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Description 

The  present  invention  is  in  the  field  of  optics  and 
relates  particularly  to  small  anamorphic  lenses 
useful  for  special  applications  such  as  beam 
shaping,  optical  scanning,  and  optical  coupling 
among  small  light  guides,  light  sources,  and  light 
detectors. 

Imaging  optical  systems  wherein  the  magnifica- 
tion  of  an  image  at  the  image  plane  differs  in  two 
perpendicular  directions,  typically  horizontal  and 
vertical,  have  been  referred  to  as  anamorphic 
optical  systems.  One  such  system,  described  by  I. 
Powell,  Applied  Optics,  22,  (20),  pages  3249—3257 
(1983),  includes  prismatic  components  to  expand 
or  compress  the  field  of  light  traversing  the  system 
in  one  direction.  Wide-angle  single-component 
anamorphic  lenses  have  been  described  by  Y. 
Goncharenko  et  al.(  Sov.  J.  Opt.  Technol.,  37  (11) 
pages  725—728  (Nov.  1970),  and  the  design  of 
lenses  for  shaping  laser  radiation  has  been 
discussed  by  A.  Tsibulya  et  al.,  J.  Sov.  Opt. 
Technol.,  44  (3)  pages  140—142  (March  1977). 

In  addition  to  utility  in  photographic  and  photo- 
graphic  enlargement  systems,  multicomponent 
anamorphic  lenses  have  been  used  in  other  photo- 
graphic  applications,  such  as  in  the  reformating  of 
motion  picture  images  for  television,  as  described 
in  U.S.  Patent  No.  4,288,818.  Applications  for 
single-element  anamorphic  lenses  have  included 
beam  shaping  for  facsimile  scanners,  as  disclosed 
in  U.S.  Patent  No.  3,886,309,  and  beam  expanding 
for  scanning  optical  measurement  systems,  as 
disclosed  in  U.S.  Patent  No.  4,074,938. 

Anamorphic  lenses  can  be  generated  by  grind- 
ing  and  polishing  techniques  or  by  thermoplastic 
molding  processes.  The  latter,  while  seemingly 
more  suitable  to  economical  production,  do  not 
generally  provide  surfaces  of  optical  quality,  par- 
ticularly  when  the  molded  material  is  molten 
glass.  Thus  a  more  economical  technique  for 
producing  non-spherical  glass  lens  elements 
would  be  desirable. 

It  is  one  object  of  the  present  invention  to 
provide  a  novel  method  for  providing  small  glass 
anamorphic  lenses  wherein  grinding  and  polish- 
ing  of  the  lenses  is  not  required. 

It  is  a  further  object  of  the  invention  to  provide 
small  anamorphic  lenses  particularly  suitable  for 
use  with  small  light  emitters  and  detectors,  e.g. 
semiconductor  lasers. 

Other  objects  and  advantages  of  the  inventions 
will  become  apparent  from  the  following  descrip- 
tion. 

The  present  invention  provides  a  glass  anamor- 
phfc  lens  by  a  process  of  thermal  treatment  rather 
than  by  glass  molding  or  conventional  glass 
grinding  and  polishing.  A  glass  lens  substrate  is 
first  selected  which  consists  of  a  section  of  a 
photonucleable  thermally  crystallizable  glass. 
Such  glasses,  which  are  known,  exhibit  a  charac- 
teristicsuch  that  they  can  be  selectively  exposed  to 
light  and  then  heat  treated  to  develop  crystallinity 
in  only  the  exposed  sections. 

The  glass  lens  substrate  thus  provided  is  next 

selectively  exposed  to  a  source  of  photonucleating 
light,  e.g.  ultraviolet  or  short-wavelength  visible 
light.  This  exposure  is  carried  out  so  as  to  provide 
an  exposed  surface  region  of  the  substrate  which 

5  forms  a  lens  surround,  i.e.  a  region  surrounding  an 
unexposed  area,  referred  to  as  the  lens  region, 
wherein  the  lens  will  ultimately  be  developed. 

To  generate  the  anamorphic  lens  in  the  lens 
substrate,  the  lens  region  remaining  unexposed 

10  during  the  exposure  step  must  be  elongated  in  the 
plane  of  the  substrate  surface  being  exposed,  i.e., 
the  masked  or  protected  surface  region  must  have 
an  aspect  ratio  other  than  unity.  Examples  of 
suitable  elongated  lens  surface  patterns  include 

15  rectangular  and  elliptical  patterns. 
After  the  substrate  has  been  exposed  in  the 

manner  described,  it  is  subjected  to  a  heat  treat- 
ment  which  causes  the  densification  of  the  region 
of  the  glass  substrate  which  surrounds  the  lens 

20  region.  Densification  occurs  during  heattreatment 
as  a  consequence  of  the  development  of  crystal 
phases  in  the  exposed  surround  region  which  are 
more  dense  than  the  original  or  parent  glass.  As  a 
consequence  of  this  process  the  glass  in  the  lens 

25  region  is  compressed  by  the  surround  material 
and  a  curved  raised  surface.  forms  over  the  lens 
region  which  acts  as  the  refractive  surface  of  the 
lens.  Because  the  lens  cross-section  is  elongated, 
the  curvature  of  the  raised  surface  is  not  purely 

30  spherical,  and  thus  an  anamorphic  lens  is  pro- 
vided. 

An  anamorphic  lens  produced  in  accordance 
with  the  foregoing  description  can  be  charac- 
terized  as  an  optical  device  wherein  the  glass  lens 

35  is  integral  with  a  surround  material  of  differing 
microstructure  (typically  crystalline),  and  the  lens 
including  a  raised  curved  refracting  surface 
generated  by  the  densification  of  the  material 
surrounding  the  lens.  The  material  surrounding 

40  the  lens  is,  however,  of  a  chemical  composition 
identical  to  that  of  the  lens  even  though  it  is  of 
different  density. 

In  a  preferred  embodiment,  the  glass  forming 
the  lens  substrate  is  formed  of  a  photonucleable 

45  glass  which  is  highly  opacifiable,  i.e.,  it  becomes 
absorbing  after  photonucleation  and  heat  treat- 
ment.  In  glass  systems  of  this  type  the  densified 
surround  material  forms  an  optical  density  mask, 
preferably  opaque,  which  acts  as  a  stop  for  the 

so  anamorphic  lens. 
The  invention  may  be  further  understood  by 

reference  to  the  drawing  wherein: 
Fig.  1  illustrates  the  formation  of  an  anamorphic 

lens  according  to  the  invention; 
55  Figs.  2  —  2b  schematically  illustrate  the  form  of 

an  anamorphic  lens  provided  according  to  the 
invention; 

Figs.  3a  —  3b  are  graphs  plotting  the  elevation 
across  major  and  minor  axes  of  a  curved  surface 

60  for  an  anamorphic  lens  of  the  invention,  and 
Fig.  4  illustrates  the  shaping  of  a  laser  diode 

output  beam  by  a  spherical  lens,  and  by  an 
anamorphic  lens  provided  according  to  the  inven- 
tion. 

65  While  essentially  all  inorganic  glasses  can  be 
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ivitrified  (crystallized)  by  appropriate  tnermai 
satment,  the  preferred  glasses  for  use  in  the 
esent  invention  are  the  photonucleable, 
ermally  devitrifiable  glasses.  These  are  glasses 
hich  can  be  nucleated  in  a  controlled  fashion  by 
1  exposure  to  actinic  light  (short  wave  length 
sible  or  ultraviolet  light),  followed  by  a  heat 
eatment  which  causes  the  selective  crystalliza- 
an  of  the  glass  in  regions  previously  exposed  to 
itinic  light. 
Particular  examples  of  glasses  such  as 
sscribed  are  the  thermally  opacifiable  glasses, 
hich  are  glasses  wherein  the  crystal  phases 
roduced  by  photonucleation  and  heat  treatment 
re  such  as  to  render  the  glass  opaque.  Such 
lasses  are  well  known,  and  have  been  described 
i  U.S.  Patents  Nos.  2,575,940,  2,515,941, 
,51  5,943,  and  2,628,1  60.  These  glasses  are  silicate 
lasses  in  which  lithium  monosilicate  or  disilicate, 
arium  disilicate,  and/or  alkali  metal  fluoride  crys- 
il  phases  will  develop  upon  exposure  and  a 
uitable  subsequent  heat  treatment.  They  contain, 
i  addition  to  alkali  metal  fluorides,  Li20  and/or 
aO,  and  one  or  more  photosensitizing  agents 
elected  from  the  group  Au,  Ag,  Cu,  Sb  and  Ce 
/hich  play  an  important  role  in  the  process  by 
/hich  crystal  nuclei  are  developed  in  the  glass  by 
xposure  and  heat  treatment. 
In  the  above  glasses  the  development  of  crystal 

hases  in  the  glass  results  in  a  densification  and 
hrinkage  of  the  crystallizing  material  due  to  the 
ligher  density  of  the  crystals  when  compared  with 
he  original  glass.  It  is  this  densification  and 
hrinkage  which  cause  lateral  pressure  on  the 
inexposed  glassy  area  constituting  the  lens,  com- 
iressing  the  glass  and  resulting  in  the  desired 
aised  curved  surface  on  the  lens.  If  the  uncrys- 
allized  region  is  relatively  small,  e.g.,  on  the  order 
)f  2  mm  or  less,  the  raised  surface  areas  can  be 
ipherically  curved.  EP—  A—  0133788  filed  30th 
luly,  1984  claiming  a  priority  data  of  4th  August, 
I983  and  published  6th  March,  1985  describes  this 
sffect  and  its  application  to  the  fabrication  of 
spherical  microlenses  and  microlens  arrays. 

In  the  present  case,  the  surface  relief  pattern 
which  must  be  developed  is  one  which  imparts 
anamorphic  focusing  characteristics  and,  for  this 
jurpose,  a  raised  surface  incorporating  at  least 
some  cylindrical  or  cylinder-like  curvature  must  be 
generated.  Such  curvature  can,  in  fact,  be  genera- 
ted  in  photonucleable,  thermally  opacifiable 
glasses  if  the  lens  regions  formed  by  exposure  and 
thermal  treatment  of  the  substrate  are  of  elon- 
gated  cross-section,  e.g.,  not  circular  in  a  plane 
perpendicular  to  the  optical  axis  of  the  lens. 
Examples  of  elongated  lens  cross-sections  are 
rectangular  and  elliptical  cross-sections. 

Selective  exposure  of  the  glass  substrate  to 
develop  a  thermally  crystallized,  densified 
surround  by  for  the  lens  area  can  most  con- 
veniently  be  accomplished  by  masking.  A  mask 
comprising  opaque  areas  formed  of  a  chromium 
metal  film  deposited  on  a  flat  glass  plate  is 
particularly  suitable  where  accuracy  of  exposure  is 
desired. 

subsequent  nucleation  is  not  critical  and  can  be 
any  collimated  source  of  short  wavelength  or 
ultraviolet  light.  The  exposure  duration  is  likewise 
not  critical,  depending  upon  composition  and  heat 
treatment  variations  as  described  in  the  aforemen- 
tioned  patents  relating  to  photosensitive  glasses. 
A  suitable  exposure  for  a  given  composition  and 
heat  treatment  can  readily  be  determined  by 

i  routine  heat  treatment. 
The  heat  treatment  utilized  to  crystallize 

exposed  areas  of  the  substrate  typically  involves 
two  stages:  a  first  stage  wherein  crystal  nuclei  are 
developed  upon  which  subsequent  crystallization 

r  can  readily  proceed,  and  a  second  or  crystalliza- 
tion  stage  wherein  the  bulk  of  crystal  growth 
occurs.  In  practice,  temperatures  between  the 
annealing  and  softening  points  are  utilized  for 
both  stages,  with  nucleation  most  preferably 

?  being  promoted  by  a  hold  at  a  temperature  in  the 
recited  range  nearer  the  annealing  point  and 
crystallization  by  a  hold  at  a  somewhat  higher 
temperature  nearer  the  softening  point. 

While  any  of  the  known  photonucleable, 
5  thermally  opacifiable  glass  compositions  of  the 

prior  art  could  be  used  to  generate  anamorphic 
lenses  in  accordance  with  the  invention,  glasses  in 
the  lithium  silicate  system  which  form  lithium 
silicate  phases  upon  crystallization  provide  ade- 

o  quate  densification  and  are  commercially  avail- 
able.  Hence  they  will  be  referred  to  in  the  following 
description,  and  constitute  the  presently  preferred 
substrate  material  for  use  in  the  invention. 

In  the  case  of  circular  spherical  lenses  produced 
5  in  such  glasses,  lens  diameters  are  typically  rather 

small,  due  to  size  constraints  imposed  by  the 
process  through  which  the  lenses  are  produced.  If 
the  masked  portion  constituting  the  lens  area  of 
the  substrate  is  of  overly  large  diameter,  then  the 

<o  central  portion  of  the  lens  area  can  assume  a  flat 
rather  than  a  curved  raised  profile,  depending 
upon  the  dimensions  of  the  lens  and  other  factors 
such  as  the  orientation  of  the  substrate  during  heat 
treatment,  the  viscosity  of  the  glass,  and  the 

ts  degree  of  densification  of  the  surround  material. 
In  the  case  of  anamorphic  lenses,  purely 

cylindrical  as  well  as  ellipsoidal  lens  configura- 
tions  may  be  useful,  and  the  former  can  have  one 
transverse  dimension  which  is  very  large  com- 

50  pared  to  those  typical  of  spherical  lenses.  This 
large  dimension  is  the  dimension  parallel  to  the 
cylinder  axis  of  the  lens,  corresponding  to  the 
major  axis  of  the  elongated  lens  cross  section  on 
the  exposed  substrate  surface.  The  minor  axis  of 

55  such  a  lens,  however,  should  be  relatively  short  to 
maintain  curvature  across  the  lens  surface;  minor 
axis  diameters  not  exceeding  two  millimeters  and 
preferably  not  exceeding  500  microns  are  pre- 
ferred. 

60  The  invention  may  be  further  understood  by 
reference  to  the  following  illustrative  example. 

Example 
Aphotosensitivelycrystallizableglass,  commer- 

65  cially  available  as  Code  8603  glass  from  Corning 
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Glass  Works,  Corning,  New  York,  is  selected  for 
use  as  a  lens  substrate.  This  glass  has  the  follow- 
ing  composition,  in  parts  by  weight: 

Si02  79.1 
Li20  9.4 
Na20  1.6 
K20  4.2 
Al203  4.2 
ZnO  1.0 
Sb203  0.4 
Au  0.0012 
Ag  0.115 
Ce02  0.015 
SnO  0.003 

A  strip  of  this  glass  approximately  2"x6"  (5 
cmx15  cm)  in  size  is  cut  from  a  rolled  sheet 
approximately  1.5  mm  in  thickness. 

One  face  of  this  strip  is  covered  with  a  glass 
mask  which  includes,  on  the  face  in  contact  with 
the  strip,  an  array  of  elongated  opaque  dots 
formed  of  chromium  metal  film.  The  array  is  1  x6 
dots  in  size,  each  dot  having  the  configuration  of 
an  ellipse  approximately  1.2x2.5  millimeters  in 
size. 

Fig.  1(a)  of  the  drawing  schematically  illustrates 
a  section  10  of  such  a  mask  which  includes  a 
representative  opaque  dot  12,  the  mask  section 
overlying  and  being  in  proximity  to  a  section  14  of 
a  photosensitive  glass  strip  which  includes  lens 
area  16.  The  mask  and  strip  sections  10  and  12 
have  been  spaced  apart  to  more  clearly  illustrate 
the  masking  effect,  although  in  practice  the  mask 
and  strip  are  in  close  contact  for  accuracy  of 
exposure. 

The  strip  is  next  exposed  through  the  mask  to 
radiation  from  a  Hanovia  435  watt  mercury  arc 
lamp  positioned  about  15  inches  (38  cm)  from  the 
masked  glass,  for  an  exposure  interval  of  100 
seconds.  This  exposure  is  schematically  repre- 
sented  in  Fig.  1(b). 

After  the  strip  has  been  exposed  to  the  arc 
lamp,  it  is  heat-treated  at  temperatures  between 
the  annealing  and  softening  temperature  of  the 
glass  in  accordance  with  standard  photosensitive 
glass  processing  practice  to  crystallize  the  glass. 
The  strip  is  first  heated  to  a  temperature  of 
approximately  540°C  for  approximately  60 
minutes  to  develop  nuclei  in  the  glass,  and  then 
heated  to  580°C  for  approximately  60  minutes  to 
develop  a  lithium  silicate  crystal  phase  in  the 
glass.  The  effect  of  this  heat  treatment  is  schemat- 
ically  shown  in  Fig.  1(c)  wherein  crystals  18  have 
formed  throughout  strip  section  14  except  in 
elongated  lens  area  16. 

Examination  of  the  strip  after  heat  treatment 
shows  an  array  of  elongated  lenses  integral  with 
an  opaque  crystallized  surround  material,  each 
lens  extending  through  the  crystallized  strip  and 
incorporating  raised  curved  upper  and  lower  sur- 
faces  joining  with  the  surfaces  of  the  crystallized 
surround  material.  The  configuration  of  a  repre- 
sentative  lens  is  schematically  shown,  not  to  size, 
in  Figs.  2  —  2b  of  the  drawing.  Fig.  2  is  a  schematic 

top  view  of  a  section  of  such  a  strip  after  pro- 
cessing,  showing  the  outline  of  a  representative 
lens  16  in  surrounding  crystallized  glass  14.  A 
cross-section  of  the  lens  along  line  a  —  a  of  Fig.  2  is 

5  shown  in  Fig.  2(a),  a  —  a  representing  the  major 
axis  of  the  lens  cross-section  perpendicular  to  the 
optical  axis  OA  of  the  lens.  Fig.  2(b)  is  a  cross 
section  of  the  lens  taken  along  line  b  —  b  (of  Fig.  2, 
that  line  representing  the  minor  axis  of  the  lens 

10  cross-section  perpendicular  to  optical  axis  OA. 
The  profile  of  the  raised  curved  surface  of  a 

representative  lens  in  the  array  approximates  an 
ellipsoidal  shape.  Fig.  3(a)  of  the  drawing  plots 
surface  height  S  above  the  plane  of  the  surface  of 

15  the  crystallized  lens  surround  material  as  a  func- 
tion  of  the  distance  D  from  one  edge  of  the  lens 
along  the  major  transverse  axis  of  the  lens  (line 
a  —  a  in  Fig.  2).  Fig.  3b  is  a  similar  plot  of  lens 
height  S  across  the  lens  surface  along  the  minor 

20  transverse  axis  of  the  lens  (line  b  —  b  in  Fig.  2). 
These  figures  clearly  show  the  differing  radii  of 
curvature  across  the  lens  surface  in  orthogonal 
directions  from  the  optical  axis,  which  give  rise  to 
the  anamorphic  focusing  characteristics  of  the 

25  lens. 
Figs.  4  and  5  of  the  drawing  compare  the 

focusing  characteristics  of  spherical  and  anamor- 
phic  microlenses  in  a  case  where  the  shaping  of  a 
light  beam  produced  by  a  small  semiconductor 

30  laser  is  desired.  In  Fig.  4,  the  output  from  laser  20, 
which  is  preferentially  directed  in  a  horizontal 
plane  extending  from  junction  22  of  the  laser,  is 
focused  by  spherical  lens  24  to  an  image  at  26 
which  is  a  line  image  of  the  junction.  In  Fig.  5,  the 

35  output  from  a  similar  junction  laser  20  is  focused 
by  anamorphic  lens  28  to  a  more  nearly  circular 
spot  30.  This  circularization  of  the  light  output 
from  a  junction  laser  is  an  advantage  where  the 
output  of  the  laser  has  to  be  optically  processed 

40  for  input  to  a  non-planar  device,  such  as  the  small 
cylindrical  core  of  an  optical  fiber. 

Whereas  Fig.  5  illustrates  the  case  of  full  colli- 
mation  by  an  anamorphic  lens,  the  output  of  a 
typical,  commercial  laser  diode  is  generally  not 

45  fully  collimated  with  only  two  refracting  surfaces 
having  curvatures  such  as  previously  described 
herein.  To  obtain  full  collimation,  lens  stacking  as 
described  in  the  aforementioned 
EP  —  A  —  0133788,  wherein  several  lenses  are 

so  axially  aligned  in  a  multielement  system,  can  be 
used. 

Claims 

55  1.  A  monolithic  optical  element  comprising  at 
least  one  light  transmitting  glass  anamorphic  lens 
bounded  by  a  curved  light-refracting  surface,  and 
material  surrounding  the  lens  which  is  of  the 
same  chemical  composition  but  of  higher  density 

60  than  the  glass  comprising  the  light-transmitting 
lens. 

2.  An  optical  element  in  accordance  with  claim 
1  which  comprises  an  array  of  glass  anamorphic 
lenses. 

65  3.  A  method  of  making  an  optical  element 

4 



Dmprising  at  least  one  glass  anamorpnic  lens, 
'hich  comprises  the  steps  of: 
(a)  selecting  a  lens  substrate  in  which  there  is 

>  be  formed  a  lens  portion  having  a  surrounding 
sgion  therearound;  and 
(b)  subjecting  the  said  surrounding  region  to  a 

ensification  process  so  as  to  compress  the  glass 
i  the  lens  portion  and  thereby  form  a  curved, 
aised,  light-refracting  surface  over  the  lens  por- 
on,  the  said  surrounding  region  thereby  being 
f  the  same  chemical  composition  as  the  lens 
ortion  but  of  higher  density. 
4.  A  method  according  to  claim  3,  wherein  the 

ensification  is  achieved  by  crystallization. 
5.  A  method  according  to  claim  4,  wherein  the 

sns  substrate  is  of  a  photosensitively  crystalliz- 
ble  glass,  and  wherein  said  crystallization  is 
chieved  by  (a)  selectively  exposing  the  sub- 
trate  to  a  source  of  actinic  light  to  provide  an 
xposed  surface  region  surrounding  an  unex- 
iosed  lens  region,  the  lens  region  having  an 
longated  cross-section  in  the  plane  of  the 
xposed  surface;  and 
(b)  heat-treating  the  substrate  to  cause  the 

lensification  of  the  surrounding  exposed  region 
•f  the  glass  and  the  formation  of  an  anamorphic 
3ns  having  a  raised  curved  surface  and  an  elon- 
lated  cross-section  within  the  lens  region  of  the 
iubstrate. 

6.  A  method  in  accordance  with  claim  5 
vherein  the  selective  exposure  is  adapted  to 
>rovide  an  exposed  surface  region  forming  a 
natrix  surrounding  an  array  of  unexposed  lens 
egions. 

7.  A  monolithic  optical  element  comprising  at 
east  one  light  transmitting  glass  anamorphic 
ens  bounded  by  a  curved  light-refracting  sur- 
ace,  manufactured  according  to  any  one  of 
;laims  3  to  6. 

'atentanspruche 

1.  Monolithisches  optisches  Element  mit 
/venigstens  einer  Licht  durchlassenden  anamor- 
ahotischen  Glaslinse,  die  von  einer  gekrummten 
ichtbrechenden  Oberflache  begrenzt  ist,  und  mit 
die  Linse  umgebendem  Material,  das  aus  dersel- 
ben  chemischen  Zusammensetzung  besteht, 
iedoch  eine  hohere  Dichte  als  das  Glas  aufweist, 
das  die  lichtdurchlassige  Linse  aufweist. 

2.  Optisches  Element  nach  Anspruch  1, 
gekennzeichnet  durch  eine  Anordnung  von  ana- 
morphotischen  Glaslinsen. 

3.  Verfahren  zur  Herstellung  eines  optischen 
Elements,  das  wenigstens  eine  anamorphotische 
Glaslinse  aufweist,  bestehend  aus  folgenden  Ver- 
fahrensschritten: 

(a)  Auswahl  eines  Linsensubstrats,  in  dem  ein 
Linsenabschnitt  zu  bilden  ist,  der  urn  diese 
herum  einen  Einfassungsbereich  besitzt;  und 

(b)  Beaufschlagen  des  Einfassungsbereichs  mit 
einem  Verdichtungsverfahren,  um  das  Glas  in 
dem  Linsenabschnitt  zusammenzupressen  und 
dadurch  eine  gekriimmte,  erhabene,  lichtbre- 
chende  Oberflache  uber  den  Linsenabschnitt  zu 

DllOen,  WUUcI  um  diimaauiiyoucid^ii  uî -ĵ iwv* 
chemische  Zusammensetzung  wie  der  Linsenab- 
schnitt,  jedoch  eine  hohere  Dichte  aufweist. 

4.  Verfahren  nach  Anspruch  3,  dadurch 
gekennzeichnet,  daB  die  Verdichtung  durch  Kri- 
stallisation  durchgefuhrt  wird. 

5.  Verfahren  nach  Anspruch  4,  dadurch 
gekennzeichnet,  dalS  das  Substrat  aus  einem 
photosensitiven  kristallisierbaren  Glas  besteht, 

j  und  wobei  die  Kristallisation  durchgefuhrt  wird 
durch 

(a)  wahlweises  Beaufschlagen  des  Substrats 
mit  einer  aktiniden  Lichtquelle,  um  einen  belich- 
teten  Oberflachenbereich  zu  schaffen,  der  einen 

5  unbelichteten  Linsenbereich  umgibt,  wobei  der 
Linsenbereich  in  der  Ebene  der  belichteten  Ober- 
flache  einen  langgestreckten  Querschnitt  besitzt; 
und 

(b)  Warmebehandeln  des  Substrats,  um  die 
o  Verdichtung  des  umgebenden  belichteten 

Bereichs  des  Glases  und  die  Bildung  einer  ana- 
morphotischen  Linse  zu  veranlassen,  welche 
eine  erhabene,  gekriimmte  Oberflache  und  inner- 
halb  des  Linsenbereichs  des  Substrats  einen 

5  langgestreckten  Querschnitt  besitzt. 
6.  Verfahren  nach  Anspruch  5,  dadurch 

gekennzeichnet,  dalS  die  wahlweise  Belichtung 
angepaSt  wird,  um  einen  belichteten  Oberfla- 
chenbereich  zu  schaffen,  der  eine  Matrix  bildet, 

o  welche  eine  Anordnung  von  unbelichteten  Lin- 
senbereichen  umgibt. 

7.  Monolithisches  optisches  Element  gekenn- 
zeichnet  durch  wenigstens  eine  Licht  durchlas- 
sende  anamorphotische  Glaslinse,  die  durch  eine 

is  gekrummte,  lichtbrechende  Oberflache  begrenzt 
ist,  die  nach  einem  der  Anspruche  3  —  6  herge- 
stellt  ist. 

Revendications 
to 

1.  Un  element  optique  monolithique  compre- 
nant  au  moins  une  lentille  anamorphoseuse  en 
verre  transmettant  la  lumiere  et  limitee  par  une 
surface  incurvee  refractrice  de  lumiere,  et  un 

t5  materiau  entourant  la  lentille  et  presentant  la 
meme  composition  chimique  mais  une  plus 
grande  densite  que  le  verre  dont  est  constitute  la 
lentille  transmettant  la  lumiere. 

2.  Un  element  optique  conforme  a  la  revendi- 
50  cation  1,  qui  comprend  un  reseau  de  lentilles 

anamorphoseuses  en  verre. 
3.  Un  procede  de  fabrication  d'un  element 

optique  comprenant  au  moins  une  lentille  ana- 
morphoseuse  en  verre,  qui  comprend  les  etapes 

55  suivantes: 
(a)  solution  d'un  substrat  de  lentille  destine  a 

la  formation  d'une  partie  de  lentille  associee  a 
une  region  d'entourage  situee  autour  d'elle;  et 

(b)  soumission  de  ladite  region  d'entourage  a 
60  un  processus  de  densification  de  maniere  a  corn- 

primer  le  verre  dans  la  partie  de  lentille  et  former 
ainsi  une  surface  refractrice  de  lumiere  debor- 
dante  et  incurvee  sur  la  partie  de  lentille,  ladite 
region  d'entourage  de  la  lentille  presentant  la 

65  meme  composition  chimique  mais  une  plus 

o 
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grande  densite. 
4.  Un  procede  conforme  a  la  revendication  3, 

dans  lequel  la  densification  est  obtenue  par  cris- 
tallisation. 

5.  Un  procede  conforme  a  la  revendication  4, 
dans  lequel  le  substrat  de  lentille  est  en  verre 
photocristallisable,  et  dans  lequel  ladite  crista  II  i- 
sation  est  obtenue  par  (a)  exposition  selective  du 
substrat  a  une  source  de  lumiere  actinique  pour 
definir  une  region  de  surface  exposee  entourant 
une  region  de  lentille  non  exposee,  la  region  de 
lentille  presentant  une  coupe  transversale  allon- 
gee  dans  le  plan  de  la  surface  exposee;  et 

(b)  traitement  thermique  de  substrat  pour  pro- 
voquer  la  densification  de  la  region  exposee 

d'entourage  du  verre  et  la  formation  d'une  lentille 
anamorphoseuse  presentant  une  surface  incur- 
vee  debordante  et  une  coupe  transversale  allon- 
gee  dans  la  region  de  lentille  du  substrat. 

5  6.  Un  procede  conforme  a  la  revendication  5, 
dans  lequel  I'exposition  selective  est  adaptee 
pour  definir  une  region  de  surface  exposee  cons- 
tituent  une  matiere  entourant  un  reseau  de 
regions  de  lentille  non  exposees. 

10  7.  Un  element  optique  monolithique  compre- 
nant  au  moins  une  lentille  anamorpheuse  en 
verre  transmettant  la  lumiere,  limitee  par  une 
surface  refractrice  de  lumiere  incurvee,  fabrica- 
tion  conformement  a  I'une  quelconque  des  reven- 

15  dications  3  a  6. 
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