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embodiment of the polarisation-sensitive beam splitter according to the
invention the polarisation- The invention relates to a
polarisation-sensitive  separating layer is a uniaxially oriented polymer
beam splitter having a polarisation-separating layer  layer. interposed
between two transparent elements, said    5  According to the invention, a
very temperature- polarisation-separating layer comprising a birefrin-
resistant beam splitter is obtained when the poly- gent material.
mer layer is formed from a cured liquid-crystalline The invention also
relates to a method of man-   monomer composition. Preferably, the polymer
lay- ufacturing a polarisation-sensitive beam splitter, in  er is formed
from  a polymer network having which a polarisation-separating layer is
interposed   10  nematic groups in the molecular chains. between two
transparent elements.                      In order to orient the polymer
layer by rubbing According to the state of the art a polarisation-  the
surface of the transparent elements, it is effica- sensitive beam splitter
can be manufactured in the  cious for a layer of polyimide to be present
be- form of a Wollaston prism as described in McGraw-   tween the polymer
layer and each of the transpar- Hill Encyclopedia of Science and
Technology, vol.  15  ent elements. 10, page 499 (1960). To avoid the use
of birefrin-      According to the invention, the object of provid- gent
prisms, a polarisation-separating layer which  ing a method of
manufacturing a polarisation-sen- is interposed between two transparent
elements      sitive beam splitter is achieved by a method as can be used
in known manner, said elements may      described in the opening paragraph,
which method be composed of ordinary glass or of a synthetic  20  is
characterized in that the polarisation-separating resin having the same
single refractive index, see  layer is a birefringent layer manufactured
from a United States Patent Specification US 4,702,557. In  curable
synthetic resin composition which com- said  specification,  the
polarisation-separating  prises liquid-crystalline monomers or oligomers,
birefringent layer consists of a liquid-crystalline lay-  the molecules in
the curable synthetic resin com- er having a thickness of 5 to 10 [err].
One of the   25  position being uniaxially oriented after which the
refractive indices of said layer must be equal to the  synthetic resin
composition is cured. refractive index of said elements and the other
A particularly temperature-resistant polarisa- refractive index must be
smaller than the refractive  tion-sensitive beam splitter is obtained when
the index of said elements.                             liquid-crystalline
monomers or oligomers consist of According to the state of the art, a thin
liquid-   30  compounds having two or more acrylate-ester crystalline layer
is applied between two substrates  groups. (the transparent elements) by
means of capillary        An additional advantage of the polarisation-sen-
forces. Means for sealing the thin layer from the   sitive beam splitter
according to the invention is environment must be provided. Further, it is
neces-  that it can  be  used  for a wide range of sary to position and
secure the two substrates at a   35   wavelengths. When the thickness of
the polarisa- fixed distance from each other. A further disadvan-
tion-separating layer is sufficiently large the opera- tage of the known
devices is the difficulty of pro-  tion is substantially independent of the
layer thick- viding suitable liquid-crystalline materials having  ness
selected. The layer thickness must be suffi- the above-described refractive
indices. Moreover,   ciently large to bring about a complete reflection of
the temperature resistance of liquid-crystalline lay-  40  the ordinary
light ray, for example larger than 1 ers is generally small.
[err]. The permissible layer thickness is limited, One of the objects of
the invention is to provide  however, by material cost and absorption of
the a polarisation-sensitive beam splitter of a simpler  extraordinary
light ray. construction. In this connection an object of the       In a
suitable embodiment of the method ac- invention is to provide means to
atune the refrac-  45  cording to the invention, the orientation is
obtained tive indices of the polarisation-separating layer and  by rubbing
each of the surfaces contacting the the transparent elements to each other
in a simple  curable synthetic resin composition in one direc- manner.
Another object of the invention is to pro-  tion. In a preferred embodiment
of such a method vide a beam  splitter which is little temperature   the
surfaces to be rubbed are coated with a layer dependent and which is also
temperature resistant.  so  of polyimide. Yet another object of the
invention is to provide a     In an alternative embodiment of the method
simple and efficacious method of manufacturing a    according to the
invention, the orientation is ob- polarisation-sensitive beam splitter.
tained by means of an electric or magnetic field According to the
invention, this object is       whose field lines extend perpendicularly to
the achieved by a polarisation-sensitive beam splitter  55  optical axis of
the beam splitter. as described in the opening paragraph, which is
A particular advantage of the method according characterized in that the
polarisation-separating lay-  to the invention is the possibility of
influencing the er is a birefringent adhesive layer. In a preferred
refractive indices of the polarisation-separating lay- 2    
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of the temperature at which the    drawing. curable synthetic resin
composition is cured. A free    An incident light ray 14 is split into an
extraor- choice of said curing temperature is possible when  dinary light
ray 16 which, according to the exem- the synthetic resin composition is
made to cure by  plary embodiment, extends in a straight line, and means of
actinic radiation. Moreover, in this pro-   5   an ordinary light ray 15
which is totally reflected at cess the orientation provided is rapidly
fixed. It is  the interface with the polarisation-separating layer.
additionally possible to cure the synthetic resin   The light rays 15 and
16 are polarised in mutually composition in a thermal manner, for example
by     perpendicular directions. Unlike polarisers which using a thermal
initiator such as benzoyl peroxide.  are based on absorption of one of the
principal In the non-prepublished Netherlands Patent  io  light rays, in
this case, no light is lost. A further Application NL 8802683 a description
is given of    important aspect is that in the polarisation-sensitive the
use of an adhesive which is composed of         beam splitter according to
the invention no heating- liquid-crystalline monomers which are optionally
up takes place as a result of such absorption. oriented before the curing
operation in order to        Suitable birefringent adhesive compositions
are obtain an adhesive bond having a high positional  15
liquid-crystalline acrylates, epoxides and vinyl accuracy. The adhesive
compositions described       ethers as described in, for example,
Netherlands therein are suitable for use in the beam splitter and  Patent
Application NL 8802683. Particularly suit- the method according to the
invention.             able are network-forming monomer compositions In
United  States Patent Specification  US       such as diacrylates,
according to this exemplary 4,293,435 a description is given of
liquid-crystalline   20  embodiment the compound shown in Fig. 2, by
polymers. Said polymers do not form a network       means of which a
product is manufactured having and the nematic groups are present only in
side     a small temperature dependence. chains of the polymer molecules.
The temperature        According to the example, the thickness of
resistance of such compounds is higher than that    layer 13 ranges between
5 and 10 [err]. An orienta- of low-molecular liquid-crystalline compounds,
but  26  tion layer of polyimide having a thickness of 50 nm once the
temperature has exceeded the glass tran-   is applied to the part of the
surfaces of the prisms sition temperature the orientation in the material
is  11 and 12 contacting the adhesive layer 13. The permannetly lost.
surfaces are rubbed with a cloth after which the For clarity, it is to be
noted that a polarisation-  liquid-crystalline monomers orient themselves
in sensitive beam splitter can also be used in known   30  the direction of
rubbing. The orientation can alter- manner as a beam adder, see also United
States      natively be attained by placing the assembly of Patent
Specification US 4,702,557.                  prisms in a magnetic field
having a strength of, for The invention will be explained in greater detail
example, 15 kGauss, which extends perpendicu- by means of an exemplary
embodiment and with        larly to the optical axis of the beam splitter.
reference to the accompanying drawing, in which  35 The liquid-crystalline
monomers are made to Fig. 1 is a suitable embodiment of a polarisa-    cure
in the oriented state by exposure to actinic tion-sensitive beam splitter
according to the in-  radiation, in this example by UV light. For this
vention,                                          purpose, 1 to 2 % by
weight of a light-sensitive Fig. 2 shows the structural formula of a
suitable  initiator such as 2,2-dimethoxy-2-phenyl-acetophe-
liquid-crystalline monomer, and              40  none is added to the
monomer composition. Fig. 3 shows the refractive indices of a cured
Fig. 3 shows the refractive index n of the cured liquid-crystalline
material.                      adhesive layer as a function of the
temperature T. [err] is the ordinary refractive index, [err] is the
extraor- Exemplary embodiment.                               dinary
refractive index. The refractive indices are 45   plotted for a curing
temperature of [err] and a Fig. 1 is a cross-sectional view of a polarisa-
curing temperature of [err]. The diagram shows tion-sensitive beam splitter
10 which is composed   that in particular the extraordinary refractive
index, of two glass prisms 11 and 12. A birefringent       which has to be
adapted to the refractive index of adhesive layer 13 is interposed between
said        the material of the prisms, can be influenced by prisms, the
extraordinary refractive index of said  50  the choice of the temperature
at which the mon- adhesive layer being equal to the refractive index  omer
composition is made to cure by exposure to of the material of the prisms.
The ordinary refrac-  UV light. tive index of the birefringent adhesive
layer is smaller than the extraordinary refractive index and,  Claims
hence, it is also smaller than that of the prisms.  55 According to the
example, the molecules in the      1. A polarisation-sensitive beam
splitter (10) hav- birefringent adhesive layer are uniaxially oriented in
ing a polarisation-separating layer interposed the direction perpendicular
to the plane of the         between two transparent elements (11, 12), 3



3                 EP 0 428 213 B1 er by the choice of the temperature at
which the   drawing. curable synthetic resin composition is cured. A free
An incident light ray 14 is split into an extraor- choice of said curing
temperature is possible when  dinary light ray 16 which, according to the
exem- the synthetic resin composition is made to cure by  plary embodiment,
extends in a straight line, and means of actinic radiation. Moreover, in
this pro-   5   an ordinary light ray 15 which is totally reflected at cess
the orientation provided is rapidly fixed. It is  the interface with the
polarisation-separating layer. additionally possible to cure the synthetic
resin  The light rays 15 and 16 are polarised in mutually composition in a
thermal manner, for example by    perpendicular directions. Unlike
polarisers which using a thermal initiator such as benzoyl peroxide.  are
based on absorption of one of the principal In the non-prepublished
Netherlands Patent  10  light rays, in this case, no light is lost. A
further Application NL 8802683 a description is given of   important aspect
is that in the polarisation-sensitive the use of an adhesive which is
composed of        beam splitter according to the invention no heating-
liquid-crystalline monomers which are optionally   up takes place as a
result of such absorption. oriented before the curing operation in order to
Suitable birefringent adhesive compositions are obtain an adhesive bond
having a high positional  15  liquid-crystalline acrylates, epoxides and
vinyl accuracy. The adhesive compositions described      ethers as
described in, for example, Netherlands therein are suitable for use in the
beam splitter and  Patent Application NL 8802683. Particularly suit- the
method according to the invention.             able are network-forming
monomer compositions In United  States Patent Specification  US      such
as diacrylates, according to this exemplary 4,293,435 a description is
given of liquid-crystalline   20  embodiment the compound shown in Fig. 2,
by polymers. Said polymers do not form a network      means of which a
product is manufactured having and the nematic groups are present only in
side    a small temperature dependence. chains of the polymer molecules.
The temperature       According to the example, the thickness of resistance
of such compounds is higher than that   layer 13 ranges between 5 and 10
[err]. An orienta- of low-molecular liquid-crystalline compounds, but  25
tion layer of polyimide having a thickness of 50 nm once the temperature
has exceeded the glass tran-  is applied to the part of the surfaces of the
prisms sition temperature the orientation in the material is  11 and 12
contacting the adhesive layer 13. The permannetly lost.
surfaces are rubbed with a cloth after which the For clarity, it is to be
noted that a polarisation-  liquid-crystalline monomers orient themselves
in sensitive beam splitter can also be used in known   30  the direction of
rubbing. The orientation can alter- manner as a beam adder, see also United
States     natively be attained by placing the assembly of Patent
Specification US 4,702,557.                 prisms in a magnetic field
having a strength of, for The invention will be explained in greater detail
example, 15 kGauss, which extends perpendicu- by means of an exemplary
embodiment and with       larly to the optical axis of the beam splitter.
reference to the accompanying drawing, in which  35    The
liquid-crystalline monomers are made to Fig. 1 is a suitable embodiment of
a polarisa-   cure in the oriented state by exposure to actinic
tion-sensitive beam splitter according to the in-  radiation, in this
example by UV light. For this vention,
purpose, 1 to 2 % by weight of a light-sensitive Fig. 2 shows the
structural formula of a suitable  initiator such as
2,2-dimethoxy-2-phenyl-acetophe- liquid-crystalline monomer, and
40  none is added to the monomer composition. Fig. 3 shows the refractive
indices of a cured      Fig. 3 shows the refractive index n of the cured
liquid-crystalline material.                     adhesive layer as a
function of the temperature T. [err] is the ordinary refractive index,
[err] is the extraor- Exemplary embodiment.
dinary refractive index. The refractive indices are 45  plotted for a
curing temperature of [err] and a Fig. 1 is a cross-sectional view of a
polarisa-  curing temperature of [err]. The diagram shows tion-sensitive
beam splitter 10 which is composed  that in particular the extraordinary
refractive index, of two glass prisms 11 and 12. A birefringent      which
has to be adapted to the refractive index of adhesive layer 13 is
interposed between said       the material of the prisms, can be influenced
by prisms, the extraordinary refractive index of said  50  the choice of
the temperature at which the mon- adhesive layer being equal to the
refractive index  omer composition is made to cure by exposure to of the
material of the prisms. The ordinary refrac-  UV light. tive index of the
birefringent adhesive layer is smaller than the extraordinary refractive
index and,  Claims hence, it is also smaller than that of the prisms.  55
According to the example, the molecules in the     1. A
polarisation-sensitive beam splitter (10) hav- birefringent adhesive layer
are uniaxially oriented in  ing a polarisation-separating layer interposed
the direction perpendicular to the plane of the        between two
transparent elements (11, 12), 3    
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polarisation-separating layer comprises         lines of which extend
perpendicularly to the a birefringent material, characterized in that the
optical axis of the beam splitter. polarisation-separating layer is a
birefringent adhesive layer (13).                              11. A method
as claimed in any one of the Claims 5       6 up to and including 10,
characterized in that 2. A polarisation-sensitive beam  splitter (10) as
the synthetic resin composition is cured by claimed in Claim 1,
characterized in that the         means of actinic radiation.
polarisation-separating layer is a uniaxially ori- ented polymer layer.
PatentansprUche 10 3. A polarisation-sensitive beam  splitter (10) as    1.
Polarisationsempfindlicher BUndelspalter (10) claimed in Claim 2,
characterized in that the         mit einer Polarisationstrennschicht
zwischen polymer layer is formed from a cured liquid-          zwei
durchsichtigen Elementen (11, 12), wobei crystalline monomer composition.
diese Schicht ein doppelbrechendes Material 15      umfaSt, dadurch
gekennzeichnet, daB die Pola- 4. A polarisation-sensitive beam  splitter
(10) as        risationstrennschicht  eine  doppelbrechende claimed in
Claim 3, characterized in that the         Kleberschicht (13) ist. polymer
layer is formed from a polymeric net- work having nematic groups in the
molecular       2. Polarisationsempfindlicher BUndelspalter (10) chains.
.          nach Anspruch 1, dadurch gekennzeichnet, daB die
Polarisationstrennschicht eine uniaxial 5. A polarisation-sensitive beam
splitter (10) as       orientierte Polymerschicht ist. claimed in Claim 3
or 4, characterized in that a polyimide layer is present between the poly-
3. Polarisationsempfindlicher BUndelspalter (10) mer layer and each of the
transparent ele-   25       nach Anspruch 2, dadurch gekennzeichnet, ments
(11, 12).                                       daB die Polymerschicht aus
einer ausgehirte- ten fl~ssigkristallinen Monomerzusammenset- 6. A method
of manufacturing a polarisation-sen-         zung gebildet ist. sitive beam
splitter (10), in which a polarisa- tion-separating layer is interposed
between two   3o   4. Polarisationsempfindlicher BUndelspalter (10)
transparent elements, characterized in that the       nach Anspruch 3,
dadurch gekennzeichnet, polarisation-separating layer is a birefringent
daB die Polymerschicht aus einem  Polymer- adhesive layer (13) manufactured
from a cur-          netzwerk mit nematischen Gruppen in den Mo- able
synthetic resin composition which com-           lekalketten gebildet ist.
prises   liquid-crystalline   monomers   or   36 oligomers, the molecules
in the curable syn-      5. Polarisationsempfindlicher BUndelspalter (10)
thetic resin composition being oriented uniax-         nach Anspruch 3 oder
4, dadurch gekenn- ially, after which the synthetic resin composi-
zeichnet, daB  sich zwischen der Polymer- tion is cured.
schicht und jedem der durchsichtigen Elemen- 40      te (11, 12) eine
Polyimidschicht befindet. 7. A method as claimed in Claim 6, characterized
in that the liquid-crystalline monomers or        6. Verfahren zum
Herstellen eines polarisations- oligomers consist of compounds having two
or          empfindlichen Bandelspalters (10), wobei zwi- more acrylate
ester groups.                           schen zwei durchsichtigen Elementen
eine Po- 46      larisationstrennschicht vorgesehen wird, da- &  A method
as claimed in Claim 6 or 7, char-            durch gekennzeichnet, daB die
Polarisations- acterized in that the orientation is obtained by
trennschicht eine  doppelbrechende  Kleber- rubbing each of the surfaces
contacting the           schicht (13) ist, die aus einer hIrtbaren Kunst-
curable synthetic resin composition in one di-       stoffzusammensetzung
hergestelit wird, die rection.                                     60
flassigkristalline Monomere oder Oligomere umfaBt, wobei die Molek~le in
der hartbaren 9. A method as claimed in Claim 8, characterized
Kunststoffzusammensetzung uniaxial orientiert in that the surfaces to be
rubbed are coated          werden, wonach die Kunststoffzusammenset- with a
layer of polyimide.                            zung ausgehirtet wird. 55
10. A method as claimed in Claim 6 or 7  char-        7. Verfahren nach
Anspruch 6, dadurch gekenn- acterized in that the orientation is obtained
by      zeichnet, daB die flOssigkristallinen Monomere means of an electric
or magnetic field, the field     oder Oligomere aus Verbindungen mit zwei 4
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l1IJ1 oder mehr Acrylatestergruppen bestehen.            des elements
transparents (11, 12). &  Verfahren nach Anspruch 8 oder 7, dadurch
6. Procedd de fabrication d'un diviseur de fais- gekennzeichnet, daB die
Orientierung dadurch       ceau (10) sensible & la polarisation (10), dans
erhalten wird, daB jede der Oberflachen, wel-   5  loquol une couche de
separation de polarisa- che die hartbare Kunststoffzusammensetzung
tion est interpos6e entre deux elements trans- berahren, in nur einer
Richtung gerieben wor-      parents, caracterise en co quo la couche de
don.                                               separation de
polarisation est une couche adhdsive birefringente (13) fabriquee a partir
9. Verfahren nach Anspruch 8, dadurch gakenn-  1o      d'une composition de
rtsine synth6tique dur- zeichnot, daB die zu reibenden Oberflichen
cissable comportant des monomeres ou des mit einer Polyimidschicht
verkleidet werden.       oligombres & cristaux liquides, les molecules dans
la composition de resine synthdtique dur- 10. Verfahren nach Anspruch 6
oder 7, dadurch          cissable etant orienteos uniaxialement apris
gekennzeichnot, daB die Orientiorung mittels  i5   quoi la composition de
resine synthetique est elnes elektrischen oder magnetischen Foldes
durcie. orhalten wird, dessen Feldlinien sich senkrecht zu der optischen
Achse des BUndelspalters      7. Proced6 selon la revendication 6,
caract6ris6 orstrecken.                                        en ce quo
les monomeres ou les oligomeres a 20      cristaux liquides consistent en
composes prd- 11. Verfahren nach einem der AnsprOche 6 bis 10,
sentant deux ou plusiours groupes d'acrylate- dadurch gekennzeichnot, daB
die Kunststoffzu-      esters. sammensetzung mittels aktinischer Strahlung
ausgehirtet wird.                              8. Procede selon la
revendication 6 ou 7, caracte- 25      ris4 en ce quo l'orientaffon
s'obtient par frotte- Revendlcatlona
ment unidirectionnel de chacune des surfaces on contact avec la composition
de resine syn- 1. Diviseur de faisceau (10) sensible & la polari-
thdtique durcissable. sation presentant une couche de sdparation de
polarisation interposee entre deux 4lements  3o  9. ProcMdd  selon la
revendication 8, caracteris6 transparents (11, 12), ladite couche de
s6para-    en co quo los surfaces & frotter sont revetues tion de
polarisation comportant un matdriau        d'une couche on polyimide.
birtfringent, caracttris4 en ce quo la couche de separation de polarisation
est une couche    10. Procedd selon la revendication 6 ou 7, caracte-
adhesive birdfringente (13).               35      rfsa en co quo
l'orientation s'obtient au moyen d'un champ 6lectrique ou magnetique dont
les 2. Diviseur de faisceau (10) sensible & la polari-    lignes de champ
s'dtendent porpendiculaire- sation selon la revendication 1, caracterise en
ment a l'axe optique du diviseur de faisceau. ce quo la couche de
separation de polarisation est une couche polymbre orient6o uniaxiale-  4o
11. Procedd selon l'une quelconque des revendi- ment.
cations 6 & 10, caractdrisd en ce que la com- position de resine
synthetique est durcie par &  Diviseur de faisceau (10) sensible a la
polari-    rayonnement actinique. sation selon la revendicatioon 2,
caract6rise en ce quo la couche polymbre est formde & partir  45 d'une
composition monombre durcie & cristaux liquides. 4. Divisour de faisceau
(10) sensible & la polaei- sation selon la revendication 3, caracterise on
5o ce quo la couche polymere est formee & partir d'un reseau polymbre
comportant des groupes nematiques dans les chaehos moleculaires. 5.
Diviseur de faisceau (10) sensible a la polari-  55 sation selon la
revendication 3 ou 4, caracteri- sa en ce qu'une couche en polyimide est
presento entre la couche polymbre et chacun 5    


