selektiv 

35  in  einer  entsprechenden  Anzahl  von  jeder  opti- 
schen  Struktur  zugeordneten  lokalisierten  Berei- 
chen  (11)  erzeugt,  dadurch  gekennzeichnet, 
dali  die  verschiedenen  Richtungen  der  Beleuch- 
tung  erreicht  werden  durch  Parallelverschiebung 

40  eines  Lichtstrahls  (1)  durch  verschiedene  Teile 
der  Eintrittsseite  ein  und  desselben  optischen 
Fokussierungssystems  (15),  durch  selektives  Er- 
regen  permanent  angeordneter,  getrennter  Licht- 
quellen  oder  durch  selektives  teilweises  Unter- 

45  brechen  eines  breiten  Lichtstrahls  (1  )  an  der  Ein- 
trittsseite,  wodurch  das  Licht  durch  verschiede- 
ne  Teile  des  Fokussierungssystems  (15)  tritt. 

18.  Verfahren  zum  Aufzeichnen  von  Daten  auf  einem 
so  optischen  Datenspeichermedium  (25)  des  in  ei- 

nem  der  Anspruche  1  bis  1  6  beschriebenen  Typs, 
in  dem  intensive  Beleuchtung  aus  einer  Anzahl 
verschiedener  Richtungen  selektiv  auf  das  Medi- 
um  gerichtet  wird,  wodurch  jede  jewei  Is  beleuch- 

55  tete  optische  Struktur  (1  0)  die  reversible  oder  ir- 
reversible  Anderung  der  optischen  Eigenschaf- 
ten  des  Brennfilms  (4)  selektiv  in  einer  entspre- 
chenden  Anzahl  von  jeder  optischen  Struktur  zu- 
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geordneten,  lokalisierten  Bereichen  (11)  erzeugt, 
dadurch  gekennzeichnet,  dali  bestimmte  opti- 
sche  Strukturen  selektiv  durch  entsprechende 
Locher  in  einer  datenvermittelnden  Maske  be- 
leuchtet  werden,  die  in  enger  Nachbarschaft  zu 
dem  Medium  (25)  angeordnet  ist,  wobei  die  Mas- 
ke  mit  den  Lochern  in  Registerstellung  mit  den 
bestimmten  optischen  Strukturen  (10)  angeord- 
net  ist. 

19.  Verfahren  zum  Lesen  von  Daten  aus  einem  opti- 
schen  Datenspeichermedium  (25)  des  in  einem 
der  Anspruche  1  bis  16  beschriebenen  Typs,  da- 
durch  gekennzeichnet,  dali  die  Positionsbe- 
stimmung  reversibel  oder  irreversibel  verander- 
ter  lokalisierter  Bereiche  (11)  in  dem  Brennfilm 
(4)  durchgeftihrt  wird  durch  Zufuhr  diffuser  Be- 
leuchtung  (10)  zu  dem  Datenspeichermedium 
(25),  durch  raumliches  Filtern  von  aus  dem  Me- 
dium  austretendem  Licht  in  einem  Bereich  (16), 
der  mit  Abstand  von  einem  aulierhalb  des  Medi- 
ums  (25)  angeordneten  optischen  Ubertragungs- 
system  (15)  angeordnet  ist,  und  durch  Abbilden 
des  Mediums  mit  separat  vorbestimmten  Rich- 
tungen  (dir.  1,  dir.  2)  entsprechendem  Licht  aus 
den  optischen  Strukturen  (1  0)  in  einer  Fokussier- 
ebene  (1  7)  des  optischen  Ubertragungssystems. 

20.  Verfahren  zum  Lesen  von  Daten  aus  einem  opti- 
schen  Datenspeichermedium  (25)  des  in  einem 
der  Anspruche  1  bis  16  beschriebenen  Typs,  da- 
durch  gekennzeichnet,  dali  die  Positionsbe- 
stimmung  reversibel  oder  irreversibel  verander- 
ter  lokalisierter  Bereiche  (11)  in  dem  Brennfilm 
(4)  durchgeftihrt  wird  durch  Beleuchten  des  Me- 
diums  (25)  aus  vorbestimmten  selektiven  Rich- 
tungen  und  mit  jeder  Richtung  korreliertem  Aus- 
lesen  von  aus  dem  Medium  (25)  austretendem 
Licht  mittels  einzelnen  Lichterfassungselemen- 
ten  (26)  oder  einer  Lichterfassungsmatrix  (26)  in 
einer  oder  zwei  Dimensionen,  gegebenenfalls 
durch  Betrieb  in  einem  Abtastmodus. 

Revendications 

1.  Support  d'enregistrement  (25)  de  donnees  opti- 
ques,  pour  I'enregistrement  de  donnees  dans  un 
certain  nombre  de  cellules  elementaires  sous  la 
forme  de  groupes  de  zones  localisees  (11),  ledit 
support  (25)  comportant  un  film  (4)  absorbant 
entierement  ou  partiellement  la  lumiere,  appele 
ici  film  a  brulures,  ledit  film  a  brulures  (4)  etant 
capable  de  modifier  localement  et  peut-etre  de 
maniere  reversible  ses  proprietes  optiques  sous 
I'influence  d'un  eclairage  fortement  localise,  ladi- 
te  possibility  etant  utilisee  pour  I'enregistrement 
de  donnees  sur  ledit  support  (25);  et  comportant 

en  outre  des  structures  optiques  (10)  disposees 
a  proximite  immediate  du  film  a  brulures  (4)  pour 
une  influence  de  refraction  ou  de  reflexion  sur 
et/ou  la  commande  de  I'eclairage  vers  le  film  a 

5  brulures  (4);  chaque  structure  optique  (10)  per- 
mettant  d'atteindre  le  film  a  brulures  (4)  dans  un 
groupe  de  zones  localisees  (11)  en  eclairant  la 
structure  (1  0)  avec  de  la  lumiere  (1  )  en  provenan- 
ce  de  differentes  directions,  lesdites  structures 

10  optiques  (1  0)  faisant  partie  integrants  du  support 
d'enregistrement  des  donnees  (25); 
caracterise  en  ce  que  les  structures  optiques 
(10)  ont  des  dimensions  caracteristiques  infe- 
rieures  a  1  00  ^m,  de  preference  dans  la  plage  3- 

15  10  urn,  dans  au  moins  une  quelconque  direction 
parallele  audit  film  a  brulures  (4);  chacun  desdits 
groupes  et  chacune  desdites  zones  localisees 
(11)  etant  agences  pouretre  lus  et  interpretes  in- 
dividuellement,  lesdites  donnees  enregistrees 

20  manquant  de  correlation  inherente  avec  les  grou- 
pes  ou  zones  avoisinants  de  zones,  et  n'etant 
done  pas  directement  reconnaissables  a  I'oeil. 

2.  Support  optique  selon  la  revendication  1, 
25  caracterise  en  ce  que  les  structures  optiques 

(10)  consistent  en  modulations  structurelles 
dans  un  film  sensiblemnt  transparent  sur  le  film 
a  brulures  (4). 

30  3.  Support  optique  selon  la  revendication  2, 
caracterise  en  ce  que  les  modulations  sont  des 
modulations  en  surface  de  caractere  mecani- 
que/geometrique. 

35  4.  Support  optique  selon  la  revendication  2, 
caracterise  en  ce  que  les  modulations  sont  des 
modulations  en  masse  de  I'indice  de  refraction 
optique  complexe  induit  par  I'introduction  ou  le 
retrait  d'ions  ou  de  molecules  dans  des  regions 

40  def  inies  localisees  du  film  sensiblement  transpa- 
rent. 

5.  Support  optique  selon  la  revendication  1, 
caracterise  en  ce  que  les  structures  optiques 

45  (10)  consistent  en  une  couche  de  reflexion  (13) 
disposee  a  une  distance  reglee  sous  le  film  a  bru- 
lures  (4),  ledit  film  a  brulures  etant  partiellement 
transparent  audit  eclairage,  et  ladite  couche  de 
reflexion  (13)  ayant  des  modulations  geometri- 

50  ques. 

6.  Support  optique  selon  I'une  quelconque  des  re- 
vendications  precedentes, 
caracterise  en  ce  que  les  strutures  optiques  (1  0) 

55  sont  destinees  a  concentrer  ou  a  focal  iser  des 
faisceaux  lumineux  incidents  (1  )  sur  le  f  i  Im  a  bru- 
lures  (4). 

14 



27 EP  0  513  062  B1 28 

7.  Support  optique  selon  la  revendication  1  , 
caracterise  en  ce  que  les  structures  optiques 
(10)  consistent  en  une  pluralite  d'objets  separes 
(10)  a  refraction  optique  ettotalement  ou  partiel- 
lement  transparents  disposes  sur  le  film  a  brulu- 
res  (4). 

8.  Support  optique  selon  la  revendication  7, 
caracterise  en  ce  que  les  objets  a  refraction  op- 
tique  sont  des  spheres  (10). 

9.  Support  optique  selon  la  revendication  8, 
caracterise  en  ce  que  les  spheres  (10)  ont  sensi- 
blement  le  meme  diametre  et  les  memes  proprie- 
tes  de  masse. 

10.  Support  optique  selon  la  revendication  8  ou  9, 
caracterise  en  ce  que  les  spheres  (10)  sont  en 
contact  avec  le  film  a  brulures  (4). 

11.  Support  optique  selon  la  revendication  8  ou  9, 
caracterise  en  ce  que  les  spheres  (1  0)  reposent 
sur  des  depressions  ou  creux  (22)  dans  un  subs- 
trat  (5),  le  film  a  brulures  (4)  recouvrant  le  fond 
des  depressions  (22). 

12.  Support  optique  selon  la  revendication  11, 
caracterise  en  ce  que  les  dimensions  des  depres- 
sions  (22)  sont  adaptees  au  diametre  de  la  sphe- 
re  pour  obtenir  une  focalisation  optimum  de 
I'eclairage  sur  le  film  a  brulures  (4). 

13.  Support  optique  selon  la  revendicaiton  11  ou  12, 
caracterise  en  ce  que  le  fond  de  chaque  depres- 
sion  (22)  a  une  forme  concentrique  par  rapport  a 
une  sphere  (1  0)  qui  repose  dans  une  position  sta- 
ble  sur  le  dessus  de  la  depression. 

14.  Support  optique  selon  I'une  quelconque  des  re- 
vendicatiosn  8-13, 
caracterise  en  ce  que  le  diametre  de  la  sphere 
(1  0)  est  de  I'ordre  de  1  -1  00  urn,  de  preference  de 
3-10  urn. 

15.  Support  optique  selon  I'une  quelconque  des  re- 
vendications  precedentes, 
caracterise  en  ce  qu'au  moins  I'une  desdites  zo- 
nes  localisees  (11)  dans  chaque  groupe  est  une 
zone  de  marquage  dans  des  buts  de  guidage  et 
de  commande  en  connexion  avec  I'enregistre- 
ment  et  la  lecture  ulterieurs  de  donnees  sur/a 
partir  dudit  support  (25),  lesdites  zones  de  mar- 
quage  eant  generees  par  un  pre-eclairage  inten- 
se  par  I'intermediaire  des  structures  optiques 
(10)  conformement  a  un  schema  d'attribution  de- 
termine. 

16.  Support  optique  selon  la  revendication  15, 

caracterise  en  ce  que  chaque  zone  de  marquage 
est  situee  au  centre  au-dessous  de  chaque 
structure  optique  respective  (10). 

5  17.  Procede  d'enregistrement  de  donnees  sur  un 
support  (25)  d'enregistrement  de  donnees  opti- 
ques  du  type  decrit  dans  I'une  quelconque  des  re- 
vendications  precedentes,  dans  lequel  I'eclaira- 
ge  intense  est  dirige  selectivement  vers  le  sup- 

10  port  a  partir  d'un  certain  nombre  de  directions 
differentes,  chaque  structure  optique  eclairee 
respective  (10)  effectuant  de  cette  maniere  la 
modification  reversible  ou  irreversible  desdites 
proprietes  optiques  dudit  film  a  brulures  (4)  se- 

15  lectivement  dans  un  nombre  correspondant  de 
zones  localisees  (11)  par  rapport  a  chaque  struc- 
ture  optique,  caracterise  en  ce  que  les  diverses 
directions  de  I'eclairage  sont  obtenues  par  une 
translation  parallele  d'un  faisceau  lumineux  (1)  a 

20  travers  diverses  parties  du  cote  entree  d'un  et 
meme  systeme  de  focalisaton  optique  (15),  en 
excitant  selectivement  des  sources  de  lumiere 
separees  positionnees  en  permanence  ou  en 
bloquant  partiellement  de  maniere  selective  un 

25  large  faisceau  lumineux  (1)  du  cote  entree, 
conduisant  la  lumiere  a  traverser  differentes  par- 
ties  du  systeme  de  focalisation  (15). 

18.  Procede  d'enregistrement  de  donnees  sur  un 
30  support  (25)  d'enregistrement  de  donnees  opti- 

ques  du  type  decrit  dans  I'une  quelconque  des  re- 
vendications  1-16,  dans  lequel  I'eclairage  inten- 
se  est  dirige  selectivement  vers  le  support  a  par- 
tir  d'un  certain  nombre  de  directions  differentes, 

35  chaque  structure  optique  eclairee  respective 
(1  0)  effectuant  ainsi  la  modification  reversible  ou 
irreversible  desdites  proprietes  optiques  du  film 
a  brulures  (4)  de  maniere  selective  dans  un  nom- 
bre  correspondant  de  zones  localisees  (11)  par 

40  rapport  a  chaque  structure  optique,  caracterise 
en  ce  que  certaines  structures  optiques  (1  0)  sont 
eclairees  selectivement  a  travers  des  trous 
correspondants  dans  un  masque  d'impression 
de  donnees  place  a  proximite  immediate  du  sup- 

45  port  (25),  ledit  masque  etant  dispose  de  maniere 
que  les  trous  correspondent  avec  lesdites  certai- 
nes  structures  optiques  (10). 

19.  Procede  de  lecture  de  donnees  a  partir  d'un  sup- 
50  port  (25)  d'enregistremnet  de  donnees  optiques 

du  type  decrit  dans  I'une  quelconque  des  reven- 
dications  1-16, 
caracterise  en  ce  que  la  determination  de  la  po- 
sition  des  zones  localisees  modif  iees  de  maniere 

55  irreversible  ou  reversible  (11)  dans  le  fim  a  bru- 
lures  (4)  est  realisee  en  appliquant  un  eclairage 
diffus  (14)  vers  ledit  support  (25)  d'enregistrem- 
net  de  donnees,  parfiltrage  spatial  de  la  lumiere 

15 
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sortant  dudit  support  dans  une  zone  (16)  espa- 
cee  d'un  systeme  (15)  de  transformation  optique 
place  a  I'exterieur  dudit  support  (25),  et  en  visua- 
lisant  ledit  support  dans  un  plan  focal  (1  7)  du  sys- 
teme  de  transformation  optique,  la  lumiere  5 
correspondant  a  des  directions  separees  prede- 
f  inies  (dir.  1  ,  dir.  2)  a  partir  desdites  structures 
optiques  (10). 

20.  Procede  de  lecture  de  donnees  a  partir  d'un  sup-  10 
port  (25)  d'enregistrement  de  donnees  optiques 
du  type  decrit  dans  I'une  quelconque  des  reven- 
dications  1-16, 
caracterise  en  ce  que  la  determination  de  la  po- 
sition  des  zones  localisees  modif  iees  de  maniere  15 
reversible  ou  irreversible  (11)  dans  le  film  a  bru- 
lures  (4)  est  effectuee  en  eclairant  ledit  support 
(25)  a  partir  de  directions  selectives  predetermi- 
nees,  et  la  lecture  correlee  avec  chaque  direc- 
tion,  de  la  lumiere  sortant  dudit  support  (25),  au  20 
moyen  d'elements  uniques  d'un  detecteur  de  lu- 
miere  (26)  ou  d'une  matrice  de  detecteurs  de  lu- 
miere  (26)  dans  une  ou  deux  dimensions,  pou- 
vant  fonctionner  dans  un  mode  a  balayage. 

16 



EP  0  513  062  B1 

17 



EP  0  513  062  B1 

F i g .   5  

E x p e r i m e n t a l   b u r n   p a t t e r n  

L ine   p a t t e r n   , 
5  s p o t s :  

•  •  •  •  • 
T h i s   can  be  e x -  

p a n d e d   to  t w o  

d i m e n s i o n s   : 
17  s p o t s   =  2  b y t e s   + 

c o n t r o l  
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F i g   .  
9 B  

READ-OUT  USING  DIRECTIONAL  ILLUMINATION. 

CENTER  PICTURE:  BURN-HOLES  IN  SQUARE  PATTERN.  NO  ILLUMI-  
NATION.  BURNING  ANGLE  10  DEGREES  OFF 
PERPENDICULAR.  SPHERE  DIAMETER  20  MICRONS. 

REMAINING  PICTURES:  SEQUENTIAL  READ-OUT  ALONG  THE  FOUR  BURN 
DIRECTIONS  . 

»1 
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FIG.  10A 

SUBSTRATE  WITH  P ITS .   LIQUID  PHASE  TRICKLED  7 . 1   jm  DIAMETER 
SPHERES.  IN  THIS  CASE,  97  %  OF  ALL  PITS  F I L L E D .  
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JBSTRATE  WITH  PITS  .  DRY  BRUSH  APPLIED  6.4  jJin  DIAMETER 
PHERES  . 



EP  0  513  062  B1 

24 



EP  0  513  062  B1 



EP  0  513  062  B1 

PROXIMITY  MODE 

SIGNAL  CHANNELS 

F i g   .  
1 4 B  
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