
, EP 03244802 813: Descripton -,, :,  ?a .Fild of the Invention This
invention relates to Imaing  ystems in which t e imaged layer contas image
areas having an'          . * ::  - ..^;- index of- refraction which is
different from that of non-image areas. More particularly..this.;invention
relates.to'-. -,-such systems wherein the refractive indeximage. is a
reflectionbhologram.:    . :The-:present.invention isI an'embqdiment of the
process for forming a light-stable hologram in a ' photopolymerizable layer
on a substrate surface disclosed in EP 89100 495.4 having the same priority
and. ; : .7- f.iing date., S S ..X~~POa
s :~ed'*''''>;S.  .... ...Sg. . .' Discussion of the Background and Prior
Art :'The term "image recording" is conventionally taken to mean a process
which produces a spatial pattern : 5is  . of optical absorption in the
recording medium..Photographic, processes are well known examples-of this
: i .-type of process. IJn a broader sense, however,.the. word. "image"
means a spatial variation of the opticaliprQpertie of a. sample in such a
way as to. cause a desired modification of a beam of light passing. through
the sample. :Refractive index images in general and 'holograms in
particular, which modulate the phas1e,1.rather than the :     20  Amplitude
of the beam  passing through them: are usually referred.toeas- phase
hologams. Phase, holographic image recording systems produce:a spatial
pattern of varying refractive:index rather 'than .  .*  ;' o~ptical~
absorption'in the recording mnedium: and, thus,' can modulate a beam of
light without absorbing it."" ' ' .This type of refractive 'index image
also' Includes'a number of optical elements.'or' devices' .which --
-superficially bear little resemblance. toabsorption images. Examples are
holographic lenses, gratings, '2...rnmirrorsiandoptical .waveguides.
.Holography. is a form of optical information: storage. The general
principles are described in a number of' references, e.g,, "Photography by
Laser" by: E. Ni'Leith and J. Upatnieks in:SCIENTIFIC AMERICAN 212,.i 'No.
,24,-35 (June, 1965). In brief, the object to be photographed or imaged is
illuminated'*with coherent'   ' light, e.g., from a laser, and a light
sensitive recording medium, e~g., a photographic plate, Is positioned so .,
, as torceive light reflected. from the object. Each point on the object
reflects light to the entire recording medium, and each point on. the
medium receives light from the entire object.- Thisebeam of reflected light
s'.- - .-','.known as the object beam. At the:.same time,:a portion of the
coherent light is beamed by a.mirror directly to the medium, bypassing the
object. This beam is known as the reference beam. What is. recorded on the
7 recording medium is the interference pattem that results from the
interaction of the, reference:beam :and the, ,,,,.  .bject ,bam impinging
on.the medium. When the processed recording medium is subsequently
illuminated and observed appropriately, the light from the Illuminating
source is diffracted by the hologram to reproduce '   the wave-front that
originally reached the medium 'from. the' object," so that the hologram'
resembles a -:window. through which the virtual image, of the object is
observed in full three-dimensional form, complete   -  -. :with  parallax.
. -  ....... . 40:,,,,,   -  .Hlograms that are formed by allowing the
reference and object beams to enter the recording medium ::, .::. from
:.the. same side are known as.transmission holograms , interaction of the
object and 'reference beams ,in the recording medium forms fringes of
material with:varying refractive indices which are approximately - ;
normal to the plane of the recording medium. When the hologram  Is played
back by viewing with. transmitteod light, these fringes refract the light
to produce the viewed virtual, image. Such transmission : 4  -holograms may
be produced by methods which are'well known in the art such as disclosed.ir
U.S. Patent     . :.- -3,508,327; U.S. Patent 3,838 903 and U.S. Patent
3,894,787. -A diffraction grating is the simplest possible transmission
hologram. It is the hologram of two coherent,  ' ' ;,   plane waves. It can
be created by splitting a single laser beam and recombining the beams at
the recording Medium. :: 5; 'The interference pattern produced by two plane
waves which are coherent and' are not polarized perpendicular to each other
is a set of uniformly spaced.fringes with a sinusoidal intensity
distribution. -- ----. When: Incident on a recording -medium  they produce
aiset.of uniformly spa ced  fr i-ges which have a, sinusoidal: variation in
refrac ive index,, generally referred to as a grating,,oriented parallel to
.the bisaecr of ; . -   . ,.the angle between the two beamns.If the two
waves are ilcident at equal angles with respect -to the surface. :s 65o.;f
the recording medium and are both incident on the same side of the
recording medium .the fringes are. perpendicular to the surface of the
medium and the grating is. said to be unslanted. The hologram grating
produced is said to be a transmission grating since light passing through
it is diffracted. The gratingAis said to be thick if it is much thicker
than. the distance between the fringes, generally referred to asthe grating
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. . A .dffraction grating can, be characterized by its diffraction
efficiency, that is 'the perc ent ofh incidet  ' radiation which is
diffracted, and by its thickness. A simple but useful theory for
thick.hologram gratings,. ..- ge nerally known as th    e "coupled wave
theory", has been developed by Kogelnik (H.: Kogelnik, Coupled ., .,.
,wa~v~eth~eory for thick hologram  gratings,mBell Syt. Tech. J.,p4$,
2909-2947, 1989), This tIeory treats tlie... '' ..i
relationship.'between'diffraction efficiency,: grating thickness,
wavelength of incident radiation, and.the angle of incident radiation.
A.usefl discussion of this, theory in regard to refractive index recording
systems has't.;'.......... , ...:,been'.presented in Section Ilof an aricle
by.Tomlinson'and Chandross'(. J.   mlinson and'E. A. Chandross, ,Organic
photo.hemtcal' refractive-index Image recording systems,.Adv.
in'Photochern;,VoL.12. .     .0  ,:,,,.; N.  Pi~s, Jr., G. S. Hammnd, arid
. i Gollnick. ecs.,, Wiley--ntersciene.Ne rk . 



Holograms. formed by. allowing the reference and: object beams to :enter
the rcrdin    eimfo opposite sides, so that 'they are .traveling' in
approximately 'Qpposite directions are 'kown as reflection ' '-
holograms.'Interaction of'the object'and reference beams in the recording
medium forms.fringes of material  ;   -.. wi.th var ing refractive indices,
which are,' approximately, planes: parallel to' the planeo.f -the re ording
.   - -its ' medium. When the hologram: is played back. these fringes act
as mirrors reflecting incident. ight back to the.'..'.. viewer; 'Hence,'
the hologram  is viewed in reflection rather .than in transmisslion. Since.
the, wavelength '',,'' ,sensitivity of this type ohologram ,is very high,
white light may'be used for reconstruction. '' -:1Reflection holograms may
be. produced by an n-line or on-axis method wherein,,thqe beam of coherent
. radiation Is projected through the recording medium  onto an object
'therebehind.: In :.this. instance, the :,o. reflected object beam retums
and intersects with.the projected beam .in'the. plane of the
recording.medium.  ... ; ,    to form  fringes ,substantially'parallel to
the plane 'of the medium. Reflection' hologramsalso, may- be produced by an
off-axis method wherein :a reference beam  is projected on.. one side 'of
the' recording medJum and an object beam is projected on the reverse side
of the medium. In this instance. the object ,.... ...,, beam-is-formed
by'illuminating'the,:object withcoherent-radiationwh    d coherent
radiation which, does not: pasthroughthe   :. ,  ,...~a: & rcordig medim.
Raher, he orginal beamn of. -coherent. radiation is. split ito two  portin,
n  oro being.projected on the -medium and the other portion being
-manipulated to project on the.object'behind the  e -  medium. Reflection
holograms:produced by an off-axis process are disclosed in U.S. Patent
3,532,406. A holographic mirror isthe simpl
Isthe hologram. of twocpherent ;',:.,,,.,,., pjle   aves int~ersec~ting .in
a r~tdordingmediu'tn fr~omosub~set~antially .opp~oite~directionsuv~lt
~.'bae,'Weate~ady_ 4' osplitting j9a single Iaser beam and recornbining the
-beams at the recording mediu, or the unsplit. laser.. became can be
projected throughjthe, medium  onto a'plane: mirror therebehind. As with
transmission-*;, :;haograms, a set of uniformly spaced fringes with
a:sinusoidal intensity distribution: is formed. which are orie.ed .paralIel
to te -bisector of the obtuse angle between the two projected beams  .f t.
ouse angle i... . ..;,:- 8>'180, i and th.e projected. bea   ar~e
normal.'to the plane'of the medium, 'th 'fringes'will'be paralel toAbe
-,,, , , -5' .plane.of the medium. If theobtuse.angle.:is less than 180O
..of if-both beams are not'normal ..te. p-l'ane: :f the medium, reflective
fringes will be formed which will be slanted at an acute angle relative to
the plane of the medium. The holographic 'mirror can be characterized -by
its reflection "efficiency, that is the percentf o - i:ncident radiation
which is reflected,,and  by the spectral bandwidth and character of the
reflected radlation. '     - The substantially horizontal fringes which
form reflection holograms are much more difficult'to record ''.::40..,.
than the perpendicular fringes which. 'form transmission holograms for two
reasons. The first reason Is the need for higher resolution, i.e., the need
for more. fringes per unit length, and thus a smaller fringe spacing.
Horizontal reflection holograms. require about 3X to 6X more fringes per'
unit length than do transmission holograms... The s econd reaason. is the
sensitivity of horizontal fringes to shrinkage of the recording.medium .
Any  s     hrinkag e of the recording medium during exposure will tend to
wash out the fring es and , if severe, will : 4   prevent a hologram  from
being formed. This is in contrast to the transmission hologram.
case,,where:,, ___ ;.-shrinkage has little or no effect if the. fringes are
perpendicular to the plane of the medium, and; produces  : only relatively
minor image distortionif:,the transmission fringes.are slan.ted more than
.45..f. from thepliane '.  ' of the medium. A -variety. of materials: have
been used to record volume holograms. Among the more important are:
'...silver halide .emulsions, hardened dichromated. gelatin, foerroelectric
.cryors, Photochromics :  -;    an~d- photodichromics. :Characteristics of
these materials :are given:in- Volume Holography ;and Volume : ::Gratings,
Academic Press, New York, 1981 Chapter. 1.0,pp. 4+304by.LSolymarand .D.  o
-;  .Dichrom at. gelain. is 'the materil .most wideIy used ,for recording
volume. holograms. ThisaxateriaLaas become the popular: choice because of
its high diffraction efficiency and low noise characteristics. However, -
-^ .,55  dichromated- ,gelatin has poor,.shelf' life and requires wet
processing. Plates .must be fre"shly prepared, or prehardened -gelatin must
'be. used. Wet' processing. means that an additional ,stepisrqreinhlga
preparation and may!also cause the hologram to change due to swelling
and'then shrinkage of the gelatin' .-.    . ,during processing..The
requiremnent that plates-byfreshly prpared each time a hologra  is   deplus
.the: -      \ . ''.  : -    - !:?:.' . .. ,   , .    * * a;,-;--t;.: :. *;
.  ,--.  .  .;,; .. '': ,problems associated -with wet proc~essing make.
r~eproducibly extremely: dif,.icu~lt to. .achiev~e ,with Ndichr.o. ma.t~ed
-   =  ; : :processing steps, photopolymerizable elements were introduced
which require only a single, proces s. step.-- .          :.  : ' s-:-:', .
:.S. ''P~atent  3,858,5,26,- discloses: .prepar~ation: of  stable,.
high-resolution  :holograms.' from'. solid, . ::''::'>> " ,,.    ,.,'.
ph,. opolymerizable layers by .a single st~ep-process wherein a permanent
refractive index. i~mage, is obtained; ,,: :,. .; '' b  ,y a single
imagewise exposure of the ph~oto~polymerizable layer to act~inic radiation
bearing holographic        ::'.      .- ,- ,. ...:infor~mation. The
hol~og~raphic Im~age formedl is not destroyed by subseque~nt uniform~
actinic..e~xp.osure, but  :.  :'-.::  ' -'rather is fixed':or enhanced..':;
::..::''''                                            "'  -:-,
''-';-             ; -' :.to I;    n spite of their many advantages,
however, the solid photopolymeriza~ble layers proposed by .Haugh :;      -,
. 1   :    ', had 'limited response..to visible.. radiation* and reflection
holograms produced th~erefrom. h~ave ,been poor at,   ::.,:-:^'.: ,.
.,best, with litte or no reflection efficiency. Thus, there, has be~en a
n~eed, for an improe,   p!.eqrc~s~s an,,d,.. ...,.;e -          :
composition for the preparation of reflection, hologr~ams. -
.......................... .:: . .:.'' .'- - -, -, i5: The hologram  is
d~eveloped by isequentially. treating the exposed photopolymerizable layer
with a first,.   '::,-_.. . ::xsolvent but has relatively
we~ak,,swellingacjtion.       :   - -,.                 .:-.    .,'i, ,--:a
;   '  '-> ;, ;..8ummarof thelInvention i;,; .  i.  ,'0.,.:,,, ,.,,,,, ....
20~~~~~~~~~~~~~~~~~~~ f -.,,,,-  : -This invention provides- an improved
process: for forming reflection holograms of improved reflection,,::;,-, :'
,;e~fficiency and increment sp~ectral bandwidth through use of certain
storage Dstable, .solid, photopolymerizable,   :-'.... :'' c  .-.'-
-elements..as the recording medium. In one embodiment, the invention
provides an improved..process for.::: .'-:.. .:...:.-.'.forming ai
reflection hologram wherein a r~eference beam of coherent a~ct'nic
radiat~ion and an 'obJect .beam of..:,,..:.,. ':: 2, ,tthe, same
coherent.:actinic radiation, enter'a layer of recording medium
from'opposite sides-to'c~reate an:,'.:.''.! 



':,:' : ''' pho~topolymerizable layer consisting essentially of:'
,''':,:     : ',    -    -- (a) a -polymeric binder' selected from  the .
group consisting of polyvinyl ac~etats, :polyvinyl butyral,,
- ;  '   ^- '-"!polyvinyl acetal. polyvinyl formal, interpolymers
containing major segments thereof and mixtures thereof:'':':'"  '.: '.-, :
: so0 , (b) an ethylenically unsaturated monomer selected from  the group
consi~sting of carbazole. containing.                 R::- :---; 0.;~
monomers and a liquid monomer,.containing one or more phenyl, phenoxy,
naphthyl,.' n~aphthyloxyi   .-    -  .-: ,. - ' ,,: ,.e.er~oarom~atic greup
contai~ning Up to three, ar~omatic rings, chlorinaead~bromineaa..ad-w  1<
; ~ .i'.ii.'^(c) a .  photoini~tiator systemactiv~atableRby the eatinic.rd
iation.  .. .. In::   ,  1  a: preferred: embodiment. the l iquid :,monomer
is phenoxyethyl acrylate.. :In :a . still :.onre preferre,,d,.D,,,,.,:-. '5
j.embodi~ment 'the' ethylenically,.unsat~ur~ated monomer' is a mixture. of
N-,vinyl carbzl   n1ienoyty I.t also has been :foundi surprisingly, that
the reflection  hologram  formed in the recording. medium  is' enh anced if
the recording medium psubsequenfy is trea ted   with a       liquid
enhancing agent or i s subsequently heatesd at a temperature ofat least 50
C. Thus, in another embodiment, thisinventin  also provides at..
,:.4,::,0sp,, p1rocess for forming and 'enhancing a' ,reflection hologram
in a substantially solid, ophotopoymerizab'e .: .  ;,.  .-r, e~cor~ding
medium comprising:  ,-'E.                                             ,
(A) Proj eting a r        eference beam  of coheresn      t actinic
radiation on a first sid e of therecording medium' .,<, _ ,,,, ,,
which,,cotnsisatls essentially of:.. .;. ..    ' (1) a polymeric binder
selected from  the group consisting of polyvinyl'acetate, poyvinyl butyral,
:: 45    . polyvinyl acetal, polyvinyl formal, interpolymers  containing
major. segments thereof and mixtures fthereof;
:                                               ...hlM ..:. ...'. ----':
(2) an ethylenically unsaturated monomer selected. from the group
consisting of carbaole containing. '-:   is. mofnomers anq a liquid
monomer.containing one or. more phenyl~phenoxy, naphhyl, naphthylox.1 . -
heteroaromatic group  containing up to three aromatic rins, chlorine and:
bromne and  ' 'so ' :: (3)- a photoinitiator system activatable by :the.
actinic radiation. ''  :X-         :      B)Projeitingans.object: beam   of
thesaned coherent. actinic radiationapprximately in.,an op  sie....
..direction to thereferencebeam  onto a second:side of the prhotopolymeriz
a.blhee layeerasoas,.dt:o   erset" ;,.:; .withthe reference beam in a Plane
within the layer whereby a reflection.hologram is formed;s The':'C)
Irradiating the imaged photopplymerizable layer with a uniform source of
ctinic radiation; and .-.,-, :s    Doe). either itreaing the irradiated
reflection hologram  with .a liquid enhancingagent  .which is. aswelli g.
:aent forb t  ephotopolymerized layeror heatingte irradiatedtreflection
hoglognramat a tempe.raure'of at  :.' .' least 50 * Cfor a periodi of time
to. enhance :the  reflectivity of the hologram., :, . ,,         fe'ti
: -orming a rfeto  -.             :-.        -.'pferen   beam of coheren:::
. :.  ra      - .  -      . ;      ..- --;.2                          ,
de.;, to crat  an -. -., :.-:.-. -:i  coherent... a -:n.;. rad ::...t. .:o:
ene  a laye  of re  :rin  mdu. - - '0 : :.... ..  . .      -: -.s: .... .
.:i :    z v . ~~~~~~~~~~~~~~~~~~~~~~~~~~s
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.:::   ; .. ...... . -".. ;.. . -iDetailed Description of the Invention In
the process. o  this invention, reflecti on holograms are prepared ..using
,,a substaa .lly ..solid, - '' _:._lyr.riab     .bl re .gcar  meiaum
wbkhb:: camprie~s..a tban'spa~relo , dimefnsiofhy_  a    tr     . -5
having'.thereon .a thin layer, typically between about 10 and. t100
micrometers thjck, of; au~inqe,-substianlaly : iisolid,
photopolymerizable.composition.                          .-   , i ,,..,
'.-*ln-the: einstance-of t e2'in-line". or, ,on-.aaxis'.mode.of the
process,.a-uniform, coherenb; ar  f:f.l.- '!diationipiadser. beam ,. is.-;
pprpjen                                         ;to ., isuj..Q...  ,.
photopholymerizable layer,-ypically a-t anangle of :up to'70 ^from the
.normal to the plane of the layer.;The *; ;,,o .'collimatedi
beamfunctionsinpaasa"reference beam" while a: portion of the  ollimat
edbeam which is ,,     tr~ansrmn~itted through the layer:and transparent
substrate illuminates an object behind the layer. The portion of
the-transmitted laser radiation which is reflected by the object form  'an
"object ebeama-ie-whichprojects- back onto,:the rear second.'surface,:of
the.. layer and interacts:with the. reference beam'in the plane of he:
l....'.'lay-e!r.to form fringes which are 'oriented:parallei'to the
bisector of the.obtuse angle between the'reference ' . .. "'   and object
beams. The assembly ,of fringes in the plane of the layer'forms'a
reflection hologram when' '  vi..::.. ewed with. radiation projected. on
the front surface -of. the: layer. A potential difficulty withthi mode of-
operation results when fthe medsiaayerabsorbs a substantial portion of
thelincident collimatedbeam so. that *  : <the reflected object'beamr
is.too weak to formasatsfactory hologramT.he yriique fopnl~ai9is of  i
:invention can. be easily ,adjusted.t minimize .these: potential:problem.':
' ': ..'.'.'.;- ao   In ~the instanceo the "offaxis: modeo:-f tiprcs  he
potential!, difficulyiA      atal  bitd~ splitting the uniform, cohere t
beam of-laser radiation. One o the split .-beams is projected ono the first
- frontisurface as a reference  beam: and the second: split beam. is.'
rmanipula.t tod :bypass the:. ....:.;;p opolyrnerizable.layerand
d.irectly.illuminate.the.object behind .the.layer. 'The
reflecte~dradiation0forms. _     . :. .'...an. 'object beam  w~hich'. can
be~ 'adjusted,.' in intensity by simply adjusin  ,the'intesi   rao    the s
2. radlation beams. -.The. object to be illuminated to form the object beam
may 'be a real three dimensional. pbjerctor itay, itself-be a reflection or
transmission'holo ram.:When a:hologram Is used-.. as--t  objec ta
virtualimagein - . -, .-mconiucted to form .the object.beam. ':n :.the
.instance when. a reflection holograrn is used as -the. objecti.it .'-.
...- :-'sirmply may be placed behind'the. photopolymerizable layer
and.reproduced by the in-line 'mode of, : o  operation. In the instance
when a transmission hologram Is used as the object, a manipulated'split:
beam: *iluminaes. thehologram at the Bragg Angle, to reconstructothe
virtual Image and form the pbject iearm. -  - or th'e' purpose. of
evaluating .maerials useful in. the:p.rocesses of 'this .invention
hqiographic mirrors a.e.   " :Tprepared and, reflection ,,ffidencyi
spectral bandwidth and wavelength  f maximum relection are deter-
'-,:'mined. A film element isprepared comprisig,'in order: a 0.1 mm
thickclear polyethylene terephthalate.film ','  8kisupport;: a dried,
coated photopPlymeriz-able layer betwee:n about 15 snd, 3.r ,crpm  ico.
a.,r,2 ; 



''-mm thick polyethylene'terephthalat:.cover sheet.               -
-'Coated fMim is cut into uniform sections, the cover:sheet is removed, and
the film then. mounted by hand...' - '  laminating the tacky coating direc
lY toeither the glass back of an aluminium front-surface mirror or to a   .
' glass plate. Typically, thefilm suppor' is left In place on the laminate
and,.serves to po    t   le during 4.   exposure and handling operations.,
'For coatings mounted on.front'surface mirrors, holographic mirrors are
formed by. actinic..exposure , under the same exposure, conditions to a
collimated 48 nm: argon-ion: laser beam, TEMOC mode, ,orie ted
'::perpendicular to the film  plane :and reflecting back on itself. After
recording holograhic mirrors, film. scamples are overall exposed to
ultraviolet and, visible light. The film support and coating are then
removed.  : "   from the front surface mirror and transmission spectra of
the unprocessed holographic mirrors are recorded    -  - h--- .
:.-.-'.<'.- at: -00-500nm  using a conventional spectrophotometer. Maximum
reflection, efficiency, .wavelengthjvand   . ...s... -   bandwidth at
half'maximum (fwhm) are measured from the transmission spectra. The
holographic mirrors  .. .,arethen thermally processed by heating to 80 or
150 C for 30 minutes :in a convection oven, cooled to ;  ,:.;    .r,,.o~o~m
.temperature, and analyzed again by recording and measuring their
transmission spactra. SD)     Coatinsmone  on: glass plates:.are.exposed to
ftorm holographic mirrors. in. the. -ame,  ane  s,    --!. ,-those: mounted
on front surface mirrors, 'except::that each: plate is tightly :clamped to'
a front- surface:::: aluminium mirror which reflect thejlaser beam back
onto itself. Coating samples with holographic mirrors are :'overall exposed
as described above. Generally, the film-.support is then
removed,,leavingthe coating on the . '-. ,,: >. glass .plate.
Unprocessed..holographic mirrors are'analyzed by recording'and:measuring t
.irtransmisslon .. 5 I 'spectra, after which 'they are thermally. processed
b  heating to 1.0,Cin! a'.conve i    .ven, cooled t    :- -
roomtemperature, and analyzd ?again.  -'-|   Reflection efficiencies using
p~rior art solid formulations typically are lessflthan 10%/   h0oerea   fle
!on. .,. efficiencies of ashigh  s99%, can'beachie     using the processes
of thsn                  -   -        . *   ;-  -  -  ;; '3 -> _; ^ - j - ,
;; , 5                                          ,- .- S' ' ' . . : , ;
f.................  j :';! . ' : : . | ,: . . ': . ;:,,. , .
...........................................................................
.. .    .. ..... ...  ..... . EP 02 4482 B1 ,. .... The improved
photopolymerizable compositions used in the. processes of t~his inventiona
ae subsqtantially  _  ,.,;,:,,.,,r"sli~d and ,are ty~pically   ysd,,a a
layer. applied 'to a permanert.substrate..The co mposition ma  beiirec ^  >
'coated onto the substrate''by any.conventional method or may be laminated
thereto as. a strage stable .!; ..'preformeQdelement comprising the
photopolymerizable layer.releasably adherdo  te porary, suppotfilm '.
s,..which.:isdimensionally stable and, preferably, transparent to actinic
radiation,.:e.g., of polyethylenetreph thalate.:The other side of
the.supported 'photopholymerizable.layer may have. a tempoary protecve
cversheet releasably'adhered, thereto, e.g., polyethylene, polypropylene,
.etc, TypicallyJXhecoqversheet has.. tbe weaker adherence to t, e
pholymerizable. layer and the' permanent'substrate    he  stronger :'' -
:'''-' adh~ere~nce. Conventional inter~m~ediate. layers,:or coatings may be
used to faciqtate she' pdhesiye and/or o. -release characteristics
needed'for the preformed element. The photopolymerizable layer is a
thermoplastic composition which upon exposure to.actiolcradiation .forms
crosslinks or polymers of higher: molecular weight to change the refractive
index. and;. rheological -character of the composition. Preferred.
photopolymerizable compositions are compositions.wherein free radical
addition polymerization and crosslinking of. a compound containing one or.
more ethylenically :- unsaturated groups, usually in a terminal position,
hardens and insolubilizes the.composition. The. sensitivity. of the
photopolymerizable composition is' enhanced by the photoinitiating system
which:may contain a component which sensitizes the composition to practical
radiation sources, e.g., visible light. Conventionally- a' binder is the
most significant component of a: substantially dry photopolymerizable film
or layerin terms' -.oJf-what physical properties the film :or laminate.
will have while being used in ;the inventiop.-The-.binder-   - s.erves as,
a containing medium for the monomer and photoinitiator prior to exposure,
provide the, base ..line.: refractive index,-and: after exposure
contributes to the physical and refractive index characteristicsaneeded ...
. . for the reflection hologram or refractive index image formed. Cohesion,
adhesion, flexibility,. miscibility, tensil    :_-,:-.'
sirength,:in'addition to index of refraction,.are some of the'many
properties which determine if thebinde ris.. : rsui~table for use in
a'refractive index medium.      ..- -;2?5    '-While the
photopolymeri~z~able :layer is a solid sheet of uniform thickness it is
composed of-at least three-'; major:components:: a solid,':solvent
soluble,'. preformed, polymeric.material; at least .one etylenically::.:'
:' ' .     u ..:'','unsaturated monomer capable. of.,addion.polymerization
to produce, a polymeric'material:wth a refractive index .substantially
different from that of the preformed. polymeric material;' and a
photoinitiator: ,system .   ....activatable by actinic radiation.Although
the layer is a solid composition,, components interdiffse ,before, .:..:.:
during.- _ after .imaging exposure until.they are .fixed or. destroyed by
a.final. uniform treatmnet,.usually by ; Afurther uniform exposure::to
actinic radiation or by thermal treatment at elevated temperatures.
Interdif-,' :';', ': .  f pusion caly be further promoted by, incorporation
into:the composition of an otherwise unreactive: plasticizer. S
,T~ypic~a~iy the cpmposition conains a liquid rmonomer, but it may contain
solid monomer components, either , 4qdividually or in. ombination with the
liquid* monomer, which are caable, of .interdiffusing in the. solid
'cormposition and. reacting to. form. a polymer or .copolymer with a
.refractive index shifted frorn.that of the. :.. ... p, 'rieforred
polymeric material.-                                                   .
...  ':'-,, '.,, ,  Pr~e~f~ormed polymeric materialgs useful in solid,
photopolymerizable layers for' forming high reflectivity reflection
holograms are polyvinyl acetate, polyvinyl formal, polyvinyl acetal,
polyvinyl butyral,and.mixtures thereof. Also useful .are Interpolymers
containing within their structure. major segments or' portons of the. 4:
aforementioned polymers. By the use of.these particular preformed polymeric
materials it is possible to  :  - form and .enhance reflection ..holograms
as contrasted to previously used solid photopolymerizable layers..
Ethylenically unsaturated monomers useful in the practice of this invention
are. thylenically unsaturated. ,carbazole monomers, e.g., N-vinyl carbazole
andlor a liquid, ethylenically unsaturated compound.capable of' 



addition .polymerization and having .a boiling point above 100 *C. The
monomer. contains either. a phenyl,  . ' 45  phenox, .naphthyl,
naphthyloxy, heteroaromatic group containing up to three. aromatic
rings,:chlorineor. . 'bromine. The monomer contains at least one such
moiety and may contain two or more of the same'or, ',., ^ -...different
moieties of. the group, provided the -monomer remains liquid. Contemplated
as equivalen to the  -'    'I : -  groups are substituted groups where the
substitution may be lower alkyl, alkoxy, hydroxy, carboxy,'   ..... .:.-.;
,arbonyl, amino, amide, imido or combinations thereof provided the monomer
remains liqyidand diffuzsable    -   - so' irn the . photopolymerizable
layer. Suitable monomers which 'can be used; as the sole monomer or in
..:.,,..ombination w,,ith,: liquid monomers..of, thistype Include but are
not limited. to styrene, 2-chlorostyrene, 2- bromostyrene,
.methoxystyrene,.phenyl acrylate, p-chlorophenyl acrylate.
2-phenylethyltacrylate, 2phenox- yethyl acrylate, 2-phenoxyethyl
methacrylate, phenol ethoxylate: monoacrylate 2-(p-chlro.phenoxy)ethyl -.-
:;'..acrylate, :benzy .:acrylate, ;2-(1-naphthyloxy)ethyl. acrylate,
2,2-di(p-hydroxy phenyl)propane diacrylate or.g. . 5. dimethacrylate,
2,2-di(p-hydroxyphenyl)-propane. dimethacrylate,
polyoxyethyl-2,2-di-(p-hydroxyphenyl)- .. .propane ,dimethacrylate,
di(3-methacryloxy-2-hydroxypropyl) ether or
bIsphernol-A,.di-(2-methacryloxyethyl) : . - 0. -
:ewter.ofbshnl-,dim&arlx-2hdoyrpl te                            fbshnlA
i2a~lxethacyla .ther.......................................... di  :,
:':.,.:y': .y; thy .: etherof bipheno-A, di3arx-!2-hydroxypropyl ete
fbisphelAd(-racryloyty)ehrQ bjisphenol-A,..ethyoxylateq bisphenolA
.diacrylate, di(methacryloxy-2-hyox yl) ether. of .ttrachro- 6_
;-.                -    - *   , ; -   -  : ! ' ' - : ' : - - ' * ,-
-~~~~~~~~~~   -~~~~~~~~~   .-  ... .. prop~~~~~~~onyloxyjethyl'acrylate. .
I~~~~~~~~~~~~~~~~~~~~~~~~~n                  .. . metl~qrylte,
penolethoylaterjiooagrlaf.te 2-pc0ropheOxy -tyl 'crylhpchylorophyld.acyae
-rcl    bs phenyl acrylate, 2-phenylethylx. acylte di2arpehleher of bipeo-
ehxlt                ripeol- dianyaead  -Pahhlgqeblarylule..
--                                . --a- -Ethylenically unsaturated
cqrbazole monomers having ethylenic subptitutionpn the ojtrogen atom
otthamob 4p~p   r, -,i!.-.(2-rn~t    I h'  her coj--mbinaton wihob
aov:Apere           phiqi 'mnomeri.s .and;rimn padclri ih2ohn3ct l.'aylt...
While monome~~~-risopuseful int;is' Inenin  me liquidsotey matylb   n'  .
Kamogwa atal.;d-naphhylmarylate;Jo': pentachioropenylon acryte; 2,46-rh
ronnphny acyrItbshn A diacrylate; 2-(2-naphthyloxy~~ethyl acrylate: andn
N-phenyl maleimide.v,-' lq- nthe embodimen o. thi inetohhr  rslnigi
eialeg1drn  hra                         rcmn butanediol diacrylate,
diethQyleegyo   icyae  eantylenetgycl dacrylae  1,-rpyanedilc da-e crylatec
2,2-dim hnethyloroan   darylate, glycerolpdiacrylater.o triproyene
gicsdayae  glyero t-cyatYtietyopopn.racyae penaeyhrtC racr
yaepoyxehled- trr~tyoproae ,gEnetreiacrlyae (462),urethyene glyole'
modimetshacrlae, buyee  lcl dmtarJtth ~rpndo1 dimathacrylate, 1
,2,4-butaiwt~iot 'timethacrylate, 2,2,4-trimethyl-10,u-pntanediol
thimethacrylatenpentaerythr. rmoltrnithcylate  peteyhlosI
St~Anthabrylatnomr trrnthi   pp:I. trNthcylj, I     -p Cedp
~~~dimpthacrylate~~~~~~~~ diall~~ypalyfumarae. so                   ,I
P~4'lreferre  'munlt.functionl-e monom-te.ersN 'inyjcludzoea diac.ryaeor
dieacyaeoabipeo-A'py addu artisuclarl dp(2facryoxythy  en!,e'of
bi..Usathenold-Ametoxyaed: bisphenolrA'd~N-incyaeii~arx-- Photoinitlator
systems. usefuyl inpatcnWhsIneto  yialywl  oti     phooiitatr and  and the
visible and ne~arovinf.rared sectra"lreiqd.:monsowere l.asersh emitcua.*th
!pos. ma~z;~hnlly nativey ato aond below185 *Chinclude ad..  subsitutdio
unubteo-ixtutdplyurarqonswicsr Ais  anhaunn1-hooantraqinont
ent2-chloreatrqunnl-ehyatraquinne,2-ehyl                        oraquiore,.
2 tert-butylanthaquinone, octamehyla~nthaqinnea1,-nphhuioe. 9,e1
0-heantheneuione, ,-e di4Y Methlathaqunoe,2,3dietylnthraquinone
2-p.henylathrlniaquion,  2-3isadiphenylanthrsqnone, so-. so
tetrahydron~~~~~aphthacenequinone andy 1t,2,3n4-tetrahyroeny
acyanthracene.-7,1ro 2-inhOhrphtiiitr describated in..S.natentylo)
?708:adipuevcnaktaldoyea'hlsc&  pzl~  iaon
-.~~w'~~netbylbenzoin~~~~~a-ally~~benzoin l :and yat; -phenybenzonyl'
'm'm'--'k-  oxazineurand,.p' qione. clses; Micbl~ert'p ke.ton,
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482B -dicaprylate and tetraethylene: glycol. diheptanoate. Similarly,
triethylene glycol dicaprylate.'and "tetraethy1ep70 ~ .
"glycol'diheptanoate'are. preferredfor usie ~with'solid carbazole'.monomers
'in .the abseincelof0 any second ..liquid monoes
- Otercomponents; irj,. adition'o those described~ above rcan be P9~l nt.
u~oye.a                 .     "~  s  compositions in v~~arying'amounts.~;
Such c:omponents include: 'optia 'rgfpner,_ u~~iletradliatin            -
asring material, thermal st b rier, hydrogen'donors and :releas agents.
.. O'-ptical~ brightenerss. useful inteprocess of- the~ invention Include
thkos disploaeOd- hradU.-,Paten ..Z~i4,950..&preferredoptical rgtn~d
2(.corfrd  efyamn~24znAdrzit  ylaiin no.apbnytv5i coumari. Ultraiolet
adiaop:':abppsori~gmaterials useful- inthe -invention ~-.are, ajs;o
disclosplCi Ied4JS vo .Patent 3,854,95.0.
'-            ~      ,- 



Us3eful::theralstbilizers inlue hyrqioe hndnp-methoxpeo,.aky e   ay-subsi
tuted'7hydroquinones.. and ,.quinones, tlertrbL'ty .c~atechol,
'pyrogallol,"copperirqsl, nate, r`napphthylaminpeslbt nap~~~~~~~~~~~~~~~r-
ththol curuIhod  2,d-ertbtylp.-cresol,: phenothiazine, pyridine,:
nitrobenzenel.,dinltrobenzene p touunn   n hoaII. Th   iiroso dimers
described In Pazos U$. Patent 4,1 88,98, are. alsuefl isNormally' a
.thermal. polyrnerizatito inhiio   ill.'be: present to increasep
,stability"'in te strao ofthe photopolymerizablecomposition. ~--"  ---~--
Hydroen door copounds: useful.as: chain transfer agents
in'the:.photopolymer compositions'include: 2-mercaptobenzoxazole.
2-mercaptobenzothiazole, 4!methyl-4H-1 ,2,4,triazole-3-thiol, etc.; as
.well as :various.. types of compounds, e.g.,. (a). ethers,
()'se,(calol,:d)compouds. conann   iyio  inyl hydrogen~ cumene,. (e)
acetals, -(f) aldehydes, and (g):amides'as dlaclosedd in coun1,les8to8 of
. MacLachlan. U.S. Patent 3,390,996.. Suitable'hydrogen donor compounds'
for use.'in systems; containing'.oth' .,ibiimidazole, type initiator. and,
N-vinyl carbazole 'are 5-hlro-2-mercapoeztizle: !!2-mercaptoberi-
zothiazole;1:H-i1,2j4-triazole-a3-thiol;- Q-ethoxy-3-merCaptbenzothiazole;
4-nmethyl-4H'-12                    ...-rizo.-.t.....----
g~~ocl~~c~~nethiol; and mi~~~~~~ure; thereof~~~~.' Copounds., which: have.
beJ.Oudselatg tir. as6 described in.Baser U.S.: Patent,4,326,010. A.
preferred release agent is. polycaprolactone "Amounts of Ingredients ,in
.the. photopolymeirizable compositions will .'generally..ie :within
he.tteoulowing percentage ranges basedion total weight ofthe, phOplyeiable'
layer: monomer, .5,60%, profrbl15 Y.r 0%, .intao    -0,peeal  -%   idr  57%
prfrbly 4.45-8Q   plasticizr,40G5%.  'prefeW40y  S 5%; other~ingredients
0(-5%, preferably 1.-4% so  aefliecuon. holograms'formed -using the
:uniqu~esolid. photo~polym.erizable: compositions~p ofttvnton'..'.... have
Iprove  -reflctionefficipncy,' typCall Y-between :about 15   t  vr8%
upiiglytiy4,hen-a uch  holorams'art-futher:tretedwith- .a.-partcular :class
zof-liquids which .swell !the hologapteelcin     effcinc  irrevrilyj
wto7%an   bv   wit no  apparent dermna  fet.C0cretwt th reflection
efficiencyi inceae tis anicrease in the a~wdha   el  ~ z~r: - ~. Thp  lass
of liquidshich  are.!partiularly, effective. In.:enhancing..r~eflecin
hologram %.$v  P p.olar orgaplo,-  zzrr liquids  hlclvmajswellhe. holoram
e.g., alcohols,. ketones, ,esters, glycol. alkyl. esters etc Useof on  or..
mor~such enhancing agents: is generally'all that is'required to- efec an
eqiibae' mgeetncmn The en hancing agent may: beainl liud or, a mixture of
such liquids, of. varying activity.4 Diluents, e-g.,  water, :hydrocarbon
solvents, can be present to decrease the concentration~ of the enhancing-
agent. Diluents. -oare -inert solvents" which, when thy  -rapplied alone to
the hologram surface :havesubstantially no effect .on 'reflection
efficiency. D)iluted enhancing agents are used in the instance -when
limited, equilibrated ..enhancement isdsre   t ower~ than ~maximum
reflectance, or when, use of the enhancig agent- alone-  -           pauses
-some. dissolving of the..hologram. Additional treatment of such: limite
equilibratedjenhancement Js     -.- possible with amore concentrated or
more; active enhancing agent. 77465   ..Enhancing. agent typically 'is
applied' after .the'reiflection hologram hass*been fixed biuniform, actinic
--,. 4t'.titeposure.  he refletion holgram,'may. be immersed: in the
enhanclpg; agntpr, ma  be~Jj aplied, bypt. eC- heprocedure for  applying
.the -swelling agent to the. imaged holographic-recording. WeIuiently A may
,be controlled to. obtain a uniform enhancement of the reflectiq  hologram
and; io preventl dmage o- -I ...,a.,.te poymerc' iagewhic is ofteed b  the
swelling action of the'enhancing'agn.IdeAly, jut jficent ehnig 'agent is..
neeedqd- to uniformly' wet: the Imageo su.rface -'ithout* either
flooding-it orZ~apyig tngential',o.r compressive forces. fHowever  sic4h
aeo  nacment of the dfluted agents ofti ineto  s slower and can ~be
`repeated, uniformity.. can beinsuired by multiple' ~applicatio~s Any metho
-may. ,be..used -to: uniformly apply. the 'swelling- agent tq..the:
hologram', provide:tembopoe-ntnai -65   brasive or compressive frcesw
whch'.would dstort or mar thelimage.  .A-:satisfactory method of applying
the enhancing agent is by lighvtly drawing: across .the -image area the.
-- -edge. of a. paint brushors other. applicator.sc.aa 'foraminous wick,
soaked' in enbancing agpn~t .If the..-. image. area is..small this prqoed,
rq .ngtte accomplished with. a spnaibrush o aflttp.nI  theiag -e- ,cod   4V
~t                  .........   .:. .  I                  -.~g_ .L _
9~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~......
......... . .. ~~~ ~     ~       ~      ~      -      -     -    if
'EP.0 324 482 B1 area i.large, a felt-sed ged squeegee -of sufficient
length might be used.. In either. case. the..enhancing agnt  -,.is supplied
uniformly from the applicator to -the hologram and is absorbed into the
hologram 'to increase its.-  :.-22.reflection efficiency. In place of
felt,any foraminous material may be used such as paper, and, woven and    -
nonwoven fabrics. Similarly, -the-enhancing agent may be applied as a
mist,. e~g., using a. oaiarbrush: or::- 8. carefully coated- as aAliquid
film. Excess enhancing. agent that may be present is removedforom this
.:...,hologram. by. known means. Normal evaporation or speeded evaporation:
by. air: impingement using -air at ..,ambient -temperature, .or elevated
te-jmpeqrature, are useful. in :removing excess  enhancing-.agn.. Te .~
.ei. hancing: agent may also. be removed b~y treating'with diluent
nonenhancing age~nt_.. Enhancing agents useful in this -invention include:
-glycol aikyl ethers,. e.g., 2-methoxyethanol,:2-.. . .1.oto ethoyethanol
and 2-butoxyethano; -.:alcohols, e.g.~,.methan. ehnl  uao,1  r2poao;ktns
e~.aeone, mepthyl ethyl ketone c.yclohexanoe, .etc;.; esters, e.g., ety
OctatepM,et  aiI!sohr.- :enhancing agents.. Dionts that may be presentswith
the. aforementioned enhancing agent include:: water; Inert hydrocarbon..-
.  ..',.solvent, e.g., SoltrolO50, a mixture. of C8-.10 is-paraffins wit ab
boling point rneo  1-4~C    rdc i.. o01 .hilips_ Petroleum; hexane;
cyclohexane; heptane; 1,2-dichloroothane; trichlorotrifluoroethane..,and
thelie Typically, maximu   enacmeto  he entire reflection hologramis
deierequiring:fl trnt t..reatment. of the hologram  by a: highly active
agent for a duration. to reach an increased .equilibrated., refloction
efficiency.: Surprisingly, the reflection efficiency remains at the
equilibrated value even after the.. agent. has. been. substantially..
removed.. In those. instances where immersion: is not used  or. where.
isolated:.... 



areas of the hologram are to be enhanced, controlled methods of application
identified. above mray be used' - ...: to ,.9.prevent flooding of the
hologram surface and retain the agent in thedesired isolated area.
Relcinholograms formed using the unique solid photopolymerizable
compositions of this invention. may: be thermally treated to, enhance
reflection efficienc  up to about .100%.. In this .  embodiment, a rfection
hologram is first formed ins-the photopolymernzable layer of
this.rinvention and is then heated to a 7  s  tmperature 'above 50 C and
preferably'between 100 and 1800 C for a commensurate time period .to
. -' maximize enhancement. Thermal enhancement treatment may be carried out
either before ~of aftr any... actinic: radiation fixing step. Typically it
is. carried out - before any fixing step. ad may be Used to, ..concurrently
fix'the enhanced hologram by thermally hardening or polkmerizing .the
photoplymerizable' " "---n, aterial in the l-hologram. After thermal.
enhancement-is complete, the enhance  hologram :may be fixedif 3o: needed,
by uniform irradiation with a -source. of actinic radiation. Both the rate
of thermal enhacmnt -and.. the .rate of thermal hardening increase -with
increasing temperature. ..--.....t:'.:. - In th~e practice of this
embodimento the.invention,  'eefe"ono'' ra  oi formedm   be heated._.
oy.72yany .'conventional meth~od .to enhance its reflection efficiency. The
holog~ram may be heated. in asngl * ~Vconvecton- ~oven, irradiated with
iJnfrared or microwave -radiation..or contact hae   nahtsoo  n 5
lamination prs.Whcee  means. is used~ care..is h eede  to  revnt
-.distortlon ,. or, d;amage- ~tq tihe..: '-pjiotpolymer layer containing
the. reflection. hologram. *A.,particular ~useful application of thermal
enhancement embodiment.'is -In. the preparation o-f "head-rup" ,d..sOplays
for use in windshields and other: such glass laminate. structures.: In this
instance., a. glass. sheet has: ........  applied thereto a polymeric:
reflection hologram of this invention. The reflection. hologram may: be
-formed. 40 :-directly. in a photopolymerized layer previously applied to
the glass sheet, or it,..may lbe preformed in a pjhotopolymerizable.
elmnonann    temporary support and then laminated to a glass :sheeti..In
the. latter preformed mode, of operation sufficient heat may be used during
lamination to the glass sheet to..: ..-thermally enhance the reflection
hologram. After removal of the temporary support the. laminated -glass
sheet may be. used. as a head-up display. More preferably, A glass sheet
with the photopolymer reflection' 45 -hologram thereon is placed in a
lamination press along with a second mating glass sheet with a Butacite*,;.
*polymer sheet there between:.so. that .the..photopolymer hologram  Is in
face 'o face contact ..with. the.'-"..,........ BuWacte*' interleaf. Heat
and pressure. are applied to the. glass-sandwich structure, e.g,. abou.t 1
50. C, -- I- whereby the. reflection hologram  is enhanced. and fixed
concurrently with forming a glass 'laminate.o S~.~.,urprisingly, a safety.
glass laminate is. formed:.having therein - a reflection. hologram
usanIny. reo so  dstoriondue to the lamination process. Thesft glass.
laminate can be'usedas a. head-up" ~display WVhile,:glass.:typically is
used :in such displays, other transparent sheet mateial: may also be us"ed,
~~ ;.-quartz, polymethyl methacrylate, polycarbonate, polystyrene, and the
like.                                  .-- Tmeadvan~tages .of
,theeboiments! Ofthis inve ntidncanbe  Cb.evedb  reoferencedt-tefolol 1 0
EP.0 3* 448B1 GENERAL PROCEDURES
7! ~ sample Preparation'                                          ---
Coatin olutions without visible sensitizer,- DEAWP were:prepared'
undryloorrelihAfr aditon of DEAW, all operations on sol~utions and-their
resulting coating -weroe performed under: red ih . only To ~further
protectthem: from, actinic light, al solutig  -were prepared :and
stored'in. amber. bottles. .1Solutions were prepared 'by addin  cmponents
to the solvent and mxnwiha mech anical :stirrUni they: completely
dissolved.jThe solvent was a mixture, of dichloromethane (90-95% by.
weight) and methanol io  (k),ethnol(10), o 2-ropnol (1%) unless otherwise
specified,. Solution.cmoet  pe sd~--- :-.:received from the manufacturer:
without. purification, except for o-CI-HABI and POEA which 'were.
chromatng-.!..:.. raphed on aluminum oxide (activity-i pior to use.
Solutions were coated onto .a '100, micron (4-mil) clear film support of
polyethylene terephthalate at a 'speed 'of 2 to-4-cm/sec (4 to 8 fpm) using
a Talboy coater equippe wiha10200 micron,(O- mu) doctor 15  knif, 3,7 m(1 2
ft) drier se  t 05   ,and a laminator station.~ A" coer sheet'2   irn(   u
....  polyethylene terephthalate was laminated to the -coatings after
drying. Coating. samples were stored in black. polyeth..ylene bags at room
temperatreutlusd iSample'Evaluation
ot Coated film was cut into 10,1 cm x, 12,7 cm (4x5-inch) sections, the
-cover sheet. was removed, and; the filmte   one  by hand laminating the
tacky coating:'directly to either te gla~ss ackof! anauInm   ' "
front-esurface"'mirror'or. to a' glslt.Te'ilm suppor'wslf n  lc  durnpg
expouran  i.nitial handling operations.: '5- -Coatings mounted on front
surface mirrors. were. evaluated by ~recording holographic -,~mirrors ,and
--- . determ.. ing their re.lec.i.   eficiency, bandwidth, and wavelength
of..maximum reflection. h hpjograph mirrors were formed by. actinic
exposure to a collimated. 488 nm.,argon-ion:.laser beami TEM.. mode,
oriented perpendicular to the film plane and reflecting back on itself, The
beam had af 2.5-3.0 cm diameter. :...and an intensity of. 10-54:mW/cm?.:
Laser exposure times ranges from 5-10. seconscorsndgto20 30  270 mJcm2
totalexposure.. After. recording holographic' .mirrors, -film :samples:
were',overall -exposed .to. .ultraviolet and visible light using a:
Douthitt type DCOP-X exposure unit. equipped-with a  ecr  r 'photopolymner
lamp (Theimer-Strahler.#5027).~ The film support and .coating were the
riremoved frornt'the:- ..,,-.,front surface :mirror and transmisslaion
spetra-of he unprocessed hologrphc' miroswere rpcor.,de at4 407-  455  .nm
using, a -Hitachi: Perkin-Elmer: model ~:330;-spectrophotometer.
~Maxeimum"'refle onefciny as  waelenthadbnwtht half. maximum (fwhm): were:
measured. from the transmission  spectra.:In exampe 28-3 theholoraphic.
mirrors. wer then. thermal~ly processed by -heatingAt 80j tI 5QZ  j
minutes in acnetoovncoldorom temperature, and analyzed again' by recording
and. measrn i'their transmission'I seta.                       ..',"Z 



,sCoatings 'mounted on glass plates were exposed to form holographic.
mirrors,. as described above,; 40ff except eSach plate -was tightly clamped
to a front surface aluminum. mirror having the plate orientated such.
7:.::.that the beam, in -order, passes .through the, glass,sthe coating,
and the filml support,: and then -reflects. back.,.. on 06itself. Coating
samples with holographic mirrors were overall exposed using the Douthitt
exposure. unit. described above!' Generally, the :film support was then
removed, leaving  the coating on the glass plate. ..Unprocessed holographic
mirrors were: analyzed by recording and measuring their transmission
spectra, 45after which they were-thermally processed. by heating to 1500*C
in a convection oven,:cooled to room. :temperature, and analyzed again.. In
some cases, the. film support was~ left in place. overthe: coangdrg
'thermal processing and evaluation..''' - '  '    ~~~Coating thicknesses
weemeasured -on. photocured samples by scratching through the-coaigt 'he
glass. plate, then measuring. the profile using a Sloan DEKTAK 3030 surface
profile monitoring system.: --- GLOSSARY OF CHEMICAL NAMES: :BHT
2,8-DUi-tert-4-imethylphenol;CAS '128-37-0 ;Butacite6B140C:  'Poly(v
Fnylbutyral), plasticized with 4G7 ....CAB 531-1         Cellulose
acetaite. bu-tyrate, :Eastman tpe 531-,1, CS: O-6~: ~.;..     < IDEA
Diethyladipate :~'~" DEAW     Gyclopentanone, ~~~2,5-bis{[4-(di
tylamino)-phenyl]-smethyln)AS33453-5; :%EBPDA           g thoixylIated,
Visphenol-A diacrytat;CGAS 24447:-78~-7.-'; -    11.   .                '
-~~~~~~~~~~~~~~~~~~~~~~~~~%    E:P.0324 482 BI  4G7
Tetraethylene glycol diheptarnoate; HATCOL 5147: 2 HPA
2-Hydroxypropyl acrylate;. propyleneglycol monoacrylate  MMT
4-Methyl-4H-1,2,Z4-triazole-3-thiol;- CAS 24854-4341 NVG:
.N-Vinryl carbazole; 9-Vinrylcarbazole; GAS 1484-13-!5'  5 o0Cl HABI
1,2'-Bis(o~-chlorophenyl)-4,4',5,5'-tetraphenyI-~1 ,1 -blimidazole:
CAS.170.7-68.2: POEA::           Z-Phenoxysthyl acrylate; GAS 48145-04-6:
7 PVB        Pol~~~y vnylbutyral), Aldrich, averageMW.3,0;GS31852 TDA -
Tri~~ethylene glycol, diacrylate;. GAS~ 1610-21-3   ITDC
Tnethylene glycodl diaprylate 10    TM PTA.       Trimerthyllrpn  ricyae
-ethyl-2-(hydroxymethyl)-1 ,3-propanediol,.triacyae GAS.15625-89-5 VlinacO
B-i15    Poly(vinylacetat) Air:Products, M.W. 90,000: OAS 9003-20-7
Vinacib.B-i 00   Poly(yinylacetate), Air Products, M.W. 500,000:. GAS.
9003-20- 15CONTROL EXAMPLES A-B; EXAMPLES 1-2.
i Control Examnples A and B3 disclosed in EP. 89.100 405.4 with either NVC.
or' POEA as..monomer jand, CAB as ~binder :either were* noperative or had
poor reflection efficiency -and seta  adt.Ueu ~,coatings were achieved
using poly(vinyl acetate) binder. The formulatlions shown'below were-
prepared and coated with a. Talboy coater equppd  lwth a 175. micron (7
mul)'doctor knife. All. quantIties..are in grams,-unless otherwise
indlicated. The f Um.. in. 0vontrol..: example Alwas not imaged since- it
was* opaque : with crystals as coated.: The film from,-Example. 1 also -;-
---    f1ormed-crystals -but slowly enough to allow imaging of the film.
Plates were prepared and hologrpic mirror- iaed as-described above excep
-tha the 514 nm beam of an argon ion laser was usda  ~~Ver.;. 26  bou 10mW.
Film thicknesses, reflection efficiencies, and spectral bandwidths are
reported below. Example Number                                ....... A
B         12 30           ~~~~~~VinacO B-i5          -         -14.16
14.25 CAB.531-1              :14.22     14.25      -- NVC
.9.04      -9.04               -  'POEA                     -         9.06
-         9.04   ~-        -      -  o-CI-HABI                0.74   .0.74
.0.74      0.73 MMT                     :0.251    -0.250     0.251    -0.20
. DEAW        .     ~~~0.012   0.012     001       001  BHT
. 0.001        0.001     0.001...  0.001 Methanol                12.2
12.2      12.21    12.2~. Methylene Chloride     110.3.   109.9    110. i
109.8     ' Film Thickness, micron -  -17.1             10.0~   18.9
Reflection Efficiency,: %  -3               1 5       27 'Spectral
Bandwidth, nm   -5                 5       .7 45.The.holographic mirrors
were .then processed in abath composed of 3% cyclohexanone nIn
sopropanol.ii a- The mirrors. were immersed in the bath: for two minutes,
air dried for about five minutes, immersed. in -the2. -,developer bath for
another two minutes, and air dried overnight.: After drying,' %3
transmission ispectra. were -.~' ~---~ obtained. The..bandwidth for Example
I could not be measured due to the.low reflection eficiency and Width. of.
the transmission band. :The film from Example B: wrinkled during
development and, a reflection so- .could not be detected. Data obtained is
given. belowi. Example Number              2 A     B      1      2
Reflection Efficiency, % -3. I '78                      - Spectral
Bandwidth, nm  -1 '7                              ~~~~~~~~~~~12,
.  



EP 0.324482 BI. .."!EXAMPLE 3  This example shows good. pet
rformance..using poly(yinylbutyral) particularly compositions. combining9
N4VC and PODEAliquid monomer.
. ...... :,.,,L4,-...,:.,The -following formulation was prepared:.
Butacltelp B140C.  179.8 g. .POEA           :.49: o-CI-HABI          2.5 g.
MMT:               2.5 g-- BHT                0.025.g .g... :DEAW
0.509 g  S                        ~~~~~~~~~~~Methanol  .-554 g
Tetraydrouran 554 g The formulation was. hand coated onto 100 micron (4
mil) polyethylene terephthalate film through a 25 micron (1 mil) doctor
knife. The. film was air dried at room temperature before applyingma-25
mIcron (1 mil). .20. polyethylene terephthalate film as -*coversheet.;
Plates -were- prepared. and --holographic :mirrors- .imaged .as, described
above. Each plate was exposed for. 90 seconds with the 488 nm beam with a
power: of: about 30 mW. ,The plate and mirror combination were oriented at
either normal to or 40 *off normal to the incident .. ~ ..laser beam.
Exposures made at normal to the incident beam will be referred to as n!O.'
"and those at 40 iioff normal will be referred to as. "40 O". The.
following results, were obtained: 26.. Angle  -Measured Reflection
Efficiency. 40'          ~~~~13% .40               :12% 3o
O~~~~~~~::        18%. 0'          ~~20% EXAMPLES 4-6 A stock formulation;
was prepared using 75 g of ButaieB  0,62    -IHB,25gMT.2 g. DEAW, and 500 g
10% methanoll90% methylene chloride. From this stock formulation three
separate: film -formulations were prepared using 1 17 g portions for each
formulation and adding to each fomulation a. total of 8 g of monomer. Each
formulation was coated as described above. Film samples were mounted on
glass -plates- and- holographic mirrors. prepared as in Example 3. The
plate and mirror combination 'was. oriented- normal. to the incident laser
beam. Results are shown below. Example  Monomer(s)    -
Reflection.Efficiency. 45              ~~~~Number :4    "I00% POEA
2%' 5      400% NVC                        4%  6~  40.6% NVC, 59.4% POEA
15%-                                     - 50 ,EXAMPLES 7-11!'- nThese are
useful compositions. similar. to the poly(vinylbutyral) Examples 3-6 and
.also.so  htgo . q~j "results can be obtained by including a liquid
plasticizer.               - -. . .;   ~~~The formulations listed'below
were coated as described above. All .'quantities: are in:,grams, unless
otherwise indicated. Plais wrpepared. as described above and holographic
mirrors. generated by splitting :the 488 nm beamn fromri an Argon ion laser
-and impinging. the collimated, 'coherent beamnsionto.. 9~~~~~~~~~~~~3-
~~~~*,~~~~~~~~~~***~~~~~~~~~~~~~''i  .
*...             *~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.t .~.   .......
EP 0324 482B13. .opposite sides of the plate with the angle between them
about 118O. All fil ms-were exposed for 90s seods.                     "':'
"eflctioefficiencioes'and film thickness es are..given below. ...
,      ~       ~        .~*~  Example Number                  ,-' 7
8           9.         10          11>. Polyvin.yl Butyfal,. Al drich
10.6      10.6        10.6       1.    ,1.                   NVC:
5.20.       5.19        5.19        520.       6.99 POEA
2.08        2.08        2.08        2.08       2.79 10.           ~~~TDC
251         -  DEA                              -2.67                  -
-       :., :4G--                                                   2.56
!J  717 -           '7 *  0-Ol-HABI                      ~~~~~~~~0.643.;
0.642.    0.642,.  0.643.  0643 ~  I~~~~IMT ~~~0.209.    0.209
0.209;,   0.209:   -0.209 .!.~~~~~ .      DEAW..
0.1          .01 1:   0U.01        .0,01 1,.;,  ,.0,011.. ~~  .~....  .:BHT
0.001.    0.001.    0.00.1    .0.001.:;,.  0.OQ           ..Q 1 Methanol
10.4        10.4        10.4       10.4:       10.4 Methylene Chloride
:93.5        93.4      .93.4       :93.5        93.5 Film Thickness,,
micron'       2.          20.5      :20.5        19.8.       19.0 ;'    . *
~~~~Reflection Efflciency.%     21          27          20
1928  19 ..:EXAMPLES 12 and 13 *These are useful. compositions -with
poly(vinylacetate) binder, combined with a mixture .of NVC and: 



RPOEA -monomer and TDC plasticizer. The formulations listed below, were
coated. an               0oorpi    irr ;..rmaged..as. described.
in..Example 7 except. that..exposure times for -both films.;were .60.
s.,econcts....Film~.:            .... 30thcknesses andq  elcin
qffc!ien,Aies are rptedblo.-. . ... ........
~~~Example Number        - Vinac@.'B15,.   -               2.1 '5.i7 1
... .. -             ~~~NVC                   '          I S.18'.7'
' POEA                            2.55          .6.1 TDC       .
2.56:.  b. ..... ...              0-CI-HABl.                      0.75  .
0.76. MIMT                            0.26         :.0.25 DEAW
.. 0.012         0.012 BHT                             0.0013
0.0016 :Methanol                       12.3          12.3 Methylene
Chloride            110.2          110.2 Film Thickness, micron.
18.6           186 Reflection Efficiency, %       22            22 EXAMPLES
14-20
.-1 Adiinluseful .compositions  prepared'fromn; poly(vinylacett)showing
,':the  advantage  of -using,:-%. NVC/...:W POEA mixtures are shown below.
The. listed formulatfions'were coated: and holographicm mrrors imaged~ :'
:77 a~.A~cribei in  xampl 7. l0efecton ejiiice  a~   lmln    15c1peses
......eJb~w.,,...... 1.4    EPO  324 482 Bi Example Number
I 14       15       117 VinacWB-15.           .12.5   .12.5      12.5
12. NVC                     -2.53             3.51     1.b54 POEA
7.85     5.30     4.23    .6.24 TDC---- 0-CI-HABI               0.617
0.617   .0.617    0.617 R~MT                    0.09     0.209    0.209.
0.209 l0                  DEAW                     0.010    0.010    0.010%
0.010O. BHT.                    0.001    0.001    0OY.00     0 Methanol
10.2     10.2     10..2    10.2: Methylene Chloride     91.5     91.4
91.4     91.4 FimTickness, Micron'.   -     50       31      12.8
Reflection:EfficienCy, %  4     3         3       1 Example Number 1 8
1 9      20 VInacS B-i 5           14.0    12.5      14.0 NVC
-        1.51     - pOEA.                   6.23     5.45     4.23 ~~25..
~~~~TDC                              -        1.02     1.10 o-CI-HABI
.0.617   .0.617    0.617 iIMT                   0.209    0.209    0.209
DEAW                    0.010    0.010    0.010 BHT
0.001    0.001    0.001 30.                      Methanol
10.2     10.2    %10.2 Methylene:Chloride     91.4     91.4    :91.4 Film
Thickness, micron    14.2  15.3     13.5            aJ Reflection
Efficiency, %    I1  .28       4 IJ~--
EXAMPLES 21-23 K-'.---..:.These examples illustrate useful .results can. be
obtained independent of poly(Vinylacetate): molecular,. ...4  weight. The
-listed formulations were coated and holographic mirrors imaged as in.
Examples .7. Reflection, efficiencies arnd film thicknesses are reported
below. .45 .50; - -                       15
-   - -    - -
--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
EP 0 324 482 Bi1 * -;  -
~~~~~~~~~~~Example Number  -    - .-- -  21        22       23 Polyvinyl
Acetate, Low MW, Aldrich   37.4- Polyvinyl: Acetate.,:Medlum MW, Aldrich
-37.4-  Polyvinyl.AceateHg MAdrc                      -3. -. .  ..   ~~NVC
7.03      7.62      7.5 :P.OEA                               16.0      16.0
15.9 .:o-CI-HABI                           1.86      1.86      1.87.    ...



........MT.0.625                                              0.825.
0.627 DEAW..                                0.031     000       0.03   .
BHT                                   0.004     0.00.3    0.03 Methanol
25.1     25.2       25.2 Methylene Chloride                  241.2    27.
267 15          ~~~~~Film Thickness, micron          .21.9      2.5
10 Reflection Efficiency, %  .          49       419     .49. EXAMPLE 24 *
This-examples shows a useful poly(vinyfformal) composition. The
formulation'below 'was: coatead:~: b.IQ PiC mirror magda described in.
ExarnPla 7 eKCept that a.30 second exposure: was,. usd,..";~.'., Vinac.1Bi5
37A4 NVC                     757 :POEA                   15.9 o-CI-HABI
1.87 1QlMT                    0.626 30'DA
0.030, BHT                      0.003 Methanol                25.1
Methylene.Chloride   .226.1. Film:Thickness, micron:   16.7 . ..
~~~~~~~~~..Reflection.Effcenyl             20
. -'EXAMPLE 25 -~This ~and Examples .26 and. 27 show a.. substantial
reflection efficiency increase from, treating the  .holographic
mirror~wIth. a swelling solvent, whereas the. prior art control
compositions do not..- ... .The forulation below was coated through a 150
micrometer (6 ml) doctor knife applicator.. Plates were. prepared ~and
holographic mirrors imageda described in the general procedures. Film
thickness and 45a reflection. efficiency are reported below. 50
65~~~~~~~~~~~~    EP.0.324 482B 13 VInacS. BiS             37.5 NVC.
7.64. .POEA                   15.9 o-C1-H-ABI               1.86. ~mmT
0.825. DEAW0.5  BHT,                     0.004- * Methanol
25.2 Methylene Chloride    226.7 *...Film Thickness, micron  1. Reflection
Efficiency, %  44: Spectral Bandwidth, nm  6 ''After obtaining the above
data the. holographic mirror. was processed by gently wiping over the
'mirror a cotton. swab. containing acetone. After, air drying for about 30
minutes a % transmhission.:spectrum was.  recorded. The reflection
efficiency had* increased to 62% and the spectral bandwidth. had increased
to 3.5 nm.. -'20  EXAMPLE 26 The formulation shown below. was coated -with
a 175 .micron (7 mil) doctor knife applicator. Plates were prepared and
holographic mirrors, imaged as described in. the general procedures. Film
thicknessrfeto ficriecy and spectral bandwidth are listed below. :VinacSb
B15.           37.5 NVC                      7.55' POEA
15.9: ~o-Cl-HABI.18 Fzz          MMT!                     0.623, -- DEAW
-0.017: BHT               ~~~~~~0.004. Methanol                25.1
'Methylene Chloride    225.8
.... - Film Thickness, mnicron'   25.8. Reflection Efficiency, %.: -48
(erg.8mros-all; imaged identically) Spectral Bandwidth, nm   6-7
(average 8mirrors - all imaged identically) 40     The holographic mirrors
were then processed in a bath composed of 800 ml water and .600 ml acetone.
*The mirrors were. immersed in the bath for 30 seconds,, then water washed
for 30 seconds,. -and then air dried. After drying, %6 transmission spectra
were obtained. Data obtained is given below. Rfection Efficiency, %    77
(average 3 mirrors - all imaged and processed identically) Spectral
Bandwidth, nm    22-28   (aeae3mirrors -'all imaged and processed
identically) EXAMPLE 27 AND CONTROL EXAMPLES C-E *The formulations below
were coated through a 175 micron (7 mil) doctor. knife applicator., Plates
were peared and used at a powr of about.10.mW.-Results are. reported below.



prp5w    n - .. -
.P EP 0324 482 Bi1 Example Number:                                  3 :27
C         D         E V/inac* B-iS5             14.2.      -        14.2  -
0~~~~.AB 5311              -        14.2       -        14.1 TDA.
-                   904       9,4 *      *~~~ NVC                    '2.50
2.50 .     -.    ~~~~POEA                    6.49      6.50      -- 10
o-CI-HABI                 ~~~~~~~~~~0.73  0:73  0.4      074
-.- DEAW               ~~~~~~~0.012  002  12    2     0,012; BHT
0.001     0.001     0.01      .01        , Methanol
12.  12.2      1.        123 Methylene Chloride      :109.8  ..110.0
110.2'::"' 110.1 Film Thickness, micron    169       17.7    .17,0 . 16.4
Reflection Efficiency,%   23        10.1. Spectral Bandwidth, nm     6.
6         -  The holographic mirrors were ten processed in a bath composed
of 3% cyclohexanone in 2praol -'-'.The mirrors were immersed in the bath
for two minutes, air dried for about five minutes,Aimmersed in the:
developer bath for another two minutes, and air dried overnight. After
drying,.% transmission .spectra were obtained. Data obtained is given
below. .2.5                                                 Example Number
27     -C     D     E                                  ..  ... Reflection
Efficiency, %    .75  6                                       . ...
Spectral Bandwidth, nm  14I- - EXAPLES  8-31
.    35- .Theseare ueful ompoitions containing VinacO B-1i, a low molecular
weigh poly(Viriylacetate) binder kJ  ap varius crsslining mnomer. Refection
holograms recorded in these compositions canbe thermally pr~esdto. obtain
greater refleto  fiiny and bandwidth. Four formulations were prepared, each
containing a crosslinking acrylate monomer, with or without ~"'POEA, as
described, below, and each containing 14.2 g VinacO B-1 5 (56.96%: by
weight of total solids),A3. 40   Vo(2) 1.0 g o-CI-HABI (4.0%), 0.50 g MMT
(2.0%), 0.0075 g. DEAW' (0.03%), 71.25 g dich- A -.7    loromethane, and
3.75 g methanol. The formulations were coated on polyethylene terephthalate
film, mounted on the back of a front-surface mirror, exposed, and evaluated
according to the general procedures Lgiven-above. The. reflection
efficiency, bandwidth, and -wavelength of maximum. reflection are
presented. below. 45 65: 18    C' I EP 0.324 482 BI: Example
~~~~~~~~~Number  .,-.'..-n. Examol         ,.3 .. .<  >' ...~~~~~~~~~~~  .
.  .~~~~~~~~~~~~~~....... POEA, grams. (wt%)         -              3.75
(15) .      .00(20)      50 (0 .!EBPDA, grams (wt%)       6.25 (25)
2.50 (10)  TDA, grams (wt%.)          --                      .     12  5
TMPTA, gram  (w%
125(5 -Thickness, microns    .     4827.4%                   .2.
28.0 10o     Unprocessed mirrors: Reflection Efficiency, %0  675
1.0       1    0047.0: fwhm nm1                                     .:5
.        55 Xmx nm               '1__76.5           478546.
477.           .  -*-- 16Thermally processed: 80'C, 30 minutes, mirrors-on
polyethylene terephthalate film Reflection Efficiency,... %  91.1 9
f    3             92 fwmnm              1 11.    27
.23             127 472.             8         [405             .487 a
Thermally processed: 150 C, 30 minutes, mirrors on polyethylene
terephthalate film Reflection Efficiency, %  84.0       1 99.8
99.6           .969. fwhm, nm1  .31                                   25
..2                6 X ,       nm            1_53              447
447            449 *EXAMPLES 32-35
........ *       ~~~Thes are useful compositions containing a low molecular
weight poly(vinylacetate) .binder, TMPTA -3o':, crosslinking monomer, 'and
varied amounts of POEA and NVC. Reflection holograms recorded in these:
i...compositions .can .be thermally processed toobtain greater reflecti
on-efficiency and...bandwidth... ...four. formulations were. prepared,
-each containing. TMPTA and~POEA..with -or'withou NMC,. as 'descrie 



. .in the following table, and each containing 28.48 g VinacO B-i5 (56.96%
by .*w~ght .Qf.totlj slds),20go CI-H'ABI (4.0%), 1.0 g MMT; (2.0%), 0.01 5
g DEAW (0.03%). 0.005. g. BHT (0.011%),:7:5 g methanol, and':-, ~  I4~Pg
cichloromthaneTh fomltQrswre, coated on .film, suppor.t, mounteo on.
glasspaexpp, and .evaluated according to: the general procedures given
above. The reflection efficiency,.bandwildth, and 1"Wavelength of maximum
reflection are presented below,         *  EXAMPLE 36 .  This is: a useful
composition containing a low molecular weight poly(vinylacetate) binder,
TMPTA crosslinking monomer,. and 4G7 plasticizer. Reflection holograms
recorded in this composition can be thermally processed to obtain greater
reflection efficiency and bandwidth. Aformulation was prepared, containing
POEA, TMPTA, NVC, and 4G7,: as described' below, and .46  containing 14.24
g VinacG B-IS5 (56.06%. by weight of total solids), 1 .0 g o-CI-HABI
(4.0%),. 0.5 g MMT (2.0%). 0.0075 g DEAW (0.03%), 0.0025 g BHT (0.01%),
3.75 g methanol, and 71.25 g dichloromethane... The formulation was coated
and evaluated as in. Examples 32-35. The. reflection efficiency,.
bandwidth, anrd wavelength of maximum reflection -are presented below.    -
~~~~~EP 0 324 482 Bi .. . . .. .  ..  .                        Eampl Number
-                         .32        3334                    35. 36 .
T~~~~MPTA, grams (wt%)   .2.5 (5)    .2.5.(5    .2.5 (5)     2.5 (5)
125(5 PAgrams (wt%)       16.0 (32):.  13.0 (26),   10.0 (20).    8.0 (.16)
:*~(5 'NVC grams (wt%)    ,.-3.0 (6).    6.0 (12)                 80 (1)
3.0 (12). :4G7, grams (wt%)        -                       --1.25 (5).
Thickness, microns      22321.6                24.2        24.51.    122;.4
o.  Unprocessed mirrors Re91flection Efficiency, % 32       5           64
16              8 fwhm, nm             . 6             5          5       I
.  ),,nm               478         477         477         478         478
js.     Thermally processed: 150'C, 90 minutes, mirrors of) film support
Reflection Efficecy      ..56  .     9          99      199s.8      194
... .- Jwhm, nm.               22.         32      130            30
3 nm           ~~464       458         44       1 7           ____
Thermally processed: 1560 C, 90 minutes, mirrors on film support
-- Reflection Efficiency, %  56       809                     99.2
84: fwhm, nm                16         82 5        3042
35 *   max, nm               47471                1470        1_742 25, 25
EXAMPLE 37 This. is a. useful, composition. containing.. a low molecular
weight poly(vlnylacetate) binder, but..no. ..ocrosslinking monomer.
Reflection holograms recorded In this composition can be thermally
processd, without degradation, at temperatures. of. about 80'C or less, to
obtain greater reflection efficiency and' -bandwidth. A formulation was
prepared containing POEA and NVC, as described below, and containing.
284-8.8g. ~ B-iS (56.96%. by weight of total solids), 200.0
o-CI-HABI.(4.0%), 10.0:g MMT (2~.0%),. 015 g.,DEAW - 00%,0.05:g BHT
(0.01%), 75 gzmethanol, and 1,425 g dichioromethane. The-formlton  was~
coated   -  and evaluated as described in Examples. 28 and 32, except an
extrusion-die coating bar a~Iched, to the.. Talboy. coater was used instead
of a doctor knife.-The reflection efficiency, bandwidth,`and; wvlength; of.
..... M~axi   'efeton are presenited. below.,,..   . 40Examples 38-41
Teeare useful compositions containing, a low molecular weight poly(vi!n
lametate). binder..ain: varied: amounts of TMPTA crosslinking monomer.
Reflection holograms recorded in :these compositions can be' --  thermally
processed to obtain greater reflection efficiency and bandwidth. 45 Four
formulations were prepared, each containing TMPTA, POEA, and NVC, as
described below, and .. each containing 289.5 g Vinac*. B-iS5 (56.98 by
weight of total solids), 2.0 g o-CI-HABI (4.0%), 1 .0 g MMVT-
'.:(2.0%/),Q0.015g DEAW (0.03%), 0.005 g BHT (0.01%), 7.5 g methanol,
andl142.5 9gdichloromethane. The;...- formulations were coated and.
evaluated as described in Example .32. The reflection efficiency,
bandwidth, and. Wavelength of maximum reflection ar presented below. so .20
EP 0.324 4826B1 -~~~~~               3~~~~7  38            40
... T14PTA, gram.s (wt%)  -        0.5 10         35 4. POE4. g.ram    w
1 25.   12.0  .11.5 90S. .(25)  .(24.)  (23)  (18)   (6 NyC. grams (t)
60.    6.0   6.06.0           6.0 (12)   (12).(2       1) (2 *
~~Thickness ...micronsB  26. 1  20. 6  27.:0  '26.7  2. *  Unprocessed
mirrors Reflection 



*     ~~Eff iciency.;         S 7    67    72      SO0     53. fwhm. nm
5      S      S         ~~max~ rim      476   478   478:. 477        47 .2
mirrors  o~nfil   spot. E~ffi~ciency. %62    -               -
fwhm. rim              40     -      -      -      - Xma   rm
4 64.   -      -      -    .- :Thermnally proc~essed:   IOc. 90 minutes.$
K>         ~~~mirrors  on glass.: film  spot emoved"' Re~flection *
~Efficiency. k           0a    0a   99 99.9. fwhm. nim               -
-.33.*7 2 Ikmax'" nm                     -   448   444   443 45 21      !EP
03442B Thermally  processed:   1500C.  90' mulnu.Ves. mirrors  between
glass and film sUDort.. Reflection a Efficiency.  %       ~~~0 99.9    99.9
99.6 99.8' fwhm. nm                     -      7         .7     31    2
.. WI       ~~~~ma x   'i"'                     46         672'  .472 a
Coating hazy,, hologram destroyed  opr  verymweak. 15 EXAMPLES 42-43 *
~~~These are examples. of a low. Mole~cular. weight poly(vinylacetate)
based. compostion fo  eodn reflection holograms and use of these
compositions to produce automobile windshield.saet gla  with. a reflection
hologram internally mounted (as might be used for head-up displays).
",~**Two formnulations were prepared, each containing Vinac B-i 5, TMVPTA,
POEA, and NVC, as described: ..:below, and each containing 2.0 g o-CI1-HABI
(4.0%), 1.0 g MVMT (2.0%), 0.015 g DEAW (0.03%)j 0.005'g! EBHT.- (0.01 %),
7.5 g methanol, and 142.5 dichioromethane. The formulations 'were. coated,
on' polyethylene .26. terephthalate film support mounted on glass plates
and exposed as described in the. general procedures. Unprocessed
holographic mirrors. on glass, film support remnoved,. were. analyzed: by
'recording. and measuring their~transmission spectra; results are given
below. A sheet of 750 micron (30 -mu) ButaciteO -was. thn placed over each
holographic mirror and a socond piece. of glass. plce o the opposite side
of the~ Butacite*, thus forming glass-holograim-ButaciteeS-glass composite
structures..which were clamped tightly_ :   together and heated 'to. 150 *
C under vacuum for 60 minutes. The (safety). glass composite 'str.uctures
were..    then removed from the vacuum oven, allowed to cool to room
temperature,: and analyzed byrecording and. ' .~:m~aufflgthirtransmission
spectra. Results are presented below. E)-~L(AMPLE 44
., mThis is an example of a low. molecular weight poly(vinylacetate) based
composition containing 2-HPA, and its'use to produce safety glass with an
internally mounted reflection hologram.: A formulation was prepared
containing VinacS B-is,.  TMVPTA, POEA, NVO, 'and 2-HPA, .as described
K.'below, and containing 1.0 g o-CI-HABI (4.0%), 0,5 g MMIVT (2.0%),
0.0075.g DEAW (0.03%), 0.0025: g BHT .40. (0.01%) 3.75 g methanol, and
71.25 g dichloromethane.. The formulation was coated and. evaluated as in
Example 42. Results ar presented below. EXAMPLE 45 4r.~This is a useful
composition containing VinacG B-100, a high molecular weight
poly(vinylacetate) binder,. ,,ard., TMPTA- crosslinking monomer..
Reflection holograms recorded in this composition can :be thermall
processed to obtain. greater. reflection efficiency and bandwidth. This
composition Is also. useful for Rproucing safety glass with internally
mounted reflection holograms. 'A. formulation was prepared containing
VinacO B-i 00, TMVPTA, POEA,:NVC, and 2-HPA. 'as described so, below,: and.
containing 0.75 g o-.CI-HABI (3.0%), 0.25 g MMIVT (1.0%), 0.0-10 g . DEAW
(0.04%1)i 0.0025 gBHT: (0.01%), .3.75 g methanol, and 71.25 g
dichloromethane. The formulation was coated .and evaluated -as -in  .-
Example. 42, excep exposure was with :a .514 nm.' argon ion: laser. beam,.
the. -holographic: mirror was thermally processed before Making thea
safety. glass composite, and. alonger hetng cycle wasuse  in making the
safety glass composita show in.t.hetbeelw .22    7.  ..I     . O
777                                                             77 7   7
.**  EP 0324 482 B1 ________            ~Example Nume 42                 Q
Als Via~    -is, grams (wt%) .        24(5) 28.48 (57)
14.24 (57.~ VinacS B-100, grams (w%              .
14.73(9 TMPTA, grams (wt%0/)'                    2.50.(5)
4.50.(9)           1.25 (5).,          1 .75,(7).  I 



.POEA, grams.(wt%)                       1.0.00 (20)          8.00 (16).;
3.75 (15)~    73.25:(13) '.. NyC, grams (wt%).
6~~~~~~~~~~~~~~~~~~~~~~~~~00 (1 2)  6.00 (12)  3.00(12)
3~~~~~~~~~~~~~~~~~~~~~~~~~~.600(1)  M010 (12) :.0.~2 .2-HPA, grams (wt%)
-                                      1.255              1.25(5)
Thickness, microns                      24.2                23.2
21.5              -.22.4 - Unprocessed mirrors...... .-Reflection
Effciencpy,             1 ~665              1    57                 5032,
fw m  .. nM                               4I                 4
.. .7777  .7777.77      .    7.7 Xmaxfnm                           j477
1476                    477:.              50M7 Thermally processed: 1
50'C, 60 minutes, miror  between glass and Butacite*.'
Reflection.Efficiency, %                84.                80
8 fwhm, nm   .                             033
-5 X'max, nm                          _498                   503
510- Thermally processed: 1000 C, 30 minutes, then 150, C, 60 min., mirrors
on glass  Reflection Efficiency, %           1713 fwhm, nm
.       -20 25     nmax, nm                             .
.493 (Process continued) then 150  C, 90 min., mirrors between glass and
ButacteO Reflection Efficiency, %                              I.72 30
twhm, nm
As.   -1 .30 *.   Thes   are. useful compositions, containing  high
molecular weight poly.(vinylaceta~te)bidrwtan without. a crosslinking
monomer. Reflection holograms recorded in these. compsiios   an be thr
aly:, .processed to obtain greater reflection efficiency and bandwidth.
K..77'    :Two. formulations were .prepared  as -listed  below. The
formulations were  coated  as. in the general .40. procedures given above,
except an extrusion-die coating bar was used rather than a doctor knife,
and. the drier. was set at 50-60 * C. Coatings were mounted on glass
plates, exposed and evaluated'according to the general. procedure, except
total laser exposure for each mirror was 300 MJ/CM2. Results are presented
below. 4 8
.7      7 7 7 * 7.
77~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~ . ...   23    EP0324 482B SI,-                             "'...  ..
...Example Number- ~~J U                                    -~ 40
47.. VinacO B-100, grams wt%).  . .:~-; . 37'4*5 (59.98)36.0(69). POEA,
grams (wt%)                9375 (150)        . 156.2 (25.0)   . . .. ...
NVC, grams (w%)68.75 (11.0)                           75.00 (120I TMPTA, rm
w%                    31.25 (5.0)           - 2-Pgrams (wt%/)
.25.00 (4.0)  ~  o-CI-HABI, grams (wW85 (3.0)                         25.00
(4.0)                   -r 10         ~~~~~~MMT., grams:(wt%)'
12.50 (2.0)          12.50 (2.0)-:::. DEAW, grams (wt%)
0.188 (0.03).        0.188 (0.03). BHT, grams. (Wt%)                 0.063
(001)          0.0603(01). Methanol, grams                  93.8.         .
93.8  I p:       ~Dichloromethane, grams:         178.2781.2: ....*.,
~~~~Thicknessi microns            14.4.*i.4. Unprocessed. mirrors:'
... Reflection Efficiec,       1     2                     3' -fwhM- nm.
I                    I                   -. .  -'.:. .... ...  mex, nim
479~'                479______ Thermally processed: 1 00 *C, 30 minutes,
mirrors between glass and film support! Reflection Efficiec,% 26
f~~~~~~~whm, nim    .*.5    -- EXAMPLE 48 80 . This is a useful composition
containing poly(vinylbutyral) binder and.TDC plasticizer, but no.
crqsslinking: O......monmr ReletonIolograms recorde An
this.-composition-can-be thermly  rcsed  ihu  gada- -  i Aatemperaue
fabout 80 '.C or less to obtain greater reflection.efficiency .and
bm.dwildthP.!... Aformulation was prepared containin  POQEA, NhVC, and TDC,
as'described below..:  .p -I .5' g PVB3 (50.93%), 1.0 g o-CI-HABI. (2.0%),:
1.0 g MMT (2.0.), 0.030 g: BH  (0~.011%),: 20.0.g: 2-propanol, ad 1i180.g
'dichloromqethane-. !The formulation -was coatd on film support mounted:
onthe. bac of :a front-surface ~~:~':a~tirror,'exposed. anid evaluated
accordng to the: general procedures'given..above. R"s~sQe rsne  40EXAMPLES
49-51. These are Useful compositions containing poly(vinylbutyral) binder
and TMPTA crosslinking monomer. Reflection holograms recorded in these
compositions can be thermally processed to. obtain. greater. reflection
efficiency. and bandwidth. 4s     Three formulations were prepared,:each
containing TMPTA, POEA. and NVC, as described below, and eah-critaining
21.6 g PVB (5.6).16g o-Cl-HABI (4.0%), 0.80 g MMT (2.0%), 0.012 g DEAW (.3)
. 0.0040.:g BHT (0.01%), 1 6.0 g .ethanol, a~d 144.0 g dichloromethane. The
formulatios.eecaed:.. .. expoe, and evaluated as in.Example.48.-Results are
presented below.  o. -EXAMPLE 52 



This is a useful composition containing poly(vinylbutyral) binder, TMP.TA;
cosinigrenre  ad" 40-plasticizer.1 Reflection holograms. recordd  in. this.
composition can- be thermally'rcsed.obti greater reflection efficienc and
:bandwidth.                         v A'formulation. was prepared
containing TMPTA, POEA, NVC, and. 47, sdscie  below::and. 'U
containing:17.96 g PB (53.96o), 1~i.33,' g o-CI-HABI '(4.0%),: 0.67 g. MMT.
(2.0%),.00gEA (03) ''U.O..0033 g BHT (0.01%), 13.3 g ethanol,. and 119.8 g
dichloromethanei.The formulation was coated1 exposed,: and evaluated
asin:Example 48.,Resut are presented below. Pe~~~~2    EP 0324 482 B1
5~~~~~~~~~~~~~~~~- TMPTA. g rams (w.-2.0. 20   2.0  1.. 67: POEA. grams.
(wt.%.).   5.    4.0: 10.0140    0, 10                       (~~~~~~~~~~10)
..(10)  (25.)(3) (0 NyC.  gas(t)           12.5S  10.0   4.0  -4. (2)(25)
(10A)         ( is    ~4G7. grams :(Wt.~)    -       -      -      -3.3
Thickness. micrwons  24.5  23.9  .26.  :24.1: 26.7 20    ~UnproCes sed
-mirro0rs- Ref~lection. Efficiency. a          49.   49.   48    20    43
~~~ ~fwhm.flnI                  .6      4.    S       5       .. .  Nmax..
ri474.. 478.  476   477   477.. Thermally p~ro.c e ssed:  4SC. 12 hour. 30
~~Mirrors  on  f~im Suppor~t *      ~Ref lection Efficiency.. %         .63
.54    5        9 5 .......    fwhmu   m          .n8         4
..   , , -Xmax't nm            455   47.6.  474  :472   470 Thermally
processed:    IC 12 hours 40     ~~then  80.   30mnte. mrrors  on f iln
suppor .Ref lection                                      .6 ..  ...
Efficiency.                         SS763 5  26    6 45     ~~fwhm. nmf
27     7      7       8    5 Kmuax. nim.           448.  473   472   470
468. .25    EP 0 324 482 B1 Thermally  processed:   15-0C.  30 minutes.
.              -.- mirrors  on  film..suDPort                           I.
.- Reflection Efficiency.                   a               90    - 58
82 fwhm.nm                     -        11        9        S    17 lo  .. .
Xmax*  ni                    -      424    447    457         440- a
Coating  hazy/cloudy,  hologram destroyed. 16 EXAMPLE 53 This is a useful
composition coated on aluminized polyethylene terephthalate film. A
formulation identical to Example 34 was prepared and coated on 100 micron
(4-mil) aluminized polyethylene terephthalate film using a 150 micron
(6-mil) doctor knife. The drier temperature was 40-50 * C. After drying, a
cover sheet of silicon release polyethylene terephthalate film was
laminated to the coating. A- 10,1 cm x 12,7 cm (4x5-inch) section of
coating was stripped of its cover sheet, mounted on a glass plate, 25 and
then exposed and evaluated according to the general procedure described
above, except a front surface mirror was not clamped to the plate since the
aluminized polyethylene terephthalate film served to - reflect the incident
radiation. After exposure; the aluminized polyethylene terephthalate film
was removed leaving the holographic mirrors mounted on glass. Results
before and after thermal processing follow: 30
Unprocessed Mirror Processed:150 C, 90 min., on glass Reflection
Efficiency, %      54                  82 fwhm, nm                       4
30 36                 )imx, nm                      477                444
i Claims 0 1. A process for forming a reflection hologram wherein a
reference beam of coherent actinic radiation and an object beam of the same
coherent actinic radiation enter a layer of recording medium from opposite
sides to create an interference pattern in the medium that forms the
hologram, characterized in that the medium is a substantially solid,
photopolymerizable layer consisting essentially of: 45       (a) a
polymeric binder selected from the group consisting of polyvinyl acetate,
polyvinyl butyral, polyvinyl acetal, polyvinyl formal, interpolymers
containing major segments thereof, and mixtures thereof; 



(b) an ethylenically unsaturated monomer selected from the group consisting
of carbazole containing monomers and a liquid monomer containing one or
more phenyl, phenoxy, naphthyl, naphthyloxy, heteroaromatic group
containing up to three aromatic rings, chlorine and bromine and 50
(c) a photoinitiator system activatable by the actinic radiation. 2. The
process of claim 1 wherein the liquid monomer is selected from the group
consisting of phenoxyethyl acrylate, phenol ethoxylate monoacrylate, the
di(2-acryloxyethyl) ether of bisphenol-A, 55     ethoxylated bisphenol-A
diacrylate, 2-(1 -naphthyloxy) ethyl acrylate, and mixtures thereof. 3. The
process of claim 2 wherein the ethylenically unsaturated monomer is a
mixture of a solid monomer selected from the group consisting of N-vinyl
carbazole, 3,6-dibromo-9-vinyl carbazole, 2,4,6- tribromophenyl acrylate or
methacrylate, pentachlorophenyl acrylate or methacrylate, 2-naphthyl ac- 26
* i   EP 0324 482 B1 Th~ermally: processed:   1500C.  30.minutes. irrors
on  film  SuDDort Relction. S         ~~~~~Efficiency.
:75, 75  90      5       8 fwhiu.  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  .  -  .
. -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~......  max~~ nm-                  424
~447!  -457   -440 38        ~~~~a coating  hazy/cloudy,  hologram
destroyed. EXAMPLE 53 *This is a useful composition coated on aluminized
polyethylene terephthalate film. Aformulation identical to. Example 34 was
prepared and coated on. 100, micron'(4-m) auInie polyethylene terephthalate
film using, a' 150 micron (6-mul) doctor knife. The drier temperature.
was'40-50 * C.': After drig   oe seto iio release polyethylene
terephthalate film was. lamninated to the coating. A -- 10,1 cm: -x 12,7
cm. (4x5-inch) section of coating was:..stripped. of its ~cover
sheetmutdoaglspae, 25and then  exposed and evaluated according to. the
general procedure described'above,. except -a front. srac mirrwas not
clamped to. the plate.-since, the aluminized polyethylene. terephthalate
film- served t 'reflect'the incident radiation. Atrepsethe aluminized
polyethylene terephthalate: film 'was: remnoved  -  -  iL-leaving the
holographic* mirrors. mounted on glass.% Results before and after thermal.
processingifol!low: ..... :.'. -Unprocessed Mirror Processed:1 50 *C, 90
min.,-'on glass  , Reflection Efficienicy,. %    54                  8
fwhm, nm  .4                                     .30 )Xmax,flT n
477'44  ClaIms 40 1. A process for forming a. reflection hologram wherein
a. reference beam of coherent actinicraitoan an objct bem of te sam
cohernt acInic radiation enter a layer of recording medium from opposite..
sides to create an interference pattern in the medium that forms the
hologram, characterized in that the *medium is a substantially solid,
photopolymerizable layer consisting essentially of: . ***.~.    (a)
apolymeric binder selected from the group consisting of
polyvinyacteplvnlbyr, * polyvinyl acetal, polyvinyl. formal), interpolymers
copntai~ning major segments thereof, and.mxue thereof; (b) an efthlenically
unsaturated monomer selected fromn the group consisting of carbazole co
ntaining: -, monomers and a liquid monomer containing one or more phenyl,
phenoxy, naphthyl,~ naphthyloxy 50   -   ~heteroarornatic group containing
up to three aromatic rings, chlorine and brominean :(c a
photoinitiator..system activatable by the actinic. radiation. 2. :The
process of claim 1 wherein the liquid monomer is selected from :the group.:
consisting of * phenoxyethyl acrylate,: phenol ethoxylate: monoacrylate,
-the dl(2-acryloxyehl  te o bshla~ :-:ethoxylated bisphenol-A diacrylate,.
21-naphyoyetl-rlaeanmiueshrof-'-  3.The process of claim 2 wherein the
ethylenically unsaturated monomer is. a mixture of a solid. monomer,
selected from  the group. consisting of :N-vnyl% carbazole,
3,6.-dibromo-9-vinyl ca4rbazole, 2,4,6-': tribromophenyI acrylate or
methacryliate, pentachlorphenyI acrylae or: metarlt,2npt    c 26
1 l~~~lII~j ii~~iIJI111 INI 1111  - -I    .10                      ::.,9~~P
032A.4482.B1 rylate or methacrylate, .2-(2-!naphthyloxy)ethyl acrylate or
methacrylate, the dl-(2-acryloxyethyl~ether of ......tetrabromo-bisphenol-A
and mixtures thereof;. and 'a liquid monomer sellected fromn the. Iru
cositng. of phenoxyetyl acrylate, phenol ethqxylate acrylate. :the:
di(2-aRcroyloxthyl: other):iof- b.Ispheo- ethoxylated basphenol-A
diacrylpte 2-(1 -naphthyloxy ethl Iacrylate, an!d mixtures; ther~f
C~~.'-'The process of claim 1. in which a' plasticizer is also present,
which plastiizer.-is.selected from 'the :_._:,group- consisting of. tris(2
hleyl)phoshte  lycey .rbtrate,.. and `.a  om ud.havingthbe. general.
formula:........ o     0~~ 0,         8 -R3 iCOCH  CHR) OCR carbon  toms.
is Hor Cl-s, x i 1-4, y s -0,anH   isR 1-2 . 



50  TheproessRan of  claim  a4ween  thekplatczriseeedfoth group o    o1
abnao   si     onsistnaIg o  rehln glycol dicaprylate, triethylene. glycol.
bis(2-9thylhexanoate), diethy  adpt Vdbtlaiae 25   etraethylene glycoL
diheptanoate, dibutyl. suberate., diethyl sebacate.,..
ts(2-ethylhexyl)phosphate,.and.    ' .. jgyceryl tributyrate.
n... &    h  process of claim 4 in which: said plasticizer is substituted
for at least: apri~   ftel~i ethylenically unsaturated. monomer.  30   -
..*~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-
..... 7 Te~ process. of' claim 1.'' w ereir. the solid:'photopolymerlzable
layer' contains -an ad dad .%crosslinig- monome continingtwo or.,more
terminal ethylenically unsaturatedgrus ~  The process of claIm  h. wheei
.the-: crosslinkdng. mooe  sdarlate or diehcyaeof.a as  bisphenol-A epox
adduct.                        '       :, 9. -.A process: for forming, and.
enhancing a reflection hologram in a substantall solid photopolymerizable,
recording medium the: process comprising: :'..-A.. Projecting a reference.
beam ofcoherent actinic radiation on a first side of the reord Ing mepdiumn
40.       which consists essentially of: ~~A.     (1) a polymeric binder
selected from -the group consisting. of polyvinyl acetate,'polyvinyl
butyral, polyvinyl acetal, polyvinyl formal, interpolyrmers containing
major segments thereof and. mixtures. thereof: (2) an ethylenically
unsaturated' monomer selected from  the group consisting of carbazole 45
containing monomers and a liquid monomer containing one or more phenyl,
phenoxy, naphthyli. naphthyloxy, heteroaromai group -contaning -up tp three
aromatic rings,- chlorine and-bromln and (3) a photoinitiator system
activatable by the actinic radiation: B. Projecting an object beam of 'thet
same coherent actinic radiation approximately in:an opposite so     -
~~direction to the reference beam onto a second side of the'
photopoilymerizabe ';layer -so -as, to.- intersect with' the :reference
bearm in a plane within the layer'-wherbo    reflection' hologrm i formed;
-C. Irradiating the. imaged pholopolymerizable layer with uniform source
of. actinic radlation,- and'    .. '-"~~~" . D. either treating: the.
irradiated 7reflection hologram with a liquid, enhanicing agent: which'!
isawllng:. as     age~nt for the photopolymerized layer, o r heating the
irradiated reflection hologram -ateprue of at least 50 'C for a period of
time to enhance the reflectivity of the hologram.' I 1~~~          ~11111
1111  ii  INI    --  -*               ~~~~~~~EP0324.482B1i '109 A. process
of claim 9 wi~herein the liquid enhancing agent contains a: polar organic
liquid selected from. tegopconsisting of an alcohol,.a. ketone,, an
aildehyde a glycol aiclehr  nester a iqi ~`monomer. and mixtures theref
AL1  Thea process of claim 1 0 wherein the: liquid -enhancing agent is
selected from the group consisting of1 propanol, methanol, ethanol,
Z~~~~~~~~~~~~~~~~~~~-propanol, acetone, methyl ethyl ketone,.
cycplohexanor~,bnzlhy, ethyl acetate, butyl benzoate, phenoxyethyl
acrylate, phenol etoxylat  cyae  toyae  ipeo A diarlateand mixture
:thereof.'' 10  12.JThe process of claim 9 wherein the liquid enhancing
agent -contains a substantalaly inert liquid diluent.  .:13.' The process
of claim 9. wherein the'liquid diluent is selected from the group
consisting owaeInet -~-hydrocarbon solvents, 12 .2dcloroetao~, aInd
trichlorotrifluoroethane.  -~ 115. 144Thprow-AP. of clam 9wherei tphe
sgwellig agnt. is remoe frmtetXtdlye  yeWnrto 157 -The process of clakim'9
'wherein~each' projected beam subtends an anigleup. to 70 .from ,the
normnal'to ~.  -' "te paneof the layers. sides. * 16. Te proces of clim: 9
wherein the. irradiated reflection hologram' in step D Is heated anrid
the..solid., -.-rcrdin medium contains an added crosslinking monomer
containing a es w  emia  tyeia- *  ly unsaturated groups. 17 The, process
of claim 18 wherein'the. crosslinking monomer is diacrylate or
dimethacrylate of a 28     bisphenol-A epoxy adduct. 18. The :process of
claim 9: wherein the irradiated. reflection. hologram In: step D 'is
Cheated:' and 'the.. -unsaturated monomer is a phenoxyalkyl acrylate or
methacrylate, a phenol ethoxylate. acrylate or:...... prUmeharylate, a
phenyl aky acrylate or methacrylate, 2-(I-ahtyoy)etiiyicrajthig-ryqs.
yetylthr of bisphenol-A., or ethoxylatad. bisphpnol-A diacrylate. *  7
19.~-The processof. claim 9' whereIn 'the, 'irradiated reflection
-hologram. in'step D. Is heated'-7 ad tha ethylenically unsaturated monomer
is a mixture of a solid monomer selecte  from thqgrup con sitin of N-vinyl
carbazole, 3,8-di~~~~bromo-9-viyl caybazole, 2,4,8-tribromopheny
acylaermthcyae 38"    pentachlorophenyl acrylate. or methacrylate,:
2-7naphthyl. acrylate. or. methacrylate,. 2;-(2-naphfthylxy)ethyl.t
acryateor  etharyltethedi-(2-acryloxyethyl)ether of tetrabromo-bisphenol-A,
and- mixtures thereof-:" and--a liquid monomer selected from the group
consisting of phenoxyethyl acrylate, phenol ethoxylate' ayltthe.
di(2-acryloxyethyl ether) of bisphenol-A, o thoxylated bisphenol-
dicya,2-1nph thyloxy)ethyl acorylate, and mixtures thereof. '2O.: The
process of claim 9 in which the irradiated reflection hologram in step D is
heated and a'plasticizer. .C::'::; -'is -also present, which plasticizer is
selected from the group consisting of tris(2-ethylhexyl-phosphate, *
~~glyceryl tributyrate, and a compound having. the general formula: 45
~~~~~~~~~~~~~0   0 SI  S.
...-.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~......
RC(OCH2CH2   0C2;  0~   0I 



60~~~~~~~~~~~~ O1C(.CH2)OR2o 86
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atomns,RFiIsHoanaygruf.t6.               - ..orein.Ri.: nd.:R
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.: '... '. ."car4on.1stoms, R4 is H;:or.qH,._X.is.-.1?-4j y js,T-20,.and:z
is 1-!20..:: ;.. :. . .. ... ....1:....., I`:... b.rw!1 -: ,7 '.
::-:J-:r,!.....: !,::. 7. -. :: . ,I-R . -,-..."....:. 1': _...... -..-.-
.... . .. ..... .. .............-.. . 1.- ,  . :4. %; ..........,,.. .. -
.=-45    4              _               |       E' ;0          , - 4    -;
>sooa      l~  EP0324482B... .  . . .. .. . 0          .~~0 - -: 2;.OCHOR2
.-.r *;R C (0CH    COR4 )oder ,                     . *             R;
O.(-.,).,0-:                              .:.  Jo..07 R3OCH CHR )OH -:
worin Ri und R2jeweils eine Alkyl-Gruppe mit 1 bis 10
Kohlenstoff-Atomenist, R3 H oder eine Aky!-    ' is.  Gruppe mt 8 bis 16
ohtnstoff-Atomen ist, Ri. Hoder Cl-Is lt, x I1-4, y: 2-20 und Z 1-20 lst.
-.:'. Verfahren nach Anspruch 4, wobei der Weichmacher ausgewAhIt: ist aus
der Gruppe bestehend aus ' - *^ : Triethylenglycoldicaprylat,
Triethylenglycolbis(2-ethylhexanoat)i Diethyladipat, Dibutladipat,
Tetraethyl-  .. ........ englycoldiheptanoat, Dibutylsuberat,.
Diethylsebacat, Tris(2-ethylhexyl)phosPhat, und G!yceryltrib'rt. '6.
.Verfahren nach Anspruch 4, wobei wenigstens ein Tell des flssigen
ethylenlsh  ungen        ...-.te.. -Monomers'durch'den Weichmacher'ersetzt
Wst. 7  Verahrennach. Anspruch 1, wobel: die feste, photopolymerisierbare.
Schicht -em  ueeze  ereznn~  dsMon-^.7er. eanth.A   s c wei  ier fe st    e
eholensichunzges t' vee Gruppen!  . -h.pngij, ..:.-._ ._.ds,noe enh l
,dszeodrmh.ed.ndget y          ,enshugeatteGupen. ,... .....  ra.  h.  ni
..Y.;.................................,, .3  gt'rppnOt.a 8. ::: .,
:.-,;8> " Verfahren nach Anspruch 7, wobei das vernetzende Monomer ei
Diacrylat oder Dimethacrylat eines .:itBjsphenol-Aepoy-Addukts ist.:.,.- .
30  9  Verfahren zur Bildung und Verstarkung eines .Reflexionshologramms in
einem im wesentlichen festen,. p.hotopolymerisierbaren
Aufzeichnungsmediufm, umfassend: ---.^A. Projizieren elnes Referenzstrahis
koharenter aktinischer Strahlung auf elne ,erste Seite des; A;
..~ufzeichnungsmediume. das im wesentlichen:.besteht aus:. '.     -'.  (1)
einemn polymeren Bindemittel, ausgewdhlt aus der. Gruppe bestehend
aus:Polyvinylacetat, sp y8  X  -.    :Polyvinylbutyral, Polyvinylaetl,
Polyvilylformal, Interpolymerendie .wvesentliche bsc.'lte ce-  .  .:,
selben enthalten, sowie deren Mischungen;       ,   , i "(2)'elnem
ethylenisch:"ungestffigten Monomer, ausgewAhIt aus der Gruppe
bestehend.aus.. Carbazol-haltigen Monomeren und einem flUssigen Monomer,
enthaltend elne oder mehrere,,. ,  t ,|,,., :.-Phenyl-, Phenoxy-,
Naphthyl-, Naphthyloxy-, heteroaromatische Gruppen, enthialt~end bis zu
dre5 40,, .;: >   ,    aromatische Ringe,.Chlor undBrom, und    ..
.,. (3) einem durch die aktinische Strahlung aktivierbaren
Photoinitiatorsystem -B. Projizieren eines Objektstrahls der gleichen
koharenten aktinischen Strahlung'ungefahr in entge-  - -
:.gengesetzterRichtufng zum Referenzstrahl auf eine zweite Seite der
photopolymerisierbaren. Schicht, so da  er den Referenzstrahl in einer
Ebene, innegrhalb der Schicht schneidet, wqdurch  ei..,.. ,: "-45 ' .''
Reflexionshologramm gebildet wird; C. Bestrahlen.der belichteten.
photopolymerisierbaren Schicht mit einer einheitlichen Quelle aktini-' -
-~*. -: :.: -  - scher Strahlung; und -D. entweder Behandeln des
bestrahiten Reflexionshologramms mit einem flUssigen Verstarkungsmit-.. .-
.-  ; : .''."'.:. tel. bei dem es sich umr in eQuelmittel flr. die
photopolymerisierte Schicht handelt. oder. Erwarmen 50o . .   des
bestrahiten Reflexionshologramms eine Zeitlang auf eine Temperatur von
wenlgstens 50 * C, umr -das:Reflexionsvermogen des Hologramms zu
verstlrken, - -:10. Verfahren nach Anspruch 9, wobei das. flUssige
Verstarkungsmittel eine' polare organische-FlUssigkeit. '  .- - - enthalt,
ausgewdhlt aus der.Gruppe bestehend aus elnem Alkohol, einem Keton, einem
Aldehvd, einem 'Glycolalkylether, einem Eser,..einem fls gen' Monomer und
deren Miung  . . .11 Verfahren nach Anspruch 10, wobei.das flUssige
VerstlrkungsmitteI ausgewahlt ist aus-der:Gruppe:: - - ,.,,,. beteend ia.
1-ProparnlQ, Metpan iEthanQI, 2-Propariol,  ceton,    h              .. .'
. :'. t::~~~o,'' Af.'"':" .. : ; ':.'t:i %,M,.   ,  .    , -,  ,:-.'"'
Iillllllllilli i  P's';      -EP 0 3N 42B13 :.Bernzaldehyd,  thylaett Buyb
nzot P.Phenoxeh  crylat,: Phenoetoxxlie~n
.:''::..:'Bisphenol-!A-diacrylat'tund'. dren. ischungen.      .-     - 12
Verahrennach  nspruh 9, obel das flUssige Verstirkungamittelemirn
wesenlichen inertes lsie 5-   VerdUnrnungsmittel pnthgIt. .:.: .. ......
. efhr .ac   narc  9,wobe dasd flUssiqe: VerdUnnungsmittel ausewht1ta
drrue-  --- bestehend: aus Wasser,'4nerten
KohlenwasserstolffL6suingsmTteIn, 1 .2-ihoe!a    rclrrfu rethan.
''~~~~~~~~~~~~YA   Dihorta   ndTichlortrifluo -- entfernt wird.     .
..       ..'  .
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-.
............ o8SnrfahtenzurhEbene der Schichtenseitntelnschlicht .......16.
Verfahren nach Anspruch 9q, wobel  odsbestprahizete  Stleirashologamm. in.e
ScVrot D   uT e~mit widound das feset Aufzeichnungomedium emn zugesetztes.
vernetzendes Monomer* enthoIt, das Wenigistens zwei 



endst~ndige ethylenisch unges~ttiten Gruppen enthillt. -   -Verfahren
-nach-Anspruch 1.6, wobel -das vernetzende: Monomer. sin D  Iaca odor
Dim~ethacryat eflnes ,,Bisphenol-A...y-Adu...et 1. S Verfahren nach
Anspruch 9, wobei das bestrahite Reflexion hologramm In; Schrltt D. erw~rmt
wird. und 7`-',~7--  darungeslittigto Monomer. sin Phenoxyalkylacrylat
oder. -methacrylat, ei Phenolethoxylatacrylat obder-- :,.metacrlat si
PhnyllkyacrlatWoe -mtharylti.9-(-Naphthyloxy) tYlacryat, .der,`' Bs(2-wcy
Io._~xyethyl)ether von Bisphenol.A or ethoxyliertes
Bisphenoll-A-diarlatlot.  , -st.  :19 V-erfahren nach: Anspruch 9, Wo~beI
das! bipstrahite'ReflexionsholograrMm in :Schritt D'ewm  wird und 30  das
ungesqttigte Monomer, eine ,Mischung elnes festen  Monomers, auwhit aus
der. Gruppe, nbestehend: aus. N-Vinylcarbazol, 3,6-DIbrom-9-vinylcarbazol,,
2,4,6-Tribromphenylacrylat:  odor. ehacryat Petcirhnlcylat odor.
-methacrylat, 2-Naphthylacryla~t. odor. -mtarlt.-2 'tahhrya  d
-methacrylat,. dem. Bis(2!-acryloxyethyl    -yr on Tetrabrombisphenol A .
~~~~und deren Mischungen, und: eines flUssigen Monomers let,
ausewhtusdrGupbsted asue - _6. m.Phonoxyethylacrylat,
Phenolethoxylatacrylat, demn Bis(2-acryloxyethyl)ether von.Blsphenol.'A
ethoxylier-; tenBisphenol-A-diacrylat, 2-(1-rNaphthyloxyehtcy lauddrnMshnen
.20. Verfahren nach Anspruch 9, wobei das. bestrahite Reflexionshologramm
in Schritt'l) erw~rrmt wird und:. auch emn Weichmacher vorhanden ist,
welcher ausgewr~hft ist aus der Gruppe bestehend:aus TrIs(2-    . -  -40:.
'- *ethylhexyI)phosphat, Glyceryltributyrat und elner Verbindung der
Aligernelnen.Formel 00 R C (OCH CH) XOCR, 0   ~0 .
~~~~~~~~R 10C (CH) yCOR2   oder R(OCH CHR )OH  worin R, und R12 jeweils
eine Akkyl-Gruppe mit 1: bis 1 0 KohlenstoffrAtomen let, Re    oder eln
Alky.-' rppe mit.8 bis 16 Kohlenstoff-Atomen: ist, R4, H odor CH9 let, xc 1
4 y:2 20 und.   -'.'!2Q jt    .   ....* .... .3                      3
EP00A24482.B1. .21~ Verfahren nach Anapruch,20, wobsi. der. Weichmacher
ausgewhiht: st: BUS der. Gruppe boaebndau Tnethylenglycoldicaprylat,
Triothylsniglycolbis(2-ethylhexanoat), Disttiyladipat, Dibu tyladipat,
Totrasthy englycoldioptanoatDibutylsborat, Disthyisebacat,
Tris(2-sthylhexypopat, n   lcrirbtrtTZ Qp!Verfahren: inach :Anspruch 20,
.wobsi :wenigsten8~ emn Tell. desf" sgeebiniqIJge~tgs Mpnomsrs durab den
Weichmacher ersetzt 1st. 2.Vorwendung "dor im wesentlichen
festen:Schichten, wie..erhaiten nach. i anlpnm dsr;,ypoitehsndsn: Ansp  h
inhl                                     -~h~   7.spr~~~cho, in
holographisoheno Spiogeshen  plegln. -Te~l    rn ~... .4.Verwendung nach
Anspruch 2, w,,obs dehlgpichnSeelTlenrFrnschsibsnanzoIgs. . (l-lsad
p-ljpay) sind. :.        .                               ......    .   I.
Ke-vandlcatlons:- 1Un procd            rain dhd4 pour la formto   'ooraimm.
do: rdfloxion dans l1equel. 'un-.' faiscsau do ,Ardfrncs. du,
raynnsentactniqs ch~rent -et un faiscsau objet du: m~ms rayonnemsnt
actiniqus oeretp'r danasune couche de milieu d'enregistromsnt A partir. d
faces oppos~es do fagon & crder: un motif d iter~recedans Is milieu qul.
forms lhologramme, caract.is6 en- ce'qusls9 milieuetuecuh > K]....:
photopolymdrisable pratiquoment-solids consistant essentleflloment en:  -
.  . .   ~~~~~~(a) un liant polymbre choisi dans Is groupe conaistant en
acktate do pyvneolyvihylbutyral,. poyiylacd6tal, polyvinyiformal,
into.rpoiymbres contonantt des segment 'majeurs do ceuxc et: leurs- *
.mlangsa; * (b). un. monornbre. insatur4. Ethyldniquement .choisi dans Is.
groups consistant en: monombress 25G .. -  contonant -un carbazole et ufl.
monombre liquids contenant un ou..plusleurs groupos phdnyls,. *    phnoxy
naptylnaphyloy, hdtdroaromatiqus contenant jusqu'&: trois; cycles aoafus
tms -do chiore et do brome; et3 (c) un. sy                   V.sthms:
photoiniV~tiator pouvant Otre activE par lo..ayonnseont actiniqus.  2>.
- so  2  Le, proc~ct  solon ia revsndicain 1, c4ans lequsi Is. monombre
jiqudse chosW ae sgop consistant en acrylato do :ph~noxy~thyle,.
6thoxylate. monoacrylate: do ph6.nol, .di(2-acrloxy0thyl1)Ether~
dobisph~nolA .diacrylo.. do bis~nl- Ethoxyi, acrylate do
2-(1-.7naphtyoy)thys eteu sind   7?"an '. 3w 3."':* procddd. solon la
rvevndication 2,. dana~ Isqusi Ise monomrsbr insaturd  hyniumteaun      -.
m6lng d'un monombrs. solide..choisi clans Is groups consistantenoyn
N-inlarbazols-3,6-dibromo-9 vinicabazleacrylats ou. mdthacrylats
doe.2,4,6-trirmpdys acrylats ou, mdthacryiate do pontac- h..lorophdnyle,
acrylate:oou mdthacrylate do 2-naphtyls, acrylats ou mdthacrylate do:
2!-(2-naphtyloxy)  .- K'   thyls, di(2-acryloxydthyl)6thsr do
tdtrabromno-bisphdnol-A et Isurs indlanges;,ot d'un monopmre liquide, 40:
choisi. dans Is groupe consistant sn acrylats ds phdnoxydthyle, Ethoxylats.
acrylato do -ph~nol, di(2- acryloxydthyl)Ether do bisphdnol-A, diacrylate
do bisphdnolA  toxdarasdo-(nahtYlx) E.thyls et lemurs mdlanges. 4Le procddd
solon Ia revendication 1 * dans loquol un plastifiant sat Egalemsnt
prdsent, loquel plastiflant 44  set :choisi dana Is grou      tox)ps
conaistnt on tris(2-6thylhsxy)phosphate, tributyrates do glycorylo. stjj..
compos6 ido formules gdndralass:-33 3   . I I  I~0.  .0           .0
0          0                      -~. :50. RiC(0HCH2)OC2;
O1C(CH2)CR     t  aOHCR)O us     ~~~RI et. R2.  sont chacun un groups
-alkyls ayantl 1 &10 atomos-de carbons;                 ..... 



.   R3         e~sat un atomsed'hydrogbne ou un groups. aikyls ayant 8 & 16
atomes: do carbons,.' F:4:    esat un atoms d'hydrog~ns -ou un grouppsOH3;
- all
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:!!1        .... ost~galI A2&2-o Z,- -  . .o-t.-al:.    1 ,.
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selon la revendictipn 4, dans lequel le plastifiant est choisi Ld~ans
lgroupe consistant'en, "   > ' 5 S . dicaprylate de tridthylbneglycol,
bis(2-ethylhenoat) do tri~thylbnoglycol, adipatoede diethyle, edipato de
dibu  le, diheptanoato do t traethylbneglycol, subdrate deo dib l, sbe
do iyh   tis(2 ;thylheoyl)phosphato at !tributyre  do g ycw ., --6.  Le
proc~dd solon Ia revendication 4. dans. loquel co plasitint rompleco a
moimw uno 'pertle du 10,  ~monombro liquido inseitur4 4thyl~niquement. '7
Lo       d procdd   lon la 'revendication 1, dans loquel la couche
photopolymrIrlsabesolida., contient 'u  .: . '' monomere doerdticuletion:
ajoutd contenent deux ou.plusieurs groupos, temi      saauisturdi 6tynlque-
-       .,   ; ment. a Leprocid4 solon la revendication 7j.dans loquel le
monombre de rdticultion est un  lidacry!at ou un- `" dimdtherylate d'un
produit d'eddition d'4poxy et do bisph6nol-A. - . ... .. .. . . , . ,
..,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~... . ... ;        , 9. .- Un propcde pour la forma.tion ot
I'amnlioration d'un hologramme de reflexin dns up ,pilie  dnrsgi:s- trpment
photopolymerisable pratiquement solide, le procede comproenat          '
. 4 A. la. projection d'un. faiscoeu. do rd~oc   oryneotetnqechrent sur~
uno, proir  face du milieu d'enregistremsnt, qui consiste essentiellement
en: (1) un Blant polymbro 'choisi dansIleogroupe consistant en acetate
de:polyvinyle.poyvinylbutYrl.: -~. ~polyvinylac tal, polyvinlIformal;
intorpolymeres contenant des sogments maejour dr   ceux-i ot -; :--:;:25<.
-      lours melanges; .  :-,.  .,,.,:,-,  (2). un monomere insature
etbyl~niquement, choisi dans le groups consistent. en monombres
- -      - contenant un carbazole: et. un monomrre liquide contenant un ou
plusiours .groupos.-phenyle, phenoxy, naphtyl, naphtyloxy, hdtdroerometquo
contenant Jusqu'  trois cyclos aromatiques, atomes de chlore et de brome;
et -o      :     : --:--(3) un systeme photoiniflateur pouvant etre active
par le rayonnement actinique; .'   ..:., B. Ia projection d'un faisceau
objet du meme rayonnement actinique coherent & peu prasdans uneo -
., ..direction opposee acelle du faisceau deoreference sur une
secondeofacpe de Ia coucho photopoly- -* mriseble de fagon & couper 1!e
faisceau de refere.,nce, dans un* plean & 'rintoriur d   c uche do .. fagon
& former un hologramme de r~flexion;
..... .. ,,'-9 5,,''  C. I'iradiation do. Ia couche. photopolymoriable
pouru  d'u    iag    ec unsourcon forrdlu.,..._ seyonnemont actiniquo; ot.
D. soit le traitement de I'hologramme de reflexion irradie avec un agent
liquidesd'amebloration qui ,eost,  . ;,, .. . un agent gonflant pour la
couche photopolymdrisdo, isot le chau fage do .'hologrammo do refloxion -.;
...7 -,-:, :irradie & une tomprature.d'au moinms 50'C pendan~t une p
ri.odeodo temp:'pour. amlioror .I             : ---    - :  40  : -
er~flectivitd de l'hologramme.    , 10  Un proc~de solon la revendication
9. dans lsquel l'agent liquide d'amelioration contient un liquido,  , --,
., - orgeniquo polaire choisi danas-legroupe consistent on un alcool, une
cetone, un aldehydo, un'Other alkylique de glycol, un ester, un monomere
liquide et lours mdlanges. .46 11. Le procedd selon la revendication 10,
dans lequel I'agent liquide d'amelioration est choisi dans le groupo
consistent on 1.-propanol, methanol, Ethanol, 2-propanol, ac~tone,
methyl~thylctone, .cyclohexe    -- -       ,, .none, benzalddhyde, acitate
d'dthyle, benzoate de butyle, acrylate de.phdnoxyEthyle,  thoxyiate -
acrylateode phenol, dic   ae do bisph nol-A ethoxyle et lours mden gs..
1-2. 1e procedd  salon la revendication:, 9, dans loques  I'agent
liquidselin con.tint u  diiuant                 - : liquid. prtqumnt
inorto4. -                                                           .-
en ti  e.  0    :   .  ,,, ,   , ,   , .:,,
.............................................................. ; :;: .....
, ,.-,~~~~~~~~.. ...    .. ...... :A& -:.  ,3L~eprocdsolon Ia
revonclication.9,dans.aloquelJleo.diluant.liquideoastchdisi 'dana l.t
gupe.consistan -... .;: : "-662 . en eau, solvants hydrocarbones inoees, 1
.2-dichloroethans et trichloro iflu orodtlaen.  '  14:  1e procd1  e  p.
-solon  la rev endication 9, dens loquel ' entggonflent oat  ehsjrnEo
trpit e per.": evaporation.                         .                 .:
.             .   . - I   ;     X     -      -  :i ; i   33 -          .
I -I!IIIJ 1!lIIII 1li!   11111 11111    . ,_.. ;.. & ,.&: . .s v _ . ... .
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EP 0324-482..B1          - -J. J..e procd6.... selon la :revendication 9,
,dans lequel chaque faisceau. projet6 sous-.tend un, ane I * '. jusq% 7
de la normae par rapp  au plan des facesd de la co e.   , , .A~ ^ L.
:eprocMd4 selon la revendication Q,,dans lequel. l'hoogramme do rflexion
tirredi~dansi'4tpe D est,;,= , ; 5':: ::chau,[6 et le milieu
d'snregistrement solide contient un.monomrre dor ticulatiorajout .contonant
au    . maoins de ux groupes terminaux instur s thyl~niquemont.
. M. 
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1T -. .l...- e procede.selon la reveondication 16, dans 1equel lemonombro
de riticulaton est unldiacrylat ou un.   -; d'imnthacrylate d'un
produit.d'adcition d'fipoxy et de bisph4nol-A.i 10.-
'-                 -!  > 1A8. Le proc6d6 solon la revendication 9, dans
lequel I'holo.gramme de roflexion irradiO ,dans.le,,tape; D est1  .. ...
chauffl et le monombre insature est. un acrylate ou methacrylate de
phnmoxyalkyle, un. thoxylate.:          : acrylateo ou mothecrylatrt d
phdrnoli un c  orydya e, un acrylatb de 2-(1-, naphtyloxy)6thyle,  le
di(2- acr lo thy   d  bisphenol-A, ou   ledi  c brylet     do   b......
.     .... ..... -.19. Le proc~d6 selon la revendication 9, dans lequel
1'hologramme de r~floxion irradid dansfl'etape D est chauff6 et le monombre
insaturd 6thylniquement est un melange d'un monombre solide choisi dans
le:: groups consistant en N-vinylcarbazole, 3,6-dibromo-9-vinylcarbazIoe,
acrylate oyu methacrylate de, 2,46, ;.:;rromophenylo, .acrylate ou
methacrylate do pentachlorophenyle, acrlete ou; me~thacryia  do 2 naphtyle,
acrylate ou methacrylate de 2-(2-naphtyloxy)ethyle,
di(2-aqryloxy~thyl)6ther'du'tetrebromo- bisph nol-A et leurs melanges, et
d'un monomere liquids choisi dans le groupe consistant'en acrylate' - ' ''
-d  phenoxyethyle, ethoxylato acrylate de ph6nol, di(2-jcryloxyethyl6thor
do bisphenol-A.dat de,.: bisph4nol-A ethoxyl', acrylatoedo 2-(1-naphtyloxy
)thyle et leurs m61anges.-- 25 '20. Le proc~dd  selon la revendication 9,
dans lequel l'hologramme de reflexion irradie dansl'etape D est chauffe et
un plastifiant est.6galement present, lequel plastifiant est choisi dans le
groupe.consistant en -*, tris(2-thylhexyl)phosphate, tributyrele glyce.1rl
et un compos6 de formules genereales:. .
.   0 -  RC( o 2H2) 0CR2  ;   R10C(CH 2)COR2  ; ou  R3(OCH2CHR4.) OH. .:
dans.lesquelles:... 35        Ria et R2   sont chacyn un groupo alkyle
ayant 1  10 atomes de caqrbop;. 4' .. ,    ;R '81 est un atomne d'hydrogene
ou un groups alkyle ayant8         a 16 atomos de carbone .4    ~ 01 n tms
d'hydrpgn ou n:groupo. CH ; x          est 6gal. l a.4; :.Y...       est.
gal 2 a20; et. : .40''   ' ' z       este6gala.1 a20.,'- ,_  . p,1 xoc dF
selon la revendiQation ,20. dans lequel le plastifiant est choisi.dna le
groupe consistent-. ...-- ..7 ... dicaprylate de tri6thylbneg~ycol,
bis(2-ethylhexanoate) de tri6thylbneglycol, adipate de di6thyle. edipate de
dibutyle, diheptanoate de. t~traethylbneglycol, subrate de dibutyle,
s4begAte. d  diethyol, tris(2- 5   thylhxyl)phosphate et tributyrate de
glyceryle. -22. Le- proc d4 selon la revendication 20, dans lequel co:
plastiflent remplace au moins une partie du - ."",-:':.monombre liquids.
insaturd 4thyldniquemoent. o  2;3. Utilisation de couches pratiquement
solides tolles qu'obtsnues par l'une quelconque., des rnd ,ations
;prcidentes, dans des miroirs :hologrephiquos. 24 -Utilisation selon la
revendication .23,.dans:.ausieUe les miroirs holograph quos fpont partlo
'un d ispositif d effichaego frontal.    


