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The application relates to an illumination system comprising a
; radiation source and a broadband, cholesteric polarizer. Such a polarizer
! : includes a layer of a polymeric material having a cholesteric ordering, the
? material being ordered such that the axis of the molecular helix is oriented
i transversely to the layer. The broadband character of the polarizer is
! obtained by increasing the pitch of the molecular helix from a minimum
O -alue at a first surface of the cholesteric layer to 2 maximum value at the
second surface of the layer. In accordance with the invention, the polarizer
must. be positioned in the illumination system in such a manner that the
second surface of the cholesteric layer faces the radiation source. By
virtue thereof, the illumination system attains a surprisingly low vwwmg-
) angle dependence of the brightness and the colour. This property is further
improved by using a quater lambda plate having a negative anisotropy in
the refractive index. The application further relates to a linear polarizer for
use in this illumination system and to a display device which is provided
with such a linear polarizer.
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ci rcunst ances, a change of the viewing-angle nmay lead to a fai¥vly great |
variation in brlghtness and colour of the light transmtted. This ‘k'
dlsadvantage is particularly objectionable when such an illumnation systenl
is used in a display device. It is an object of the invention to obviate

t he above-nentioned 25 disadvantage. The invention nore particularly ains
at providing an illum natijion systemand a display device having a snal

vi ewi ng- angl e dependence of the brightness and the col our. The invention
further ains at providing a linear polarizer by neans of which these

obj ects can be achieved in a display device and in an illum nation system
These and ot her objects are achieved by neans of an illum nation system 30
conprising a radiation source and a broadband ~cholesteric polarizer with a
| ayer of a WD 96/ 02016 '

PCT/ 1 B95/ 00528 2 pol yneric material having a cholesteric ordering, said

mat eri al being ordered such that the axis of the nolecular helix is
oriented transversely to the cholesteric layer, and the pitch of the

nmol ecul ar helix increasing froma mnimumvalue at ‘a first surface of the
.chol esteric layer to a maxi num val ue at the second surface of the layer,

and the polarizer being 5 positioned relative to the illumnation systemin :

such a manner that the |ayer faces the radiation source with the second
surface. In the illumnation systemin accordance with the invention, the
br oadband, chol esteric polarizer is positioned relative to the radiation
source in such a '
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manner that th of the polarizer having the greatest pit
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is directed to the |anp. Experinents have shown that in

corffi guration, the emanating light is subject to nmuch |ess coloration t han
t he conflguratlon in which the radiation soyrce is situated on the other
side of the polarizer. Experinments have also shown that in the

confi gurat i Ofiuiriinalen Y Hem C Rnédir pblatidér fob &K arPMunihdion! %ﬂ%ﬂ%@play devxce
dependence i s much smal [ er than in the other configurafion.

An advant ageRoumRprisingowchnen dllwnination $ysteki nat i on systemin accor dance with
the invention is characterized in that the illum nation systemalso
conprises a quarter |lanbda plate which is situated on the side of the

pol ari zer facing away fromthe |ight source. By virtue of thi s quarter

| anbda plate, the |ight natl fromthe illum nati ons tem,is lipearly
pol ari zed. In the absence %ﬁ nJelgies to ap Humpinaton system P‘Eﬁ?ﬂ'%?l 1ation

pol ari zed | igikcel #hd 2 brofdband etfblestericPoidrizet! | Frie lhbéﬂmmma%wt@mlnw
producing linear| y pol ari zed | ggt can sujtably be used in display devices.

It is noted Rolanizes whicly ¢anrsuitably incsuch ap dilgraingtion: systesp dTheoinvention adsoei n
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from 125 to%%kbésﬁtﬁqe‘a ‘W&‘R& %ﬂs{r&t%ﬁ?&m mamgﬁ g’éﬁm A further
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broadband powik hﬁﬂimﬁéﬁn&hbmm W-TADGO&%Q)hFuﬂE&?Eh nﬁire?tibhb&d' n
direct contact wth each other, the reflection losses of the i1l]lum nation

systemin acﬁvpm%atwtmlmt@new%awmwbnumm 94200026, & (ERrASQ6:940) descaibes/

r educed. 30 lané?o %‘% ?EEBE‘“DJ" t he. ve
illum nati on syst emdl lsn&ﬁ'u%o act er{ngg'gdgl ?@%‘@%}Eﬁ@ gi the 1 rc}l\/%\ lllhglﬁa‘%h
t hat t helQuasystem inawhidh saitl potarizer isaispdsed

The optical components described in saxd Patent Applications all comprise

a broadband, cholesteric polarizer. This type of polarizer comprises a layer ofa polymeric
aterial having a cholesteric ordering, the so-called cholesteric layer. By means of this layer,
the state of polarization of light passing through the polarizer is influenced. The polymeric
15 material of the cholesteric layer is ordered such that a molecular helix can be distinguished,
the axis of the helix being oriented transvérsely to the layer. The polarizer described is of the
broadband-type because the pitch of the molecular helix increases from a minimum value at a
first surface of the cholesteric layer to'a maximum value at the second surface of the layer.
The described illumination system has an important disadvamage. Said
20 - disadvantage relates to the viewing-angle dependence of the system. Under certain
_ circumstances, a change of the viewiﬁg anglé may lead to a fairly great variation in
' brightness and colour of the light transmitted. This disadvantage is p_articularly objectionable
when such an illumination system is used in a display device.
| It is an object of the invention to obviate the above-mentioned
! 25 disadvantage. The invention more banicularly aims at providing an illumination system and a .
j - display device having a small viewing-angle dependence of the brightness and the colour.
i The invention further aims at providing a linear polarizer by means of which these objects
can be achieved in a display device and in an illumination system. '
These and other objects are achieved by means of an illumination system
30 comprising a radiation source-and a broadband, .cholesteric polarizer with a layer of a



of a material having a negative anisotropy in the refractive index.

Sur pri si ng¥96P01kas been found that the use of such quart ePCTARISHESHS ates
results in a distinct, further reduction of the view ng-angle dependence.
In addition, coloration of the emanati pg beam decreases WO 96/ 02016
PCT/ 1 B95/ 00528 3 substantially under these circunstances. Wth respect to
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accordance with the invention, the viewing-angle dependenoe is much smaller than in the
other configuration. _ . | _ |
15 - . An advantageous embodiment of the illumination system in accordance

with the invention is characterized in that the illumination system alsd'comprises a quarter
lambda plate which is situated on the side of the polarizer facing away from the light source.
By virtue of this quarter lambda plate, the light emanating from the illumination system is
linearly polarized. In the absence of such a quarter lambda plate, circularly polarized light is

20 obtained. In particular illumination systems producing linearly polarized light can suitably be
‘used in display devices. It is noted that a quarter lambda plate is to be understood to mean
herein a birefringent layer whose optical retardation has a value in the range from 125 to 150
nm at a wavelength of approximately 550 nm. .

A further advantageous embodiment of the illumination system in

25 accordance w1th the invention is characterized in that the quarter lambda plate is situated on
the first surface of the polarizer. As the quarter lambda plate and the broadband polarizer are
arranged one on top of the other so as to be in direct contact with each other, the reflection
losses of the illumination system in accordance with this embodiment of' the invention are
conmderably reduced. |

30 Another favourable embodiment of the inventive illumination system is

characterized in accordance with the invention in that the quarter lambda plate is composed
of a material having a negative anisotropy in the refractive index. Surprisingly, it has been
found that the use of such quarter lambda plates results in a distinct, further reduction of the
viewing-angle dependence In addition, coloration of the emanaﬁng- beam decreases
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equal to n[err]Q" r]. Said | ayers are referred to as biaxi al ,
In this case, t eggﬁ%@?ropy of the material is negative if pcifHicdszs

(nferr]-nferr])/(nlerr] -nferr]) < 0.5. In all other cases, the anisotropy
of J[err] material is positive. It is noted 3hat in the illum nation
system quarter |anbda plates can be used which are made of either uniaxial
or biaxial neitstandhlly beder Bigese cire@ndtanees.ani sotropy in 20 the refractive

i ndex. A further interest 'W,gh_e_nbodi nt of the.inventive illunnation
systemis characterized i NHhERSPEchEP HISLXPETSSIOR nB PEEFHVEABISPTORY Hcths refractiye |
of oriented Be¥"fel RIBWINE dbRbrvatidh Rhitel W ﬁirefrthéx_ﬁ 1827 3§ MaPackdized Gn &Hﬁmeer
| anbda pl ates of inorganiC nmaterials, such as calcite. This naterial has a

negat i ve anidSeraC@iW index of ¢her bi’ﬂadﬂfpmds amisediregtion of thegolanized light trayellisgthnough
s retati gor ghe Syl BAY IR 6 GeBGhonk o s0fiitatin haVide PR resradVE ke
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I practi e, TEARHVE SR (R i P AEASYOR s ermed T 4 X and el hirseSn biving Bl sralleg
realised. |nrapgdle ﬁme%cggﬁu fiferrdo0R V| Gthes dRatives fthe, fplaae hlia% +e?mé‘t!rife-

much cheaper than 30 se manufactured frominorganic naterials. Suc

oriented foi indegaaluseiry therrangenhetyesn, pgand n,nFhe sefractive index dnihe direekion ur es i n
an exter '@iagd'- Epgsg ' igld. The manufacture of such foils
can, homeq?er?’é s&c‘?giﬁ% tg?é%e y&g“&eit{ghiﬁn "the foils already forned in a '
specific direction. Parti Mdteridlyarporeferredstol as uiniaxial mmteriateif the valae ofj nais equal to
B e T Oy g P il 1835 B S YR ¥ gl SR % e
PCT/ | B95/ 005 #&ractive index are to be understood to mean herein layers in which n, = n, > n,. These
layers have a positive anisotropy if n, = n, < n,. |

15 There are also birefringent layers in which the n, of the material is not
equal to n, or n,. Said layers are referred to as biaxial layers. In this case, the anisot-~~y of
‘the material is negative if (n,-n))/(n,-n,) < 0.5. In all other cases, the anisotropy of «.:
material is positive. It is noted that in the illumination system, quarter lambda plates can be
used which are made of either uniaxial or biaxial materials having a negative anisotropy in

20 the refractive index. '

A further interesting embodiment of the inventive illumination system is
characterized in that the quarter lambda plate is made of a foil of oriented polymeric
material. In principle, it is possible to use quarter lambda plates of inorganic materials, such
as calcite. This material has a negative anisotropy in the refractive index. The difference |

25 . between the ordinary and the extraordinary refractive index of this material, however, is
relatively large. Due to this, the quarter lambda plate must be approximately 0.8 micrometers
L . thick to be suitable for use in an illumination system which is employed in the visible part of
:l the spectrum In practice, such a small thickness can hardly, or perhaps not at all, be |
realised. In addition, quarter lambda plates based on oriented foils are much ci-~aper than
30 those manufactured from inorganic materials. Such oriented foils can be formed by
polymerizing specific monomeric mixtures in an external field, such as a magnetic field. The
manufacture of such foils can, however, also take place by stretching the foils already
_formed in a specific direction. Particularly good results are obtained by using a stretched foil
- of substituted or unsubstituted polystyrene or a copolymer thereof. | '



4 |1 n anot her urabl e enbodi nent, the inventive illum.na al so
conpri ses W09 G’Pilnﬂ?m c polarizer which is situated on the si &ﬁ@?%@éﬁ?uarter
| anbda pl ate facing away fromthe broadband, chol esteric polarizer. By
virtue of such a polarizer, the contragt of the relevant illunination
systemis increased. Preferably, this dichroic polarizer is situated on 5

the quarter |anbda @A%&herTﬁvﬂ,ﬁa@EhﬂHﬁﬁenpﬂheﬁ%ﬁ@e ill%nlug%ﬁ? gﬁéﬂn% on

| osses of the |ight passing through e invention also r | i near

pol ar i zompfises adiehroic mia:izer l!ﬂfhl%lslsﬁﬂatgi/ on & side of thej quarter Jambda iplate facing

or omapaay A HBSARAAE ARl sl 50 g B boltlip Tl Bl
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?ml esculﬂé&q‘}‘i‘E‘FTf‘ bgf;gﬂ?‘%a’k’@a M@&% PYEr ‘fﬁ’ B"eplf'éi'léh of the
mol ecu toaghncreasing froma mnimumvalue at a first surface of the

chol esferi C Iayer to a _maxi mum val ue at the second surface of the |ayer,
and the quarter | anfilie ipventien plsp aefatss {Q.a dineardpplasizer for e in anfillemingtion he

I th
Dr oadb SFem R Ligas,polarizer is charachdtigiln wEREERICY Bt B8 vl dfn | 7
I anbdacpdnpnse.slarbmadﬁand, cimhemnctmmhes wtlfaacaeqmi'tet lamtyial plate,zsaid pelarizey t he
est pi.t.ch Si cont act s. u ambd | ate, . The, use of a
sk ShmPLTE allaNe? o i nolBR Bitetil Bivirk 2 aholemedl Bier e ety chbfial BS0E es
for a prderédsiichahat tRél ek 'o?'&x%ofebﬁaﬁﬁélﬁri@tdrﬁﬂteafuﬁlwwmw er) 8i thes
conpared to_the configuration in which 20 the chol ester ng.gql ari zer engages

t he quaitelepf fermelacylahelix inensasing fropyd giinismum, valye @t a firstsucfaes ofithei t has

| moar SRAPHRDIR0 i £iieRituiad vafhe f e jebord Mkl BF v vy A I GkeP U em
is nmuc I}ambdal plate being situated on the first surface of the polarizer.
15 In the inventive linear polarizer, the broadband cholesteric polanzer is
posmoned relative to the quarter lambda plate in such a manner that the surface of the |
polarizer having the smallest pitch physically coma;ts the quarter lambda plate. The use of a

linear polarizer of this configuration in an illumination system provides for a substantial -

]

reduction of the coloration of the emanating light as compared to the configuration in which .
20 the cholesteric polarizer engages the quarter lambda plate with its opposite surface. In
addition, it has been experimentally established that in the inventive configuration of the
linear polarizer, the viewing-angle dependence of the illumination system is much smaller
than in the other configuration. -
An interesting embodiment of the linear polarizer in accordance with the
25 invention is characterized in that the quarter lambda plate is made of a material having a
~ negative anisotropy in the refractive index. Surprisingly, it has been found that the use of
such quarter lambda plates in a linear polarizer results in a distinct, further reduction of the
viewing-angle dependence of the brightness and the colour when such a polarizer is used in
an xllummatlon system,
30 A further favourable embodlment of the inventive linear polarizer ::
characterized in that the quarter lambda plate is made of a foil of an oriented polymeric
- material. The use of such synthetic resin foils has pmductionéteéhnical advantages as this
type of foils can be worked relatively easily. In addition, such foils are refatively cheap.' A
~ linear polarizer which functions very satisfactorily is obtained if stretched foils of substituted
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t han in the ot‘psr% gi guration. An interesting embodi ment of tpﬁ'rh'tsﬁ%zs
pol ari zer -in accordance with the 25 invention is characterized I'n at the

quarter | anbda plate is made of. a naterial having a negative anisotropy in
the refractive index. Surprisingly, it has $een found that the use of such

‘quarter |anmbda plates in a |inear polarizer results-.in a distinct, further

reducti on OBrhhﬁxbyﬁtﬁt&hf]ﬂiﬁWfﬁ_&%pﬂﬁﬁﬂﬁﬂhefeofhﬁ wedght ness and t he col our
when such a polarizer is_used in an 1 llum natign -sqystem 30

A further favourable embd8f MW@FVWWH%E‘HP?‘#E‘CP ofcthe h]ggqrapqla[gpr in
charact er | Zﬁgcdr&nw%thttﬂé irﬁ‘éﬂ'%x?fs éhgxqg?ﬁzai ﬁlt fhat 5 diSRftic Pblafizdras kw;&fteﬁigésh the .

oriented polynmeric materia e us such synthetic fesin fol
pr oduct i on- surfinei af the quartentlambida plateifading awpy froim theibireadband, wholestetic golarizer.

120 R e i o L et A
foils of sulsdstdaih Gigher coiga86/ 02016

PCT/ 1 B95/ 00528 5 or unsubstituted, polystyrene or c¢copolyners thereof are
used. Yet another advant d§eduearolstrenihicogrdans with the invgaion preterably,also

g
accordance w : é'uﬂ%ﬂ ' pé'xﬁam t & ' ef Bédic I zer
I s situat ed%%%la?%éeasur agae"co the qua%'e@*?ng%&g?gﬁaa%egg a\/\gg/rp?frg'%ﬂhe
br oadband, - viewing-argie depentience s regabdsTeontiastcandf colour ivagiationy Byavirtue thersof, an

accor dang il { et SABAHHG Tl ot et TR 5300 Gl Tt bl

contrast’,
' If the linear polarizer does not comprise a dichroic polarizer, the film is provided on the

surface of the quarter lambda plate facing away from the cholesteric polarizer. If the linear
polarizer comprises a dichroic polarizei', the film is bmvided on the surface of the dichroic
polaﬁz_er facing away from the linear polarizer. The

15 film is preferably made from an ordered synthetic resin material.

The invention also relates to a display device. This display device
comprises an illumination system as described hereinabove, as well as a display panel. Said
display panel comprises two transparent substrates between which a liquid crystalline material
is sandwiched, an electrode pattern and a drive for these electrodes. Images are formed by

20 locally appl-ying electric fields to the liquid crystalline material. The display device in
accofdance with tht; invention can be of the ferro-electric, non-twisted nematic, twisted
~ nematic, or supertwisted nematic type. |
| The invention will be explained in greater detail by means of exemplary
embodiments and a drawing, in which '
25 Fig. 1 shows schematically and in section an embodiment of an
illumination system in accordance with the invention,
| ' Fig. 2 shows spectra in which the transmission is represented as a
function of the Wavelength of two illumination systems,
| Fig. 3 shows graphs in which the brightness and coloration are
30 represented as a function of the viewing angle of two illumination systems,
_ | Fig. 4 is a sectional view of two embodiments of a linear pdlérizer in
accordance with the invention,
| Fig. 5 shows schematically and in section a display device in accordance
with the invention.
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The linear polarizer in accordance with the invention preferably also

conpri ses WO9602MP| ed conpensation film Such a filmleads PETABISHOEAer
reduction of the view ng-angle dependence as regards contrast and col our
variation. By virtue thereof, an 10 |n%rease of the view ng angle of the
device in which the linear polarizer is“used is obtained. If the |inear

pol ari zer . does not c chr oi olarizer Ilmis I’OVI d on
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I's provided on the surface of the dichroig¢ polarizer facing away fromthe -
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di spl ay devi,ce iin accordance wth the i nvention_ can be of the
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coloration a
m:r:]ident on the cholesteric polarizer 2 in a very uniform manner. It is noted that the term

{

"radiation source” is to be interpreted in a broad sense. It also includes, for example, a
15  reflective layer which reflects radiation generated outside the illumination system by the
broadband polarizer. | . " |
The broadband polarizer 2 comprises a layer of a polymeric material
having a cholesteric ordering, said material bemg ordered such that the axis of the molecular
‘helix is oriented transversely to the cholesteric layer The pitch of the molecular helix '
20 increases from a minimum value at a first surface of the cholesteric layer to a maximum
value at the second surface of the layer. The polarizer is positioned in the illumination
system in such a manner that the cholesteric layer faces the radiation source with its second
surface. o | |
In the non-prepublished European Patent Application havihg application
25 number 94200026.6 (EP-A 606.940), a number of methods of manufacturing a broadband
' cholesteric polarizer are described. In the present case, the s’taniﬁg material used is a mixture
of nematogenic and chiral monomers on the basis of diacrylates having different mcﬁvity
values. A small quantity of a dye was added to this mixture. The mixture was provided
between two parailel substrates and -cured.by means of actinic radiation. During Cﬁring of the
30 mixture, a radiation profile was provided across the layer to be polymerized. In this manner,
a continuous variation of the pitch length of the molecular helix of the cholesteric material
was obtained. The pitch length of the helix at the second surface was 0.58 micrometer, while
the pitch length at the first surface was 0.20 micrometer. | '
The viewing-angle dependence of an 1llummatton system constructed as



30 represente nction of the viewing angle of two illum; '
systens, Fig. %‘??@ogﬁctional vi ew of two enbodi nents of a Iinelz;akfalt’h’%-hm528

pol ari zer in accordance with the invention, Fig. 5 shows schematically and
in section a display device in accordance w7t h the inventi on. WO

96/ 02016 : ' : PCT/ 1 B95/ 00528
6 It is notedestditted Hepeinabone iviay ekirmindd alvwasafonrmd that $aid dépepdencs was anuvhtsmialier

scale. Fig. shows .schemat.i cal.l.y.and jn section an enbodi nent of the.

hvent i ve'; | AR ERLOF 3, S5m o hich e Sugrack. o e el thofesteric hoiatizet fiving the
and a br oadbghfiestcpithQeigif ifsced HeraliaRén sourddle radi ation source includes a
light source 3, a reflector 4, a light conductor 55 and a diffuser 6. The

unpol ari zed |ight gener at Bae inventivedllumination; systeme figthes peefensblyccamnprises # quarter

i ght congdu L | i . [ Ok | f [ S
tr anspar ont oS plafe bt 3 UdHkoid PRAHED G BresIE tesd epdinel, Hop@ler 1Y f
surface faci esgertiabto the linvention.AThesquartey iaisidiavplatls 8samdtthe dichrpie pelarizdrD are alsoe
i ght coupled in. E.SCﬂt,b?ered on thglse. el enent,s,, t_igfaneafter it is guided,
possi bl y vi ashodm inkig.of, They, ate preferablyincorpomatrd i, the iumypatin system 35 a three-layer

br oadband poiajch#e.” Hyweverthest thteéSéiticall EfinponkhtS G hltématE1 B FROFRFAE I the
rubber filled wth a white dye, such as titanium di oxide or barium

sul phat e. Theystgnr asindividnahelementspri se a scattering foil. The radiation _
source 1,gdescribed herein . . ' 'I;%ar | G erh St G _

t he chol égt eric polari zerAgm%QﬁgéApgsﬁﬁﬁgw%%%gr. ‘JF‘IQJS} s%{%g%ﬂt?#]g?ﬂ%bgp
term of measurements. In the broadband polarizer used, the pitch length varied from 0.20

micrometer at one surface of the optically active layer to 0.58 micrometer at the other
surface of this layer. The broadband polarizer was provided, in succession, with an
achromatic quarter lambda plate and a dichroic polarizer having a thickness of 10

15 micrometers. | | '

| Fig. 2 shows the difference between the two possible orientations of the

broadband, chdlester-ic polarizer in the illumination system by means of transmission
characteristics. Fig. 2-a shows the situation in accordance with the invention, in which the
surface of the broadband polarizer having the largest pitch length faces the radiation source.

20 Fig. 2-b shows the other situation, which is not in accordance with the invention. In either
case, the transmission T was determined as a function of the wavelength A (micrometer) |
through an angle relative to the normal to the broadband polarizer of 0° (curve a), 15°
(curve b), 30° (curve c) and 45° (curve d).

Figs. 2-a and 2-b show that the illumination system in accordance with the

25 invention has a much smaller wavelength dependence of the transmission than the system
which is not in accordance with the invention. In practice, this difference is percei\}ed asa
strong coloration of the system which is not in accordance with the invention. In the system
in accordance with the invention, coloration occurs to 2 much smaller degree.

_ The practical difference between a quarter lambda plate having apdsitive

30 anisotropy in the refractive index and a quarter lambda plate having a negative anisotropy in
the refractive index was also examined. For this purpose, use was made of an illumination
system of the above-mentioned structure. The surface of the broadband polarizer having the
largest pitch length (0.58 micrometer) was arranged so as to to face the radiation source. The
surface having the smallest pitch length (0.20 micrometer) was provided with a quarter
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const r uguarter Jambda plate has a negative anisotropy in the refractive index has the best brightness
and coloration as a function of the viewing angle. By virtue thereof the viewing-angle
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dependence of such a system is much better than that of a system in which a quarter lambda
15 plate having a positive anisotropy of the refractive index is used.
Fig. 4 shows several linear polarizers in accordance with the invention.
Fig. 4-a shows a polarizer 10 comprising a broadband, cholesteric polarizer 11 and a quarter
lambda plate 12. The broadband, cholesteric polarizer 11 comprises a layer of a polymeric
material having a cholesteric ordering. The material is ordered such that the axis of the
20 molecular helix is oriented transversely to the layer. In addition, the pitch of the molecular
helix increases from a miniﬁum value at a first surface 13 of the cholesteric layer to a
maiimum value at the second surface 14 of the layer. The quarter lambda plate 12 is situated
on the first surface of the polarizer. -
. Fig. 4-b shows anothér embodiment of the linear polarizer in accordance
25 with the invention. In addition to a broadband, cholesteric polarizer 11 and a quarter lambda
plate 12, this polarizer 16 also comprises a dichroic polarizer 15. This dichroic polarizer is
sxtuated on the quarter lambda plate. |
‘The linear polarizers shown in Fig. 4 can be manufactured by gluing
together thé individual foils of a broadband, cholesteric polarizer, a quarter lambda plate
30 and, if necessary, a dichroic polarizer. If necessary, the cholesteric polarizer can be
embedded between two substrates. It is alternatively possible, however, to use self-suppomng
cholesteric polarizers. The dichroic polarizer is composed for example, of a layer of
_poly_vmyl alcohol (PVA) which is situated between two substrates of cellulose acetate. The
PVA layer is strefched to approximately six times the original length. Subsequently, said
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7 descri bed he?v&gr?%%l\?e was exam ned. It was found t-hat said dependence was
much smaller than that of a systemin which the surface of the broadband
chol esteric polarizer having the smallest pgtch I ength faces the radiation
source. The inventive illumnation systemfurther preferably conprises a
quarter 5 IAPYRinRiragMatedNWitit ahl isdideOédmplen 8F A Bfganit dyeD THE SRéEhedl PYAGHE the
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chol est eri c cprespondiag parts ofi Fig.| 1. (Fheritlumination system iof theedisplay tleviceacomprises owo
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ot her situatjon, which is not in accordance with the inv_enti'o,n. n eiatnk;er
arizer 2, a quarter

light conductor. The system also includes a broadband, cholesteric po!

lambda plate 8 and a dichroic polarizer' 9. _
The display device further comprises a display panel 30. This panel is
15 composed of two transparent substrates 21 which are each provided with an electrode array
.22 and an orientation layer 23. The electrodes are made from a transparent, |
electroconductive material, such as indium-tin-oxide (ITO). The orientation layeré may be
composéd of a rubbed polymer, such as polyimide or PVA, or obliquely 'sputtered silicon
- oxide. Finally, a layer 24 of ferro-electric or nematic liquid crystalline material is provided
20 between said substrates. The ordering of this material can be influenced by electric fields
which can be locally generated by means of the electrodes. The display device also
comprises an electronic drive for these electrodes. For clarity, said drive is not shown in the
Figure. _ '
It is of essential importance for the effectiveness of the invention that the
25 display device comprises a broadband, cholesteric polarizer which is properly oriented. The
surface of the polarizer having the greatest pitch length of the cholesteric material must face
~ the radiation source. Said orientation enables the display device to attain a surprisingly low

| viewing-angle dependence of the brightness and the colour.



case, the transmission T was deternined as a function of the mavelen h X
(mcrometer‘y8 ﬁ&%ﬁéh an angle relative to the nornmal to the BF&BA5 %&
pol ari zer of O (curve a), 15 (curve b), -30 (curve c) and 45[err] (curve d..
Figs. 2-a and 2-b show that the illum nghi on systemin accordance with the
25 invention has a nuch smaller wavel ength dependence of the transm ssion
than the sy 1which is not in accordance with the invention. In practice,
this dif is perceived as a strong coloration of the systemwhich is.
not in accordance-with the invention. In the systemin accordance with the

i nvention, coloration occurs to a nuch snaller degree. The practi cal
difference between a quarter |anbda plate having a positive 30 anisotropy
in the refractive index and a quarter |anbda plate having a negative '
ani sotropy in the refractive index was al so exam ned. For this purpose, use
was made of an illum nation system of the above mentioned structure. The
surface gf the br oadbandnpilkibf Sysdiit ohiprishE 4 AUARSH strtd tnd EBRRLARE 58
m croneter) was arranged SO as to to fa ra |at|on sour ce. e surface
havi ng t blolesterid polarizer with 4 layée of ¢ @omwanmnﬂdm)nngeschmmmdmxtg; said
quarter

T | B atAS: g 2Rsted pichtat the avis of e mplscular belx in aristed srgsverey oy tbe
quarter layefdadrhépiRch ofithe Msolécuke helik GndteddingcfromAdRitimavAud\aca SATRGTRE Of

a birefringent material having_a positive anisotropy (stretched
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layer faces the radiation source with the second surface.
2. An illumination system as claimed in Claim 1, characterized in that said
- illumination system also comprises a quarter lambda plate which is situated on the side of the
10 polarizer facing away from the light source. ' -

3. -~ An illumination system as claimed in Claim 2, charactenzed in that the
quarter lambda plate is situated on the first surface of the polarizer.
4, - An illumination system as claimed in Claim 2 or-3, characterized in that

the quarter lambda plate is composed of a material havmg a negative anisotropy in the
15 refractive index. _
5. . An illumination system as claimed in Claim 2, 3 or 4, characterized in

- that the quarter lambda plate is made of a foil of oriented polymeric material.
6. An illumination system as claimed in Claim §, characterized in that the

quarter lambda plate is composed of a stretched foil of substited or unsubstituted polystyrene
20 or a copolymer thereof.
7. - An illumination system as claimed in any one of the preceding Claims,
characterized in that the illumination system also comprises a dichroic polarizer which is
situated on the side of the quarter lambda plate facing away from the broadband, cholesteric
polarizer.d | ,
25 8. An 1llummatlon system as clalmed in Claim 7, characterized in that the
dlchroxc polarizer is situated on the quarter lambda plate.
9. A linear polarizer which can suitably be used in an illumination system as
claimed in any one of Claims 3-7, comprising a broadband, cholesteric polarizer as well as a
quarter lambda plate, said polarizer eomprising a layer of a polymeric material having a
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5 systens, thewgrg%mwess L and col orati bn C during transm ssi Oﬁsﬁﬁgg’“‘{-‘%s
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nmeasured as a functron of the direction of viewi ng which is defi

pol ar angle and the azimuth angle A (in degrees). The polar angles are
O[err] (curve a), 15 (curve b), 30[err] (cque c) and 45[err] (curve d). A
bri ghtness of 100 corresponds. to the overall quantity of light emtted by
the | anp. i holcheRic ubdite! Bid PRactAl bBlg Ridthd SudOhartng uls of ind ABEAPhAbcis
of 10 stretched polycarbonate, and Fi g. 3-b shows the neasuring results -
for a quart eerientedowrnsyersaly tathedayes; and-theipitch of yheomolectlnr helix igoneasing &from 3
shows that the.il ! i,0 ' ' . . I

negative ani SOtro 51;@'1 dr.]é tﬁeﬁrrsg%{lrﬁ'g%g}o\tg" eﬁ]“(?g%ehggaﬁga%&#@Wé@%e@éﬁea%ang
col orati on asurfacé ofithei layerpind the quarteri lambda glaee bdiyg situatadeort the ifirstf surfadecof the
Vi ewi ng-aggl e .dependence of such a systemis nmuch better than that of a
systemin whPQlar Tquarter |lanbda 15 plate having a positive anisotropy of
the refractiyg index is.ugqftearpdlarizér 84 CMFMEEMECRIm 19, ORBhCtBPIed ih ARdt the Guarter
accordance wth the invention. Fig. 4-a shows a polarizer 10 conprising a

br oadband chlismbda plate-ispnadgraf acmatenal-haying a)negative anisotropy ipithe refmptiverindex.

br oadband, chpol esteric po izirﬁéu gg’g{ﬂ . r i ,
mat eri al havﬁ)ig a chol estéiﬁl’nc erl'ir;]g. @%n%agﬂ? ?rgfod?%%rmé%ﬂg&cﬁ tﬁ‘?atpe
the axi s of dquaete?ambdalplate isunadecof & foibofan eriemel polgmerie nmedrial.t o t he | ayer.
In additign,.yhe pitch of,the nmolecul ar helix.increases, froma.m nimum

val ue at IQ 12st surface 4 1"5?“?‘“@%3?8@%’8#8‘ a%fﬂﬁﬁtﬁ ‘ﬁﬂ%‘f’rﬂ%m?e at
the second smatefifieofitfie Qhartdt9amBdplate i Qompadel OF ol stehiied PoiRbesubstitufed Trt Uat ed
on the first surface of the polarizer. Fig. 4-b shows another enbodi nent of

the |inear pénstbstiited polystyene @aAcoPAEmEr theredfe i nvention. In addition to a
br oadband, c{pl esteric po ' : : gﬁarﬁ’é [ :
pol ari zer 16r§z)il SO conpri sé?na 1 C ro?cgigggf'g#{z%?rﬁ'gaﬁ I'S éﬁﬁéﬁgha&gﬁchmm
pol ari zer i spolarizeatiesituatedtdnethe sanfacerof] theriquartep/lamida plate facing away from the

15 broadband, cholesteric polarizer.

14. : A display device comprising an illumination system and a display panél,
characterized in that a system as claimed in any one of Claims 1-8, is used as the
illumination system.
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The |i near polari zers shown in Fig. 4 can be manufactured by gl uing

toget her the i nPPPBRAS foils of a broadband,.'chol esteric pol ari PET/JBI&00528
qugrter lanbda plate 30 and, if necessary, a dichroic polarizer. If
necessary, the cholesteric polarlzer can be enbedded between two
Substrates. It is alternatively possible, however, to use self-supporting
chol esteric polarizers. The dichroic pola i s conposed, for exanple, of
a layer of polyvinyl alcohol (PVA) which {L§S|tuated bet ween two substrates
of cellulose acetate. The PVA layer is stretched to approximtely six tines
the original |ength. Subsequently, said WO 96/ 02016

PCT/ 1 B95/ 00528 9 |l ayer is inpregnated with an iodide conplex or an organic
dye. The stretched PVA and the additions jointly constitute a | ayer which
absorbs light having a polarization parallel to the direction of

stretching, and which passes |ight having a polarization perpendicular to
this direction. In the linear polarizer, the main axis of the quarter

| anbda plate and the light- 5-transm ssion direction of the dichroic

pol arizer should include an angle of 45. Fig. 5 shows a display device in
accordance with the invention. This device conprises an illum nation system
20, as described in greater detail wilth respecty to 1. The various
parts of this illum nation systep%bed&—%h& san@ referghce nunerals as the
corresponding parts of Fig. 1. 82 of t he di spl ay

devi ce conprises two 10 radlatlk. '”;ef ec or 4, a light
conductor 5 and a diffuser 6. It 4 e ndbr-shaped di schar ge

| anp can be used instead of saio furfesland t he
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| i ght conduct or The system al so i ncludes a broadband, chol ester]
pol arizer 2, a a?F’P%mXI anbda plate 8 and a dichroic poI ari zer QP&WQWOSZS
di spl ay device further conpri ses a display panel 30. This panel is 15
cofrposed of two transparent substrates 21 which are each provided with an
el ectrode array 22 and an orientation |layer 23. The el ectrodes are nade.
froma transparent, el ectroconductive natZ!gEI such as indiumtin-oxide
(ITO. The orientation |layers may be conp of a rubbed pol yner, such as
polyimi de or PVA or opliquely sputtered silicon oxide. Finally, a |ayer 24
of ferro-electryc offdematic liquid crystalline material is provided 20
bet ween sai d su%strat . The ordering of this material .can be influenced by
el ectric fields]which jcan be locally generated by nmeans of the el ectrodes.
The di splay device al sjo conprises an electronic drive for these el ectrodes.
For clarity, said drive is not showm in the Figure. It is of essential
i nportance for the efflectiyeress of the |nvent|on that th 5 display
ofvar.t-zer havrng the greatest

devi ce conprises a BBP dbaqd i s properly
7pface t he radi atjon~soufe. Sajsd orientation

oriented. The surfa f “bltch | engt h of
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1. nlnation system conprising a radiation so
br oadband, cholvgépg,#]lidc polarizer with a |layer of a polyneric mat g&f@p‘%&ﬁ

hayi ng a chol esteric ordering, said material being ordered such that the
axis of the nolecular helix is oriented transversely to the |ayer, and the
pitch of the nolecular helix increasing froma mninmumvalue at a first

surface 5 of the cholesteric layer to a +mum val ue at the second
surface.of the layer, and the polarizer b positioned in the -
illumnation systemin such a manner that the cholesteric |ayer faces the
radi ation source with the second surface. 2. An illum nation
systemas clained 4y Caim1, characterized in at said illumnation
system al so conpri®®gs a quarter | anbda plate whi is situated on the side
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pofarizer. 25 102016 An illum nation syéten1as claineﬁ,' '
7, characteri zeglor?ot at the dichroic polarizer is situated on t ﬁ%grﬂ@éirp

| agbda plate. 9. A linear polarizer which can suitably be used
inan illumnation systemas claimed in any one of Clains 3-7, conprising a
br oadband, chol esteric polarizer as well as a quarter |anbda plate, sai d
pol ari'zer conprising a |layer of a polyneri£ gaterial having a ©~ WO

96/ 02016 /

PCT/ 1 B95/ 00528 11 chol esteric ordering, said material being ordered such
that the axis of the nolecular helix is oriented transversely to the |ayer,
and the pitch of the nolecular helix increasing froma mninumval ue at a
first surface of the cholesteric layer to a maxi mumval ue at the second
surface of the layer, and the quarter |anbda plate being situated on the
first surface of the 5 polarizer. 10. A l'inear polarizer as
clained in daim9, characteriged_jn that the quarter |anbda plate is made
of a material having a negativ sotropy in the r fralﬂlve i ndex. 11.

A linear polarjzer as clai nef 7l aim9 or 10, ) in that the
gquarter |anbda plate is nade i{f oi | of an ori ic material

10 12. A linea Arizer as clai xXa o
characterized in that the ma # of the quarter 5t i
of a stretched foil of subst or unsubstitut ne or a
copol ynmer thereof.
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13, wo dsibdofear polarizer as clained in daiml2, chargehRokgRds
in that a dichroic polarizer is situated on the surface of the quarter

| ggrbda pl ate facing away fromthe 15 broadband, cholesteric polarizer. 14.

A display device conprising an illum nation system and a display panel,
characterized in that a systemas clainmed in any one of Clainms 1-8, is used
as the illumnation system 5/5
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