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Description 

This  invention  relates  to  optical  components  of  the  integrated  type  in  which  one  or  more  optical  paths  is 
defined  within  a  body  of  material.  The  optical  path(s)  may  for  example  provide  connections  between  optical 

5  fibres,  the  body  of  material  incorporating  such  path(s)  being  adapted  for  connection  to  the  fibres  so  as  to  align 
the  fibres  with  the  path(s). 

Optical  components  of  this  type  are  well  known  and  various  methods  for  their  manufacture  have  been  de- 
vised  -  see  for  example,  the  following  articles  appearing  in  Volume  104,  "Micro-Optics"  (1988)  of  the  Proceed- 
ings  of  the  International  Society  for  Optical  Engineering: 

10  "Integrated  optical  refractive  index  sensor  by  ion-exchange  in  glass  "  by  U.  Hollenbach  et  al; 
"Command  cure  precision  cements  in  optics"  by  R.  T.  Murray  et  al; 
"Charge  controlled  ion  exchange  -  a  way  to  reproducible  fabrication  of  integrated  optical  components  in  glass" 
by  R.  Klein  et  al; 
"Birefringence  of  diffused  lithium  niobate  Z-propogating  waveguides  depending  on  titanium  concentration"  by 

15  D.  Eberhard  ; 
"Optical  guides  in  CR  39  irradiated  by  ion  beams"  by  B.  Bennamane  et  al;  and 
"Calculated  and  measured  refractive  index  profiles  of  Kplus  exchanged  glass  waveguides"  by  K.  Spenner  et 
al. 

The  Murray  article  for  instance  refers  to  the  possibility  of  producing  a  multimode  waveguide  by  a  litho- 
20  graphic  technique  using  a  photo-curable  resin.  In  practice,  after  the  waveguide  precursor  has  been  produced 

by  photo-etching  into  the  resin,  the  remaining  resin  is  washed  away  and  the  cured  component  can  thereafter 
be  encapsulated  or  buried  in  a  polymer. 

This  approach,  involving  photo-etching,  has  the  disadvantage  that  the  surfaces  of  the  waveguide  structure 
are  microscopically  rough  with  the  consequence  that  light  losses  are  inevitable  at  the  sharp  but  rough  boundary 

25  or  interface  between  the  waveguide  and  the  polymer  in  which  it  is  subsequently  embedded  thereafter. 
It  is  known  from  US-A-3689264  to  produce  light  guides  by  selective  irradiation  of  suitably  sensitised  sam- 

ples  with  ultraviolet  light  after  the  samples  have  been  polymerised  at  a  temperature  below  1  00°C,  irradiation 
being  followed  by  ageing  of  the  sample  such  that  the  refractive  index  of  the  irradiated  region  increases. 

EP-A-0324493  discloses  a  method  for  the  preparation  of  optical  components  which  encompasses  the  se- 
30  lective  initial  exposure  of  areas  of  a  photohardenable  film,  the  optional  hardening  of  the  film  by  heating  before, 

during  or  after  the  initial  exposure  and  the  optional  subsequent  non-selective  exposure  of  the  film  at  a  non- 
specified  temperature. 

The  present  invention  seeks  to  provide  an  improved  method  for  the  production  of  optical  components  of 
the  intergrated  type. 

35  According  to  the  present  invention  there  is  provided  a  method  of  making  an  optical  component  of  the  in- 
tegrated  type,  said  method  comprising: 

(a)  forming  a  radiation-polymerisable  composition  as  a  layer; 
(b)  exposing  a  predetermined  zone  or  zones  of  the  layer  to  radiation  to  selectively  polymerise  those  zones; 
(c)  heat-treating  the  layerata  temperature  at  which  the  zone  or  zones  undergo  further  polymerisation  while 

40  the  remaining  unexposed  areas  of  the  layer  remain  substantially  unpolymerised  by  such  heat  treatment; 
and 
(d)  exposing  the  layer  to  said  radiation  so  as  to  cure  the  areas  of  said  layer  which  surround  the  previously 
exposed  zone  or  zones,  characterised  in  that  step  (b)  is  carried  out  at  a  higher  temperature  than  step  (d). 
As  used  herein,  "light  transmissive"  and  "light  path"  are  not  intended  to  be  construed  in  a  restricted  sense, 

45  ie.  wavelengths  lying  outside  the  visible  spectrum  are  not  excluded,  for  example  the  optical  components  in 
question  (as  is  well  known  in  the  art)  may  be  used  for  the  near  infrared. 

Typically,  the  product  of  the  method  of  the  invention  is  an  optical  component  of  the  integrated  type  com- 
prising  a  layer  composed  of  a  light  transmissive  material  which  has  been  polymerised  by  actinic  and/or  electron 
beam  radiation  and  includes  at  least  one  light  path  extending  through  the  layer,  which  light  path  is  defined  by 

so  a  zone  within  the  layer  having  a  different  degree  of  polymerisation  to  the  surrounding  material  of  the  layer. 
The  effect  of  the  differing  degree  of  polymerisation  is  to  impart  to  said  zone(s)  a  different  refractive  index 

to  that  of  the  surrounding  material  so  that  the  zone(s)  can  function  as  light  waveguide  means. 
The  interface  between  said  zone(s)  and  the  surrounding  material  may  be  of  a  diffuse  nature  in  that  the 

degree  of  polymerisation  at  the  interface  may  change  progressively  to  give  a  graded  refractive  index  change 
55  and,  hence,  low  scattering  at  the  interface. 

Where  there  is  more  than  one  light  path,  the  light  paths  may  be  interconnected  with  one  another,  for  ex- 
ample  a  single  zone  adjacent  one  edge  of  the  layer  (for  connection  to  an  input  optical  fibre)  may  branch  into 
two  or  more  of  said  zones  which  may  terminate  at  another  edge  of  the  layerfor  connection  to  two  or  more  output 
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fibres.  However,  it  is  to  be  understood  that  the  invention  is  not  limited  to  any  particular  configuration  of  the 
light  path(s)  within  the  layer. 

The  layer  is  preferably  provided  on  a  substrate  which  may  be  rigid  or  flexible. 
The  photo-polymerisable  composition  is  preferably  coated  onto  a  substrate  before  said  selective  exposure 

5  to  the  radiation.  The  substrate  may  comprise  a  plastics  material  having  sufficient  thermal  stability  to  withstand 
the  subsequent  post-curing  heat  treatment.  Alternatively,  the  substrate  may  comprise  a  ceramic  material  or 
may  be  composed  of  a  single  crystal;  preferably  however,  where  the  substrate  is  rigid,  it  comprises  a  glass 
having  a  high  transmissivity  at  the  operating  wavelength  of  the  optical  component.  In  some  applications,  the 
substrate  may  comprise  a  flexible  or  rigid  printed  circuit  board,  for  example  in  applications  combining  optical 

10  and  electronic  components.  Thus,  for  instance,  the  substrate,  in  addition  to  providing  support  for  the  optical 
component,  may  also  act  as  a  support  for  electronic  components. 

If  desired,  the  substrate  may  be  transmissive  to  the  radiation  employed  for  polymerising  the  photo-poly- 
merisable  composition  and,  in  this  event,  exposure  of  the  layer  to  said  radiation  may  be  effected  via  the  sub- 
strate. 

15  The  substrate  will  normally  be  generally  planar  but  we  do  not  exclude  the  possibility  that  it  may  be  of  curved 
configuration  in  circumstances  where  the  light  is  required  to  be  transmitted  along  a  curved  path. 

The  said  zones  are  conveniently  exposed  to  actinic  radiation  (typically  of  wavelength  in  the  range  of  about 
300  to  500  nm).  Exposure  to  the  actinic  radiation  can  be  effected  by  means  of  a  mask  to  limit  exposure  to  said 
zones.  Exposure  may  be  implemented  by  means  of  laser-radiation;  for  example,  the  laser  radiation  may  be 

20  projected  as  a  beam  which  is  controlled  to  "write"  into  the  layer  and  follow  a  predetermined  pattern  to  produce 
said  predetermined  zone(s)  of  polymerised  material.  Although  we  presently  prefer  to  use  actinic  radiation,  we 
do  not  exclude  the  possibility  of  using  other  forms  of  radiation,  such  as  electron  beam  radiation,  to  effect  se- 
lective  polymerisation  of  the  layer  prior  to  effecting  further  polymerisation  by  thermal  treatment.  The  term  "ra- 
diation-polymerisable"  as  used  in  this  specification  is  therefore  to  be  construed  accordingly. 

25  A  feature  of  the  invention  application  is  the  selective  exposure  of  said  zones  of  the  layerfollowed  by  further 
polymerisation  of  the  exposed  zones  induced  by  thermal  treatment.  It  is  believed  that  the  thermal  treatment 
causes  the  exposed  zone(s)  to  shrink  relative  to  the  surrounding  areas  with  consequent  increase  of  refractive 
index  in  such  zone(s)  relative  to  the  surrounding  areas.  Also,  it  is  believed  that  the  photo-initiator,  for  example 
a  free  radical  catalyst,  activated  selectively  (eg.  to  produce  free  radicals)  by  the  initial  exposure  not  only  in- 

30  teracts  within  the  zone(s)  during  the  thermal  treatment  to  produce  further  polymerisation  but  can  also  interact 
at  the  interface  between  said  zone(s)  and  the  surrounding  areas  to  produce  a  polymerisation  gradient  between 
said  zone(s)  and  the  surrounding  areas  which  is  considered  beneficial  in  terms  of  the  optical  performance  of 
the  light  guiding  zones. 

The  heat  treatment  step  will  in  general  be  carried  out  at  a  temperature  and  for  a  timespan  such  that  a  re- 
35  fractive  index  mismatch  of  appropriate  magnitude  between  said  zone(s)  and  the  surrounding  areas  is  secured 

in  the  layer  following  the  exposure  of  said  surrounding  areas.  In  practice,  the  temperatures  and  residence  time 
used  in  the  heat  treatment  process  can  be  readily  determined  empirically. 

The  photo-polymerisable  composition  typically  comprises  a  monomer  and/or  oligomer  and  an  addition 
polymerisation  catalyst  such  as  a  free  radical  catalyst.  The  composition  is  such  that,  following  the  steps  of  ex- 

40  posure  to  radiation  and  thermal  treatment,  the  cured  layer  or  at  least  said  zone(s)  is  light  transmissive.  Also 
the  composition  is  such  that  during  the  thermal  treatment  step,  only  those  zones  which  have  been  exposed 
to  radiation  undergo  further  polymerisation,  ie.  the  remaining  areas  of  the  layer  do  not  undergo  any  significant 
degree  of  polymerisation  during  the  thermal  treatment  step.  The  invention  can  be  practised  using  a  wide  range 
of  monomers  and  oligomers  that  are  conventionally  used  in  photo-polymerisable  compositions.  For  example, 

45  the  composition  may  be  an  oligomeric  aromatic  methacrylate  which  may  be  combined  with  a  photo-initiator 
system  providing  free  radicals  in  the  presence  of  blue  light. 

By  cooling  the  layer  prior  to  step  (d)  so  that  the  exposure  in  step  (d)  is  carried  out  at  a  lower  temperature 
than  step  (b),  it  has  been  found  that  a  more  pronounced  difference  in  refractive  index  can  be  achieved  between 
said  zone(s)  and  the  surrounding  areas.  Usually  the  radiation  treatment  carried  out  in  step  (d)  will  polymerise 

so  the  surrounding  areas  to  the  extent  necessary  for  many  applications. 
Preferably  the  layer  is  cooled  to  a  temperature  less  than  that  at  which  step  (b)  is  carried  out,  steps  (b)  and 

(d)  preferably  being  carried  out  at  temperatures  which  differ  by  at  least  20°C,  more  preferably  by  at  least  40°C 
and  most  preferably  by  at  least  50°C. 

Step  (b)  may  be  carried  out  at  an  elevated  temperature,  e.g.  at  least  30°C  (more  preferably  at  least  40°C), 
55  and  typically,  prior  to  step  (d),  the  layer  will  be  cooled  to  a  temperature  of  about  20°C  or  below.  Depending  on 

the  nature  of  the  polymerisable  material,  prior  to  step  (d),  the  layer  may  be  cooled  to  a  temperature  below  10°C 
or  lower,  eg.  within  the  range  -10°C  to  +5°C. 

Prior  to  step  (b),  the  layer  may  be  laminated  with  a  sheet  of  material  which  is  transmissive  to  said  radiation 

3 
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and  step  (b)  is  carried  out  by  irradiating  the  layer  through  said  transmissive  sheet.  The  sheet  is  preferably  im- 
permeable  so  that  when  the  layer  is  sandwiched  between  a  substrate  and  the  laminated  sheet,  air  is  substan- 
tially  excluded.  The  provision  of  a  laminated  sheet  may  affect  the  nature  of  the  material  shrinkage  that  occurs 
during  the  steps  of  the  process  of  the  invention  in  that  the  shrinkage  may,  at  least  to  some  extent,  be  con- 

5  strained  in  a  direction  generally  perpendicular  to  the  plane  of  the  interface  between  the  layer  and  the  laminating 
sheet.  In  other  words,  the  shrinkage  may  tend  to  take  place  in  planes  transverse  to  said  generally  perpendicular 
direction. 

Step  (d)  may  also  be  carried  out  by  irradiating  the  layer  through  said  transmissive  sheet. 
In  some  circumstances  however,  for  instance  where  the  end  product  is  to  be  used  in  applications  where 

10  it  may  be  vulnerable  to  solvent  attack,  step  (d)  may  be  supplemented  with  a  further  thermal  treatment  to  effect 
post-curing  but  in  such  a  way  that  a  substantial  refractive  index  difference  is  retained,  eg.  by  carrying  out  the 
second  thermal  treatment  at  a  lower  temperature  than  that  of  step  (c)  and/or  for  a  shorter  duration. 

To  promote  further  understanding  of  the  invention,  one  embodiment  thereof  will  now  be  described  byway 
of  example  only  with  reference  to  the  accompanying  drawings,  in  which: 

15  Figure  1  is  a  schematic  plan  view  of  an  optical  waveguide  precursor  following  selective  polymerisation  of 
a  photo-polymerisable  composition  coated  as  a  layer  onto  a  substrate; 
Figure  2  is  cross-sectional  view  taken  in  the  direction  2-2  in  Figure  1  ; 
Figure  3  is  a  graph  illustrating  variation  of  refractive  index  with  temperature  at  which  light  curing  is  effected. 
Referring  to  the  drawings,  the  micro-optical  assembly  shown  comprises  a  substrate  10,  eg.  glass,  and  a 

20  superposed  layer  12  which  incorporates,  as  an  integral  part  of  the  layer,  a  waveguide  structure  14.  In  the  illu- 
strated  embodiment,  the  structure  14  comprises  an  input  section  16  at  one  edge  of  the  layer  12  for  connection 
to  an  optical  fibre  by  means  not  shown,  and  branched  sections  18  which  terminate  at  a  second  edge  or  edges 
of  the  layer  12  for  connection  to  separate  optical  fibres  by  unshown  means.  The  structure  14  is  an  integral 
part  of  the  layer  in  the  sense  that  it  is  formed  by  selective  photopolymerisation  of  the  same  continuous  coating 

25  as  the  surrounding  parts  20.  In  other  words,  the  material  constituting  the  remaining  parts  20  is  not  deposited 
as  a  separate  step  from  the  deposition  of  the  material  constituting  the  structure  14. 

The  assembly  is  fabricated  as  follows.  Firstly,  a  liquid  photo-polymerisable  composition  is  coated  on  to 
one  face  of  the  substrate  10  to  form  a  liquid  or  semi-liquid  layer  which  is  of  substantially  uniform  thickness. 
The  composition  may,  for  example,  comprise  a  methacrylate  resin  (which,  when  cured,  will  be  transparent  to 

30  the  wavelength  of  light  to  be  transmitted  by  the  waveguide  structure)  and  a  free  radical  photo-initiator.  The 
coated  layer  is  then  heated,  for  example  with  the  aid  of  a  water  bath,  to  a  temperature  of  the  order  of  say  60 
to  100°C  and  at  that  temperature  is  subjected  to  selective  photo-polymerisation  in  accordance  with  the  con- 
figuration  of  the  component  to  be  produced.  This  may  be  effected  by  means  of  a  mask  or  stencil  carrying  the 
desired  pattern  and  illuminating  the  coated  layer  through  the  mask  or  stencil,  eg.  to  reproduce  the  waveguide 

35  structure  shown  in  Figure  1.  Alternatively,  the  pattern  may  be  produced  by  a  technique  involving  the  use  of  a 
laser  beam,  eg.  laser-writing  into  the  coated  layer.  At  this  stage,  the  exposed  zones  will  be  in  a  solid  phase 
and  the  surrounding  parts  20  remain  substantially  unpolymerised  and  in  a  liquid  or  semi-liquid  phase. 

The  assembly  is  next  placed  in  an  oven  to  effect  post-curing  or  further  polymerisation  of  the  previously 
polymerised  zones.  The  thermal  treatment  carried  out  at  this  stage  is  believed  to  mobilise  the  free  radicals 

40  generated  during  the  initial  polymerisation  step  to  cause  further  polymerisation  within  the  previously  polymer- 
ised  zones  and  also  to  cause  some  degree  of  polymerisation,  to  a  limited  extent,  beyond  those  zones.  The 
thermal  treatment  is  carried  out  at  a  temperature  and  for  a  time  interval  such  that  the  remaining  parts  20  of 
the  layer  are  substantially  unaffected  in  terms  of  polymerisation  and  remain  in  a  liquid  or  semi-liquid  state.  The 
temperature  at  which  the  thermal  treatment  is  carried  out  is  selected  to  be  greater  than  the  glass  transition 

45  temperature  of  the  polymerised  zones.  The  photo-polymerisable  composition  may  for  instance  exclude  a  ther- 
mal  catalyst  so  that  the  remaining  parts  20  do  not  undergo  any  significant  polymerisation  during  the  thermal 
treatment.  At  this  stage,  therefore,  the  coated  layer  will  consist  of  post-cured  zones  surrounded  by  areas  which 
are  substantially  unpolymerised. 

Next,  the  entire  layer  is  flooded  with  light  to  substantially  fully  polymerise  the  surrounding  previously  un- 
50  polymerised  areas  and  convert  them  to  a  solid  phase.  However,  in  accordance  with  present  invention,  the  layer 

is  first  cooled  to  a  temperature  which  is  somewhat  less  than  that  at  which  the  selective  photo-polymerisation 
was  carried  out,  for  example  about  0  to  20°C  and  only  then  is  it  flooded  with  light  so  that  the  resulting  poly- 
merisation  is  carried  out  with  the  layer  at  a  reduced  temperature.  The  effect  of  selectively  photo-polymerising 
and  post-curing  specific  zones  of  the  layer,  coupled  with  pre-cooling  prior  to  the  final  flood  illumination,  is  to 

55  produce  an  increased  refractive  index  difference  between  those  zones  and  the  surrounding  areas  and  it  is 
believed  that  the  limited  polymerisation  that  can  occur  beyond  those  zones  during  the  post-curing  step  can 
give  rise  to  a  refractive  index  gradient  in  the  regions  of  the  interfaces  between  the  photo-polymerised  and  post- 
cured  zones  and  the  surrounding  areas. 
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In  order  to  illustrate  the  effect  of  carrying  out  the  radiation  at  different  temperatures  and  post-curing,  the 
graph  of  Figure  3  was  derived  by  subjecting  samples  of  a  light-curing  resin  to  irradiation  at  different  tempera- 
tures  and  subsequent  baking.  Each  sample  was  allowed  to  equilibrate  at  the  temperature  at  which  light  curing 
was  to  be  carried  out  by  placing  it  in  a  water  bath  at  the  desired  temperature.  The  sample  was  then  irradiated 

5  with  light  for  an  interval  of  about  300  seconds  and  the  refractive  index  was  measured  (see  points  depicted  by 
squares  in  Figure  3).  The  sample  was  then  removed  from  the  water  bath  and  subjected  to  baking  at  a  temper- 
ature  of  the  order  of  100°C  for  several  hours,  after  which  the  modified  refractive  index  of  the  sample  was  meas- 
ured  (see  points  depicted  by  triangles  in  Figure  3). 

It  will  be  seen  from  Figure  3  that  the  refractive  index  of  a  sample  subjected  to  irradiation  is  dependent  on 
10  the  temperature  at  which  the  sample  was  irradiated.  Also  when  a  given  sample  is  subsequently  baked,  its  re- 

fractive  index  is  enhanced. 
Figure  3  illustrates  that  a  substantial  refractive  index  difference  between  different  zones  of  a  layer  can 

be  obtained  if  selective  radiation  and  flood  illumination  are  carried  out  at  different  temperatures,  ie.  such  that 
the  selective  radiation  is  carried  out  at  a  temperature  substantially  higher  than  that  at  which  the  flood  irradiation 

15  is  carried  out. 
Although  the  invention  is  described  above  in  relation  to  a  particular  form  of  micro-optical  component,  it 

will  be  appreciated  that  the  invention  has  application  to  the  fabrication  of  other  forms  of  micro-optical  compo- 
nents. 

20  EXAMPLE 

A  composition  comprising  a  mixture  of  2  parts  of  an  oligomeric  methacrylate  light  curing  resin  and  1  part 
toluene  by  weight  was  spin  coated  on  to  a  glass  substrate  rotating  at  a  speed  of  about  750  rpm  for  1  minute. 
The  light  curing  resin  comprised: 

25  91  pbw  diphenyl  ether  methacrylate  resin 
9  pbw  triethylene  glycol  dimethacrylate 
0.75  pbw  camphorquinone 
0.75  pbw  dimethylaminoethyl  methacrylate 
0.05  pbw  4-methoxyphenol 

30  (pbw  =  parts  by  weight) 
The  resin  was  produced  by  the  method  described  with  reference  to  Examples  14  -  16  of  European  Patent 

No.  112650B  using  components  in  the  following  molar  ratios: 
diphenyl  oxide  1 
formaldehyde  4.1 

35  sulphuric  acid  8.6 
water  25.1 
methacrylic  acid  13.0 

The  reaction  temperature  was  60  -  65°C. 
The  coated  substrate  was  then  laminated  with  a  12  micron  thick,  light  transmissive  film  of  MELINEX  "S" 

40  grade  polyethylene  terephthalate  (MELINEX  is  a  Registered  Trade  Mark  of  Imperial  Chemical  Industries  PLC) 
with  the  resin  coating  sandwiched  between  the  glass  substrate  and  the  laminating  film.  The  laminated  struc- 
ture  was  then  heated  at  about  100°C  in  an  oven  for  about  15  minutes,  taken  from  the  oven  while  still  at  this 
temperature  and  exposed  selectively  for  2  minutes  to  collimated  light  via  a  mask  providing  a  pattern  of  stripes, 
each  65  micron  wide  and  separated  from  one  another  by  a  spacing  of  65  micron.  The  light  source  used  provided 

45  an  output  of  0.1  Watts  cm-2  within  the  wavelength  range  462  -  478  nm. 
The  coated  substrate  was  then  thermally  baked  in  an  oven  at  a  temperature  of  about  100°C  for  a  period 

of  time  in  excess  of  15  minutes.  It  was  then  removed  from  the  oven,  cooled  to  about  20°C  and  flood  illuminated 
with  light  from  a  white  light  source  giving  an  output  of  270  mWcrrr2.  The  resulting  product  was  examined  using 
phase  contrast  microscopy  and  was  found  to  exhibit  clearly  distinguishable  stripes  corresponding  to  the  pat- 

50  tern.  The  fact  that  the  stripes  could  be  distinguished  in  this  way,  using  phase  contrast  microscopy,  indicates 
the  presence  of  refractive  index  differences  between  the  selectively  exposed  zones  and  the  flood  illuminated 
surrounding  areas. 

55  Claims 

1.  A  method  of  making  an  optical  component  of  the  integrated  type,  said  method  comprising: 
a)  forming  a  radiation-polymerisable  composition  as  a  layer  (12); 

5 
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b)  exposing  a  predetermined  zone  or  zones  (16,18)  of  the  layer  to  radiation  to  selectively  polymerise 
those  zones; 
c)  heat-treating  the  layer  (12)  at  a  temperature  at  which  the  zone  or  zones  undergo  further  polymeri- 
sation  while  the  remaining  unexposed  areas  (20)  of  the  layer  remain  substantially  unpolymerised  by 
such  heat  treatment;  and 
d)  exposing  the  layer  (12)  to  said  radiation  so  as  to  cure  the  areas  of  said  layer  (20)  which  surround 
the  previously  exposed  zone  or  zones  characterised  in  that  step  b)  is  carried  out  at  a  higher  temperature 
than  step  d). 

2.  A  method  as  claimed  in  Claim  1  in  which  the  radiation-polymerisable  composition  is  formed  as  a  layer  on 
a  substrate. 

3.  A  method  as  claimed  in  Claim  1  or  2  in  which  step  b)  is  carried  out  by  exposing  the  layer  to  radiation  via 
a  mask  so  that  the  layer  is  irradiated  with  a  pattern  corresponding  to  the  configuration  of  the  desired  optical 
component. 

4.  A  method  as  claimed  in  Claim  1  or  2  in  which  step  b)  is  carried  out  by  exposing  the  layer  to  radiation  by 
means  of  a  laser  beam  and  controlling  the  laser  beam  to  write  into  the  layer  and  follow  a  predetermined 
pattern  to  produce  said  predetermined  zone  or  zones  of  polymerised  material. 

5.  A  method  as  claimed  in  any  one  of  Claims  1  to  4  in  which,  prior  to  step  d),  the  layer  is  cooled  to  a  tem- 
perature  less  than  that  at  which  step  b)  is  carried  out. 

6.  A  method  as  claimed  in  Claim  1  or  5  in  which  steps  b)  and  d)  are  carried  out  at  temperatures  which  differ 
by  at  least  20°C. 

7.  A  method  as  claimed  in  Claim  1  or  5  in  which  steps  b)  and  d)  are  carried  out  at  temperatures  which  differ 
by  at  least  40°C. 

8.  A  method  as  claimed  in  Claim  1  or  5  in  which  steps  b)  and  d)  are  carried  out  at  temperatures  which  differ 
by  at  least  50°C. 

9.  A  method  as  claimed  in  Claim  1  or  5  in  which,  prior  to  step  d),  the  layer  is  cooled  to  a  temperature  below 
25°C. 

10.  A  method  as  claimed  in  Claim  1  or  5  in  which,  prior  to  step  d),  the  layer  is  cooled  to  a  temperature  below 
10°C. 

11.  A  method  as  claimed  in  Claim  1  or  5  in  which,  prior  to  step  d),  the  layer  is  cooled  to  a  temperature  within 
the  range  -10°C  to  +5°C. 

12.  A  method  as  claimed  in  any  one  of  the  preceding  claims  in  which,  prior  to  step  b),  the  layer  is  laminated 
with  a  sheet  of  material  which  is  transmissive  to  said  radiation  and  step  b)  is  carried  out  by  irradiating  the 
layer  through  said  transmissive  sheet. 

13.  A  method  as  claimed  in  Claim  12  in  which  step  d)  is  carried  out  by  irradiating  the  layer  through  said  trans- 
missive  sheet. 

14.  A  method  as  claimed  in  any  one  of  Claims  1  to  13  in  which  said  polymerisable  composition  is  substantially 
free  of  any  thermal  catalyst. 

15.  A  method  as  claimed  in  any  one  of  Claims  1  to  14  in  which  step  d)  is  followed  by  the  step  of  thermally 
treating  the  layer  at  a  lower  temperature  than  that  used  in  step  c). 

Patentanspruche 

1.  Verfahren  zur  Herstellung  eines  Optikteils  vom  integrierten  Typ,  wobei  das  Verfahren  die  nachstehenden 
Schritte  umfalit: 

a)  Bildung  einerdurch  Strahlung  polymerisierbaren  Zusammensetzungen  als  eine  Schicht  (12), 
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b)  Aussetzen  einervorgegebenen  Zone  odervon  Zonen  (16,  18)  der  Schicht  einer  Strahlung  unter  se- 
lektiver  Polymerisation  dieser  Zonen, 
c)  Warmebehandlung  der  Schicht  (12)  bei  einer  Temperatur,  bei  der  die  Zone  oder  die  Zonen  einer  wei- 
teren  Polymerisation  unterliegen,  wahrend  die  restlichen,  unbelichteten  Bereiche  (20)  der  Schicht 
durch  solch  eine  Warmebehandlung  im  wesentlichen  unpolymerisiert  bleiben,  und 
d)  Aussetzen  der  Schicht  (12)  der  Strahlung,  urn  die  Bereiche  der  Schicht  (20)  zu  harten,  die  die  zuvor 
belichtete  Zone  oder  die  belichteten  Zonen  umgeben,  dadurch  gekennzeichnet,  dad  Schritt  b)  bei  ei- 
ner  hoheren  Temperatur  als  Schritt  d)  durchgef  uhrt  wird. 

2.  Verfahren  nach  Anspruch  1  ,  bei  dem  die  durch  Strahlung  hartbare  Zusammensetzung  als  Schicht  auf  ei- 
nem  Substrat  gebildet  wird. 

3.  Verfahren  nach  Anspruch  1  oder  Anspruch  2,  bei  dem  Schritt  b)  durchgef  uhrt  wird,  indemdie  Schicht  einer 
Strahlung  durch  eine  Maske  ausgesetzt  wird,  so  dali  die  Schicht  mit  einem  der  Gestaltung  des  gewtinsch- 
ten  Optikteils  entsprechenden  Muster  bestrahlt  wird. 

4.  Verfahren  nach  Anspruch  1  oder  Anspruch  2,  bei  dem  Schritt  b)  durchgef  uhrt  wird,  indemdie  Schicht  einer 
Strahlung  mittels  eines  Laserstrahls  ausgesetzt  wird  und  eine  Steuerung  des  Laserstrahls  erfolgt,  urn 
auf  die  Schicht  zu  schreiben  und  ein  vorgegebenes  Muster  unter  Erzeugung  der  vorgegebenen  Zone  oder 
der  vorgegebenen  Zonen  des  polymerisierten  Materials  zu  befolgen. 

5.  Verfahren  nach  einem  der  Anspruche  1  bis  4,  bei  dem  die  Schicht  vor  dem  Schritt  d)  auf  eine  Temperatur 
abgektihlt  wird,  die  niedriger  als  die  Temperatur  ist,  bei  der  Schritt  b)  durchgefuhrt  wird. 

6.  Verfahren  nach  Anspruch  1  oder  Anspruch  5,  bei  dem  die  Schritte  b)  und  d)  bei  Temperaturen  durchge- 
fuhrt  werden,  die  sich  urn  mindestens  20  °C  unterscheiden. 

7.  Verfahren  nach  Anspruch  1  oder  Anspruch  5,  bei  dem  die  Schritte  b)  und  d)  bei  Temperaturen  durchge- 
fuhrt  werden,  die  sich  urn  mindestens  40°C  unterscheiden. 

8.  Verfahren  nach  Anspruch  1  oder  Anspruch  5,  wobei  die  Schritte  b)  und  d)  bei  Temperaturen  durchgefuhrt 
werden,  die  sich  urn  mindestens  50  °C  unterscheiden. 

9.  Verfahren  nach  Anspruch  1  oder  Anspruch  5,  bei  dem  die  Schicht  vor  dem  Schritt  d)  auf  eine  Temperatur 
unterhalb  von  25  °C  abgektihlt  wird. 

10.  Verfahren  nach  Anspruch  1  oder  Anspruch  5,  bei  dem  die  Schicht  vor  dem  Schritt  d)  auf  eine  Temperatur 
unterhalb  von  10  °C  abgektihlt  wird. 

11.  Verfahren  nach  Anspruch  1  oder  Anspruch  5,  bei  dem  die  Schicht  vor  dem  Schritt  d)  auf  eine  Temperatur 
innerhalb  eines  Bereiches  von  -10  °C  bis  +5  °C  abgektihlt  wird. 

12.  Verfahren  nach  einem  der  vorstehenden  Anspruche,  bei  dem  die  Schicht  vor  dem  Schritt  b)  mit  einer 
Schicht  eines  Materials,  das  gegenuber  der  Strahlung  durchlassig  ist  laminiert  wird  und  bei  dem  Schritt 
b)  mittels  Bestrahlung  der  Schicht  durch  die  durchlassige  Schicht  durchgefuhrt  wird. 

13.  Verfahren  nach  Anspruch  12,  bei  dem  Schritt  d)  mittels  Bestrahlung  der  Schicht  durch  die  durchlassige 
Schicht  durchgefuhrt  wird. 

14.  Verfahren  nach  einem  der  Anspruche  1  bis  13,  bei  dem  die  polymerisierbare  Zusammensetzung  im  we- 
sentlichen  frei  von  jedem  Warmekatalysator  ist. 

15.  Verfahren  nach  einem  der  Anspruche  1  bis  14,  bei  dem  auf  Schritt  d)  der  Schritt  der  Warmebehandlung 
der  Schicht  bei  einer  tieferen  Temperatur  als  derjenigen  Temperatur  erfolgt,  die  in  Schritt  c)  angewandt 
wurde. 

Revendications 

1.  Precede  pour  la  fabrication  d'un  composant  optique  du  type  integre,  ce  procede  comprenant  : 
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(a)  la  formation  d'une  composition  polymerisable  par  une  radiation  sous  forme  d'une  couche  (12); 
(b)  I'exposition  d'une  zone  ou  de  zones  predeterminees  (16,  18)  de  la  couche  a  une  radiation  pour  po- 
lymeriser  selectivement  ces  zones; 
(c)  le  traitement  a  chaud  de  la  couche  (12)  a  une  temperature  a  laquelle  la  zoneou  les  zones  subissent 

5  une  polymerisation  supplemental  tandis  que  les  regions  non  exposees  restantes  (20)  de  la  couche 
restent  pratiquement  non  polymerisees  par  un  tel  traitement  a  chaud;  et 
(d)  I'exposition  de  la  couche  (12)  a  cette  radiation  de  facon  a  durcir  les  regions  (20)  de  cette  couche 
qui  entourent  la  zone  ou  les  zones  prealablement  exposees, 

caracterise  en  ce  que  I'etape  (b)  est  menee  a  une  temperature  superieure  a  celle  de  I'etape  (d). 
10 

2.  Precede  suivant  la  revendication  1,  dans  lequel  la  composition  polymerisable  par  une  radiation  est  mise 
sous  forme  de  couche  sur  un  substrat. 

3.  Precede  suivant  les  revendications  1  ou  2,  dans  lequel  I'etape  (b)  est  effectuee  par  exposition  de  la  couche 

15  a  une  radiation  a  travers  un  masque  de  facon  a  irradier  la  couche  selon  un  motif  correspondant  a  la  confi- 
guration  du  composant  optique  desire. 

4.  Precede  suivant  les  revendications  1  ou  2,  dans  lequel  I'etape  (b)  est  effectuee  par  exposition  de  la  couche 
a  une  radiation  au  moyen  d'un  faisceau  laser  et  commande  du  faisceau  laser  pourecrire  dans  la  couche 
et  suivre  un  motif  predetermine  de  facon  a  produire  cette  zone  ou  ces  zones  predeterminees  de  materiau 
polymerise. 

5.  Precede  suivant  I'une  quelconque  des  revendications  1  a  4,  dans  lequel,  avant  I'etape  (d),  la  couche  est 
refroidie  a  une  temperature  inferieure  a  celle  a  laquelle  est  effectuee  I'etape  (b). 

25  6.  Precede  suivant  les  revendications  1  ou  5,  dans  lequel  les  etapes  (b)  et  (d)  sont  effectuees  a  des  tem- 
peratures  qui  different  d'au  moins  20°C. 

7.  Precede  suivant  les  revendications  1  ou  5,  dans  lequel  les  etapes  (b)  et  (d)  sont  effectuees  a  des  tem- 
peratures  qui  different  d'au  moins  40°C. 
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8.  Precede  suivant  les  revendications  1  ou  5,  dans  lequel  les  etapes  (b)  et  (d)  sont  effectuees  a  des  tem- 
peratures  qui  different  d'au  moins  50°C. 

9.  Precede  suivant  les  revendications  1  ou  5,  dans  lequel  avant  I'etape  (d),  la  couche  est  refroidie  a  une 
temperature  inferieure  a  25°C. 

10.  Precede  suivant  les  revendications  1  ou  5,  dans  lequel  avant  I'etape  (d),  la  couche  est  refroidie  a  une 
temperature  inferieure  a  10°C. 

11.  Precede  suivant  les  revendications  1  ou  5,  dans  lequel  avant  I'etape  (d),  la  couche  est  refroidie  a  une 
temperature  comprise  dans  la  gamme  de  -10°C  a  +5°C. 

12.  Precede  suivant  I'une  quelconque  des  revendications  precedentes,  dans  lequel,  avant  I'etape  (b),  la  cou- 
che  est  feuilletee  avec  une  feuille  de  materiau  susceptible  de  transmettre  cette  radiation  et  I'etape  (b) 
est  effectuee  par  irradiation  de  la  couche  a  travers  cette  couche  susceptible  de  transmettre  cette  radia- 

ns  tion. 

13.  Precede  suivant  la  revendication  12,  dans  lequel  I'etape  (d)  est  effectuee  par  irradiation  de  la  couche  a 
travers  cette  feuille  susceptible  de  transmettre  cette  radiation. 

so  14.  Precede  suivant  I'une  quelconque  des  revendications  1  a  13,  dans  lequel  cette  composition  polymerisable 
est  pratiquement  depourvue  d'un  quelconque  catalyseur  thermique. 

15.  Precede  suivant  I'une  quelconque  des  revendications  1  a  14,  dans  lequel  I'etape  (d)  est  suivie  de  I'etape 
de  traitement  thermique  de  la  couche  effectuee  a  une  temperature  inferieure  a  celle  qui  est  utilisee  dans 

55  I'etape  (c). 

8 



tP  U  41Z  b/5  Bl 



EP  0  412  675  B1 

REFRACTIVE  INDEX  n 

1.598  i  

1.596 

F i g .   3 .  

1.594  H 

1.592  H 

1.59  H 

1.588  H 

1.586  H 

1.584  H 

1.582 

AFTER  LONG  THERMAL  BAKE 
(100°C) 

/   LIGHT  CURE  ONLY 

r 

r t r  

20  40  60 

TEMPERATURE  DURING  LIGHT  CURE  / ° C  

80 

10 


	bibliography
	description
	claims
	drawings

