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provide  a  method  of  manufacturing  an  optical 
element  as  described  hereinbefore  in  which  there 
is  started  from  a  substrate  having  a  spherical 
surface,  in  which  a  good  mutual  positioning  of 

5  substrate  and  matrix  can  be  reached  without  a 
guiding  mechanism  and  in  which  the  thickness 
variation  of  the  correction  layer  is  such  that  the 
shrinkage  due  to  curing  does  not  give  way  to 
inaccuracies. 

10  According  to  the  invention  this  object  is 
achieved  by  means  of  a  method  which  is  charac- 
terised  in  that  the  spherical  surface  of  the  sub- 
strate  has  a  radius  of  curvature  which  is  of  such  a 
magnitude  that  the  synthetic  resin  layer  has  a 

w  minimum  thickness  adjacent  to  the  collection  of 
inflection  points. 

The  invention  is  based  on  the  gained  recogni- 
tion  of  the  fact  that  the  radius  of  curvature  of  the 
spherical  surface  of  the  substrate  can  be  chosen 

20  freely  within  certain  limits,  the  correction  layer 
also  serving  for  the  correction  of  the  focal  dis- 
tance.  When  the  radius  of  curvature  is  chosen  in 
accordance  with  the  invention,  the  substrate  and 
the  matrix  approach  each  other  most  closely  near 

25  a  collection  of  points  which  are  situated  on  a 
circle  having  not  too  small  a  diameter,  so  that  an 
accurate  positioning  is  possibe.  Such  an  accurate 
positioning  is  not  achieved  when  the  radius  of 
curvature  of  the  spherical  surface  of  the  substrate 

30  is  so  small  that  the  substrate  and  the  matrix 
approach  each  other  most  closely  near  a  single 
point  approximately  in  the  centre  of  the  matrix 
and  the  substrate.  In  that  case  also,  the  thickness 
of  the  correction  layer  at  the  outer  edge  becomes 

35  undesirably  large  as  a  result  of  which  problems 
arise  during  curing  due  to  shrinkage.  If,  on  the 
contrary,  the  radius  of  curvature  of  the  spherical 
surface  of  the  substrate  is  so  large  that  the 
substrate  and  the  matrix  approach  each  other 

40  most  closely  near  the  outer  edge  of  the  substrate, 
then  an  accurate  positioning  is  possible,  but  the 
thickness  of  the  correction  layer  is  then  inadmiss- 
ibly  large  in  the  centre.  This  again  gives  rise  to 
shrinkage  problems. 

45  If  the  points  of  nearest  approach  of  the  sub- 
strate  and  the  matrix  are  situated  in  the  centre  or 
at  the  edge,  then  the  differences  in  thickness  in 
the  correction  layer  are  approximately  twice  as 
large  as  when  said  points  are  situated  adjacent  to 

so  the  collection  of  inflection  points. 
In  GB—  A—  -550645  a  method  of  manufacturing 

an  optical  element  is  disclosed,  in  which  a  correc- 
tion  layer  is  provided  by  plastic  moulding,  in 
which  case  shrinkage  problems  hardly  occur.  In 

55  GB  —  A  —  550645  an  alternative  method  of  manu- 
facturing  an  optical  element  is  also  disclosed,  in 
which  a  correction  layer  is  provided  by  solvent 
casting.  In  that  case  the  volume  shrinks  by  a  large 
factor  and  such  a  method  can  not  be  used  to 

so  manufacture  very  accurate  optical  elements.  In 
both  cases,  GB  —  A  —  550645  does  not  disclose  a 
method  by  which  an  accurate  centering  may  be 
achieved  by  the  choice  of  the  radius  of  curvature 
of  the  substrate. 

65  The  invention  will  be  described  in  greater  detail 

Description 

The  invention  relates  to  a  method  of  manu- 
facturing  an  optical  element  comprising  a  sub- 
strate  having  an  approximately  spherical  surface 
and  a  correction  layer  of  a  synthetic  resin  pro- 
vided  on  said  surface,  the  free  surface  of  which  is 
convex  aspherical  and  shows  a  collection  of 
inflection  points  situated  approximately  on  a 
circle,  according  to  which  method  the  substrate  is 
placed  opposite  to  and  placed  from  a  rotationally 
symmetrical  matrix  which  has  a  concave  aspheri- 
cal  surface  having  a  collection  of  inflection  points 
situated  approximately  on  a  circle,  a  curable 
liquid  synthetic  resin  composition  being  provided 
between  the  matrix  and  the  substrate,  the  dis- 
tance  between  the  matrix  and  the  substrate  being 
reduced  to  a  desired  final  position,  the  synthetic 
resin  composition  being  cured,  and  the  substrate 
together  with  the  correction  layer  of  cured  syn- 
thetic  resin  connected  thereto,  the  free  surface  of 
which  is  a  negative  copy  of  the  surface  of  the 
matrix,  being  removed  from  the  matrix. 

The  method  may  be  used,  for  example,  for 
manufacturing  mono-aspherical  lenses. 

British  Patent  Specification  No.  1,301,551  dis- 
closes  a  method  of  manufacturing  an  optical 
element  as  described  hereinbefore,  starting  with 
a  flat  or  spherical  substrate  on  which  a  thermoset- 
ting  layer  of  synthetic  resin  is  provided,  for 
example  for  correction  of  aberration.  The  vari- 
ation  in  thickness  of  the  layer  of  synthetic  resin 
must  be  in  agreement  with  the  desired  correction. 
A  positive  curvature  may  be  necessary  in  the 
centre  of  the  optical  element  and  a  negative 
curvature  may  be  necessary  at  the  edge.  In 
between,  a  collection  of  inflection  points  exists  in 
the  surface  of  the  correction  layer. 

Too  large  a  thickness  of  the  layer  of  synthetic 
resin  gives  rise  to  inaccuracies  due  to  shrinkage 
during  curing  of  the  synthetic  resin.  A  small 
thickness  of  the  correction  layer  is  possible  by 
providing  the  substrate  with  a  surface  which 
approaches  the  desired  variation  of  the  correction 
layer,  but  a  substrate  having  an  approximately 
spherical  surface  can  be  manufactured  more 
simply  and  more  accurately  than  a  substrate 
having  a  surface  having  a  prescribed  aspherical 
character. 

When  a  spherical  substrate  is  used  it  is 
necessary  for  the  matrix  which  is  to  form  a 
reproduction  of  the  correction  layer  and  the  sub- 
strate  to  be  centred  accurately  with  respect  to 
each  other  prior  to  curing  the  synthetic  resin.  For 
that  purpose  may  be  used,  for  example,  a  guiding 
mechanism  which  keeps  the  matrix  and  the  sub- 
strate  in  the  desired  position. 

A  thermosetting  resin  is  used  in  the  above- 
mentioned  British  Patent  Specification.  The 
described  method  may  also  be  adopted  when  a 
synthetic  resin  composition  is  used  which  is 
cured  under  the  influence  of  light,  as  described, 
for  example,  in  the  published  German  Patent 
Application  No.  2,637,257. 

It  is  the  object  of  the  present  invention  to 



0  150  5 3 7  

ing  or  by  means  of  a  few  experiments  in  which  an 
accuracy  of  a  few  micrometres  is  necessary.  A 
control  of  the  place  where  the  synthetic  resin 
layer  has  the  smallest  thickness  is  possible,  for 

5  example,  by  measuring  interference  rings. 

Comparative  Examples  (not  according  to  the 
invention) 

Figure  3  is  a  cross-sectional  view  of  a  matrix  1 
w  and  a  substrate  7,  which  substrate  7  has  a  surface 

having  such  a  small  radius  of  curvature  that  the 
matrix  1  and  the  substrate  7  approach  each  other 
most  closely  near  the  centre  of  the  matrix  1  and 
the  substrate  7.  The  thickness  of  the  correction 

15  layer  at  the  outer  edge  is  approximately  twice  as 
large  as  in  the  example  according  to  the  inven- 
tion.  The  mutual  position  of  the  matrix  1  and  the 
substrate  7  is  not  determined  accurately  because 
a  lateral  displacement  of  the  substrate  7  with 

20  respect  to  the  matrix  1  is  possible,  unless  the  two 
are  subjected  to  a  very  large  compressing  force. 

Figure  4  is  a  cross-sectional  view  of  a  matrix  1 
and  a  substrate  8,  which  substrate  8  has  a  surface 
having  such  a  large  radius  of  curvature  that  the 

25  matrix  1  and  the  substrate  8  approach  other  other 
most  closely  near  the  outer  edge  of  the  substrate 
8.  The  thickness  of  the  correction  layer  5  in  the 
centre  is  approximately  twice  as  large  as  in  the 
example  according  to  the  invention,  as  a  result  of 

30  which  the  synthetic  resin  layer  5,  upon  curing, 
shrinks  considerably  in  the  centre  whereby  sur- 
face  irregularities  may  arise. 

Example  of  a  device  according  to  the  invention 
35  Figure  5  is  a  cross-sectional  view  (not  drawn  to 

scale)  of  a  substrate  and  a  device  according  to  the 
invention.  A  light  transmitting  matrix  9  bears  on 
an  annular  support  10.  Both  the  substrate  3  and 
the  matrix  9  have  flat  rear  surfaces.  A  substrate  3 

40  having  a  surface  with  a  radius  of  curvature 
according  to  the  invention  is  present  above  the 
matrix  9.  A  quantity  of  a  curable  liquid  synthetic 
resin  composition  5  is  present  between  the  matrix 
9  and  the  substrate  3.  The  substrate  3  is  pressed 

45  by  a  plate  11  which  is  parallel  to  the  support  10 
and  which  can  be  moved  between  guides  12  with 
respect  to  the  support  10.  The  plate  1  1  is  pressed 
against  the  substrate  3  with  an  accurately  deter- 
mined  force,  for  example,  by  means  of  a  weight 

so  13.  The  curable  liquid  synthetic  resin  composition 
5  may  be  cured  by  exposure  to  the  light  of  an 
ultraviolet  lamp  14,  the  light  being  guided 
through  the  matrix  9. 

When  using  the  method  according  to  the  inven- 
55  tion  it  is  also  possible  to  use  a  matrix  which  is  not 

light  transmitting.  In  that  case  the  light  may  be 
guided  to  the  synthetic  resin  composition  through 
the  substrate.  Moreover  it  is  possible  to  use  a 
synthetic  resin  composition  which  can  be  cured 

eo  under  the  infuence  of  heat. 

Claim 

A  method  of  manfacturing  an  optical  element 
65  comprising  a  substrate  (3)  having  an  approxi- 

with  reference  to  an  example  and  comparative 
examples,  and  with  reference  to  a  drawing  in 
which: 

Figure  1  is  a  cross-sectional  view  of  a  substrate 
and  a  matrix  according  to  the  invention, 

Figure  2  is  a  cross-sectional  view  of  a  substrate 
with  a  correction  layer  according  to  the  invention, 

Figure  3  is  a  cross-sectional  view  of  a  substrate 
and  a  matrix  not  according  to  the  invention, 

Figure  4  is  a  cross-sectional  view  of  a  substrate 
and  a  matrix  not  according  to  the  invention,  and 

Figure  5  is  a  cross-sectional  view  of  a  substrate 
and  a  device  according  to  the  invention. 

Example  (according  to  the  invention) 
Figure  1  of  the  drawing  is  a  cross-sectional  view 

of  a  matrix  1,  for  example  of  glass  or  a  metal,  the 
surface  2  of  which  is  complementary  to  the 
desired  surface  of  the  correction  layer.  The  sub- 
strate  3  which  may  be  manufactured,  for 
example,  from  glass  or  a  transparent  synthetic 
resin,  has  an  approximately  spherical  surface  4.  A 
quantity  of  a  curable  liquid  synthetic  resin  com- 
position  is  provided  between  the  surfaces  2  and  4, 
after  which  the  distance  between  the  matrix  and 
the  substrate  is  reduced  to  an  extreme  position, 
after  which  the  curable  synthetic  resin  composi- 
tion  is  cured.  The  curable  liquid  synthetic  resin 
composition  may  be  provided  between  the  matrix 
and  the  substrate  after  these  have  been  placed 
opposite  each  other,  but  it  is  efficacious  to  pro- 
vide  the  curable  synthetic  resin  composition  in 
the  form  of  a  drop  on  the  substrate  or  on  the 
matrix,  after  which  the  matrix  and  the  substrate, 
respectively,  are  placed  on  the  drop  of  liquid  and 
are  subjected  to  a  small  compressive  force. 

The  choice  of  the  curable  synthetic  resin  com- 
position  is  determined  by  the  requirements  which 
are  imposed  on  the  correction  layer,  for  example, 
as  regards  hardness,  light  transmission  and 
refractive  index.  Suitable  starting  materials  are 
monomeric  or  oligomeric  acrylates,  for  example, 
the  diglycidyl  ether  of  bisphenol  A,  with  which 
a,a-dimethoxy-a-phenyl  acetophenone  may  be 
used  as  an  initiator.  This  synthetic  resin  may  be 
made  to  cure  under  the  influence  of  UV-light,  for 
example,  by  exposure  to  the  light  of  a  medium- 
pressure  mercury  lamp  having  a  wavelength  of 
360  nm  for  1  minute. 

Figure  2  is  a  cross-sectional  view  of  the  sub- 
strate  3  bearing  a  correction  layer  5  the  free 
surface  6  of  which  shows  the  desired  aspherical 
shape.  The  diameter  of  the  substrate  3  may  be,  for 
example,  5  mm.  If  in  that  case  a  weight  of  30  g  is 
used  to  compress  the  substrate  3  and  the  matrix  1 
during  curing  of  the  synthetic  resin  layer  5,  the 
smallest  thickness  of  the  correction  layer  5  after 
curing  will  be  approximately  1  urn  (adjacent  to 
the  substantially  circular  collection  of  inflection 
points)  as  a  result  of  capillary  forces.  In  that  case 
the  largest  thickness  in  the  centre  is  7  —  15  urn  and 
at  the  outer  edge  is  approximately  15  urn. 

The  desired  radius  of  curvature  of  the  spherical 
surface  4  of  the  substrate  2  according  to  the 
invention  can  simply  be  determined  from  a  draw- 
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zu  einem  erwunschten  Endabstand  verringert  und 
die  Kunststoffzusammensetzung  zum  Ausharten 
gebracht  wird  und  das  Substrat  mit  der  damit 
verbundenen  Korrekturschicht  aus  gehartetem 
Kunststoff,  dessen  freie  Oberflache  (6)  eine  nega- 
tive  Kopie  der  Oberflache  (2)  der  Matrize  ist,  von 
der  Matrize  entfernt  wird,  dadurch  gekenn- 
zeichnet,  dass  der  Krummungsradius  der  sphari- 
schen  Oberflache  (4)  des  Substrats  (3)  so  gross 
ist,  dass  die  Kunststoffschicht  (5)  in  der  Nahe  der 
Sammlung  von  Wendepunkten  eine  minimale 
Dicke  hat. 

Revendication 

Procede  pour  la  realisation  d'un  element  opti- 
que  muni  d'un  substrat  (3)  presentant  une  surface 
pratiquement  spherique  (4)  et  d'une  couche  de 
correction  en  matiere  synthetique  (5),  qui  est 
appliquee  sur  ladite  surface  et  dont  la  surface 
libre  (6)  est  convexe  aspherique  et  comporte  une 
collection  de  points  d'inflexion  situes  pratique- 
ment  sur  un  cercle,  procede  selon  lequel  le 
substrat  est  place  d'une  fagon  espacee,  vis-a-vis 
d'une  matrice  a  symetrie  de  revolution  (1),  qui 
presente  une  surface  aspherique  concave  (2) 
munie  d'une  collection  de  points  d'inflexion 
situes  pratiquement  sur  un  cercle,  une  composi- 
tion  de  matiere  synthetique  liquide  durcissante 
etant  appliquee  entre  la  matrice  et  le  substrat,  la 
distance  comprise  entre  la  matrice  et  le  substrat 
etant  reduite  a  une  position  finale  desiree,  la 
composition  de  matiere  synthetique  etant  durcie 
et  le  substrat,  ensemble  avec  la  couche  de  correc- 
tion  en  matiere  synthetique  durcie  y  reliee,  dont  la 
surface  libre  (6)  est  une  copie  negative  de  la 
surface  (2)  de  la  matrice,  etant  enlevee  de  la 
matrice,  caracterise  en  ce  que  le  rayon  de  cour- 
bure  de  la  surface  spherique  (4)  du  substrat  (3)  est 
d'une  grandeur  telle  que  la  couche  en  matiere 
synthetique  (5)  presente  une  epaisseur  minimale 
pres  de  la  collection  de  points  d'inflexion. 

mately  spherical  surface  (4)  and  a  correction  layer 
of  synthetic  resin  (5)  which  is  provided  on  said 
surface  and  the  free  surface  (6)  of  which  is  convex 
aspherical  and  shows  a  collection  of  inflection 
points  situated  approximately  on  a  circle,  accord- 
ing  to  which  method  the  substrate  is  placed 
opposite  to  and  spaced  from  a  rotationally  sym- 
metrical  matrix  (1)  which  has  a  concave  aspheri- 
cal  surface  (2)  having  a  collection  of  inflection 
points  situated  approximately  on  a  circle,  a  cur- 
able  liquid  synthetic  resin  composition  being 
provided  between  the  matrix  and  the  substrate, 
the  distance  between  the  matrix  and  the  substrate 
being  reduced  to  a  desired  final  position,  the 
synthetic  resin  composition  being  cured  and  the 
substrate  together  with  the  correction  layer  of 
cured  synthetic  resin  connected  thereto  and  the 
free  surface  (6)  of  which  is  a  negative  copy  of  the 
surface  (2)  of  the  matrix  being  removed  from  the 
matrix,  characterized  in  that  the  radius  of  curva- 
ture  of  the  spherical  surface  (4)  of  the  substrate  (3) 
is  of  such  magnitude  that  the  synthetic  resin  layer 
(5)  has  a  minimum  thickness  adjacent  to  the 
collection  of  inflection  points. 

Patentanspruch 

Verfahren  zur  Herstellung  eines  optischen  Ele- 
mentes,  das  ein  Substrat  (3)  mit  einer  etwa 
spharischen  Oberflache  (4)  sowie  eine  auf  dieser 
Oberflache  angebrachte  Korrekturschicht  (5)  aus 
Kunststoff  aufweist,  deren  freie  Oberflache  (6) 
konvex  aspharisch  ist  und  eine  etwa  auf  einem 
Kreis  liegende  Sammlung  von  Wendepunkten 
aufweist,  wobei  nach  diesem  Verfahren  das  Sub- 
strat  in  einen  geringen  Abstand  gegeniiber  einer 
drehsymmetrischen  Matrize  (1)  gebracht  wird,  die 
eine  konkave  aspharische  Oberflache  (2)  aufweist 
mit  einer  etwa  auf  einem  Kreis  liegenden  Samm- 
lung  von  Wendepunkten,  wobei  zwischen  der 
Matrize  und  dem  Substrat  eine  flussige  hartbare- 
Kunststoffzusammensetzung  vorgesehen,  der 
Abstand  zwischen  der  Matrize  und  dem  Substrat 
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