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radiation 5 beam and a first polarizer having a first polarization effect
and a second pol ari zer having a second, conplenmentary polarization
effect, said polarizers enclosing the nedium The
i nvention also relates to a diffusing display panel.

The di spl ay devi ces under consideration nmay be grouped into tw types, 10
viz. image projection devices and flat-panel display devices.
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The invention also relates to a diffusing display panel.

The display devices under consideration may be grouped into two types,
10 viz. image projection devices and flat-panel display devices.

An image projection device is a device in which an image generated by
means of a display panel, for example a diffusing panel, is imaged at a relatively large
distance and in a magnified form on a projection screen by means of a projection lens
system. The illumination system for this device comprises, for example a radiation source

15 and a beam-concentrating optical system.

In a flat-panel display device an image is also generated by a display
panel. The dimension of this device in the direction transverse to the display panel is
relatively small, much smaller than the dimension of an image projection device. In a flat-
panel display dev;ce a viewer directly watches the display panel so that this device may also

20 be ;eferred to as a direct-vision device. The illumination system used may be, for example
the assembly of a radiation source and an optically transparent plate of, for example PMMA
used as a waveguide, while the radiation source is formed as a peripheral illumination system
for this waveguide, as described, for example in United States Patent US-A 4,985,809, The
illumination system may aiternatively be a known blacklight illumination system.

25 The display device may be, for example a video display device or a
monitor of a computer system, or the display device for an instrument panel.

In a display device in which the display panel comprises a TN LCD
panel, an acceptable contrast can be achieved only within a limited viewing angle. The
viewing angle may be increased by making use of diffusing display panels. Since the increase
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by the first polarizer but passed unobstructed through the PDLC and consequently absorbed

by the second polarizer. In this case the display panel displays a dark picture.

20 . The PDLC within a pixel is thus switchable between a diffusing and a
transparent state, which corresponds to a light-transmissive and an opaque state, respectively,
of the relevant pixel of the display panel.

A drawback is, however, that only 25% of the light supplied by the
radiation source c_nn be used for the formation of a picture, even when ideal absorbing

25 polarizers are used, because a loss of substantially 50% occurs in both polarizers due to
absorption of the unsuitable direction of polarization. There should be sufficient light for the
viewer, both in a direct-vision device and in an image projection device.

To compensate for the loss of light in the polarizers, high-power lamps
must be used in both devices, which lamps consume much eléctric power, have a shorter

30 lifetime and may have to be cooled.

If a portable direct-vision display device is used, the batteries will have a
shorter lifetime because they must feed a high-power lamp. Moreover, a higher intensity will
lead to hotter polarizers.

If an image projection device is used, the device should be provided with
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direction of the display panel.

The radiation having the desired direction of polarization is passed by a
reflecting polarizer, whereas the radiation having the unwanted direction of polarization is

. reflected. If further means are provided which convert the unwanted direction of polarization
20 at least partly into the desired direction of polarization, this beam will also at least partly be
passed to the optically active diffusing medium. In this way, substantially the complete
radiation beam from the radiation source is passed by the first polarizer due to repeated

reflection and conversion of the direction of polarization, so that a much larger part of the
radiation beam emitted by the radiation source can be utilized for forming the picture.

25 : A preferred embodiment of the display device according to the invention
is characterized in that the two complementary polarizers are reflecting polarizers.

Since the second polarizer is now also a reflecting polarizer, repeated
reflection and conversion of the direction of polarization leads to a substantially complete use |
of the radiation beam from the radiation source for forming the picture so that a relatively

30 high brightness is achieved in a system having a relatively large viewing angle.

An embodiment of the display device according to the invention is
characterized in that the reflecting polarizer is a cholesteric filter and in that the polarization-
converting means comprise a reflector.

Cholesteric filters have an optical layer of a liquid crystalline material
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to absorption is prevented.
When the optically active medium is in a diffusing state, the radiation
passed by the first polarizer is depolarized in the diffusing medium at a given state of

20 polarization.

~ Depolarizing is herein understood to mean that radiation having a given
state of polarization is at least partly converted into unpolarized radiation, i.e. radiation
comprising different polarization components.
A part of the radiation depolarized in the diffusing medium is suitably
25 polarized so as to be transmitted towards the viewer by the second polarizer. The remaining
part of the radiation is reflected on this second polarizer and depolarized again in the
medium. A part of this depolarized radiation is passed towards the illumination system by the
first polarizer and the remaining part is again reflected towards the diffusing medium,
depolarized in this medium and subjected to a partial reflection on the second polarizer and a
30 partial transmission analogously with the description above. The state of polarization of the
radiation returning to the illumination system is inverted on the reflector of the illumination
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radi ation, i.e. radi afthesholesteric ﬁlPers described in this article have an optically active

15 layer comprising a liquid crystalline material with a cholesteric ordering on the basis of
silicons.

Said article by Maurer does not propose to combine the cholesteric filter
with a depolarizing diffusor and a reflector in order to realise a higher light output in
combination with a larger viewing angle.

20 A further embodiment of the display device according to the invention is
characterized in that the cholesteric filters comprise a plurality of layers of a liquid
crystaliine material, each layer being active for a different wavelength band, said wavelength
bands jointly covering the visible wavelength range.

Since the cholesteric filter is active throughout the visible wavelength

25 range, the unwanted direction of polarization is reflected by the polarizers for all radiation in
this wavelength range and can be utilized again after depolarization so that the display panel
may be both a monochrome and a colour display panel.

An alternative and preferred embodiment of the display device according
to the invention is characterized in that the cholesteric filters comprise a single layer of a

30 liquid crystalline polymer material, within which layer the pitch of the molecular helix varies
continuously between two values which correspond to the lower limit and the upper limit,
respectively of the reflection band required to cover the full visible wavelength range.

The pitch of the molecular helix of a single-layer liquid crystalline

polymer material having a cholesteric ordering can be varied continuously. Such a single-
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have a minimum thickness of 5 gm. To cover the complete visible wavelength range, a
minimum number of seven to eight layers is consequently required if the increase of the
required reflection bandwidth due to the viewing angle dependence is not taken into account.
This yields a minimum layer thickness of 35 gm. In a single-layer cholesteric filter, within

20 which the pitch varies continuously across the layer thickness, a layer thickness of 20 um is
sufficient for operation as a polarizer. Moreover, the viewing angle dependence of the filter
increases with an increasing thickness. This means that, for radiation incident at an angle
which is larger than a given angle of incidence, the effectiveness of the filter decreases
considerably at larger layer thicknesses.

25 A further embodiment of the display device according to the invention is
characterized in that the diffusing medium is constituted by a liquid crystailine layer which is
enclosed between two optically transparent plates, and in that the cholesteric filters constitute
a three-dimensional network and a self-supporting film which is suitable to be provided
directly on the plates.

30 This considerably simplifies the manufacture of the display panel.

The same concept may also be used if cholesteric materials are used
which are not suitable for realising a sufficiently large variation of the pitch of the helix in a
single layer.

A further embodiment of the display device according to the invention, in
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pitch, Ghé&ddeyreRective)iseqial td/itie Sitfl of Medreal wavelength band of the visible wavelength
range, for example between 400 and 780 nm, and a fictitious wavelength band so as to be

also polarization-selective for radiation which is incident at an angle of incidence which
differs from 90°. The shift of the wavelength band as a function of a variation of the angle

20 of incidence is, for example 2 nm per degree, so that the fictitious wavelength band is 360
nm for the extreme case of 180° for the range of angles of incidence. The total reflection
band should then be 380 nm + 360 nm = 740 nm.

A further embodiment of the display device according to the invention is
characterized in that the reflecting polarizer is a reflective linear polarizer and in that the

25 polarization-converting means are constituted by a reflector and a A/4 plate which is arranged
between the first polarizer and the reflector.

The reflecting polarizer may also be a linear polarizer, for example in the
form of a sheet polarizer. This polarizer reflects the radiation having the unwanted
polarization component, for example, the s-polarized beam component, to a reflector via a

30 N4 plate, which reflector passes the sub-beam in the direction of the display panel again. In
this way the unwanted state of polarization, the s-polarized component, is converted into the
desired polarization component, the p-polarized beam component, by passing the A/4 plate
twice and is subsequently also passed by the first polarizer.

If a colour display device is used, the A\/4 plate should operate for a large



| magi nary sub-layers each having their own pitch and thus reflecting
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Thi s has the advant age_ of a better opti cal ality of the filter. In fact,
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t he Giuide, $oeiety fagknformatiop Lispjay.y May é&-#g@ 1992 vBespon, Massachusetts, USA.

i ncreasi ng nunber of | . ' e ' i ala
chol esterics and due tgé( os‘s’eo&ﬁwggﬁ%rﬁ%?ﬁ%\?ﬁ‘%}.9'{]%@%1?(5{5%’9*%1(22&1%“&'
chol esi er"Retroseflectifg Sheay Polarizet"cby MuF. Weber i SED Interiational $yohposium 1993,

ef fect, e la houl l Ni t hi of 5 [errlm To '
cover théﬁgﬁﬁﬁéieﬁﬁ i%pgrs\r\/a‘(}’g%?hﬂgn 2 RP- gg&gﬁini mum nunber of seven
to eight layers is cong Hg&té Eat'dne i d’m%&g : ion i
required reflection banggvi th due to the vialesgnﬁﬁg angl e ggtgntggﬁecénﬂegu?]no%s
t aken i ntchamctenaed in that theToptically adtive diffnsing mediunagemptisesakpeigmerizabls liquid
[err]m single-layer cholesteric filter, within 20 which the pitch

I n
vari es _C(‘fﬁl'ﬁ?iﬂuousl y across the layer thickness, a layer thickness of 20
[err]qgis suf fi cignthe ftﬂhsﬁ??{t ?%a('taér’af & obtiRRllyPAtAB diffldihE Me8ium, iR ther

vi ewi ng angl e dependence of the increases W th an increasing
t hi cknessvords,iig the dark statatof therdisplayipanelo thei diffusion and theabirefriggence in theahi ch

cecr gty bl Fag) ohblal”PAG. o {RrEldBCiA T A Y eabbdy”
A further Ra@ixes cothbindtordoSerdinaryl avd pelyareidtsie Mibléculdsfor tievigqiiid on i s

characterized in that the diffusing nediumis constituted by a liquid
cryst al | icrystallige majgmial,which is also seferred dej ap ardiffusing gel, 815t palymes/isimadespar ent

i cctl ARGiTheht “Wubd B Breice oran Qb nef ot wbithlie e rlbnss in b soms
be provi dipction andliHeafiitealcis thahspabént! When3d electric field is applied, the poilfiefizabie
considerably sinplifies the manufacture of the display panel.

The sane TQjeruies withipaintain thesame-erientation, whereasithe nea-pelymesizahle molecyles tend

biton of 1 RteriHbhSyes petberoRlry Wing apicd et 'ed. Thifis $aly £bislitoif '
further iffesiorirepon obliquecraiismission iflahe aansparent siatecoft the iopticallyvaetive diffusing
20 medium can be suppressed. A diffusing gel is known per se from, for example United States
Patent US-A 5,188,760.
A further embodiment of the display device according to the invention is

characterized in that a retardation plate is provided on the side of the display pane! facing

away from the illumination system.

25 By using a retardation layer, the disturbing birefringence is suppressed.
Examples of such retardation layers are known per se from, for example the article "Highly
Multiplexed Super Homeotropic LCD" by J.F. Clerc ef al. in Japan Display '89, pp. 188-
191.

30 These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter.
In the drawings:
Figs. la and 1b are diagrammatic cross-sections of two embodiments of a

display device according to the invention, implemented as a direct-vision device;
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form of convEting €ing10Zmd. thed Pofari2éer 9unBEL has thecsilitableRtate afipelutigtionsfet ng t he
unwant ed . polarization conponent, for exanple, the s-polarized beam
c onpéP e riransmissiory inf the dirgetion of the medium 7. In this way, the direction of polarization

which is unsuitable for the polarizer 9 is no longer absorbed but every time depolarized and
then partly transmitted and partly reflected so as to be changed in its state of polarization, so
that all radiation from the source, apart from reflection losses, will ultimately reach the
medium 7. The radiation transmitted towards the medium is depolarized in the medium,

25 dependent or not dependent on whether this medium is energized. Since the state of
polarization of the second polarizer 11 is complementary to that of the first polarizer 9, the
second polarizer 11 will block radiation having the state of polarization suitable for the first
polarizer 9. When the medium does not operate in a depolarizing manner and the polarizer
11 is an absorbing polarizer, all radiation transmitted by the first polarizer 9 is absorbed.

30 When the polarizer 11 is reflective, this radiation will be reflected towards the medium 7. If
the medium 7 is depolarizing, substantially half the depolarized radiation will be absorbed
when an absorbing polarizer 11 is used, whereas this half will be reflected towards the

(7]

medjum again when a reflecting polarizer 11 is used. The part of the depolarized beam
having the state of polarization suitable for the second, complementary polarizer 11 will be
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trans parﬁ%gsé\ﬁtyefr% thé disphiyl gankl 5 ivprovided dwitf &l pasgn of dots 23 of a (diffusely)
reflecting material. The density and size of the dots increases as the distance to the radiation
source 17 in the radiation guide 15 increases. Such a plate used as a radiation guide is known
per se, for example from United States Patent US-A 4,985,809. In this plate, radiation is
20 coupled into the radiation guide at an end face only. The radiation propagates in the radiation
guide 15 and leaves the transparent plate after diffusion on the dot pattern 23 via the surface
27 of the radiation guide 15 facing the display panel 5, so that the display panel is
illuminated. Radiation having the state of polarization which is unwanted for the first
polarizer 9 is reflected by this first polarizer towards the illumination system 3. The part of
25 this radiation wﬁich is incident on the pattern of dots 23 is diffusely reflected and thus
depolarized so that approximately half of this radiation acquires the suitable state of
polarization again so as to be transmitted by the first polarizer 9. The part of the radiation
which is incident between the dots is passed on to the polarization-converting means 10, for
example a metal mirror 13 which changes the state of polarization of the radiation incident
30 thereon in such a way that the refiected radiation is passed by the first polarizer 9.

The illumination system 5 may alternatively be implemented as an
ordinary blacklight illumination as is shown in Fig. 1b. The illumination system 3 shown in
this Figure comprises a radiation source 31 and 2 reflector 33 at the side of the radiation
'source 31 facing away from the display panel 5. The state of polarization of radiation which




20 medium can be suppressed. A diffusing gel is known per se from for '
exanpl e Um}%ﬁg St ates Pat ent US-A 5,188, 760. A
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present between the radiation source 35 and the display panel 5. The image formed by the

display panel 7 is subsequently projected on a projection screen 43 by means of a projection
lens system 41.
The display device may aiternatively be a colour projection device as is
15 known, for example from United States Patent US-A 5,046,837. This device has three
display panels, one for each of the primary colours red, green and blue and aiso a number of
dichroic mirrors which split up the beam from the radiation source into three monochrome
sub-beams each being incident on an associated display panel. After modulation by a further
set of dichroic mirrors, the beams passing through these panels are recombined to a single
20 beam which is projected by the projection lens system. In accordance with the present
invention, each display panel is a diffusing display panel comprising an optically active
diffusing, depolarizing medium which is enclosed between two reflecting polarizers having
complementary states of polarization.
It is alternatively possible to use a colour projection device with a single
25 diffusing colour display panel. Then, a matrix of dichroic mirrors arranged in front of the
pixels is preferably used. A colour display device having a TN LCD and a matrix of dichroic
mirrors is known from United States Patent US-A 5,029,986. In accordance with the present
invention the display panel is a layer of an optically active diffusing, depolarizing material
which is enclosed between two reflecting polarizers having complementary states of
30 polarization.
The reflecting polarizers may be, for example cholesteric filters.
Cholesteric filters have an optical layer of a liquid crystalline material having a cholesteric
ordering. This means that the molecules of the material in solution are spontaneously ordered
to form a helical structure having a pitch p. After such a solution has been provided as a
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PCT/ | B95/faciag away from the display panel S. Since cholesteric filters operate with circularly

polarized radiation, substantially half a radiation beam from the radiation source, for example
the laevorotatory circularly polarized sub-beam, will be transmitted by the first polarizer 9,
20 whereas the dextrorotatary circularly polarized sub-beam will be reflected towards the
illumination system 3. The second polarizer 11 is then transparent to dextrorotatary circularly
polarized radiation and will reflect laevorotatory circularly polarized radiation back to the

depolarizing medium 7.
The dextrorotatary circularly polarized radiation, which is reflected

25 towards the illumination system by the first polarizer 9, is incident on the reflector 13; 33;
37 on which the state of polarization is inverted to laevorotatory circularly polarized
radiation which will subsequently be transmitted towards the diffusing medium 7 by the first
polarizer 9. In the diffusing medium, the laevorotatory circularly polarized radiation is
depolarized, i.e. converted into radiation which comprises both laevorotatory and

30 dextrorotatary circularly polarized beam components. The dextrorotatary circularly polarized
sub-beam of this unpolarized radiation will be transmitted by the second polarizer 11 towards
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| eaves the transparent plate after diffusion on the dot pattern 23 via the
surface 27 of the radiation guide 15 facing the display panel 5, so
that t hia whiel!Any =psneh, isthe birefringencs amlt enl= ((Radi)a2 i isthbaverage réfeactivat e of
pol ari zati on which is unwanted for the first polarizer 9 is reflected
by this first polarizer towards the illum nation system3. The part of 25
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reflected and thus depol ari zed so that approximately half of this
radi ation acquires the suitable stame+sn) | olarization again so as to
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20 To obtain a cholesteric filter which is suitable for a colour display device,

a plurality of narrow-band cholesteric filters can be stacked, each having a different
reflection band. The composite filter then has a reflection bandwidth which is equal to the
sum of the reflection bands of the separate layers and which is sufficiently large to polarize
the light in the full visible wavelength range.

25 With a cholesteric filter which consists of one single layer only and whose
pitch p of the molecular helix across the layer thickness varies continuously, the reflection
band of the relevant layer can be increased to such an extent that this single layer is
sufficient to cover the full visible wavelength range.

A bandwidth of 780 nm-400 nm = 380 nm is required for the full visible
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havi ng will have a different reactivity. A stabiliser and a quantity of dye are subsequently added to

this mixture. The mixture thus made is then provided between two transparent substrates,

each of which may have, for example a layer of polyimide. These layers are used for
20 aligning the molecular helix which is produced spontaneously in the cholesteric mixture. To
prevent the formation of disclinations, the two substrates are sheared over a small distance
until a planar ordering is created. Subsequently, the reactive mixture is photopolymerized at
ambient temperature by means of UV light so that a three-dimensional network is formed.
Due to the strength of the optically active layer thus formed, it is possible to detach the
25 optical layer from the substrates and use this layer as a self-supporting cholesteric filter. The
desired reflection bandwidth, for example a reflection bandwidth corresponding to the full
visible wavelength range, can be achieved by varying the quantity of dye, the wavelength and
the power of the UV light.
For further details relating to the manufacture of a single-layer cholesteric
30 filter having a pitch p which continuously varies across the layer thickness, reference is made
to the afore-mentioned, non-prepublished Application EP 93203057.0.
The polymer material of the cholesteric filter preferably constitutes a
three-dimensional polymer network. In fact, optically active layers consisting of such a three-
dimensional network are very robust and can therefore function satisfactorily as self-



conpl ementary states of polarization. It is
alternatively possible to use a col our projection device wwth a single 25
di f fusi ng coMsU¥S/FR2pl ay panel. Then, a matrix of dichroic m riGB%PEhged

in front of the pi xels is preferably used. A colour display device
having a TN LCD and a matrix of dichroic 15 mrrors is known from United
States Patent US-A 5,029,986. In accordance with the present I nvention

t he di spl suppprting| films. £onsgguentdy, it is agstriesessary taqrpvide these optically activolayersyi ng
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havi ng a PRNES eri ¢ ordering. This neans that the nol ecul es of the
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WO 95/ 332thé filter is even considerably better and the viewing angle dependence is less pronounced
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thin, optManin g chelestede filter copsistingnf 3 Rlyrality of parrowrhaad chplesteric Weﬁ%ltﬁ% al

struct ur euy ' [ ‘#M'afi X \Shi i i || be
transvergceﬂo?eg t cgmﬁ;‘/%rn.{hn% aectu;%gﬁr?nng% of ‘?ﬁtgl&%?ﬁeﬁwgﬂ%@nﬁbﬁ}p#%}%&ved by
provi di ngmelecdlar belixaof atnleast\acnumbertdfahésedayags vamiésacontinudustyhacross the layer

subst iﬁt etg. 5 When an unpol ari zed radi ati on beamis
i nci dent H:kgfﬁ?h a filter, radiation whose circul ar direction of

pol ari zation (laevor ot gh@layefy wilhin' WhicR!tAé Bitoh p Vafit€ 268Che 18yer IRickness may
direction of the nolecular "helix and whose wavel ength corresponds to the
pitch p die manufactured in a similar waycasrdes¢ribedaabovedfier & singledayextfiltes. havi ng t he

adapted to the filter Wt ERendeRbifent of o 4Ry HeCE, M uben tpiiicayy
[err] of dhfadidtioherporm the rddidtionr soufceciefutifigt it forming imak&y, réflective sheet
15 polarizers are used instead of cholesteric filters. Such polarizers are linear polarizers and are
known per se from, for example the article: "Retroreflecting Sheet Polarizer” by M.F.
Weber in SID International Symposium 1993, Digest of Technical Papers, Vol. XXIV, May
1993, pp. 669-672. The first polarizer 9 is then, for example transparent to the p- polarized
beam, whereas the s-polarized component of the radiation from the radiation source is

20 reflected. In this case, the polarization-converting means 10 comprise a reflector 13; 33; 37
in combination with a \/4 plate 30 as is illustrated by means of a broken line in Figs. 1a and
1b. The reflected s-polarized component is transmitted to the reflector 13; 33; 37 via the M4
plate 30 and again to the first polarizer 9 via the M4 plate. By passing the N4 plate twice,
the state of s-polarization is now converted into the state of p-polarization and will

25 consequently be transmitted by the first polarizer 9. p-polarized radiation is depolarized in
the medium 7. The s-polarized sub-beam of this depolarized radiation is transmitted towards
the viewer 20 by the second polarizer 11. The p-polarized sub-beam is reflected towards the
medium 7 so as to be depolarized therein. Subsequently, approximately half of this radiation,
the p-polarized sub-beam, is transmitted towards the illumination system 3 so as to return

30 therefrom as s-polarized radiation. The process of reflection, transmission and depolarization
as described above is repeated for this radiation. Thus, all radiation from the source, apart
from reflection losses, is transmitted towards the audience space by the activated pixels of
the display panel, whereas the non-activated pixels block substantially all radiation so that the

" displayed image has a maximum contrast.



in which n[err] and n[err] are the respective ordinary and extraordi nary

refractive iggdgs,Af the material of the filter and p | $ddiBoddoss Of
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be re

11. In this case the display panel § is in the bright state. However, when, as is shown in Fig.
3b, a voltage is applied across the layer 7, in other words when image information to be
displayed is applied and the molecules 51 in the drops 47 are thus subjected to an electric
field in the direction 50, there is no difference in orientation between the various drops and

20 the ordinary refractive index n, is adapted to the refractive index n, of the polymer material
of the matrix. In this case the PDLC layer 7 is transparent in the direction of the applied
field. The radiation from the radiation source is again polarized by the first polarizer 9 but is
transmitted by the PDLC 7 while maintaining the state of polarization and subsequently
reflected by the second, complementary polarizer 11. In this case the display panel 5 is in the

25 dark state.

In order that the birefringence and the diffusion within the optically active

diffusing medium are preferably minimal in the transparent state of this medium, even upon
a non-perpendicular passage, so as to maintain the dark state of the display panel, an
embodiment may be chosen in which the medium is a liquid crystalline material which

30 comprises polymerizable molecules and ordinary, non-polymerizable molecules. Such a
material is a diffusing gel and is known, for example from United States Patent US-A
5,188,760. Figs. 4a and 4b show an example of such a gel. The layer 7 is a mixture of
polymerizable molecules 55 and ordinary molecules 57 of liquid crystalline material. When
no voltage is applied across the layer 7, all molecules 55, 57 are oriented substantially
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i ncreased to ‘such an” ext’e that this single |ayer is F |C|ent to
cover tisenbwinl perisg; foreexampld frog the agticjes. "Polymer Encapsulated Nematxc Liquid

Crystals for Display and Light Control Applications" by J. Ferguson in SID International

Symposium 1985, Digest of Technical Papers, pp. 68-70.

20 To prevent disturbing effects due to birefringence in the medium, a
retardation layer 59, which is shown by means of a broken line in Figs. la, 1b and 2, may
be provided on top of the display panel 5 of the display device. Such retardation layers are
known per se from the article: "Highly Multiplexed Super Homeotropic LCD" by. J.F. Clerc
et al. in Japan Display 1989, pp. 188-191.

25 In the above-described embodiments of the optically diffusing,
depolarizing layer 7, the layer 7 is switchable between a transparent and a diffusing state. In
the transparent state, the crossed polarizers 9, 11 ensure that no light from the radiation
source is transmitted by the display panel. The transparent state of the layer 7 thus
corresponds to the dark state of the display panel. In the diffusing state, the layer operates as

30 a depolarizer. This means that half the light will be transmitted by the second polarizer 11
and half will be reflected. This reflected light will subsequently be reflected between the
reflector and the two polarizers until it has the suitable state of polarization to pass the
second polarizer 11 in the direction of the viewer. There is depolarization at each passage
through the layer 7. The medium 7 thus has a dual function. On the one hand, it has the



A bandwi dth of 780 nm 400 nm= 380 nmis required for the full visible
WO 95/ 33224
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wavel ength range. Due to the desired view,ng angle variations, this
bandw dt h shoul d be i ncreased by 1888 nm x 2 = 360 nm so that the
overall bandw dth should be 740 nm Si nce the wdth of the reflection

band aveRugten gbaisplay: papel atherixels iwhichugrerenergizedein\acsprdprce with thesimazengt h
range, | ﬁ\f ﬁna%%ﬂﬁ@(ﬂé%@rﬂ%egg Sﬁ@ oit'the bihet' g&% ]ii;fdrﬁ% of tge })gighﬁ:%%ghane f

the 5 cholesteric |ay e I ncreased to, for exanp
nunber ofystemyers required is reduced to 5. This has the advantage that
the optical quality of the filter will increase consi derably because

the optical quality decreases with an increasing nunber of |ayers due to
t he presence of errors in the cholesterics and due to the | oss of planar

nol ecul ar ordering when the | ayers are stacked. Moreover, the view ng
angl e dependence increases with an 10 increasing nunber of layers. This
means that the effectiveness of the filter decreases consi derably for
radi ation which is incident at an angle of incidence exceeding a given

val ue. A cholesteric filter consisting of one
single layer in which the pitch p vari es continuously across the |ayer
t hi ckness can be made as follows. First, a m xture of reactive

mononers is made. This m xture conprises different percentages by weight of
a 15 chiral conponent and a nenat ogeneous conponent, which conponents have
a different nunber of reactive groups, for exanple two and one,
respectively, so that the two nononers wi |l have a different
reactivity. A stabiliser and a quantity of dyé are subsequently added to
this mxture. The m xture thus nmade is then provi ded between two
transparent substrates, each of which nay have, for exanple a | ayer of
polyi mi de. These layers are used for 20 aligning the nolecular helix which
i s produced spontaneously in the cholesteric mxture. To prevent the
formati on of disclinations, the two substrates are sheared over a snal

di st ance until a planar ordering is created. Subsequently, the
reactive mxture is photopol yneri zed at anbi ent tenperature by neans
of UV light so that a three-dinmensional network is forned.



Due to the strength of the optically active layer thus fornmed, it is
possi bl e the 25 optical layer fromthe subst raMi S

| ayer as 1g&%gfk%s-ag'hupporti ng cholesteric filter. The d Pct 5H?‘f’éctiL
bandwi dth, for exanple a reflection bangw dth correspondi ng maTin

vi si bl e wavel ength range, can be achi e¥dd by varying the qua”m" m, )"H””m

t he wavel ength and the power of the UV |ight. * ¢ Loy g e

For fu details relating to the manufacture of a single-Iayer
cholesteric 30 filter having a pitch p which continuously varies across
the | ayer thickness, reference is nmade to the afore-nentioned,

non- prepubl i shed Application EP 93203057. 0. The

pol ymer material of the cholesteric filter preferably constitutes a

t hr ee- di nensi onal polynmer network. In fact, optically active |ayers

consi sting of such a three- di mensi onal network are very robust and
can therefore function satisfactorily as self- WD 95/ 33224
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cholesteric filter is manufactured froma plurality of layers, in which the
pi tch thabft least the firstpofasizar isra Feflecting polanizeroangd ingthat pelarizationtqeavertingy er s

vari es fl | .
The | a'yg%{é Aﬁ%k%?ﬁﬁg‘?ﬁé’wﬁ ki ?ﬁ“?&%ﬁf@g&g@@m'@ fhgydel?pl?%me}fess may
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filter. . In an alternative enbodi nent of a display
de\lbc eComplementary polaEzers arerefipcting polarizers.

3. A display device as claimed in Claim 1 or 2, characterized in that the

reflecting polarizer is a cholesteric filter and in that the polarization-converting means
comprise a reflector.
4. A display device as claimed in Claim 3, characterized in that the

15 cholesteric filters comprise a plurality of layers of a liquid crystalline material, each layer
being active for a different wavelength band, said wavelength bands jointly covering the
visible wavelength range.
s. A display device as claimed in Claim 3, characterized in that the
cholesteric filters comprise a single layer of a liquid crystalline polymer material, within

20 which layer the pitch of the molecular helix varies between two values which correspond to
the lower limit and the upper limit, respectively of the reflection band required to cover the
full visible wavelength range.
6. A display device as claimed in Claim 5, characterized in that the diffusing
medium is constituted by a liquid crystalline layer which is enclosed between two optically

25 transparent plates, and in that the cholesteric filters constitute a three-dimensional network
and a self-supporting film which is suitable to be provided directly on the plates.
7. A display device as claimed in Claim 3, characterized in that at least a
plurality of layers of the cholesteric filter comprises a liquid crystalline polymer in which the
pitch of the molecular helix varies, each layer being active in a different wavelength band.



all radiation fromthe radiation source is utilized for form ng inages,
reflective @%99%]?33225 pol ari zers are used instead of chol est erﬂa@b&,{,&;?.
Such pol arizers are |inear polarizers and are known per se from ftor
exanple the article: "Retroreflecting Shﬁft Pol ari zer" by MF. Weber
in SID International Synposium 1993, Didgest of Technical Papers, Vol. XXV,
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5 The PDLC (Pol ymer-Di spersed Liquid Crystal) operates
as an opti cakyyeszzazs di ffusing, depolarizing material. The PDIP&WS%'OJ%
conprises a quuig crystalline materi al havi ng an ordi nary retractive
index n[err] and an extraordinary refractive index n[err] which is

di spersed in the formof drops 47 in a transparent polynmer material 49
having a refractive i ndex n[err]. 4M)voltage is applied across the
| ayer 7, the nolecules 51 within the drops 47 100 have the same net
orientation, but the drops anong thensel ves have a different orientation,
as is showmn in Fig. 3a. The radiation froma radiation source 17; 31; 35 is

pol ari zed by the first polarizer 9 in a given direction of rotation or
| i near direction of polarization. Due to 20 smat ch bet ween t he
refractive indices of the drops and the rix and m smatch between

the refractive indices anong the drops thenselves, there is diffusion
within the PDLC layer 7 15 and this radiation is depol ari zed and
consequently partly transgi+t-ed-by +he -se60Re~polar ze~ 3--5911. In this

case the display panel 5 is in the bright state. However, mﬁ n, as i s shown
i

in Fig. 3b, a volt&géi [ ac ye , ot her words
when i nage informg14mg o} be di splayed 1s applied he nol ecul es 51

in the drops 47 arg {t hug Sul 0 an erectric i el

direction 50,4gth ﬁo-drz5fw1nnzrﬂﬂr1n11ﬂﬂ1ﬂﬂﬂm7-berw63ﬁ t
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~SLYa : | of-

the_

drops and 20 th

refractive indeXy Ljéj] 0f 1 Lhe 5 In this
case the PDLG7+a is g eeet 0@ of 4t he 17

field. The radi gtA\on fron1the2{a jation source is again polarizepalby the

first polarizer t is _ “tramSnmitted by the PDLC 7 while t ai ni ng
the state of pol am i gnCand—subsequentily — — — rFeH ect—eﬂ\gg t\e second,
conpl enmentary pol{§-+=zer<1l. In this case the display panel is W the 25

dark state. ;7?f7f7?717171?3%57}7§z7fyq7qpreﬁ3ingenc Jand the
diffusion within the optically actiVe di T f'usi ng 'médi um are preferably
mnimal in the transparent state of this nmedium even upon a
non- per pendi cul ar ssage, so as to nmintain the dark state he ,di spl ay
panel , an e;pgginent may be chosen in which the nediun1Eq<§ qug(j
crystalline mateylal which 30 conprises polynerizable nol ectl'e® *and
ordi nary, non-pofynerizable nolecules. Such a material is a diffusing
gel and is knowt, for exanple fromUnited States Patent US-A
5,188, 760. Figs. 4a and 4b show an exanpl 02 such a gel. The layer 7 is a
m xt ure of pol yneri zabl e nDIecuIesnﬁgg' @ ordi nary nol ecul es 57 of

0

liquid crystalline material. Wen oltage is applied across the
| ayer 7, all nolecules 55, 57 are oriented substantially
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per pendi cul WPY3BF¥2dhe substrate 53, as is shown in Fig. 4a. Fﬁ”ﬁ?”&@g%’ée,

an orientation |ayer, which is not shown, is present between the

di ffusing nmedium 7 and the substrate 53. ,I ncident radiation is
transmtted w thout obstruction, which s that the layer 7 is
transparent. This results in the rk state for the display panel 5,

because the radiation transmtted by the first 5 polarizer 9 does not
change its state of polarization and is thus bl ocked by the second,

conplenentary polarizer 11 and will again be reflected in the |ayer 7.
However, when a voltage is applied across the layer 7, at which the
direction of the electric field is denoted by the arrow 50, the

pol ymeri zabl e nol ecul esCoo W [T Tennin perpend mﬂrl—a'r'l'? oriented on the
substrate 53, as is shown in Fig. 4b, while the ordinary nol ecules 57 tend
to direct 10 thenselves parallel to the substrate 53. In this state the

| ayer has a diffusing effect, which means that the display panel 5 is
in the bright state. The optically diffusing nedium
7 may alternatively be a different liquid crystalline polyner

conposite such as, for exanpl mer Network Liquid Crystal)
as is known per se, for exanple fromthe arjticle: "Electro-optic Properties
and 15 Miltiplexibility for |Polymer Networjkl#=quid Crystal D splay
(PN-LCD)" by T. Fujisawa et al. in Jagan ﬁ splay '89, pp. 690-693, or
an NCAP (Nematic Curvilinear i gned Phase)| as i s known per se, for
exanple fromthe article: "Polyner Encapsul ated Nematic Liquid

Crystals for Display and Light Control Applications” by J. Ferguson in SID

I nt ernati onal Synposi um 1985, Digest of Technical Papers, pp. 68-70.
20 To prevent disturbing gffects due to birefringence
in the nedium a ret ar daEi®eA-l-ayer—592 Wh¥eh i s shown by neans of a -
broken Iine in Figs. la, Ib and 2, may wprovided on top of the

di splay panel 5 of the displa ; retardation | ayers are

known per se fromthe article: "H ghly Miltiplexed Super Honeotropic LCD
by. J.F. Cerc et al. in[Japan D spl ay-1989, pp. 188-191. éﬁh

In the above-descri bed enbodi nents of the optical Iw_diffusing,

depol ari zing | ayer 7, the IaygL_Z_Ls_smLthaQLe bet Z trangpeg ent and a
diffusing state. In the transparent state®the crossed pol zers 9,
11 ensure that no light fromthe radiation source is trandatted by

t he di splay panel. The transparent state of the layer 7 thus

@



corresponds to the dark state of the display panel. In the diffusing state,

the | ayer RS 59425 30 a depolarizer. This neans that hal fpdragoseasd
will be transm ed‘ by the second pol arizer 11 and half wll be

reflected. This reflected Iight will subsequently be reflected between the

reflector and the two polarizers untilajhfy has the suitable state of

pol ari zation to pass the second F;M lzer 11 in the direction of the
viewer. There is depolarization at each passage- t hrough the | ayer 7.
The medium 7 thus has a dual function. On the one hand, it has,the

WD 95/ 33224 . _7.
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1. A display device conprising an illum nation system havi ng
a radi ati on wo9s/3s04rce for suppl ying a radi ation beam and apctaRShoRs

di ffusing display panel conprising an optically active diffusing
medi um which is switchabl e between a transparent, polarization-

mai ntai ning state and a diffusing, depolarizing state for the radiation
beam and a first 5 polarizer having a Vr t polarization effect and a
second pol ari zer having a second, conpl ementary pol ari zati on effect,
said pol arizers enclosing the nmedium characterized in §3 that at |east
the first polarizerfis a reflectlng pdTarlzer and | nj+tat ‘
pol ari zati on-convert I de of 7the first
pol ari zer facing away [] . - A
di spl ay device as cla r’ e n at the two 10
conpl ement ary pol ari ‘& g n" 3.

A di splay device as ¢ ?mﬁ ’rlzed in that the
reflecting polarizer i ﬂ‘ that the
pol ari zati on-converti \n ; ‘;6“.

A di spl ay device as C|““ SN
chol esteric filters cofygh ‘=I‘
material, each |ayer /8

4.
io |n that the 15
aliquid crystalline
t wavel engt h band, said
velength range. 5.
8' in that the
dl\ d crystalline pol ymer
bcul ar hel i x varies
limt and the upper

: s‘{
\. .

f‘g‘ L s-

mavelength bands jOIn
A di splay device as cf “s ‘
chol esteric filters c \I
material, within 20 ' ‘
bet ween two val ues “
limt, respectively of ' /, z ‘Gﬂll h mt,,en\ o cover the ful
vi si bl e wavel ength ra ! ! i/‘ { play device as cl ai ned
in Caimb5, characteri i"‘ V/j l vl‘ ‘I' diumis constituted
by a liquid crystalli ; ‘ﬁ j { '--n two optically 25
transparent plates, and b t nles’--l' s $pnstitute a
t hr ee- di nensi onal ne¢twor a self-su rA1Tng 14In1mh|ch I's suitable
to be provided direcTTy onmThe pn%gs F/)py{?f/t FLEdl'sd ay
device as clained in Caim3, ch§§acterized i §7that at |eas
plurality of layers of the cholesteric filter conprises a liquid
crystalline polyner in which the pitch of the nolecular helix varies,
each | ayer being active in a diff§Fent wavel &gfth band.
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(57) Abstract

Display device (1) comprising an illumination system (3) having
a radiation source (17; 31, 35) for supplying a radiation beam. The
display device (1) also comprises a diffusing display panel (5). This
panel (5) consists of an optically active diffusing medium (7) which is
switchable between a transparent, polarization-maintaining state and a
diffusing, depolarizing state for the radiation beam. The medium (7) is
present between a first polarizer (9) having a first state of polarization
and a second polarizer (11) having a second, complementary state of
polarization, At least the first polarizer (9) is a reflecting polarizer and
polarization-converting means (10) are arranged at a side of the first
polarizer (9) facing away from the display panel (5).

(54) Title: DISPLAY DEVICE HAVING A DIFFUSING DISPLAY PANEL




