rrageTPsapeet asF&nhC?acW% Ui d oy

nvent I “‘

10

15

20

25

30

35

q{Erg3\-T e

L
F. Hoffmann La: Roche AG Basle, Sw1t2erland
Ref, 4701/138

Im Display Device with Liqui 1 Cell

The invention relates to an image display device comprising
a liquid crystal cell made up a liquid crystal between two plates
provided with drive electrodes and wall orientation layers and an
optically anisotropic polymeric additional element.

In known manner, liquid crystal displays or liquid crystal
light valves, etc (hereinafter comprehensively described as liquid
crystal cells) are provided for various purposes with optically and
isotropic additional layers or additional elements. Conventionally,
for example, the typical yellow or blue colouring in highly twisted
nematic liquid crystal displays (STN or SBE-LCDs) is compensated
by a double refracting additional layer to obtain a black-white
contrast. The additional layer can be a liquid crystal and
constructed in similar manner to an electro-optically active liquid
crystal display (double layer STN-LCDs). Non-liquid crystal
compensation layers, however, are also known, e.g. "retarder” foils
of optically anisotropic polymeric material. These foils have
hitherto been produced by mechanical stretching.

Other applications of optically anisotropic additional
elements in conjunction with liquid crystal cells include the use of
A/4 plates or A/2 for rotating the direction of polarization of plane-
polarized light or for generating elliptically polarized light from
plane polarized light or vice versa.

Optically anisotropic additional layers or elements are
usually stuck to the plates bounding the liquid crystal,
particularly in the case of polymeric foils. This requires additional
critical working steps (blister-free and dust-free adhesion
processes). In addition, an electrostatic charge is produced by
pulling the protective foils off the adhesive surfaces, and this

Bu/08.02.96
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a liquid crystal cell made up a liquid crystal between two plates
provided with drive el ectrodes and waFl orientation |ayers and an
optically anisotropic polynmeric additional elenent. In

known ”a””%%édsﬂb“ﬂlecrd\ﬂﬁ andlir2LEYS tflé bhgﬁirtdofrbigﬁﬁi crystal celld.i ght

val ves reirhafter conprehensive

crystal CE@? Iyy it prodmpassibje %rP’EﬂYégﬁu §e§w\ﬁ|hlaﬁl"d‘é é&ﬁt(jh%‘ﬁd

| sotropi c mltmﬁanllabf@wrmmr optiidial | properdesnemich woryvdnt iaccetdance
for exanple thet {Iowor bl ue colouring in highly tw sted

nemati c I| @‘r%# ‘iag 595 (STN or SBE-LCDs) is conpensated

by a doubl e refractl ng addltlonal | ayer to obtain a black-white

contrast. The adfydigpglof "%Hé‘rm%ﬂuBﬁ £ 'tbqebdwﬁéy k éﬁ‘idvantaﬁes of

constructed in symlar manner Rg ec ro-optica
crystal di $prapriogoa éﬂﬂa%re@l’ ycpeyel Ngguid; Eib)f%a r‘ﬁ $ an
corrpensatlcp}oljgm%ﬁ cbavepr’., are also known, e.g. "retarder” foils

10 To this end according to the invention, in the case of an
image-representing device of the initially-mentioned kind, the
additional element comprises a layer of an oriented photopolymer.

for the purpose of the present description, the term
15 "photopolymer" is used for a polymer or a composition of
polymers which are photochemically modified by polarized light.
This modification is called polymerisation or photopolymerization
hereinafter. Reference is also made to the simultaneous Patent

Application No. ......ccccuu.ee (RAN 4701/137).
20
In a preferred embodiment of the invention, the layer is
divided into a number of separate regions having optical
properties which vary from region to region.
25 In another preferred embodiment of the invention, the

regions form a regular grid in which two different optical
properties alternate.

Preferably the optical path difference and/or the orientation
30 of the refractive index ellipsoid vary from region to region.

Preferably also, the liquid crystal is a super twisted nematic
liquid crystal and the layer has an optical path difference which
compensates the inherent colour of the cell.

35

Alternatively and optionally, the layer has an optical path

difference which alters the colour of the cell.
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of optically anisotropic polymeric material. These foils have

hitherto been produced by nechani cal §t r et chi ng. O her
applications of optically anisotropic~additional el enents in
conjunction with liquid crystal cells include the use of err]/4

pl ?t es o(r]I l[er;] 1 /13 fa?rpartit:alarhg prefertiede e@mbodinierntolodr ithet imwendiomn| thee-

pol ari ze I.ght_ or r ti I Lt Pkt C |.Z€ y.ght from

pl ane pol arngk‘H’SI ifgl"@ ggﬁgfé 8@3’&‘3 H’Pélk PAIJ ¥hé)0é(ﬁbgt(|ﬁ(§g' Yy ani sotropic
addi tional |ayers or elenments are “usual ly stuck to the plates
bounding the |i gy dinGilet dhreferred embdfhdntUbE" the | vieheighasehef pol yreric
foils. This requires ad,dlthn@*I? \ crit.cal vvoeé_él grs.es

(bl i sterd f rRRIGH IPERRATHES c8F oltite IPBHPNS result mp?i&fsg s?. ﬁcﬁﬁ“’ilédf’ﬁ on, an
el ect r ost atpolatikation, i so phadudifferent picture items | ¢amy hehesiprudtamcti ve foils

off the adré%suis\{)(; tcllusrpfl%&f,’ A ﬁr@i‘&ab]y the different picture items

comprise the right and left items of a stereoscopic picture.

10 In another preferred embodiment of the invention, the
additional element is part of a screen in the image plane of a rear
projection system.

Examples of the invention will now be described with
15 reference to the accompanying drawings, in which:

Fig. 1 is a diagram of a colour-compensated STN liquid
crystal display;

20 Fig. 2 is a diagram of a liquid crystal cell for colour display;

Fig. 3 shows a grid of coloured areas belonging to the cell in
Fig. 2;

25 Fig. 4. is a diagram of a liquid crystal cell for reproducing
stereoscopic images;

Fig. 5 shows a polarization grid of the cell in Fig. 4, and

30 Fig. 6. is a diagram of a rear projection device for
reproducing stereoscopic images.

Oriented photopolymerization can be used to produce trans-
parent polymer layers with a defined optical path difference or
35 retardation 8 An-d, where An = (ne-ng) = the photo-induced
optical anisotropy between the ordinary refractive index ne, and d
is the thickness of the polymer layer. The optical path difference
5 is determined by the duration and intensity of illumination and also by
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2 i ncreasesThifishedlUn! BaRNAepiRGUCEs the output of liquid crystal cells.

Finally, it i i provi de these nechanically stretched
additional la mrmuﬂi“gal properties which vary in accordance with a
desired pattern. imof thednvention is to obviate these

di sadvant ages of

the layer thickness d and take values in the range between 0 and 400 nm.

If the monomer film is illuminated with non-polarized light, § = 0. Also,

the direction of ne can be determined by the direction of oscillation

of the plane-polarized light used for polymerization. The direction
5 of oscillation can be varied in the range from (0° to 180°.

Patterns or large-area optical retarder layers can be
produced with the previously-described methods and materials,
opening up a number of possibilities for manufacturing novel

10 liquid crystal displays. the novel liquid crystal displays can be
operated in transmission or in reflection. The electro-optical
effects used can in principle be any known field effects, i.e. the
twisted nematic effect (TN-LCDs), supertwisted nematic effects
(STN-LCDs), deformation of aligned phases (DAP-LCDs) or the

15 following ferroelectric field effects: surface stabilized ferro-
electric (SSF) effect, deformed helical ferroelectric (DHF) effect or
short pitch bistable ferroelectric (SBF) effect.

The STN cell shown diagrammatically in Fig. 1 comprises two
20 glass plates 1 and 5 coated with drive electrodes 2 and 6. the
electrodes are usually segmented, i.e. in the case of a display cell.
The electrode layer 2 on the plate 1 shown to the 1 eft of the
drawing is covered in conventional manner with an orienting
layer 3 by means of which the adjacent molecules in the liquid
25 crystal 10 between the plates are aligned in a preferred direction.

The right-hand plate 5 has a similar orientation layer 7 on
its surface facing the liquid crystal. However, an intermediate
layer 9 of oriented photopolymer is disposed between layer 7 and

30 the electrode layer 6. The intermediate layer 9 is optically
anisotropic and therefore in known manner is suitable as a
retarder layer for colour compensation of STN cells. A particularly
advantageous feature of the photopolymer layer used is that its
anisotropic properties can be influenced within wide limits by the

35 conditions of manufacture during photopolymerization. The
optical path difference of the layer 9 and the direction of the
major axis of the double refraction ellipsoid An can thus be given
the exact construction for optimum colour compensation.
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the prior art and to enbody novel liquid crystal displ a]ys and erlg)ejer{aﬁ
concepts. To this end according to the invention, ﬁ

i mage-representing device of the initally-nmentioned ki n S‘ﬁﬁw
el ement conprises a |ayer of an oriented photopolyner.
purpose of the present description, the term "photopolyner” is used for a
polymer or a conipOS| tion of polynmers which are photochemically nodified by
pol ari zed |i ght .Imstead @fdbeingaminiforiy, tapere® pan ybersteantiured,or.e. its

bat ent Appl gl BRpAtRSneah “itteF f Fifioht 686, MHICuie hlandyTol Snecus
embodi mgnlto Qﬁamw(s” ALRASt %\Hﬂi'éaﬂ@'uraggmpegsatlon 1 e. black-white contrast

5 can alternate with areas which are not compensated, i.e. are
coloured.

an
aI

Instead of a layer 9 on one of the two plates, retarder layers
can be provided on both plates. This is important during
10 reflection operation of the liquid crystal cell.

Alternatively the retarder layer 9 can be disposed between
the glass plate 1 and the electrode layer 2. This is particularly
advantageous when the thickness of the retarder layer 9 must not

15 have any electrical effect, i.e. no voltage drop across layer 9 must
occur when a voltage is applied to the electrodes.

Alternatively the retarder layer 9 can be applied to the
outer substrate surface or surfaces 1 and 5.
20
The orientation layers 3 and 7 can be given their orientating
action in conventional manner by oblique vapour deposition or by
abrasion. Alternatively, oriented photopolymers can be used for
the orientation layers.
25
The liquid crystal display cell shown in Fig. 1 is
supplemented by an input plane polarizer 4 and an output plane
polarizer 8 disposed crosswise relative to the input polarizer.
Alternatively, in known manner, circular polarizers can be used
30 instead of plane polarizers.

Non-polarized light 12 coming from a source 11 is plane-
polarized by polarizer 4 in the direction at right angles to the
plane of the drawing and, on transit through the liquid crystal

35 when the latter is switched off as shown, is converted into
elliptically polarized light by splitting and partial twisting. If
there were no layer 9, the light would be coloured as a result of
differences in the transit time in the liquid crystal 10, depending



divided into a nunber of separate regions having optical properties which
vary from regi gg; §etHagBRMReplaced I n anot her preferred enbodi nent of the

i nvention, the r regular grid in which two different optical
m referably the optical path difference and/or
racti

properties alter
the orientation ve ind@gx ellipsoid vary fromregion to

region. ~  Preferably also, the liquid crystal is a super twsted
e 8 SRR ot B SRR o' B Dol LR S 0 <"
opt i onal | y,carhpensatéon,hassehtingotincal black-white contrast between the
switched-on and the switched-off state. The output polarizer 8
transmits to the observer 14 that part 13 of the light which
5 oscillates parallel to its direction of polarization.

In the switched-on state and when the STN cell is operated
in positive contrast mode, the liquid crystal 10 becomes optically
uniaxial for transmitted light, so that linear polarization is

10 maintained, the output polariser 8 blocks the light, and the
observer 14 sees no light.

The optical path difference and the position of the double
refraction ellipsoid of the optical retarder layer can be chosen so
15 as to compensate the inherent colour of STN display cells, or
alternatively these values can be chosen in conjunction with the
polarizer positions so as to generate colours by means of the cell
in Fig. 1.

20 As is known, in the case both of optically bistable field
effects and effects with grey shades, the properties (wave guiding,
double refraction) on which the effects are based can be used for
generating colours, if the polarizers are in suitable positions.
These interference colours can be influenced by one or more

25 additional retarder layers. Various adjacent colour surfaces can
be obtained, owing to the already-mentioned possibility of
structuring the retarder layer with regard to its optical properties,
i.e. patterns with various path differences and positions of the
double refraction ellipsoid in various areas.

30
An example of a colour display with variously coloured
pixels disposed side by side in a regular grid is shown
diagrammatically in Figs. 2 and 3.
35 A display cell, shown diagrammatically in section in Fig. 2,

has substantially the same construction as the cell in Fig. 1. In
contrast to Fig. 1, the retarder layer 9 changes places with the
electrode layer 6. Also, these two layers are divided into



di fference which alters the col our of the cel

3 In a particularly preferred snbodinent of the invention the
regions formdifferent colour pixels for the col our display. ~In
anot her preferred enbodi nent of the invention, the optical properties of

the regi ondndirdghal aread id &f @#d.di TRE!#eRAR £ plan view, in the case of
the electrode layer 6 and the retarder layer 9, is the image shown
in Fig.3, made up of pixels disposed in lines and columns.

5 To obtain a colour display, the retarder layer is disposed e.g.
so as to obtain red in the region of the top left pixel 15, green in
the region of the adjacent right pixel 16, yellow in the region of
the next pixel 17 of the line, followed by red again. In the next
line the colours are displace sideways by one step.

10
A wide range of optical path differences of the optical
retarder layer or layers in the various regions can be obtained by
varying the duration (illumination time) of light irradiation during
polymerization or by varying the intensity of the polarized light.
15

In addition, as already mentioned, the wall orientation
layers can be produced in grid form with varying directions of
orientation, by sequential photopolymerization. This is also a
method of varying the position of the nematic directions relative

20 to the polarizers for each pixel. Very varied colour effects can be
obtained in co-operation with the optical properties of the
retarder layer or layers, specific to the pixel.

As an alternative to Fig. 2, the optical retarder layers can be
25 disposed between electrode layers and wall orientation layers or
on the outer sides of the glass plates.

A similar configuration can be used to construct a liquid
crystal for reproducing a stereoscopic image. A display of this
30 kind is shown diagrammatically in section in Fig. 4. A conven- -
tional twisted cell comprises a nematic liquid crystal 21 twisted
through 90° between two glass plates 22, 23 provided with
electrodes 24, 25 and orientation layers 26, 27.

35 Also, two crossed polarizers 28, 29 are provided, together
with a retarder layer 30 on the surface exposed to light behind
the output polarizer 29. The retarder layer has optically iso-
tropic regions and regions in which the path difference is A/2.

I
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pol ari zation, so that dlfferent picture itenms can be sinultan- eously

di spl ayed, a:hlsiS pidya ffe different picture itens conprise the right
and | eft |te copic picture. I n anot her preferred _
enbodi nent of the addi8ional element is part of a screen in

the i mage pl ane of a rear pI‘OJ ection system Exanpl es of the
I nvention will now be described with reference to the acconpanyi ng
drawi ngs, in which: Fig. 1 is a diagram of a col our-conpensated STN

liquid crystal Udiight 34 coming fforg. a2sowrce BB aiy phard-poldrizud bycrhst al cel |
for col our js#Pp@Yarizer 28. The directions of vibration of the electric
vector of the light are indicated by respective chain-line arrows.

After transit through the switched-off twisted cell, the light
vibrates at right angles to the plane of the drawing and can thus
pass through the output polarizer 29. In transit through the next
retarder layer 30, the direction of polarization is rotated through

10 90° in the region in which the retarder layer acts as a A/2 plate.
In the other region, the direction of polarization of the light is not
rotated. If, by suitable actuation of the associated electrode
regions, the right-hand items of a stereo image are supplied to one
region of the retarder layer and the left-hand items are supplied

15 to the other region, a stereo image can be observed through
polarization glasses 35.

Alternatively, in this arrangement, the output polarizer 29
can be incorporated with the retarder layer.
20
In Fig. 5, which shows the division of the surface of the
display cell into pixels, the various directions of polarisation of
adjacent pixels are shown e.g. as suitable for black and white
reproduction. However, a colour display can be obtained in
25 similar manner without difficulty, by a corresponding additional
distribution of the pixels.

The construction described hereinbefore for a TN display
can be obtained in similar manner with other liquid crystal
30 effects, e.g. STN or ferroelectric effects.

Instead of dividing the retarder layer into regions with
8 = A/2 and optically isotropic regions, a different distribution of optical
anisotropy is possible. For example, § can equal A/4 for some of the
35 regions, so that the transmitted plane-polarized light is converted into
circular-polarized light, e.g. right-handed. In other regions, 3 is set at
3/4 A, so that the light is also circular-polarized but in the
opposite direction of rotation. This is another method of showing



Fig. 3 shows a grid of coloured areas belonging to the cell in Fig. 2;
Fig. 4. is a diagramof a liquid crystal cell for reproducing stereoscopic

I mages; Fig. 5 shows a polarization grid of the cell in Fig. 4, and
Fig. 6. is a diagramof a rear projecBion device for reproducing
st ereoscopi ¢ i mages. Ori ented photopol ynerizati on can be used to

produce tr - r )ﬁ@; I ] : | i ﬁ&rh' | fference
or ret ardaﬁpgnl%rrﬁ?&[{e}g{] N, dt p\%@{ré ﬁlﬁh{} %rlll?@fr“ra?%ﬁ[lg&] ,:‘R elngl
phot o- i ndudbgm steréoscopically through suitable glasses containing a left-

hand and a right-hand circular polarizer.

5 Fig. 6 shows a rear projection device based on the same
principle. It contains a plane polarizer 38 in the path of the light
coming from a source 36 and polarizing the light parallel to the
plane of the drawing. A TN liquid crystal cell 40 is disposed
behind the polarizer and comprises an input-side glass plate 41

10 with an electrode layer 42, an orientation layer 43, a nematic
liquid crystal 44 twisted through 90° and a glass plate 47
provided with an orientation layer 45 and electrodes 46. In the
switched-off state, light leaves the cell in a direction of
polarization rotated through 90°. The light now reaches a focusing

15 lens system 48 and a mirror 49, which directs the light towards a
projection screen 50. The screen comprises a plane polarizer 51
and a retarder layer 52, both on a diffuse trans- parent substrate
53. The projection screen is in the image plane of the projection
system,

20
The retarder layer consists of a structured photopolymer
with regions alternating between isotropy and 3 = A/2. Like the
display in Fig. 4, the projection device in Fig. 5 can operate with
circular-polarized light if the retarder layer is divided into A/4 and 3/4 A
25 pixels. If colour projection is required, a corresponding division is
necessary for all colour pixels on the right and left image.
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optical anisotropy between the ordinary refractive index ne, and d is the
thi ckness of the polyner |ayer. The optical path difference [err] S

det er | on and intensity of illum nation ang h%gl-ﬁygeenl{eplaced
4‘ n‘lﬁm " "j Mm% d and take vall@es in the range bet vvee dﬂu [lmnml
| f m

the fron® ey s illumnated with non-polarized |ight,

Al so, the direction of n[err] can lpe det&im ned by the direct

oscill ation

1. An image display device comprising a liquid crystal
cell made up of a liquid crystal (10, 21, 44) between two plates (I,
5 5; 22, 23; 42, 47) provided with drive electrodes (2, 6; 24, 25: 42,
46) and wall orientation layers (3, 7; 26, 27; 43, 45) and an
optically anisotropic polymeric additional element (9, 31, 52),
characterized in that the additional element comprises a layer of
an oriented photopolymer.

10
2. A device according to claim 1, characterized in that the
layer (9, 31, 52) is divided into a number of separate regions (15,
16, 17) having optical properties which vary from region to
region.
15
3. A device according to claim 2, characterized in that the
regions (15, 16, 17) form a regular grid in which two different
optical properties alternate.
20 4, A device according to claim 2, characterized in that the
optical path difference varies from region to region.
5. A device according to claim 2, characterized in that the
position of the double refraction ellipsoid varies from region to
25 region.
6. A device according to any one of claims 1 to 5,

characterized in that the liquid crystal (10) is a super twisted
nematic liquid crystal and the layer (9) has an optical path
30 difference which compensates the inherent colour of the cell.

7. A device according to any one of claims 1 to 5,
characterized in that the layer (9) has an optical path difference
which alters the colour of the cell.

35

8. A device according to claim 7, characterized in that the
regions (15, 16, 17) form different colour pixels for the colour
display.



~of the plane-polarized Iight used for polynerization. The direction of
oscillation can be varied in the range fromO[err] to 180[err].

Patter optical retarder |ayers can be produced with the
previ clmlm IM]MﬁntumLt hods and rratf iaI S, opening up a nunber of
possi biTitie$ fbr hardufacturing novel "liquid crystal displays. the novel

liquid crystal displays can be operated in transm ssion or in reflection.
The el ectro-optical effects used can in principle be any known field

effects, i.e. t t Wit f T p sted nematic
effects (STN LC& ef %Lrlrgf%kbgqlﬁg EFtanér bﬁ%iﬁb@% EC@% or the
fol | owi ng PB?F%S‘éFTéEF i i fthat ther pptical ryeppaé%s Qfa ¢|§e€d°$%rfre§“1tel"éctr| c

(SSF) eff e@ﬁffeﬁbiftoﬁmi%étﬁﬁﬂsl @alf GIaerﬂtﬁﬁi rs6 fHAdFYifgéfemtt piitufd GitémBi t ch
bi st abl e ferro%l ectl‘l(i (nSB":,) tl
simultaneo sly dlsp ayed.

10. A device according to claim 10, characterized in that
the different picture items comprise the right and left items of a
stereoscopic picture.

10
11. A device according to claim 10, characterized in that
the additional element is part of a screen in the object plane of a
rear projection system,
15 12. A device according to claim 10, characterized in that

the additional element is part of a screen in the image plane of a
rear projection system.

13. A device according to claim 10, characterized in that
20 the additional element is part of a screen in the object plane of a
forward projection system.

14. A device according to claim 10, characterized in that
the additional element is part of a screen in the image plane of a
25 forward projection system.
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The STN cell shown diagrammatically in Fig. 1 conprises two glass plates 1
and 5 coated with drive electrodes 2 and 6. the electrodes are usually

segnented, i.e. in the case of a displpay cell. The electrode |ayer 2 on the
plate 1 shown to the 1 eft of the dramng is covered in conventional nmanner
with an orienting |layer 3 by nmeans of which the adjacent ecules in the

liquid crystal 10 between the plates are aligned in a pref Q13 ¢ i on.
The right-hand plate 5 has a simlar orientation layer 7 on its surface
facing the liquid crystal. However, an internediate |ayer 9 of oriented
phot opol yner is di sposed between |ayer 7 and the el ectrode |ayer 6. The
intermediate layer 9 is optically anAbstraeti c and therefore in known manner
is suitaple as a retarder |ayer for colour conpensation of STN cells. A
particul arly advant ageous feature of the photopol yner | ayer used is that
its
The image-producing device comprises a liquid crystal cell
with a liquid crystal (10, 21, 44) between two plates provided
with drive electrodes (2, 6; 24, 25; 42, 46) and wall orientation
10 layer (3, 7; 26,27; 43, 45) and an optically anisotropic polymeric
additional element (9, 31, 52). The additional element, which can
be a separate element or in the form of a coating or a foil stuck

directly to the cell, comprises an oriented photopolymer.
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’ ani sotropic properties can be influenced within wide imts by the
condi ti ons of manufacture during photopol ynerization. The optical path
difference of the layer 9 and the direction of the major axis of the double

refractj n el li d [er cary t higs be gi vendthe exag co uction for
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I nstead of being uniform |ayer 9 can be structured, i.e. its optical

properties can differ in different areas. In this manner, for exanple,
~areas wWith colour conpensation, i.e. black-white contrast, can alternate
w th areas which are not conpensated, i.e. are col oured. I nstead of a

| ayer 9 on one of the two plates, retarder |ayers can be provided on both
plates. This is inportant during reflection operation of the |iquid crystal
cell. Alternatively the retarder |ayer 9 can be di sposed between the
glass plate 1 and the electrode layer 2. This is particularly advantageous
when the thickness of the retarder |ayer 9 nmust not have any el ectrical

effect, i.e. no voltage drop across |ayer 9 nust occur when a voltage is
applied to the el ectrodes.
23 27 21 32 30 33
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Alternatively the retarder |layer 9 can be applied to the outer substrate
surface or surfaces 1 and 5. The orientation |layers 3 and 7 can be
given their orientating action in conventional nmanner by oblique vapour
deposition or by abrasion. Alternatively, oriented photopol yners can be
used for the orientation |ayers. The liquid crystal display cel

shown in Fig. 1 is supplenented by an input plane polarizer 4 and an out put
pl ane pol arizer 8 disposed crosswise relative to the input polarizer.
Alternatively, in known manner, circul ar pol arizers can be used instead of
pl ane polarizers. 4]} 43 44
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Non-pol ari zed Iight 12 comi ng froma source 11 is plane- polarized by
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j The invention relates to an image display device comprising

a liquid crystal cell made up a liquid crystal between two plates
provided with drive electrodes and wall orientation layers and an
optically anisotropic polymeric additional element.

AN D Whra b 4 . YRGS

In known manner, liquid crystal displays or liquid crystal
light valves, etc (hereinafter comprehensively described as liquid
crystal cells) are provided for various purposes with optically and
isotropic additional layers or additional elements. Conventionally,
for example, the typical yellow or blue colouring in highly twisted
nematic liquid crystal displays (STN or SBE-LCDs) is compensated
by a double refracting additional layer to obtain a black-white
contrast. The additional layer can be a liquid crystal and
constructed in similar manner to an electro-optically active liquid
crystal display (double layer STN-LCDs). Non-liquid crystal
compensation layers, however, are also known, e.g. "retarder" foils
of optically anisotropic polymeric material. These foils have
hitherto been produced by mechanical stretching.

Other applications of optically anisotropic additional
clements in conjunction with liquid crystal cells include the use of
A/4 plates or A/2 for rotating the direction of polarization of plane-
polarized light or for generating elliptically polarized light from
plane polarized light or vice versa.

Optically anisotropic additional layers or elements are
usually stuck to the plates bounding the liquid crystal,
particularly in the case of polymeric foils. This requires additional
critical working steps (blister-free and dust-free adhesion
processes). In addition, an electrostatic charge is produced by
pulling the protective foils off the adhesive surfaces, and this



on wavel ength. In known manner, |ayer 9 brings about col our conpensation,
resulting in a black-white contrast between the sw tched-on and the
switched-of f state. The output polarizer 8 transmits to the observer 14
that part 13 of the light which oscillates parallel to its direction of

pol ari zati on. In the swtched-on state and when the STN cell is
operated in positive contrast node, the liquid crystal 10 becones optically
uni axi al for increases tthe dusthrandsoeduecss thecomtpysd| of iliguidogrystahetellsai ned,
t he out put po 1136 i8 iR! Bea | 4 | i ght.
The opti cal pgﬁ,%ﬁ f1 grlgng‘gbgﬁ%%?%eﬂ% sﬂ, % t(};}? &f ﬁ%?@gﬁﬁcgﬁ?ef% ?lgzctﬂ?%an

el lipsoid of additipnalclayers: avigh optgel RraReHiesH¥Bish ary in accordance

with a desired pattern.

The aim of the invention is to obviate these disadvantages of
the prior art and to embody novel liquid crystal displays and
projection concepts.

To this end according to the invention, in the case of an
image-representing device of the initially-mentioned kind, the
additional element comprises a layer of an oriented photopolymer.

for the purpose of the present description, the term
"photopolymer" is used for a polymer or a composition of
polymers which are photochemically modified by polarized light.
This modification is called polymerisation or photopolymerization
hereinafter. Reference is also made to the simultaneous Patent
Application No. ......cceueuee (RAN 4701/137).

In a preferred embodiment of the invention, the layer is
divided into a number of separate regions having optical
properties which vary from region to region.

In another preferred embodiment of the invention, the
regions form a regular grid in which two different optical
properties alternate.

Preferably the optical path difference and/or the orientation
of the refractive index ellipsoid vary from region to region.

Preferably also, the liquid crystal is a super twisted nematic
liquid crystal and the layer has an optical path difference which
compensates the inherent colour of the cell.

Alternatively and optionally, the layer has an optical path

difference which alters the colour of the cel;l;;;;%'r--;___,j b
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as'to generate colours hy nmeans of the cell in Fig. 1. As is known,

i n thel case—both—of—-optiical |y bistable fiu,gl d effects and effects with grey
shades, the properties (wave guiding, double refraction) on which the
effects are based can be used for generating colours, if the polarizers are
in suitable positioff.a TpeakculBtS fpREfsteed CoOmbodimend bf hy linesaddnbyhene
or nore additional retar de(Li {F;'%er s. ,Vari aqus acl.' acgnt crl our .sulrfaces can be
obt ai ned, owi &IOS HOTH} [ULLETCRE FAlgRE PIXELS Jﬁflﬁlteycf? our, disRIAY: ng t he
retarder layer with regard to its optical properties, i.e. patterns with

vari ous path di ffergpcgs,ang posterieSeMbolifelPUbt GneeihchiioR, el PSOI d

i n various areas., ) . . . . .
optical properties of the regions result in different directions of
polarization, so that different picture items can be simultan-
eously displayed, and preferably the different picture items

comprise the right and left items of a stereoscopic picture.

In another preferred embodiment of the invention, the
additional element is part of a screen in the image plane of a rear
projection system.

Examples of the invention will now be described with
reference to the accompanying drawings, in which:

Fig. 1 is a diagram of a colour-compensated STN liquid
crystal display;

Fig. 2 is a diagram of a liquid crystal cell for colour display;

Fig. 3 shows a grid of coloured areas belonging to the cell in
Fig. 2;

Fig. 4. is a diagram of a liquid crystal cell for reproducing
stereoscopic images;

Fig. 5 shows a polarization grid of the cell in Fig. 4, and

Fig. 6. is a diagram of a rear projection device for
reproducing stereoscopic images.

Oriented photopolymerization can be used to produce trans-
parent polymer layers with a defined optical path difference or
retardation 8 An-'d, where An = (ne-no) = the photo-induced
optical anisotropy between the ordinary refractive index ne, and d
is the thickness of the polymer layer. The optical path difference
3 is determined by the duration and intensity of illumination and also by



An exanpl e df a-cet-ourygdi spllay with variously col oured pixels di sposed side
by side in & régular gri diis‘g shown diagranmatically in Figs. 2 and 3.

A di spl ay §ce"lJ-.--,----‘-sh-e\mm-“d'i-*adré}rmat ically in section in Fig. 2, has
substantially the sanme constiruction as ghe cell in Fig. 1. In contrast to
Fig. 1, theretardér layer 9 changes places with the el ectrode | ayer 6.

Al'so, these AR 12\9&9 £ﬁcﬁﬁgésdhvaind@de9a.l:ien$ﬁues in the range between 0 and 400 nm.
If the monomer film is illuminated with non-polarized light, 8§ = 0. Also,
the direction of ne can be determined by the direction of oscillation
of the plane-polarized light used for polymerization. The direction
of oscillation can be varied in the range from 0° to 1809,

Patterns or large-area optical retarder layers can be
produced with the previously-described methods and materials,
opening up a number of possibilities for manufacturing novel
liquid crystal displays. the novel liquid crystal displays can be
operated in transmission or in reflection. The electro-optical
effects used can in principle be any known field effects, i.e. the
twisted nematic effect (TN-LCDs), supertwisted nematic effects
(STN-LCDs), deformation of aligned phases (DAP-LCDs) or the
following ferroelectric field effects: surface stabilized ferro-
electric (SSF) effect, deformed helical ferroelectric (DHF) effect or
short pitch bistable ferroelectric (SBF) effect.

The STN cell shown diagrammatically in Fig. 1 comprises two
glass plates 1 and 5 coated with drive electrodes 2 and 6. the
electrodes are usually segmented, i.e. in the case of a display cell.
The electrode layer 2 on the plate 1 shown to the 1 eft of the
drawing is covered in conventional manner with an orienting
layer 3 by means of which the adjacent molecules in the liquid
crystal 10 between the plates are aligned in a preferred direction.

The right-hand plate 5 has a similar orientation layer 7 on
its surface facing the liquid crystal. However, an intermediate
layer 9 of oriented photopolymer is disposed between layer 7 and
the electrode layer 6. The intermediate layer 9 is optically
anisotropic and therefore in known manner is suitable as a
retarder layer for colour compensation of STN cells. A particularly
advantageous feature of the photopolymer layer used is that its
anisotropic properties can be influenced within wide limits by the
conditions of manufacture during photopolymerization. The
optical path difference of the layer 9 and the direction of the
major axis of the double refraction ellipsoid An can thus be given
the exact construction for optimum colour compensation.
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el ectrode layer 6 and the retarder layer 9, is t@é? frage—-shewn-in Fig. 3,
made up of pixels disposed in |lines and colums. i ! ,jﬁgﬁvp%%gid;ﬁ col our
display, the retarder layer is disposed g.g. so as%td~b i J?ed!ip t he
region of the top left pixel 15, green in the regiqp of .the adjacent right
pi xel 16, yellow in the region of the-next pixel {17 of the line, fpllowed

by red again. In the next |ine the colours are dii-_scpl---ae-e-ms*i\de-waysj one
st ep. A Wi dqnsRadeopfbanll aaiforal Nadiekf or et ase %ftniéi!ﬁréipt% aljts
retarder |ayer of ia ers i.n the vde{ ous rde:1 ons, can be ?bt&lined y

optical properties can er in erent areas. In s manner, for
example, areas with colour compensation, i.e. black-white contrast,
can alternate with areas which are not compensated, i.e. are

coloured.

Instead of a layer 9 on one of the two plates, retarder layers
can be provided on both plates. This is important during
reflection operation of the liquid crystal cell.

Alternatively the retarder layer 9 can be disposed between
the glass plate 1 and the electrode layer 2. This is particularly
advantageous when the thickness of the retarder layer 9 must not
have any electrical effect, i.e. no voltage drop across layer 9 must
occur when a voltage is applied to the electrodes.

Alternatively the retarder layer 9 can be applied to the
outer substrate surface or surfaces 1 and 5.

The orientation layers 3 and 7 can be given their orientating
action in conventional manner by oblique vapour deposition or by
abrasion. Alternatively, oriented photopolymers can be used for
the orientation layers.

The liquid crystal display cell shown in Fig. 1 is
supplemented by an input plane polarizer 4 and an output plane
polarizer 8 disposed crosswise relative to the input polarizer.
Alternatively, in known manner, circular polarizers can be used
instead of plane polarizers.

Non-polarized light 12 coming from a source 11 is plane-
polarized by polarizer 4 in the direction at right angles to the
plane of the drawing and, on transit through the liquid crystal
when the latter is switched off as shown, is converted into
elliptically polarized light by splitting and partial twisting. If
there were no layer 9, the light would be coloured as a result of
differences in the transit time in the liquid crystal 10, depending
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varying the: durati of (TTT”UHi ation time) of light irradiation during

pol yneri zat { on er; by-vanyi n%g he intensity of the polarized Iight. I n

addition, as &L{r"ea&y nmentioned, the wall orientation |ayers can be produced

in grid form vt
phot opol yneti zat

HA-var-yrg~di riections of qrientation, by sequential
ion. This is also a neth8d of varying the position of the
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nenmati ¢ dir ections~Terati VQTO the pokarizers for each pixel. Very varied
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of the retarder

| ayer ofF | ayers, specif
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gl ass pl at es.

transmits to the observer 14 that part 13 of the light which

oscillates parallel to its direction of polarization.

in

In the switched-on state and when the STN cell is operated
positive contrast mode, the liquid crystal 10 becomes optically

uniaxial for transmitted light, so that linear polarization is
maintained, the output polariser 8 blocks the light, and the
observer 14 sees no light.

The optical path difference and the position of the double

refraction ellipsoid of the optical retarder layer can be chosen so

as

to compensate the inherent colour of STN display cells, or

alternatively these values can be chosen in conjunction with the
polarizer positions so as to generate colours by means of the cell

in

Fig. 1.

As is known, in the case both of optically bistable field

effects and effects with grey shades, the properties (wave guiding,
double refraction) on which the effects are based can be used for
generating colours, if the polarizers are in suitable positions.

Th

ese interference colours can be influenced by one or more

additional retarder layers. Various adjacent colour surfaces can

be

obtained, owing to the already-mentioned possibility of

structuring the retarder layer with regard to its optical properties,
i.e. patterns with various path differences and positions of the
double refraction ellipsoid in various areas.

An example of a colour display with variously coloured

pixels disposed side by side in a regular grid is shown
diagrammatically in Figs. 2 and 3.

A display cell, shown diagrammatically in section in Fig. 2,

has substantially the same construction as the cell in Fig. 1. In
contrast to Fig. 1, the retarder layer 9 changes places with the
electrode layer 6. Also, these two layers are divided into
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A simlar conflguratlon ca? é)e used to construct a liquid crystal for

r epr oduci ng a st ereosco’p"l C |t'rage A display of this kind is shown

di agramat i cally in_ secmmﬁ |\¢n Fig. 4. A conven- tional twsted cell
conprises al nenwtic I|qU| d criystal 21 twisted through 90[err] between two
gl ass plates 22, 23 provi-ttet™Wwi t h el ect Yodes 24, 25 and orientation |ayers
26, 27. ' Al'so, two crossed pol arizers 28, 29 are provided, together
wi th a retardadividual aseas)mntmgrsdlrfa’he msmxsml plan| vigw, irehthedcdseeobut put
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in Fig.3, made up of pixels disposed in lines and columns.

To obtain a colour display, the retarder layer is disposed e.g.
so as to obtain red in the region of the top left pixel 15, green in
the region of the adjacent right pixel 16, yellow in the region of
the next pixel 17 of the line, followed by red again. In the next
line the colours are displace sideways by one step.

A wide range of optical path differences of the optical
retarder layer or layers in the various regions can be obtained by
varying the duration (illumination time) of light irradiation during
polymerization or by varying the intensity of the polarized light.

In addition, as already mentioned, the wall orientation
layers can be produced in grid form with varying directions of
orientation, by sequential photopolymerization. This is also a
method of varying the position of the nematic directions relative
to the polarizers for each pixel. Very varied colour effects can be
obtained in co-operation with the optical properties of the
retarder layer or layers, specific to the pixel.

As an alternative to Fig. 2, the optical retarder layers can be
disposed between electrode layers and wall orientation layers or
on the outer sides of the glass plates.

A similar configuration can be used to construct a liquid
crystal for reproducing a stereoscopic image. A display of this
kind is shown diagrammatically in section in Fig. 4. A conven-
tional twisted cell comprises a nematic liquid crystal 21 twisted
through 90° between two glass plates 22, 23 provided with
electrodes 24, 25 and orientation layers 26, 27.

Also, two crossed polarizers 28, 29 are provided, together
with a retarder layer 30 on the surface exposed to light behind
the output polarizer 29. The retarder layer has optically iso-
tropic regions and regions in which the path difference is A/2.
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8 Light 34 coming froma source 33 is pI ane— oI ar1 zed‘“by the I nput
pol ari zer 28. The directions of vibration of thﬁe él ectrlc weet of pf the
light are indicated by respective chain-line arrfows el CiRsteritransit
t hrough the switched-off twi sted cell, tge |ight \}lbrate&aiuwgh' angl es
to the plane of the drawi ng and can thus pass trLrough t he out put polarizer
29. In transit through the next retarder |ayer i30:~t-he:-di-rection of
pol ari zation is rotated through 90[err] in the region in which the retarder

layer acts as a [efL{dHt23R! @bfing from a source 33 is plane-polarized by the
input polarizer 28. The directions of vibration of the electric
vector of the light are indicated by respective chain-line arrows.

After transit through the switched-off twisted cell, the light
vibrates at right angles to the plane of the drawing and can thus
pass through the output polarizer 29. In transit through the next
retarder layer 30, the direction of polarization is rotated through
90° in the region in which the retarder layer acts as a A/2 plate.
In the other region, the direction of polarization of the light is not
rotated. If, by suitable actuation of the associated electrode
regions, the right-hand items of a stereo image are supplied to one
region of the retarder layer and the left-hand items are supplied
to the other region, a stereo image can be observed through
polarization glasses 35.

Alternatively, in this arrangement, the output polarizer 29
can be incorporated with the retarder layer.

In Fig. 5, which shows the division of the surface of the
display cell into pixels, the various directions of polarisation of
adjacent pixels are shown e.g. as suitable for black and white
reproduction. However, a colour display can be obtained in
similar manner without difficulty, by a corresponding additional
distribution of the pixels.

The construction described hereinbefore for a TN display
can be obtained in similar manner with other liquid crystal
effects, e.g. STN or ferroelectric effects.

Instead of dividing the retarder layer into regions with
3 = /2 and optically isotropic regions, a different distribution of optical
anisotropy is possible. For example, 8 can equal A/4 for some of the
regions, so that the transmitted plane-polarized light is converted into
circular-polarized light, e.g. right-handed. In other regions, 8 is set at
3/4 A, so that the light is also circular-polarized but in the
opposite direction of rotation. This is another method of showing



In the other region, the direction of polarization of the light is not
rotated. If, by suitable actuation of the associated el ectrode regions, the
right-hand items of a stereo inmage are supplied to one region of the
retarder |ayer and the left-hand itens are supplied to the other region, a
stereo i mage can be observed through polg?\ri zation gl asses 35.

Alternatively, in this arrangenent, the output polarizer 29 can be

i ncorporated with the retarder |ayer. In Fig. 5, which shows the

di vi sion of tthe deftf and ohettighdi pictune dedrhsi sinmulpancdus]y t ard veidwing
directions of ag4 | . dj ' . as syltabl e
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in sinilar nehard @Rd haurighitfhrandy|aigculpy polasizesspondi ng addi ti onal

Fig. 6 shows a rear projection device based on the same
principle. It contains a plane polarizer 38 in the path of the light
coming from a source 36 and polarizing the light parallel to the
plane of the drawing. A TN liquid crystal cell 40 is disposed
behind the polarizer and comprises an input-side glass plate 41
with an electrode layer 42, an orientation layer 43, a nematic
liquid crystal 44 twisted through 900 and a glass plate 47
provided with an orientation layer 45 and electrodes 46. In the
switched-off state, light leaves the cell in a direction of
polarization rotated through 90°. The light now reaches a focusing
lens system 48 and a mirror 49, which directs the light towards a
projection screen 50. The screen comprises a plane polarizer 51
and a retarder layer 52, both on a diffuse trans- parent substrate
53. The projection screen is in the image plane of the projection
system.

The retarder layer consists of a structured photopolymer
with regions alternating between isotropy and 8 = A/2. Like the
display in Fig. 4, the projection device in Fig. 5 can operate with
circular-polarized light if the retarder layer is divided into A/4 and 3/4 A
pixels. If colour projection is required, a corresponding division is
necessary for all colour pixels on the right and left image.




di stribution of the pixels. The construction degcrd bed her.ei nbef ore
for a TN di splay can be obtained in sinilar manner with- o‘ther Ildwd

crystal effects, e. TN or ferroelectric effects. ; | nst ead of‘ :
di vi di B\mmm“ “é‘! ayer into regiopg with [err] [err]IZ@nd eptlcally
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cell made up of a liquid crystal (10, 21, 44) between two plates (1,
5; 22, 23; 42, 47) provided with drive electrodes (2, 6; 24, 25; 42,
46) and wall orientation layers (3, 7; 26, 27; 43, 45) and an
optically anisotropic polymeric additional element (9, 31, 52),
characterized in that the additional element comprises a layer of
an oriented photopolymer.

2. A device according to claim 1, characterized in that the
layer (9, 31, 52) is divided into a number of separate regions (15,
16, 17) having optical properties which vary from region to
region.

3. A device according to claim 2, characterized in that the
regions (15, 16, 17) form a regular grid in which two different
optical properties alternate.

4, A device according to claim 2, characterized in that the
optical path difference varies from region to region.

5. A device according to claim 2, characterized in that the
position of the double refraction ellipsoid varies from region to
region.

6. A device according to any one of claims 1 to 5,

characterized in that the liquid crystal (10) is a super twisted
nematic liquid crystal and the layer (9) has an optical path
difference which compensates the inherent colour of the cell.

7. A device according to any one of claims 1 to 5,
characterized in that the layer (9) has an optical path difference
which alters the colour of the cell.

8. A device according to claim 7, characterized in that the
regions (15, 16, 17) form different colour pixels for the colour
display.
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9 the left and the right picture itens sinultaneously and view ng them
stereoscopi cally through suitable glasses containing a left- hand and a

right- ha i zer. Fig. 6 shows a rear projection device
based on ,ml B)ﬂftﬂﬁl e. It contains a plane polarizer 38 in the path
of the Ilghtccam s a source 36 anciioolarizingthe light parallel to

t he - —

9. A device according to any one of claims 3 to 6,
characterized in that the optical properties of the regions result in
different directions o f polarization, so that different picture items
can be simultaneously displayed.

10. A device according to claim 10, characterized in that
the different picture items comprise the right and left items of a
stereoscopic picture.

11. A device according to claim 10, characterized in that
the additional element is part of a screen in the object plane of a
rear projection system.

12. A device according to claim 10, characterized in that
the additional element is part of a screen in the image plane of a
rear projection system.

13. A device according to claim 10, characterized in that
the additional element is part of a screen in the object plane of a
forward projection system.

14, A device according to claim 10, characterized in that
the additional element is part of a screen in the image plane of a
forward projection system.
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pl ane of the drawing. A TN liquid crystal cell 40 is disposed behind the
pol ari zer and conprises an input-side glass plate 41 with an el ectrode

| ayer 42, an orientation layer 43, a nematic liquid crystal 44 tw sted
through 90[err] and a glass plate 47 provided with an orientation |ayer 45
and electrodes 46. In the switched-off state, light |eaves the cell in a
direction of polarization rotated throu 90[err]. The light now reaches a
focusing lens system48 and a mirror 49, which directs the light towards a

projection screen 50, Th n [ arpbats eRYasfazecehd and a
retarder |ayer 52,% BELEY EOIE ﬁf@g rent substrate 53. The

projection screen is in the i mge plane of the projection system

The retarder |ayer consists of a structured photopol ymer with regions

alternating between isotropy and [err]Abstkgétr ]/ 2. Like the

The image-producing device comprises a liquid crystal cell
with a liquid crystal (10, 21, 44) between two plates provided
with drive electrodes (2, 6; 24, 25; 42, 46) and wall orientation
layer (3, 7; 26,27; 43, 45) and an optically anisotropic polymeric
additional element (9, 31, 52). The additional element, which can
be a separate element or in the form of a coating or a foil stuck
directly to the cell, comprises an oriented photopolymer.

FIGURE 1.
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dlsplay in Fig. 4, the projection device in Fig. 5 can operata mnth
circul ar- polarlzed light if the retarder |ayer is d|v1ded |n19-I rr]/4 and
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Patent C ai ns 1. An i mage di splay device conprising a liquid
crystal cell nmade up of a liquid crystal (10, 21, 44) between two pl ates
(1, 5; 22, 23; 42, 47) provided with drive electrodes (2, 6; 24, 25; 42,
46) and wall orientation layers (3, 7; 26, 27;_43, 45) and_ an optically

ani sotropi c polyneric additional elenent2(9, yﬂgﬁagg$$@@fa§y d,zed in that
the additional elenment conprises a | ayer “of a ‘dﬂtédtédibotyhgrior a
conposi tion of polyners which are photochem ca) |y gpﬂitngﬂbyép‘larized

li ght. 2. A device according to claip1§15ﬁt%%idtwbrﬁzed in that
the layer (9, 31, 52) is divided into a nunber! of separate Lgﬁi@ns (15, 16,
17) having optical properties which vary fronﬁregion to region. ;
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3. A device according to claim 2, characterized in that the regions
(15, 16, 17) forma regular grid in which two different optical properties

al ternate. 4, A device according to claim 2, characterized in
that the optical path difference varies fromregion to region. 5.

A device according to claim 2, charactegized in that the position of the
double refraction ellipsoid varies fremregion to region. 6. A

devi ce according to any one of clains 1 to 5, characterized in that the
liquid crystal (10) is a super twisted nematic liquid crystal and the | ayer
(9) has an optical path difference which conpensates the inherent col our of

the cell.
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( evi ce NEaRcabibid19605350-5, characterized in tha
th%’ﬁ (9) r%g an |ca¥ %nt p?fmélrence which alters the colour of th
ce _ -. -

TEXT OF THE ABSTRACT

IMAGE DISPLAY DEVICE WITH LIQUID CRYSTAL CELL

The image-producing device comprises a liquid crystal cell with a liquid crystal (10,21,44)
between two plates (1,2) provided with drive electrodes (2,6; 24,25; 42,46) and wall
orientation layer (3,7; 26,27; 43,45) and an optically anisotropic polymeric additional element
(9,31,52). The additional element, which can be a separate element or in the form of a coating
or a foil stuck directly to the cell, comprises an oriented photopolymer.

Fig. 1.
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8., . A device according to claim7, characterized in that the reg| ons (15

16, 17) formdifferent col our pi xels for the col our djgpl, ay: o © 9.

devi ce according to any one of clains 3 to 6, character'i.
optical properties of the regions result in differgnt. dlrectlo “of

hat different pict u];jﬁ items can be, si mJl taneothly

gmﬂlﬂmalm Illlﬂ(m[ A device accordrng to clai n}f 10, ¢har-acter i zed oyt

hrat ¢t he different p| cture itens conprise the right- ‘andTeft d-temt.of ; javet -

stereoscopl C picture. 11. A device accord| ng to cl a| m 10,
characterized in that Patent Claims = =~ = .o CnTnoro gl o
1. An image display device comprising a liquid crystal cell made up of a

liquid crystal (10, 21, 44) between two plates (1, 5; 22, 23; 42, 47) provided with
drive electrodes (2, 6; 24, 25; 42, 46) and wall orientation layers (3, 7; 26, 27; 43,
45) and an optically anisotropic polymeric additional element (9, 31, 52),
characterized in that the additional element comprises a layer of an oriented
polymer or a composition of polymers which are photochemically modified by

- polarized light.

2. A device according to claim 1, characterized in that the
layer (9, 31, 52) is divided into a number of separate regions (15,
16, 17) having optical properties which vary from region to
region.

3. A device according to claim 2, characterized in that the
regions (15, 16, 17) form a regular grid in v_vhich two different
optical properties alternate.

4, A device according to claim 2, characterized in that the
optical path difference varies from region to region.

5. A device according to claim 2, characterized in that the
position of the double refraction ellipsoid varies from region to

region.

6. A device according to any one of claims 1 to 5,
characterized in that the liquid crystal (10) is a super twisted
nematic liquid crystal and the layer (9) has an optical path
difference which compensates the inherent colour of the cell.

7. A device according to any one of' claims 1 to 5,
characterized in that the layer (9) has an optical path difference
which alters the colour of the cell.  —oremor
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the additional element is part of a screen in the object plane of a rear
projection system 12. A device according to claim 10,
characterized in that the additional elenent is part of a screen in the

i mage pl ane J&ction system 13. A device according to
claim 10, H Hﬂ@MHE CinlaTt hat the ngitional element is part of a screen
in the obje K war d proj etti on system 14. A device

according to claim 10, characterized in that the additional elenent is
part of a screen in the inmage plane of a forward projection system

8. A device according to claim 7, characterized in that the
regions (15, 16, 17) form different colour pixels for the colour
display.

9. A device according to any one of claims 3 to 6,

characterized in that the optical properties of the regions result in
different directions o f polarization, so that different picture items
can be simultaneously displayed.

- 10. A device according to claim 10, characterized in that
the different picture items comprise the right and left items of a
stereoscopic picture.

11. A device according to claim 10, characterized in that
the additional element is part of a screen in the object plane of a
rear projection system.

12. A device according to claim 10, characterized in that
the additional element is part of a screen in the image plane of a
rear projection system,

13. A device according to claim 10, characterized in that
the additional element is part of a screen in the object plane of a
forward projection system.

14. A device according to claim 10, characterized in that
the additional element is part of a screen in the image plane of a
forward projection system.
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TMAGE DISPLAY DEVICE WITH LIQUID CRYSTAL CELL

Abstract

The image-producing device comprises a liquid crystal cell
with a liquid crystal (10, 21, 44) between two plates provided
with drive electrodes (2, 6; 24, 25; 42, 46) and wall orientation
layer (3, 7; 26,27; 43, 45) and an optically anisotropic polymeric
additional element (9, 31, 52). The additional element, which can

be a separate element or in the form of a coating or a foil stuck
directly to the cell, comprises-an oriented polymer or a composition of polymers

which are photochemically modified by polarized light.

FIGURE 1.
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