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Description 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  generally  to  holography 
and  more  particularly  has  reference  to  slant  fringe 
holograms  having  increased  efficiency  and  a  meth- 
od  for  making  the  same. 

A  hologram  is  a  diffraction  optical  element 
which  generally  consists  of  a  thin  layer  of 
photoreactive  gelatin  (e.g.,  dichromated  gelatin) 
typically  mounted  on  a  glass  substrate.  The  gelatin 
is  exposed  to  intersecting  laser  beams  which  set 
up  an  interference  pattern.  That  pattern  is  recorded 
in  the  gelatin  as  a  sinusoidal  modulation  in  the 
index  of  refraction.  A  pattern  of  holographic  fringes 
corresponding  to  the  refractive  index  modulation 
defines  the  hologram.  After  the  fringes  are  re- 
corded,  the  gelatin  is  subjected  to  a  chemical 
swelling  procedure  which  amplifies  the  refractive 
index  modulation  to  increase  the  diffraction  effi- 
ciency  of  the  hologram. 

A  hologram  acts  as  a  wavelength  and  direction 
sensitive  optical  filter.  Incident  light  within  a  pre- 
determined  range  of  wavelengths  and  directions 
will  be  diffracted  by  the  hologram  into  a  predeter- 
mined  pattern  and  direction.  For  light  significantly 
outside  those  wavelengths  or  directions,  the  holog- 
ram  will  act  as  a  transparent  piece  of  glass. 

Holograms  have  many  uses. 
In  modern  aircraft,  both  military  and  commer- 

cial,  a  hologram  is  used  in  the  combiner  element  of 
the  head-up  display.  A  head-up  display  provides 
relevant  symbology,  such  as  flight  data  and  weap- 
ons  aiming  information,  superimposed  on  the  pi- 
lot's  forward  field  of  view.  The  symbology  is  gen- 
erated  on  a  cathode  ray  tube  and  projected 
through  a  relay  lens  to  a  transparent  combiner 
element  located  between  the  pilot's  eyes  and  the 
aircraft  windscreen.  The  combiner  includes  a  holo- 
graphic  film  which  diffracts  the  projected  symbol- 
ogy  to  the  pilot's  eyes  while  simultaneously  afford- 
ing  him  an  unobstructed  view  through  the  combiner 
to  the  outside  world.  See,  U.S.  Patent  No. 
3,940,204  to  Roger  J.  Withrington. 

Holograms  are  also  used  in  visors  designed  to 
protect  eyes  from  damaging  light  exposure,  such 
as  might  be  encountered  from  an  incoming  laser 
beam.  A  holographic  element  in  the  visor  diffracts 
and  redirects  incoming  laser  light  out  of  the  wear- 
er's  field  of  vision.  By  suitable  control  of  the  light 
used  to  generate  the  hologram  (angles, 
wavelengths,  etc.),  the  degree  of  reflectiv- 
ity/transmissivity  of  the  hologram  can  be  selectively 
determined  and  a  cone  of  total  reflection  for  a 
given  wavelength  can  be  provided  to  protect  the 
wearer's  eyes  from  damaging  incident  light.  It  is 
essential  that  the  hologram  be  nearly  100%  effi- 

cient  in  diffracting  the  damaging  light  so  that  it 
does  not  reach  the  eye.  With  an  extremely  intense 
beam,  such  as  a  laser  beam,  inefficiently  diffracted 
light  may  enter  the  cone  of  protection  and  be 

5  sufficient  to  damage  the  wearer's  eyes. 
It  is  usually  desirable  to  construct  a  hologram 

with  zero  degree  fringes,  Le.,  fringes  that  are  par- 
allel  to  the  surface  of  the  gelatin.  However,  in  some 
cases,  physical  design  restraints  prevent  the  sub- 

io  strate  holding  the  gelatin  layer  from  being  shaped 
in  conformity  with  the  desired  fringe  pattern.  In 
those  cases,  the  fringes  intersect  the  surface  of  the 
gelatin  to  form  a  slant  fringe  pattern.  One  problem 
with  slant  fringe  patterns  is  that  their  diffraction 

75  efficiency  is  inherently  lower  than  corresponding 
zero  degree  fringe  patterns.  The  problem  com- 
pounds  in  holograms  used  in  head-up  displays 
because  the  fringe  angle,  and  consequently  the 
diffraction  effciency,  often  varies  across  the  com- 

20  biner. 
There  is  no  previously  known  technique  for 

making  slant  fringe  holograms  having  the  very  high 
efficiencies  obtainable  in  zero  degree  fringe  holog- 
ram.  Any  of  the  known  procedures  for  making 

25  higher  efficiency  zero  degree  fringe  holograms  will 
produce  increased  efficiencies  when  applied  to 
slant  fringe  holograms.  Such  procedures  include 
optimizing  exposure  levels,  processing  tempera- 
tures,  processing  solutions,  gelatin  moisture  con- 

30  tent,  dichromate  concentration,  beam  ratios,  gelatin 
thickness  and  gelatin  types.  However,  slant  fringe 
holograms  will  always  have  a  lower  efficiency  than 
corresponding  zero  degree  fringe  holograms. 

It  is  apparent  that  any  application  where  diffrac- 
35  tion  efficiency  (either  in  absolute  value  or  uniform- 

ity  across  the  format)  is  of  importance,  such  as 
head-up  displays,  and  in  which  optical  design  dic- 
tates  slant  fringes,  would  benefit  from  a  technique 
which  gives  slant  fringe  holograms  an  efficiency 

40  approaching  that  of  zero  degree  fringe  holograms. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  overcomes  the  deficien- 
45  cies  of  the  prior  art  by  providing  a  technique  for 

making  slant  fringe  holograms  having  increased 
efficienies  approaching  that  of  zero  degree  fringe 
holograms. 

One  explanation  for  the  phenomenon  of  lower 
50  efficiency  in  slant  fringe  holograms  is  that  the  reac- 

ted  gelatin  forming  the  ends  of  the  fringes  is  an- 
chored  to  the  glass  substrate  and  does  not  allow 
sufficient  expansion  of  the  gelatin  during  the 
chemical  swelling  process.  A  dichromated  gelatin 

55  hologram  (15  micron  thick  gelatin  layer)  with 
fringes  parallel  to  the  substrate  can  be  easily  pro- 
cessed  to  an  efficiency  of  99.99%  reflection  (mea- 
sured  as  less  than  0.01%  transmission).  A  similar 
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gelatin  film  exposed  such  that  the  fringes  are  at  an 
angle  of  10°  to  the  substrate  will  have  an  effi- 
ciency  of  only  99.9%  or  less  (corresponding  to 
0.10%  transmission). 

In  the  present  invention,  the  ends  of  the  inter- 
ference  fringes  in  a  thin  layer  adjacent  the  surface 
of  the  rigid  substrate  are  reduced  in  contrast  by 
reducing  the  sensitivity  of  the  dichromated  gelatin 
in  that  area.  The  fringes  are  thus  freed  from  the 
substrate,  allowing  the  gelatin  to  expand  naturally 
during  the  chemical  swelling  process.  The  in- 
creased  swelling  amplifies  the  refractive  index 
modulation  in  the  gelatin,  resulting  in  a  hologram 
having  increased  diffraction  efficiency. 

The  invention  provides  a  method  of  making  a 
hologram  comprising: 

exposing  a  single  layer  of  photoreactive  gelatin 
applied  to  a  surface  of  a  substrate  to  coherent  light 
to  record  a  slant  fringe  pattern  therein, 

causing  said  layer  to  swell  to  emphasize  the 
recorded  fringe  pattern, 

exposing  the  surface  region  of  said  layer  adja- 
cent  the  substrate  to  incoherent  light  absorbed  in 
said  region  before  the  step  of  causing  said  layer  to 
swell,  characterised  in  that 

said  incoherent  light  has  a  wavelength  between 
200  and  500  nm,  is  highly  absorbed  in  the 
photoreactive  gelatin  layer  and  causes  radiant  ex- 
posure  within  a  range  of  70  to  420  mJ/cm2,  such 
that  the  fringe  contrast  decreases  through  said 
region  approaching  zero  in  a  thin  layer  adjacent 
said  surface  of  the  substrate. 

A  hologram  and  its  method  of  preparation  in 
accordance  with  the  precharacterising  clause  of 
this  invention  are  known  from  "Patent  Abstracts  of 
Japan"  vol.7,  no.  38,  page  P-1  76-1  183  (JP-A-57- 
190984). 

Attention  is  directed  under  Article  54(3)  EPC  to 
our  earlier  application  EP-A-0207156  (filed  30th  Oc- 
tober  1985,  priority  date  21st  December  1984) 
which  describes  a  method  of  recording  a  hologram 
by  reducing  the  sensitivity  at  opposed  surface  re- 
gions  of  the  medium  such  that  the  hologram  has  a 
high  refractive  index  modulation  at  the  centre  of  the 
layer  and  decreasing  towards  the  surfaces  of  the 
layer.  Reference  is  also  made  to  our  application 
EP-A-0214226  (filed  13th  January  1986,  priority 
date  27th  February  1985)  which  describes  a  meth- 
od  of  recording  a  hologram  by  interposing  a  rela- 
tively  low  sensitivity  layer  between  the  substrate 
and  the  recording  medium,  to  permit  greater  ex- 
pansion  and  improve  hologram  efficiency. 

In  one  embodiment,  the  sensitivity  of  the 
photoreactive  gelatin  recording  medium  is  reduced 
adjacent  the  substrate  by  exposing  the  medium  to 
highly  absorbed  incoherent  light  before  the  fringe 
pattern  is  recorded  therein.  In  another  embodiment, 
the  incoherent  exposure  occurs  after  the  fringe 

pattern  is  recorded  in  the  medium.  In  yet  another 
embodiment,  a  dye  is  added  to  the  medium  to 
increase  absorbance  of  the  incoherent  light.  Pre- 
ferred  features  of  the  invention  will  now  be  de- 

5  scribed,  by  way  of  example,  with  reference  to  the 
accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

io  Figs.  1a  and  1b  are,  respectively,  a  cross- 
sectional  schematic  representation  of  a  prior  art 
hologram  having  zero  degree  fringes  and  a  cross- 
sectional  schematic  representation  of  a  prior  art 
slant  fringe  hologram. 

is  Fig.  2a  is  a  cross-sectional  schematic  repre- 
sentation  of  a  method  for  making  a  hologram  in 
accordance  with  the  present  invention. 

Fig.  2b  is  a  cross-sectional  schematic  repre- 
sentation  of  a  slant  fringe  hologram  of  the  present 

20  invention. 
Fig.  3  is  a  graphical  representation  of  the  sen- 

sitivity  profile  of  the  structure  shown  in  Fig.  2b. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
25  MENTS 

Referring  to  FIGS.  1a  and  1b,  a  conventional 
zero  degree  fringe  hologram  and  a  conventional 
slant  fringe  hologram  are  generally  indicated  by  the 

30  numerals  10  and  12  respectively. 
The  zero  degree  fringe  hologram  10  includes  a 

layer  of  photoreactive  gelatin  14,  typically  dich- 
romated  gelatin  (usually  0.020  M  ammonium  di- 
chromate  -  8%  gelatin;  approximately  6-15  microns 

35  thick  in  a  head-up  display  or  15-25  microns  thick  in 
a  laser  eye  protection  device)  applied  to  the  sur- 
face  of  a  rigid  substrate  16,  typically  glass.  Inter- 
secting  beams  18  and  20  of  coherent  light,  such  as 
laser  light,  pass  through  the  gelatin  14  to  set  up  an 

40  interference  pattern  therein.  The  light  reacts  with 
the  gelatin  14,  differentially  exposing  the  gelatin  in 
a  manner  dictated  by  the  interference  pattern.  Ex- 
posed  gelatin  is  cross-linked  and  becomes  harder 
than  unexposed  gelatin,  causing  the  gelatin  layer 

45  14  to  have  a  refractive  index  which  varies  or  modu- 
lates  throughout  its  volume.  The  areas  of  maximum 
refractive  index  define  a  pattern  of  fringes  22  which 
characterize  the  nature  and  function  of  the  holog- 
ram. 

50  The  fringes  22  are  called  zero  degree  fringes 
because  they  are  parallel  to  the  surface  24  of  the 
gelatin  layer  14.  The  orientation  of  the  fringes  22  is 
determined  by  the  angular  relationship  between  the 
gelatin  surface  24  and  the  construction  beams  18 

55  and  20.  Zero  degree  fringes  are  formed  when  the 
construction  beams  have  equal  angles  of  inci- 
dence. 

4 
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The  slant  fringe  hologram  12  is  generally  simi- 
lar  to  the  zero  degree  fringe  hologram  described 
above  in  that  intersecting  construction  beams  26 
and  28  of  coherent  light  record  a  pattern  of  fringes 
30  in  a  layer  of  photoreactive  gelatin  32  applied  to 
the  surface  of  a  rigid  substrate  34.  However,  the 
construction  beams  26  and  28  have  different  an- 
gles  of  incidence  and  thus  produce  slanted  fringes 
which  intersect  the  gelatin  surface  36. 

In  simple  terms,  the  fringe  pattern  recorded  in 
a  hologram  contains  all  the  information  needed  to 
reproduce  the  construction  beams.  A  hologram  ex- 
posed  to  a  beam  of  light  corresponding  to  one  of 
the  construction  beams  will  recreate  and  produce  a 
second  beam  of  light  corresponding  to  the  other  of 
the  construction  beams.  When  exposed  to  a  beam 
of  light  having  a  wavelength  or  direction  signifi- 
cantly  different  from  either  of  the  construction 
beams,  the  hologram  will  act  as  a  transparent  piece 
of  glass.  Hence,  a  hologram  can  be  used  as  a 
wavelength  and  direction  sensitive  optical  filter. 

The  holograms  10  and  12  shown  in  FIGS.  1a 
and  1  b  are  called  reflection  holograms  because  the 
construction  beams  18,  20  and  26,  28  travel  in 
opposite  directions.  If  the  construction  beams  had 
been  traveling  in  the  same  direction,  a  transmission 
hologram  would  have  been  produced.  The  princi- 
ples  of  the  present  invention  are  equally  applicable 
to  transmission  and  reflection  holograms. 

In  making  holograms,  the  gelatin  is  first  ex- 
posed  to  coherent  light  in  the  manner  described 
above  and  is  then  subjected  to  a  number  of  pro- 
cessing  steps  which  are  well  known  in  the  art. 
During  processing,  the  gelatin  is  swollen  in  a  water 
solution  and  is  then  rapidly  dehydrated  with 
isopropyl  alcohol.  Hardened  exposed  gelatin  swells 
less  than  soft  unexposed  gelatin,  thus  amplifying 
the  difference  in  refractive  index.  The  diffraction 
efficiency  of  the  hologram  is  directly  related  to  the 
amplitude  of  the  refractive  index  modulation.  Dif- 
fraction  efficiency  is  a  measure  of  the  effectiveness 
of  the  hologram  as  an  optical  filter. 

It  is  well  known  that  slant  fringe  holograms 
have  inherently  lower  efficiency  than  zero  degree 
fringe  holograms.  One  possible  explanation  for  the 
loss  of  efficiency  in  slant  fringe  holograms  is  that 
the  exposed  hardened  gelatin  abutting  the  sub- 
strate  becomes  firmly  attached  to  the  substrate 
during  exposure,  thus  inhibiting  the  swelling  of  the 
gelatin  during  the  chemical  processing  steps.  The 
present  invention  isolates  the  hardened  exposed 
gelatin  from  the  substrate  by  interposing  a  softer 
material  during  recording,  thus  allowing  the  gelatin 
to  swell  freely  during  subsequent  chemical  pro- 
cessing.  The  result  is  a  slant  fringe  hologram  hav- 
ing  increased  diffraction  efficiency. 

The  product  and  process  of  the  present  inven- 
tion  are  shown  in  FIGs.  2a  and  2b. 

Referring  to  FIG.  2a,  a  hologram  recording 
structure  38  includes  a  layer  40  of  photoreactive 
material,  such  as  dichromated  gelatin,  applied  to 
the  surface  of  a  rigid  substrate  42,  such  as  glass. 

5  The  substrate  side  of  the  structure  38  is  evenly 
irradiated  with  incoherent  light  44  which  passes 
through  the  substrate  42  into  the  photoreactive 
layer  40.  The  wavelength  of  the  incoherent  light  44 
is  selected  for  high  absorbance  by  the  photoreac- 

io  tive  material  so  that  the  light  penetrates  only  a 
short  distance  into  the  recording  layer  40.  A  dye 
may  be  included  in  the  layer  40  to  increase  the 
light  absorbance  of  the  material.  In  the  case  of 
dichromated  gelatin,  the  dichromate  itself  may 

is  serve  as  the  dye  if  the  proper  wavelength  (e.g., 
3660  Angstroms)  is  selected  for  the  incoherent 
light  44. 

In  a  typical  embodiment,  a  dichromated  gelatin 
layer  40  (approximately  15  microns  thick  containing 

20  approximately  3  x  1017  molecules  ammonium  di- 
chromate  per  cm2)  is  exposed  to  incoherent  light 
44  from  a  filtered  mercury  arc  lamp  (not  shown). 
The  incoherent  radiant  exposure  can  be  within  the 
range  of  2000  -  5000  Angstroms,  preferably  3660 

25  Angstroms,  and  within  a  range  from  70  -  420 
millijoules  per  square  cm.  The  optical  absorbance 
of  the  layer  at  3660  Angstroms  is  5.2.  The  3660 
Angstrom  energy  is  reduced  to  5%  of  the  incident 
level  within  3.2  microns  of  the  gelatin/glass  inter- 

30  face  46. 
The  incoherent  light  reduces  the  dichromate 

ions,  hardening  the  gelatin  and  making  it  less  sen- 
sitive  to  light  in  the  affected  areas.  Thus,  the  un- 
reacted  dichromated  gelatin  available  for  subse- 

35  quent  hologram  exposure  is  approximately  12 
microns  or  less  thick  with  a  gradual  lowering  of 
sensitivity  over  the  bottom  3.2  microns  of  the  re- 
cording  layer  40. 

Referring  to  FIG.  2b,  construction  beams  48 
40  and  50  record  a  slant  fringe  pattern  52  in  the 

photoreactive  gelatin  40  in  the  manner  described 
above.  The  construction  beams  48  and  50  typically 
have  a  wavelength  of  5145  Angstroms  so  that  their 
optical  absorbance  in  the  photoreactive  layer  40  is 

45  about  0.06.  Consequently,  the  construction  beams 
48  and  50  produce  a  high  contrast  fringe  pattern  52 
in  the  upper  region  of  the  photoreactive  layer  40 
which  has  been  unaffected  by  the  incoherent  light 
44  and  produce  a  low  contrast  fringe  pattern  in  the 

50  lower  region  of  the  photoreactive  layer  40  which 
has  been  desensitized  by  the  incoherent  light  44. 
The  fringe  contrast  decreases  through  the  desen- 
sitized  area,  approaching  zero  in  a  thin  layer  adja- 
cent  the  surface  46  of  the  substrate  42.  That  thin 

55  layer  is  soft  compared  to  the  rigid  substrate  42  and 
serves  to  isolate  the  ends  of  the  fringe  pattern  52 
from  the  substrate  42.  The  recorded  gelatin  40  thus 
swells  freely  when  subjected  to  the  conventional 

5 
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chemical  processing  steps  described  above. 
FIG.  3  shows  the  photosensitivity  profile  for  the 

hologram  recording  structure  38  of  the  present 
invention.  The  sensitivity  level  is  high  throughout 
the  upper  regions  of  the  photoreactive  layer  40. 
The  sensitivity  level  in  the  lower  region  of  the  layer 
40  decreases  gradually  to  zero  at  a  point  a  short 
distance  from  the  interface  between  the  photoreac- 
tive  layer  40  and  the  substrate  42.  It  remains  at 
zero  throughout  the  thin  layer  immediately  adjacent 
the  substrate  42. 

A  conventional  slant  fringe  hologram  having  a 
10°  slant  angle  has  been  shown  to  have  a  maxi- 
mum  efficiency  of  about  99.97%.  Slant  fringe  holo- 
grams  made  in  accordance  with  the  present  inven- 
tion  on  similar  samples  have  achieved  efficiencies 
as  high  as  99.997%.  Results  have  shown  an  aver- 
age  improvement  of  about  0.5  absorbance  units 
because  the  incoherent  exposure  effectively  de- 
creases  the  thickness  of  the  hologram  and  thus 
inherently  reduces  its  efficiency. 

The  present  invention  contemplates  use  of  the 
incoherent  exposure  described  above  either  before 
or  after  a  fringe  pattern  is  recorded  in  the 
photoreactive  layer.  If  the  incoherent  exposure  oc- 
curs  prior  to  recording,  the  sensitivity  of  the  record- 
ing  medium  is  reduced  as  described  above  to 
prevent  the  recording  of  a  high  contrast  fringe 
pattern  in  the  region  adjacent  the  substrate.  If  the 
incoherent  exposure  occurs  after  the  recording,  the 
high  contrast  fringe  pattern  recorded  in  the 
photoreactive  layer  adjacent  the  substrate  is 
blurred  to  produce  a  low  contrast  fringe  pattern 
resembling  that  produced  by  the  pre-exposure 
technique. 

The  increased  efficiencies  achieved  by  the 
present  invention  make  the  resultant  holograms 
particularly  well  suited  for  use  in  head-up  displays 
where  high  efficiency  slant  fringe  holograms  are 
often  needed.  However,  the  present  invention  is 
generally  applicable  to  all  slant  fringe  holograms 
and  is  not  limited  to  those  used  in  head-up  dis- 
plays. 

In  addition,  the  present  invention  is  not  limited 
to  the  specific  desensitization  technique  described 
above.  The  present  invention  contemplates  use  of 
any  technique  known  in  the  art  which  is  capable  of 
reducing  the  sensitivity  of  the  recording  medium  in 
surface  regions  adjacent  the  substrate.  General 
techniques  for  desensitizing  dichromated  gelatin  for 
purposes  different  from  the  present  invention  are 
described  in  copending  applications  Serial  No. 
684,645,  entitled  "Side  Lobe  Suppression  in  Holog- 
ram"  by  John  E.  Wreede  and  James  A.  Arns,  and 
Serial  No.  684,538,  entitled  "Flare  Reduction  in 
Holograms"  by  Mao-Jin  Chern  and  John  E. 
Wreede. 

While  the  invention  has  been  described  with 
reference  to  specific  embodiments,  the  exact  na- 
ture  and  scope  of  the  invention  is  defined  in  the 
following  claims. 

5 
Claims 

1.  A  method  of  making  a  hologram  (38)  compris- 
ing: 

io  exposing  a  single  layer  (40)  of  photoreac- 
tive  gelatin  applied  to  a  surface  (46)  of  a 
substrate  (42)  to  coherent  light  (48,  50)  to 
record  a  slant  fringe  pattern  (52)  therein, 

causing  said  layer  to  swell  to  emphasize 
is  the  recorded  fringe  pattern, 

exposing  the  surface  region  of  said  layer 
(40)  adjacent  the  substrate  to  incoherent  light 
(44)  absorbed  in  said  region  before  the  step  of 
causing  said  layer  to  swell,  characterised  in 

20  that 
said  incoherent  light  has  a  wavelength  be- 

tween  200  and  500  nm,  is  highly  absorbed  in 
the  photoreactive  gelatin  layer  and  causes  ra- 
diant  exposure  within  a  range  of  70  to  420 

25  mJ/cm2,  such  that  the  fringe  contrast  de- 
creases  through  said  region  approaching  zero 
in  a  thin  layer  adjacent  said  surface  (46)  of  the 
substrate  (42). 

30  2.  A  method  according  to  claim  1,  wherein  the 
photoreactive  gelatin  comprises  dichromated 
gelatin,  and  the  incoherent  light  is  at  a 
wavelength  of  about  366  nm. 

35  3.  A  method  according  to  claim  1  or  2,  wherein 
the  step  of  exposing  said  layer  to  incoherent 
light  is  performed  prior  to  said  step  of  expos- 
ing  said  layer  to  coherent  light. 

40  4.  A  method  according  to  any  of  the  preceding 
claims  wherein  said  layer  includes  dye  which 
promotes  absorbance  of  said  incoherent  light. 

5.  A  method  according  to  any  of  the  preceding 
45  claims  wherein  said  layer  has  a  thickness  of  6 

to  25  urn. 

Patentanspruche 

50  1.  Ein  Verfahren  zum  Herstellen  eines  Holograms 
(38)  mit: 

Belichten  einer  einzelnen  auf  einer  Ober- 
flache  (46)  eines  Substrats  (42)  aufgebrachten 
Schicht  (40)  aus  fotoempfindlicher  Gelatine  mit 

55  koharentem  Licht  (48,  50),  urn  darin  ein  ge- 
kipptes  Streifenmuster  (52)  aufzuzeichnen, 

Bewirken,  dal3  die  Schicht  anschwellt,  urn 
das  aufgezeichneten  Streifenmuster  zu  beto- 
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nen, 
Belichten  des  zu  dem  Substrat  benachbar- 

ten  Oberflachenbereichs  der  Schicht  (40)  mit 
inkoharentem  Licht  (44),  das  in  dem  Bereich 
absorbiert  wird,  vor  dem  Schritt  des  Bewirkens  5 
des  Anschwellens  der  Schicht,  dadurch  ge- 
kennzeichnet, 

dal3  das  inkoharente  Licht  eine  Wellenlan- 
ge  zwischen  200  und  500  nm  aufweist,  in  der 
fotoempfindlichen  Gelatineschicht  stark  absor-  10 
biert  wird  und  eine  Strahlungsexposition  im 
Bereich  von  70  bis  420  mJ/cm2  bewirkt,  so  dal3 
der  Streifenkontrast  in  diesem  Bereich  ab- 
nimmt  und  in  einer  dunnen,  zu  der  Oberflache 
(46)  des  Substrats  (42)  benachbarten  Schicht  is 
sich  Null  annahert. 

2.  Ein  Verfahren  nach  Anspruch  1  ,  worin  die  foto- 
empfindliche  Gelatine  dichromsauere  Gelatine 
enthalt  und  das  inkoherante  Licht  eine  Wellen-  20 
lange  von  ungefahr  366  nm  aufweist. 

3.  Ein  Verfahren  nach  Anspruch  1  oder  2,  worin 
der  Schritt  des  Belichtens  der  Schicht  mit  inko- 
herantem  Licht  vor  dem  Schritt  des  Belichtens  25 
der  Schicht  mit  koherantem  Licht  ausgefuhrt 
wird. 

mJ/cm2  de  fagon  que  le  contraste  de  frange 
decroisse  a  travers  ladite  region  en  tendant 
vers  zero  dans  une  couche  mince  adjacente  a 
ladite  surface  (46)  du  substrat  (42). 

2.  Procede  selon  la  revendication  1,  dans  lequel 
la  gelatine  photoreactive  comprend  de  la  gela- 
tine  dichromatique  et  la  lumiere  incoherente  a 
une  longueur  d'onde  d'environ  366  nm. 

3.  Procede  selon  la  revendication  1  ou  2,  dans 
lequel  I'etape  d'exposition  de  ladite  couche  a 
de  la  lumiere  incoherente  est  effectuee  avant 
ladite  etape  d'exposition  de  ladite  couche  a  de 
la  lumiere  coherente. 

4.  Procede  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  ladite  couche 
comporte  un  colorant  qui  favorise  I'absorption 
de  ladite  lumiere  incoherente. 

5.  Procede  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  ladite  couche 
a  une  epaisseur  de  6  a  25  urn. 

4.  Ein  Verfahren  nach  einem  der  vorhergehenden 
Anspruche,  worin  die  Schicht  einen  Farbstoff  30 
enthalt,  der  die  Absorption  des  inkoharenten 
Lichts  verstarkt. 

5.  Ein  Verfahren  nach  einem  der  vorhergehenden 
Anspruche,  worin  die  Schicht  eine  Dicke  zwi-  35 
schen  6  und  25  urn  aufweist. 

Revendicatlons 

1.  Procede  pour  realiser  d'un  hologramme  (38)  40 
consistant  a: 

exposer  une  couche  unique  (40)  de  gelati- 
ne  photoreactive  appliquee  a  une  surface  (46) 
d'un  substrat  (42),  a  de  la  lumiere  coherente 
(48,  50)  pour  enregistrer  dans  celle-ci  un  motif  45 
de  franges  obliques  (52), 

faire  gonfler  ladite  couche  pour  accentuer 
le  motif  de  franges  enregistre, 

exposer  la  region  superficielle  de  ladite 
couche  (40)  au  voisinage  du  substrat  a  de  la  so 
lumiere  incoherente  (44)  absorbee  dans  ladite 
region  avant  I'etape  de  gonflement  de  ladite 
couche,  caracterise  en  ce  que: 

ladite  lumiere  incoherente  a  une  longueur 
d'onde  comprise  entre  200  et  500  nm,  est  55 
fortement  absorbee  par  la  couche  de  gelatine 
photoreactive  et  provoque  une  exposition 
rayonnante  dans  une  plage  de  70  a  420 
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