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1:Liquid Crystal Display Cell The invention relates to liquid crystal ‘POS copy
di spl.ay cells conprising an oriented liquid crystal between twe-plates
(substrates) provided with transparent el ectrode |ayers and ofiT#t8& SHEBH HAS BEEN
layers. In liquid crystal display cells based on an electric {ield pffiaet

the glass or plastic pFatHéffhfmdLagnbEBeIAwlﬂaﬂeyswzeﬂamdoJ

surfaces facing the liquid crystal with coat ' ngs wh orient the
i mmedi atel y adjacent liquid crystal nolecul es al ong a pref erred direction.
‘This applies to liquid crystal displays Ref, 4701/139
5
iqui Displ 1

The invention relates to liquid crystal display cells
10 comprising an oriented liquid crystal between two plates
(substrates) provided with transparent electrode layers and
orientation layers.

In liquid crystal display cells based on an electric field
15 effect, the glass or plastic plates bounding the liquid crystal are
provided on the surfaces facing the liquid crystal with coatings
which orient the immediately adjacent liquid crystal molecules
along a preferred direction. This applies to liquid crystal displays
‘based on the so-called rotation cell (twisted nematic, TN) effect
20 and displays based on a higher twisting, e.g. so-called super ,
twisted nematic (STN) cells, as well as, finally, also to ferroelectric
~ liquid cells.

Hitherto the wall orientation of the liquid crystal molecules

25 in display cells has been achieved either by oblique vapour
deposition of SiOx on the substrate surface or, nowadays, almost
exclusively by mechanical treatment (abrasion) of a polymer layer
previously applied to the substrate surface(s). This abrasion
method does not enable selective areas of the substrate surface to

30 be provided with a preferred orientation. In particular, it is not
possible by previous methods to manufacture orientation patterns
such as e.g. a wall orientation varying from pixel to pixel.
Moreover, the modern almost exclusively-used method of
abrading a polymer layer frequently reduces the efficiency in

35 producing actively addressed twisted cells, since the electrostatic
charge on the substrate produced by abrasion results in electric
breakdowns in the thin film transistors on the substrate surface.
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bés‘ed ‘on the so-called rotation cell (twisted nematic, TN) effect and

di spl ays based on a higher tw sting, g. so-called super t { 18Rt Cr
(STN) cells, as well as, finally, alsdto ferroelectric |i qug.Sgg% ﬁmg BEEN
Hitherto the wall orientation of the liquid crystal nolecul €s_in 6\%@

cell s has been achieved either by oblique vapour deposition of SiOx on the

(abras,on of a pbiAiRe /8 e inBeRgh: 17°48 il Ya HoVBC ARG, ffiprdved Mo
surface(s). methodiefasiofaceeoricatation ofolignidbrrystalsecwhich aavoidsothe he
substrate Sﬁi%ﬁ?far%t%g@? 6f A g metHYd Hnld® Abovee AP erfabled "

particular, 1t |
orientation patterns to be manufactured.

This is achieved according to the invention by applying, in
the case of a liquid crystal cell of the kind mentioned earlier,
oriented photopolymer layers to the inner sides of the plates

10 which are provided with the electrodes, said layers aligning the
' adjacent liquid crystal molecules in a preferred direction.

For the purpose “of the present description, the term
"photopolymer" is used for a polymer or a composition of
15 polymers which are photochemically modified by polarized light.
This modification is called polymerisation or photopolymerization
hereinafter. Reference is also made to Swiss Patent Application
No.2244/91 entitled "Orientierte Photopolymere und Verfahren zu
deren Herstellung”. |
20
Preferably, the preferred direction on the two plates are
different. |

Particularly preferably, a nematic liquid crystal is plane-

25 oriented by the orientation layers in a preferred direction, the

angle 0 between the nematic director and the substrate surface
being 0 £ 0 < 859,

In accordance with a preferred embodiment of the
30 invention, a pattern of regions with different preferred
orientations or a pattern of regions with preferred orientation and
non-oriented regions is present.

In accordance with a further preferred embodiment, the two
35 plates have different orientation patterns differing by different
preferred orientations, which leads to different angles of twisting.
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p035| bl e by previous nethods to manufacture orientation pattﬂr”gs

e.g. a wall orientation varying from pixel to pixel. Mreove E%F[ga:%g PEEN

al most excl usi vel y-used nmethod of abrading a polyner |ayer Pnu

{'ﬁducles{he efficiency in producing actively addressed tw sted ‘cell's, since
cl'ctri o breakdodteDah ROW SHIPFIFME beemciosm d0ah oRendh dhl gultsin
2 polymer layers, i.e. photopolymers polymerized by irradiation

with linear polarized light, orient liquid crystals, which come into

contact with them, in a preferred direction. This does not apply

5 only in respect of the preferred direction parallel to the plates.
An angle of tilt in the direction right angles to the plates can also
be induced by the orientated photopolymers.

Thereby, the manufacture of surface orientation layers in
10 liquid crystal display cells without vapour deposition of SiOx and
without abraded polymers is made possible for the first time.

The use of photopolymer orientation layers also permits for
the first time the production of orientation patterns by the
15 irradiation of photographic masks with linear polarized light
having a desired oscillation direction and the formation of an
image on the coated substrate. Alternatively, interferometric
imaging techniques can be used (polarized holograms).

20 Embodiments of the invention will be illustrated in detail
hereinafter with reference to the accompanying drawings and
Examples.

Fig. 1 shows a liquid crystal display cell according to the
25 invention; | '

Fig. 2 shows a device for the manufacture of an orientation
layer; ' '

30 Fig. 3 shows a set of masks for use in the device in Fig. 1,

Figs. 4-5 show various orientation patterns resulting from
illumination with the set of masks according to Fig. 3. -

35 The liquid crystal cell shown schematically in section in Fig.
1 consists, as usual, of two transparent plates 1, 2 and a liquid
crystal layer 7 between them. The two plates of glass or plastic

. are provided with control electrodes 3, 4 and with overlying
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The aimof the invention is to provide a novel and irrprovedTHWlﬁtWTo!ﬂAS BEEN
surface orientation of liquid crystals, which avoids the di sadvREPBEAGED of .
the known methods and above all enabl & orientation patterns 1O DE

manuf actured. This is achieved according to the invention by applying, in

E)Egt ggsf of o'i‘lléﬂtﬁtibﬂ tdyeisal, cg) | Iﬁgcbhﬁ'fakﬁ Ed ﬁﬁé\&mﬁlbd-kQGWn diquid i ent ed
olymer | a Sides of t e are provided

with the el é'EYF%‘E ﬁ%atdge ﬁ'\r}lﬁ? tion, AaYHS Pﬂgs €?ﬁ\‘\@¢ﬁ%§w d crystal

nol ecul es i ipleotorps glmeri direction. For the purpose of the present

d]?scri ption, the term"photopolynmer" is used for a polyner or a conposition
o .

5 In the device shown simply in Fig. 2 for the manufacture of
the oriented photopolymer layers, a glass plate 1 is provided with
a transparent conductive electrode layer 2 and with a layer 3 of a
photopolymerizable organic material. The layer isirradiated with
linear polarized light by means of a lens 4 behind a mask 5. The

10 hght comes from a polarizer 6 which is illuminated with non- -
polarized UV light 7.

The mask 5 is shown in Fig. 3 as a set of masks comprising
two complementary masks 8, 9; in other words, a positive mask 8
15 (Fig. 3a) and a negative mask 9 (Fig. 3b). The two masks have a
chessboard pattern, i.e. they cover alternating squares 10 of equal
size over the entire cell surface and leave other square surfaces
11 exposed.

20 Irradiation through the positive mask 8 with linear
polarized light having the direction of polarization indicated by
the arrow 12 brings about the oriented polymerization of the non-
masked areas of polymerizable layer 2. After this first step, the
mask 8 is replaced by the negative mask 9 and the polymerizable

25 layer 3 is irradiated with light having a direction of polarization
rotated through 90° as shown by arrow 12. The now exposed
areas of the layer are polymerized with a corresponding twisted
orientation.

30 When complete polymerization has been achieved in the
first step, no mask is necessary for the second step, because the
orientation induced in the first step is maintained.

An orientation pattern in the photopolymer layer as shown
35 in Fig. 4. results by this two-stage irradiation with different masks
and different linear polarized light. The preferred orientation of
the polymer layers is offset from one adjacent square region to
another. In a liquid crystal cell constructed from plates coated in
I ——
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pol yrrers whi ch are photochem cally nodified by polarized |ight

mbdi fication is called polynerisation é)r phot opol yneri zati ont W@r%HEHf HaS BEEN
Reference is also nade to Swi ss Patent® Application No.2244/ D1 entREPLAGED

"Orientierte Photopol ynere und Verfahren zu deren Herstel |l ung“=—Preferabnly,
the preferr eﬂhsﬂ'maﬁhepnma h&ﬁld ey Bladt ﬁﬁ)lé‘élﬂedl hfeeroriénteBaiai cul arly
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director andayw. substrate surface being O <[err]< 85[err].

5 Instead of orientation offset by 90° from area to area, other
combinations of angles are also possible. Above all, opposite
regions in the cell can be oriented in directions such that the
angles of twist or the pitches of the intermediate parts of the
liquid crystal vary from region to region. In this manner, TN

10 regions and STN regions can be obtained side by side in a single
display by suitable chiral doping of the nematic liquid crystal.
This can be of significance if a display has to show a large area of
information together with complex items, e.g. requiring multiplex
control. Also, various strongly twisted STN cells can be achieved

15 in one and the same display.

One example of such a display is shown in Fig. 5, in which a
liquid crystal is disposed between pixels having a first helix angle
@1 of the liquid crystal and pixels having a second helix angel ¢2
20 thereof. Both plates are shown having the preferred orientations.

The bottom plate 14 has a preferred orientation 11 in a first
group 15 of areas disposed in a grid, and a preferred orientation
®12 in a second group 16, where a is the angle of the preferred

25 orientation relative to an edge of the substrate.

Correspondingly, the top plate 17 has a preferred
orientation 21 in a first group 18 of areas and a preferred
orientation o2 in a second group 19 of areas. If the plates are

30 suitably adjusted, the helix angle in the liquid crystal between
them is @1 = 11 - ®12 or @2 = 021 - 6:22. Stable helix configur-ations
with uniform direction of rotation and 70° | @1 - q>2| < 2200 can be
achieved by doping with cholesteric additives, which bring about
suitable natural twisting in known manner.

35

Some Examples which have been carried out are described
hereinafter in order to illustrate the invention. '
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I:'{n accordance with a preferred embodi ment of the invention, a pattern of

regions with different preferred ori
preferred orientation and non-orient
wth a further preferred enbodi nent
orientation patterns differing by di

e

egations or a pattern PrrLED ' -
regions is present. _[I Ei'gcggﬁfa%% BEEN
, the two plates have difffer e®EPLACED

EQm%_&r eferred orientations, Whicnh

| eads to different angles of tw sting

A glass plate was coated with a 2% solution of polyvinyl

cinnamate (mol. wt. ~ 15000) in methyl cellosolve acetate in a

5 spin-coating process at 3000 rpm for about 30s.
of the resulting layer was about 0.1 u. The layer was then dried
in air for about 20 minutes and then heated to about 80-90°C for
about 20 seconds. After this pre-treatment the layer was
exposed for about 100s. to irradiation with linear polarized light

10 from an HgHP lamp at a wavelength A of about 365 nm, first
through a positive mask 8 and then through a complementary or
negative mask 9 at a direction of polarization rotated through 90°.
The irradiation energy in each case was about 15 mW/cm2,

The thickness

15 The plates which had been thus pre-treated were used in a
manner known per se to comstruct a cell which was filled with a
nematic liquid crystal. Exact adjustment may be necessary
depending on whether one or both plates have an orientation
pattern. It was found that the liquid crystal layer had planar

20 orientation in two preferred directions, i.e. the nematic director of
the liquid crystal layer was aligned in accordance with the

changing orientation "in the

25

photopolymer layers.

Example 2

In a procedure similar to Example 1, a layer of a solution of

a polyvinyl ester of paramethoxycinnamic acid (molecular weight
about 15000-50000) in chlorobenzene and dichlroethylene 1:1
was exposed to irradiation at about 0.5 J/cm? for about 10 s.
30 The resulting layer likewise induced parallel orientation in an

adjacent liquid crystal.

Example 3

35 A glass plate was coated with a 1% solution of
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It has now surprisingly been found that oriented photo- polyherlayers.

i . e. photopol yners polynerized by i rra7di ation with linear pglBHbZAHEEN R BEEN
orient liquid crystals, which cone intlo contact with them iin a pRrepexgeed

direction. This does not apply only in respect of the preferred—drrecton
parallel to the pl ¥a@OC An angle of tilt in the direction FPGNe angles to
the plates can al so be iymdyced by the—Qrientated photo mers. Thereby,
‘the manufacture of gy 4{) z =® N.N=EQ od display
cells without vapour dep i on of XH&4 an o/l hout ab d polyners is

made possible for the first tine. Thﬁ Qhot opol ynmer orientation
| ayers al so permts for al :

in an immersion process in water. The resulting layer had a
thickness of about 0.07 p and was irradiated with linear polarized
5 light at a wavelength A = 400-500 nm and a radiation intensity of

about' 47 mW/cm2 for about 8 minutes.

A liquid crystal cell made of thus-coated plates was filled
with a nematic liquid crystal and, to improve the orientation of
10 the liquid crystal, was heated to 100°C for about S minutes until
the liquid crystal reached its isotropic state, and was then cooled.
The liquid crystal then had planar orientation.

Example 4
15

A 3% solution of

CHa(CHz)f’_o_@N: —©—N02

20 in chloroform was vapour-deposited on a glass plate. The
resulting layer, about 1000-2000 A thick, was irradiated with
light at wavelength A ~ 400-550 at an intensity of about 456 mW/cm? for

about 3 minutes.

25 The thus-coated plates were used as in Example 3 to
construct a liquid crystal cell, in which the liquid crystal had
planar orientation as before. |

Example 5
30

Example 1 was repeated except that non-polarized light
instead of plane-polarized light was used in the second
illumination step. After the liquid crystal cell had been
assembled, it was found that the regions photopolymerized with
. R
cet Has Been Replaced

Tima



the first time the production of orientation patterns by the Wm@i&__
phot ogr aphi ¢ masks with |inear polarized |light having a desirje ' HEW A BEEN
direction and the formati on of an ima@e on the coated substrdte. REPLACED
Alternatively, interferonetric inmaging techniques can be used (polarTzetd

hol ogr ans) . R%H?%B i) LedOli g?llaeg%wegtg%aw bheﬂgat'iéﬁuﬁf r@t]ﬁ@feﬁedet ail

her ei nafter rence

rawi ngs. an e Fig.
1 shows a | idjrection ytex she dligpidiycrystal kﬂy@éf dV thesliqwgn $ Fé’é‘
shows a devifgs have! e pr@feria (diféctidn i ¢he efég’ﬂlbns}nmadlated with non-

polarized light.
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l.ayer; Fig. 3 shows a set of masks for use in the device in 0 £
4-5 showvarl ' t tterns resulting fromillumna t‘-@%ﬁ%@’ rb DhU Lh‘l
set of masks mﬂ ma!ﬂﬁr‘ﬂmﬂgs Thegiquid crystal cell sho ACE
schematically i i 1 consists, as usual, of two transparent
plates 1, 2 and a liquid crystal Iaéer 7 E?t,\/\een them The two plates of

glass or plastic are provided with trodes 3, 4 and with

overlying

1. A liquid crystal display cell comprising an oriented
liquid crystal (7) between two plates (1,2) provided with
5 transparent electrode layers (3,4) and orientation layers (5,6),
characterized by applying oriented photopolymer layers to the
inner sides of the plates where the electrodes are disposed, said
layers aligning the adjacent liquid crystal molecules in a preferred
direction.
10
2. A liquid crystal display cell according to claim 1,
characterized in that the preferred directions in the two plates
(1,2) are different. '

15 3. A liquid crystal display cell according to claim 1,
characterized in that a mematic liquid crystal is linear oriented by
the orientation layers in a preferred direction, the angle ©

between the nematic director and the substrate surface being
between 0 < 6 < 859,
20
4, A liquid crystal display cell according to claim 1,
characterized by a pattern of regions with different preferred
orientations.

25 5. A liquid crystal display cell according to claim 1,

characterized by a pattern or regions with preferred orientation
and non-oriented regions.

6. A liquid crystal display cell according to claim 3,
30 characterized in that the two plates have different orientations
patterns differing with respect to different preferred orientations
and resulting in different twist angles.
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REPLACENENT SHEET 4 orientation layers 5, 6. In contrast to
previ ousl y-known liquid crystal cells, the orientation |layerk c
ori ented photopolyner. In the device pbomn sinmply in Fig. 2
manuf acture of the oriented photopol yner layers, a glass plate 1 is
provided with a transparent conductive el ectrode |ayer_ 2 and mﬁih a layer 3
of a photopol yneri zable organic material. The |ayer i

| i near pol arized |ight by neans of a lens 4 behind a nask 5. The |i ght
conmes froma polarizer 6 which is illumnated with non-

Abstract

In liquid crystal display cells comprising a liquid crystal (7)
disposed between two substrate plates (1,2) provided with drive
electrodes (3,4), the orientation layer (5,6) on the inner sides of
the plates where the electrodes are disposed comprises an

10 oriented photopolymer layer. This layer is formed by irradiating
photopolymer layer. This layer is formed by irradiating
photopolarizable material with linear polarized light.
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polarized UV light 7. The mask .5 is shown in Fig. 3 as a set of masks

conprising two conplenentary masks 8, 9

I n other words, a positive nask 8

(Fig. 3a) and a negative nmask 9 (Fig. 3b). The two nasks ha\
pattern, i.e. they cover @lternating squares 10 of equal sizgn@§ EQ%ﬁf%EEN
entire cell surface and |[feave other square surfaces. 11 expdsed. RELACED

Irradiation through the posi
the direction of polarization
oriented polynerization
After this first step,

ve mask 8 with linear po
di cated by the arrow 12
masked areas of pol
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yneri zabl e | ayer 2.
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irradiated with Light: having a direction of polarization ratpgdsHB oldith BLE
90[err] as shown by arrow 12. The now exposed areas of the | ayer pEpeACED
polyneri zed with a corresponding twi sted orientation. Wen Hete

pol yneri zati on has been achieved in the first step, no mask is necessary
for the second step, because the orientation induced in the first step is
mai ntai ned. An orientation pattern in the photopol yner | ayer as shown in
Fig. 4. results by this two-stage irradiation with different nasks and
different linear polarized Iight. The preferred orientation of

nask ‘8 is replaced by the negative mask 9 and the pol yneriza _e,LayeLw3-+ S
i
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SHEET 5 this manner, the liquid crystal nolecules are et el
accordance with the changing orientations of the photofoR§ REACE
Instead of orientation offset by 90[err] fromarea to afep—otner

1605594 -

the poI ymer layers is offset fromone adjacent square region to another. In
“aliquid crystal cell constructed fromplates coated in REPLACENMENT

NN} SHEET

. 13 MR 1997

Liquid 1 Displ 1

The invention relates to liquid crystal display cells
comprising an oriented liquid crystal between two plates
(substrates) provided with transparent electrode layers and
orientation layers.

In liquid crystal display cells based on an electric field
effect, the glass or plastic plates bounding the liquid crystal are
provided on the surfaces facing the liquid crystal with coatings
wh1ch orient the immediately adjacent liquid crystal molecules
along a preferred direction. This applies to liquid crystal displays
based on the so-called rotation cell (twisted nematic, TN) effect
and displays based on a higher twisting, e.g. so-called super
twisted nematic (STN) cells, as well as, finally, also to ferroelectric
liquid cells.

Hitherto the wall orientation of the liquid crystal molecules
in display cells has been achieved either by oblique vapour
deposition of SiOx on the substrate surface or, nowadays, almost
exclusively by mechanical treatment (abrasion) of a polymer layer
previously applied to the substrate surface(s). This abrasion
method does not enable selective areas of the substrate surface to
be provided with a preferred orientation. In particular, it is not
possible by previous methods to manufacture orientation patterns
such as e.g. a wall orientation varying from pixel to pixel.
Moreover, the modern almost exclusively-used method of
abrading a polymer layer frequently reduces the efficiency in
producing actively addressed twisted cells, since the electrostatic
charge on the substrate produced by abrasion results in electric
' breakdowns in the thin film transistors on the substrate surface.



combi nations of angles are also possible. Above all, opposite regions in

the cell can be oriented in directions such that the angl es Qftowi-st—or—t4

pitches of the internediate parts of the liquid crystal var REmeMN)'h%ET
region. In this manner, TN regions and STN regi ons can be obt aj-rea—si-tde—by
side in a single display by suitable chiral doping of the negma |? a7
crystal. This can be of significance 4f a display has to show p Iz;'!{ra"g"#{'ar“j
of information together with conplex Ttens, e.g. requiring nul Hptex
control. Also, various strongly tw sted STN cells can be ach{eved in one
m_d Lhe same di splay. One exanple of such a display is shown~ma—Frg—5"TT

ich a

The aim of the invention is to provide a novel and improved
method of surface orientation of liquid crystals, which avoids the
disadvantages of the known methods and above all enables
orientation patterns to be manufactured.

This is achieved according to the invention by applying, in
the case of a liquid crystal cell of the kind mentioned earlier,
oriented photopolymer layers to the inner sides of the plates
which are provided with the electrodes, said layers aligning the
adjacent liquid crystal molecules in a preferred direction.

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 Swiss Patent Application
No.2244/91 entitled "Orientierte Photopolymere und Verfahren zu
deren Herstellung”.

Preferably, the preferred direction on the two plates are
different.

Particularly preferably, a nematic liquid crystal is plane-
~oriented by the orientation layers in a preferred direction, the
angle 6 between the nematic director and the substrate surface
being 0 <6< 850,

In accordance with a preferred embodiment of the
invention, a pattern of regions with different preferred
orientations or a pattern of regions with preferred orientation and
non-oriented regions is present.

In accordance with a further preferred embodiment, the two
plates have different orientation patterns differing by different
preferred orientations, which leads to different angles of twisting.



quhid crystal is disposed between pixels having a first helix

angle Jerr]1l

of the liquid crystal and pixels having a second helix angel
thereof. Both plates are shown having the preferred orientat

bottom plate 14 has a preferred orientation all in a first grpup 15 ofl 0
areas disposed in a. grid, and a prefegred orientation al2 in}a}lsdchridii 1837

group 16, where a is the angle of the preferred orientation rgl

tive to_an

edge of the substya Correspondi n the top,pl.ate 17 ha referred
orientation a2l “ baﬁl @"%BH b&FEago'éR@ that, %‘i 131' @t ation
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a22 in a seqmigmyemdpyeﬁs oﬁ earphetopdlytﬂaspbmymeﬁzedsmy aftradiadionst ed, the
hel i x angl € Wi Mneak ApblhriZet® 1ht "SGR  liquid crystals, which come into
contact with them, in a preferred direction. This does not apply
only in respect of the preferred direction parallel to the plates.
An angle of tilt in the direction right angles to the plates can also

be induced by the orientated photopolymers.

Thereby, the manufacture of surface orientation ~layers in
liquid crystal display cells without vapour deposition of SiOx and
without abraded polymers is made possible for the first time.

The use of photopolymer orientation layers also permits for
the first time the production of orientation patterns by the -
irradiation of photographic masks with linear polarized light
having a desired oscillation direction and the formation of an
image on the coated substrate. Alternatively, interferometric

imaging techniques can be used (polarized holograms).

Embodiments of the invention will be illustrated in
hereinafter with reference to the accompanying drawings
Examples.

detail
and

Fig. 1 shows a 11qu1d crystal display cell according to the

mventlon

Fig. 2 shows a device for the manufacture of an orientation

layer;

Fig. 3 shows a set of masks for use in the device in Fig. 1,

Figs. 4-5 show various orientation patterns resulting from

illumination with the set of masks according to Fig. 3.

The liquid crystal cell shown schematically in section in Fig.
1 consists, as usual, of two transparent plates 1, 2 and a liquid
crystal layer 7 between them. The two plates of glass or plastic
are provided with control electrodes 3, 4 and with overlying



themis [err] = all - al2 or [err]2 = a2l1 - a22. Stable helix

configur-ations with uniformdirection of rotation and 70[err] &Eﬁl&ﬁﬁf\"@'?\!ﬁl’ SHEET

[err]2 ] < 2

whi ch bring about suitable natural tw sting in known nmanner. $orfe {EXaHpl€i§37
whi ch have been carried out are descrihbhed hereinafter in ordef tlo

illustrate t

20[ err] can be achieved by doping with cholesteri ¢ gdditives,

he i nventi on. 6 Exanpl e

orientation layers 5, 6. In contrast to previously-known liquid
crystal cells, the orientation layers consist of oriented
photopolymer.

In the device shown simply in Fig. 2 for the manufacture of
the oriented photopolymer layers, a glass plate 1 is provided with
a transparent conductive electrode layer 2 and with a layer 3 of a
photopolymerizable organic material. The layer is irradiated with
linear polarized light by means of a lens 4 behind a mask 5. The
light comes from a polarizer 6 which is illuminated with non-
polarized UV light 7.

The mask 5 is shown in Fig. 3 as a set of masks comprising
two complementary masks 8, 9; in other words, a positive mask 8
(Fig. 3a) and a negative mask 9 (Fig. 3b). The two masks have a
chessboard pattern, i.e. they cover alternating squares 10 of equal
size over the entire cell surface and leave other square surfaces.
11 exposed. '

Irradiation through the positive mask 8 with linear
polarized light having the direction of polarization indicated by

- the arrow 12 brings about the oriented polymerization of the non-

masked areas of polymerizable layer 2. After this first step, the
mask 8 is replaced by the negative mask 9 and the polymerizable
layer 3 is irradiated with light having a direction of polarization
rotated through 90° as shown by arrow 12. The now exposed
areas of the layer are polymerized with a corresponding twisted
orientation.

When complete polymerization has been achieved in the
first step, no mask is necessary for the second step, because the
orientation induced in the first step is maintained.

An orientation pattern in the photopolymer layer as shown
in Fig. 4. results by this two-stage irradiation with different masks
and different linear polarized light. The preferred orientation of
the polymer layers is offset from one adjacent square region to
another.. In a liquid crystal cell constructed from plates coated in



A glass plate was coated with a 2% sol uti on of polyvinyl cin 4
wt. - 15000) in nethylt cellosolve acetate in a spin-coating pr ®REPEACEMENOQNEET
rpm for about 30 s. The thickness of the resulting | ayer was Jabpat—0--1

[err]. The layer was then dried in air for about 20 m nutes gnd tﬂ&n ’ﬁgaig%?
to about 80-90[err]C for about 20 secongls. After this pre-traqath f

| ayer was exposed for about 100 s. to iYradiation with |inear '

light froman HgHP | anp at a wavel ength [err] of about 365 n first

g hr?ughda pqutﬁs vmamelk, &hanl:iqt_xiuarcr?bfaaga’tn%lecﬁmﬁpggaeoﬁenwcbr ! f g
al a direc : 1.0n,. I e <0 I . I on
energy in eac%&(ﬂ:bggtém%s%ggﬁ{hel%hﬂag@ﬁ qufpf)atfﬂms er thL pﬂg?oﬁ&wﬁiéta

layer.

Instead of orientation offset by 90° from area to area, other
combinations of angles are also possible. Above all, opposite
regions in the cell can be oriented in directions such that the
angles of twist or the pitches of the intermediate parts of the
liquid crystal vary from region to region. In this manner, TN
regions and STN regions can be obtained side by side in a single
display by suitable chiral doping of the nematic liquid crystal.
This can be of significance if a display has to show a large area of
information together with complex items, e.g. requiring multiplex
control. Also, various strongly twisted STN cells can be achieved
in one and the same display.

One example of such a display is shown in Fig. 5, in which a
liquid crystal is disposed between pixels having a first helix angle |
91 of the liquid crystal and pixels having a second helix angel @2
thereof. Both plates are shown having the preferred orientations.

The bottom plate 14 has a preferred orientation «313 in a first
group 15 of areas disposed in a. grid, and a preferred orientation
®12 in a second grdup 16, where o is the angle of the preferred
orientation relative to an edge of the substrate. -

Correspondingly, the top plate 17 has a preferred
orientation w21 in a first group 18 of areas and a preferred
orientation «22 in a second group 19 of areas. If the plates are
suitably adjusted, the helix angle in the liquid crystal between
them is @1 = 11 - a12 or @2 = &21 - a22. Stable helix configur-ations
with uniform direction of rotation and 70° | @1 - @2 | < 2200 can be
achieved by doping with cholesteric additives, which bring about
suitable natural twisting in known manner.

Some Examples which have been carried out are described
hereinafter in order to illustrate the invention.
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se to construct a cell which was filled with a nematic |iquijd jcrystal.
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have ah orientation pattern. It was found that the liquid crystal |ayer had
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orientation in the photopolynmer |ayers. Exanple 2 In a procedure simlar to
Exanple 1, a layer of a solution of ol yvi nyl ester of
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A glass plate was coated with a 2% solution of polyvinyl
cinnamate (mol. wt. ~ 15000) in methyl cellosolve acetate in a
spin-coating process at 3000 rpm for about 30s. The thickness
of the resulting layer was about 0.1 p. The layer was then dried
in air for about 20 minutes and then heated to about 80-S0°C for
about 20 seconds. After this pre-treatment the layer was
exposed for about 100s. to irradiation with linear polarized light
from an HgHP lamp at a wavelength A of about 365 nm, first
through a positive mask 8 and then through a complementary or
negative mask 9 at a direction of polarization rotated through 90°.
The irradiation energy in each case was about 15 mW/cm2,

The plates which had been thus pre-treated were used in a
manner known per se to comstruct a cell which was filled with a
nematic liquid crystal. Exact adjustment may be necessary
depending on whether one or both plates have an orientation
pattern. It was found that the liquid crystal layer had planar
orientation in two preferred directions, i.c. the nematic director of
the liquid crystal layer was aligned in accordance with the
changing orientation in the photopolymer layers.

Example 2 .
In a procedure similar to Example 1, a layer of a solution of
a polyvinyl ester of paramethoxycinnamic acid (molecular weight
about 15000-50000) in chlorobenzene and dichlroethylene 1:1
was exposed to irradiation at about 0.5 J/cm2 for about 10s.
The resulting layer likewise induced parallel orientation in an
adjacent liquid crystal.

‘Example 3

A glass plate was coated with a 1% solution of



about 15000- 50000) in chl orobenzene and dichlroethylene 1:1 \A%e*pe-sed—l_o__._

i-rradiation at about 0.5 J/cnferr] for about 10 s. The result RLAGEMENT SHEET
| i kewi se induced parallel orientation in an adjacent |iquid C_y\toul .
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in an immersion process in water. The resulting layer had a
thickness of about 0.07 p and was irradiated with linear polarized
light at a wavelength A = 400-500 nm and a radiation intensity of
about 47 mW/cm2 for about 8 minutes.

A liquid crystal cell made of thus-coated plates was filled
with a nematic liquid crystal and, to improve the orientation of
the liquid crystal, was heated to 100°C for about 5 minutes until
the liquid crystal reached its isotropic state, and was then cooled.
The liquid crystal then had planar orientation.

Example 4

A 3% solution of

CH3(0H917—0@—N=N©—N02

in chloroform was vapour-deposited on a glass plate. The

resulting layer, about 1000-2000 A thick, was irradiated with .
light at wavelength A = 400-550 at an intensity of about 45 mW/cm? for

about 3 minutes.

The thus-coated plates were used as in Example 3 to
construct a liquid crystal cell, in which the liquid crystal had
planar orientation as before.

Example 5

‘Example 1 was repeated except that non-polarized light
instead of plane-polarized light was used in the second
illumination step. After the liquid crystal cell had been
assembled, it was found that the regions photopolymerized with



[err] in an imersion process in water. The resulting | ayer hageR ACTMENTESSEET
of about 0.07 [err] and was irradiated with |inear polarizedjli
wavel ength X = 400-500 nmand a radiation intensity of about a1
for about 8 mnutes. Aliquid crystal cell nade of thus-coaté¢d
filled wth a nematic liquid crystal and, to inprove the ori ¢nt
liquid crystal, was heated to 100[err]@ for about 5 mnutes gntil the

liquid crystal reached its isotropic state, and was then cooltet—Hre—tt+gti-e—
crystal then had planar orientation. Exanple 4

plane-polarized light gave a planar orientation in a preferred
direction to the liquid crystal layer, whereas the liquid crystal did
not have a preferred direction in the regions irradiated with non-
polarized light.
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Patent Claims

1. A liquid crystal display cell comprising an oriented
liquid crystal (7) between two plates (1,2) provided with
transparent electrode layers (3,4) and orientation layers (5,6),
characterized by applying oriented photopolymer layers to the
inner sides of the plates where the electrodes are disposed, said
layers aligning the adjacent liquid crystal molecules.in a preferred
direction,

2. A liquid crystal display cell according to claim 1,
characterized in that the preferred directions in the two plates
(1,2) are different.

3. A liquid crystal display cell according to claim 1,
characterized in that a nematic liquid crystal is linear oriented by
the orientation layers in a preferred direction, the angle ©

between the nematic director and the substrate surface being
between 0 < 6 < 859,

4. A liquid crystal display cell according to claim 1,
characterized by a pattern of regions with different preferred
orientations.

5. A liquid crystal display cell according to claim 1,
characterized by a pattern or regions with preferred orientation
and non-oriented regions.

6. A liquid crystal display cell according to claim 3,
characterized in that the two plates have different orientations
patterns differing with respect to different preferred orientations
and resulting in different twist angles.
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LIQUID CRYSTAL DISPLAY CELL

Abstract
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In liquid crystal display cells comprising a liquid crystal (7)
disposed between two substrate plates (1,2) provided with drive
electrodes (3,4), the orientation layer (5,6) on the inner sides of
the plates where the electrodes are disposed comprises an

oriented photopolymer layer.
photopolymer layer.
photopolarizable material with -

This layer is formed by irradiating
This layer is formed by irradiating
linear polarized light.
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a |6r eferred direction. 2. A liquid crystal display cell according.to
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(1,2) are different. 3. A liquid crystal display cell accofding.to.claem
1, characterized in that a nematic liquid crystal is |inear )r%entegwgglgﬁp

orientation layers in a preferred direction, the angle 0 bet
nemati c director and the substrate su_rfgce bei ng between 0 <}{[ errl<
85[err]. 4. A liquid crystal display tell according to clajm 1,

characterized by a pattern of regions with different preferreéd

!
!

- -|?
! |«
- |2
$ ' Rae




160559~ (
al display cell according to claim 1, °

dions with preferred orientation and
ngon-oti ented r ggi Oﬁs ng id crystal display cell according to claim
3; characteriz 3 %ﬁth%?t pl ates have differ griHi9rSHEFT AP BEEN
patterns diffefi vy o different preferrfed orhgptmbons and
resulting in different tvm' st angj es.

orientations. REP’MOEMEN
characteri zed by fa—ps 1

10

LIQUID CRYSTAL DISPLAY CELIL

Abstract

In liquid crystal display cells comprising a liquid crystal (7)
disposed between two substrate plates (1,2) provided with drive
electrodes (3,4), the orientation layer (5,6) on the inner sides of
the plates where the electrodes are disposed comprises an
oriented photopolymer layer. This layer is formed by irradiating
photopolymer layer. This layer is formed by irradiating
photopolarizable material with . linear polarized light.

[Figure 1 ]
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1.  Aliquid crystal d1splay cell compnsmg an oriented liquid crystal
(7) between two plates (1,2) prov1ded w1th transparent electrode layers
(3,4)-and orientation layers (5,6), charactensed by applying in oriented
photopolymer layers which is photochemically modified by polarised
light, to_at least one of the inner sides of the plates where the electrodes

- are disposed, said layers aligning the adjacent liquid crystal - molecules in
a preferred direction.

-

2. A liquid crystal display cell according to claim 1,
characterized in that the preferred directions in the two plates
(1,2) are different.

3. A liquid crystal display cell according to claim 1,
characterized in that a nematic liquid crystal is linear oriented by
the orientation layers in a preferred direction, the angle @

between the nematic director and the substrate surface being
between 0 < 6 < 850,

4., A liquid crystal display cell according to claim 1,
characterized by a pattern of regions with different preferred
orientations.

5. A liquid crystal display cell according to claim 1,
characterized by a pattern or regions with preferred orientation
and non-oriented regions.

6. A liquid crystal display cell according to claim 3,
characterized in that the two plates have different orientations
patterns differing with respect to different preferred orientations
and resulting in different twist angles.



