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This invention relates to liquid crystal désléém;iignment. Such devices

typically comprise a thin layer of a liquid crystal material contained

between cell walls. Optically transparent electrode structures on the

walls allow an electric field to be applied across the layer causing a
- re-ordering of the liquid crystal molecules to an ON state. On removing

the electric field the molecules relax back to their OFF state.

There are three known types of liquid crystal material, nematic,
cholesterio, and smectic each having a different molecular ordering.

The present invention particularly concerns devices using nematic or

long pitch cholesteric materials.and a surface alignment treatment to

the cell walls. This surface alignmentlaligns liquid crystal molecules
in contact with the wall in an alignment direction. By arranging these
alignment directions orthogonal the liquid crystal is forced to adopt a
twisted structure in its voltage OFF state. This device is known as a
twisted nematic device. Addition of a small amount of cholesteric ”
material to the nematic material impérts a preferred twist direction to
ensure a uniform twist in the device. Also devices can be made with

angies of twist greater than 90°; ‘eg the super twisted nematic device,

“"i;;,~ or 270° twisted nematic device described in US-4,596,446. Another

- 42, requirement for the alignment treatment is that it should also impart a
.. surface tilt to liquid crystal molecules at the cell wall. Such a

surface tilt is necessary in some devices to ensure a uniform display as
described eg in GB-1,472,247, and 1,478,592.

One method of providing alignment is termed a rubbing process where a #
cell wall, with or without a polymer layer, is unidirectionally rubbed
by a soft cloth. Liquid crystal molecules align along the rubbing

direction, usually with a surface tilt of about 2° or more depending

upon the polymer layer.
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Short pitch cholesteric materials, forming thermochromic displays, have

.o

been aligned by grating structures embossed into plastic cell walls;
this is described in GB-2,143,323 (McDonnell 1983). A previous use of
gratings to obtain pretilted alignment has utilised a blazed grating
crossed with a sinusoidal grating (E S Lee et al SID 93 Digest. 957).
The liquid crystal director théen runs along the sinusoidal grooves and

hence runs over the blazed grooves which leads to pretilt.

Other alignment techniques include the use of the Langmuir Bloggett
technique (H Ikeno et al Japan J Appl Phys Vol 27, pp 495, 1988);
application of magnetic field to the substrate (N Koshida and S Kikui,
Appl Phys Lett vol 40, pp 541, 1982); or the use of polymers films
having optical anisotropy induced by mechhnical_drawing (H Aoyama et al
Mol Cryst Ligq cryst vol 72 pp 127, 1981). Also twisted nematic
structures have been made in which only one surface is rubbed (Y Toko et

al Japan Display 92 491).

A variation on rubbed polymer alignment is described by M Schadt._K
Schmitt, V Kozinkov and V Chigrinov, Jpn J Appl Phys 31, 2155 (1992).
The material polyvinylcinnamate when illuminated with polarised light
forms a cross linked structure with an anisotropic distribution. This
anisotropy leads to a preferred azimuthal direction for liquid crystal
alignment on the surféze. The direction of the nematic director is
perpendicular to the polarisation of the light used to cross link the

surface, and with zero surface tilt (pretilt).
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.angl es of tw st greater than 90; eg the super tw sted nematic device, or
270[ err]

twi sted nemati ¢ device described in US-4,596,446. Anot her

requi renent for the alignment treatnent 5is that it should also inpart a
surface tilt to liquid crystal nolecules at the cell wall. Such a surface
tilt s necessary in sone devices to ensure a uniformdisplay as descri bed

eg in GB
termed a
| ayer,

-1,472, 247 d 1.478, Q59 exlsbAEHEANt S
Ft}’ﬁbﬁ?ﬁfgibﬁ‘b’?gfgy%aélrsgggg%eeﬁ qu%#gig\npgsh&gra E%\np%&hout a pol yner
iforuddriece coperaztiby ofuidbsplayydevisgest cloth. Liquid crystal

mol ecul es align along the rubbing direction, usually with a surface tilt of
, about 2[err] or nore dependi ng upon the pol yner |ayer.

The problem of zero surface tilt in an ordered polymer alignment layer,
is solved according to this invention, by surface profiling the cross

linked layer with a blazed (asymmetric) grating structure.

According to this invention a method of providing a surface alignment

and surface molecular tilt comprises the steps of:-

forming a layer of material capable of being cross linked on the surface

of a liquid crystal cell wall,
illuminating the layer with polarised light and polymerising the layer,

forming an asymmetric grating in the cross linked layer so that liquid
crystal molecules in contact with the layer will be both aligned and

tilted to the plane of the cell wall.

The material may be a polymer, oligmer, or monomer whose molecular F
weight is increased by exposure to UV light, and which is preferably_ |

compatible with plastic and glass cell walls.

Grooves forming the grating may be aligned along the polarisation

direction of the polarising light, or at a non-zero angle thereto.

The polarisation of the polarised light may be varied from linear to an
amount of elliptically polarised light. The amount of ellipticity

varies the azimuthal anchoring energy, ie the strength of alignment

dirsction. g*
According to this invention a liquid crystal device comprises:-

two spaced cell walls carrying electrodes structures on both opposing

sur-zce and aligning layers on 'at least one copposing surface,
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2  Another alignnment technique is known as oblique evaporation of eg
St O, ° Wwhich can produce surface tilts of zero, or high tilt eg 30[err]
dependi ng upon evaporation direction aﬁgle Such.a technique is '
cunber sone for | arge scal e manufacture; but a nore inportant problen1|sz
that it is difficult to Prov[de a uniforn1aI|%Hnent direction and surface
tilt over enclogipg arkeyeroer clliawsd (cfystal mapepidlyi i ch chol esteric
materials, form ng thernochrom c displays, have been aligned by grating
structures enbossed into plastic cell walls; this s descrlbed in

GB- 2. 143, 3Zbaragtmadiaed |bY1983) . A previous use of

a layer of aligning material capable of optically induced ordering upon

polymerisation, and

i
an asymmetric profiled grating on the surface of the aligning layer,

the arrangement being such that the aligning layer aligns liquid crystal
molecules in a desired direction and with a surface molecular tilt.
The amount of surface tilt is determined by the angles and depths of

grooves forming the grating.

The asymmetric alignment may have the approximate cross sectional shape

- of a sawtooth waveform.

The asymmetric alignment surface may be defined as a surface for which

there does not exist a value of h suth that:-

Y(h-x) = Y(h+x) | ' ceerenaaa(1)

for all values of x. where Y is the function describing the surface

amplitude. ' . )

The liquid crystal material may be a nematic, long pitch cholesteric,
cholesteric, or smectic including ferroelectric liquid crystal material,

with or without dyes.
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'gr‘at i'ngs to obtain pretilted alignment has utilised a blazed grating :
crossed with a sinusoidal grating (E S Lee et al SID 93 Digest. 957). The
liquid crystal director then runs along the sinusoidal grooves and hence
runs oyer the blazed grooves which |eads to pretilt. O her - al i gnnent

t echniques include the use of the Langnuir Bl oggett techni que (H I keno et

al Japan 4nAnfdviRBYsa (Ue 2drnddPifeP twifER) nematitpldbeiddsORitH ggngottiwdsti el d

to the substrate (N Koshida and S Ki kui s Lett vol 40 p 541
1982); or apgke & ﬁva%é?%d Pepatd ch vty e§p%ﬁ£Ly twish 881y The i EFtEY

mechani Cahefs @i Qevedts"Q43 Be @hliplbR| addrsskedith Qbﬂﬁnt\i@haﬂ&aﬁﬁeﬂ?&
*1981). Also tw sted nemati ¢ structures have_been nade whi ch ony%%one

surface i #ddraased by appjestive gptniy, srrey SPPAQYEE k4 lgmAtRF&st'ﬁf‘?
rubbed polysrradiirkssaBIal pmeldessmebadtmew ﬁﬁhﬁbiﬂecﬁ'ﬁché%ides ¥g kaznakev

rand V rin 1
and Chl%tébf?ésed ferrdARBctrl ?blstabfgfﬁzvgces) liquid crystal devices may

be formed.

One or both cell walls may be formed of a relatively thick non flexible
material such as a glass, or one or both cells walls may be formed of a
flexible material such as a thin layer of glass or a plastic material eg
polypropylene. A plastic cell wall may be embossed on its inner surface
to provide a grating. Additionally, the embossing may provide small
pillars (eg of 1-3um height and 5-50um or more width) for assisting in
correct spacing épart of the cell walls and also for a barrier to liquid
crystal material flow when the cell is'flexed. Alternatively the
pillars may be formed by'the material of the aiignment layers.

The invention will now be described, by way of example only, with

reference to the accompanying drawings of which:-

Figure 1 is a plan view of a matrix multiplex addressed liguid crystal

display;
Figure 2 is a cross section of the display of Figure 1;

Figure 3 is a stylised plan view of a cell wall showing polarisation

direction and orientation of a nematic alignment direction;

Figure 4 is a diagrammatic view of.apparatus for producing the A

asymmetric alignment;
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The. mat eri al pol yvi nyl ci nnamate when illum nated with polarised |ight forns
a‘cross’ linked structure with an anisotrqpic distribution. This anisotropy

l-eads to a preferred azinuthal direction for liquid crystal alignnent on e
the surface. The direction of the nematic director is perpendicular to the.s

bot ar ! at hagupl o 8, 4 )48k el o a 8811 W 'Bin3 EAeMiBa BY Ul bl
of Flgure 4; and

Figure 6 is a stylised view of alternative apparatus for producing

asymmetric alignment.

The display of Figures 1, 2 comprises a liquid crystal cell 1 formed by
Né layer 2 of nematic or long pitch cholesteric liquid crystal material
contained between glass walls 3, 4. A spacer ring 5 maintains the walls
typically 6um apart. Additionally numerous 6um diameter glass beads may
be dispersed in the liquid crystal material to maintain an accurate wall
spacing. Strip like row electrodes 6 eg of Sn0, or ITO are formed on
one wall 3 and similar 6olumn electrodes 7 formed on the other wall 4.
With m-row and n-column electrodes this forms an m.n matrix of
addressable elements or pixels. Each pixel is formed by the

intersection of a row and column electrode.

A ~ow driver 8 supplies voltage to each row electrode 6. Similarly a
column driver 9 supplies voltages to each column electrode 7. Control
of applied Voltages is from a control logic 10 whlch receives power from

a ~voltage source 11 and timing from a clock :Z:

Either side of the cell 1 are polarisers 13, 13' arranged with their
polarisation axis crossed with respect to one another and parallel to an
aiignment direction on the adjacent wall 3, 4 as described later.
A zartly reflecting mirror 16 may be arranged behind the cell 1 together
wizh a light source 15. These allow the display to be seen in
rellection and lit from behind in dull ambient lighting. For a

transmission device, the mirror may be omitted.

-
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*For nost liquid crystal devices a nol ecul ar surface tilt is essentfaf. for
correct: operation of display devices. The problem of zero surface tilt
in an ordered pol ynmer alignment layer, 7 is solved according to this
i nvention, by surface profiling the cross i nked | ayer with a bl azed
(asy tric) grating structure. According to this invention a nethod of
g[ gw di ngrgolsq.y ﬂQ@enﬁJlbrgﬂllfi@'Hell ‘?ﬂdssyr flaaee irface zxfligninenn:anrpatexbs Ahe

ps of: formng a | ayer of nater e 0 | i nked on
the surfasger off palx‘{layilelwéf%u“h&&?r%él Fl‘%%bt’Y |?°1%Q§%§wn%%ﬁﬁe 1 ayer

Wi th pol 3rb&esks bl Yraapda RirbEites whgch dibay driguid crystal material. As

’ shown in Figure 3 liquid crystal molecular alignment direction p is

orthogonal to polarisation direction E. Direction p lies along an x

axis whilst E lies along a y axis, and liquid crystal layer thickness

lies in a z direction, normal to the cell wall. It is necessary to
h produce a surface tilt so that molecules do not *ie in the x, y plane as

in Figure 3, but at some angle eg 2 to 20° or more.

It is possible to now add pretilt by the use of a blazed modulated
surface. It can be shown that pretilt is obtained when a nematic
director lies in a direction perpendicular to the grooves of a blazed
grating. This condition can be satisfied if a blazed grating is written
into the surface of the polyvinylcinnamate such that the groove
direction is along y. The nematic director n then lies across the

grooves (in the x direction) and pretilt is obtained. In this context a

blazed surface is defined as above.

In practice the grating can be written at the same time as the ]

polymerisation process as explained below.

Figﬁre 4 shows apparatus for producing a grating. As shown light 30
from a linearly polarised HeCd laser 31 (of wavelength 325nm) is focused
by a first lens.32 onto a fixed diffuser 33 and a rotating diffuser 34.
A seccnd lens- 35 recollimates the now expanded laser beam 30 which is
then amplitude split by a semi aluminised beamsplitter 36 onto two
mirrcrs 37, 38. A substrate 39 to be formed into a grating is mounted
in a sample holder 40 located between the two mirrors 37, 38. The
coununrpropagatlng beams in between the two mirrors 37, 38 set up an F

optical standing wave, ie interference fringes, having a period of half

the ‘aser wavelength. To form the correct polymer chain direction, the

laser beam polarisation E is along the direction of the grating grooves,

out -7 the page in Figure 4.

\
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fbrm'.ng an asymmetric grating in the cross linked |ayer so that liquid %
crystal "nolecules in contact with the layer will be both aligned and o
tilted to the plane of the cell wall. The material may be a pol yner; g

oligmer, or nononer mhose mol ecul ar weight is increased by exposure to

light, an | C t gyyg I '
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of ellipti caﬁnl f/plﬂ’olcg e ‘anount o trcit
and dichloromethane (50 50 solution) at 3000 rpm for 30 seconds to give

a coating 41. Softbaking is carried out at 90°C for 60 minutes. The
substrate 39 is then mounted in the sample holder 40 as in Figure U and
exposed at an oblique angle to a standing wave pattern of light from the

.(iaser 31. This is a specific example of interferographic grating

manufacture, M C Hutley, Diffraction Gratings (Academic Press., London

1982) pp 95-125.

The interference fringes are recorded into the photopolymer layer 41 as
shown in Figure 5. The pitch of the grating depends on the angle
between the substrate 39 and the standing wave. Typical exposure is 300
seconds with a power density at the sample of 1.5mW/cm2. The sample is
spin developed for 15 seconds in chlorobenzene and then rinsed in

- isopropanol.

A second method of grating manufacture is shown in Figure 6. 1In this
case the grating paﬁterh is formed by an exposure to linearly polarised
light from a mercury lamp through a photolithography mask. As shown a
cell wall 45 is coated with a layer 46 of phctopolymer. A mask 47 is
formed by a chrome pattern 48 on a glass slide 49. Linearly polarised
light is provided by a mercury lamp 50, polarisation direction is
indicated by E. The off axis illumination ensures that blazed grooves

are obtained (after development in chlorobgnzene) The illumination

polarisation must again have its electric vector along the direction of

the grooves.
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‘vari es the azi muthal anchoring energy, ie the strength ot allgnnent
direction. According to this invention a liquid crystal device
conpri ses: - two spaced cell walls car@ylng el ectrodes structures on both

oppqssng surface and aligning | ayers on at | east one opposing surface,

Both the above methods use llght sources within the optically sensitive
regime of polyvinylcinnimate (300-3 350nm). Other possible fabrication
processes could include direct writing laser lithography or embossing,

or carrier 1ayer transfer.

The configuration described in this application can in principle be
applied to any material which undergoes optically.induced ordering
during polymerisation. Also in terms of liquid Crystal alignment, the
azimuthal anchoring strength of the polymer layer (which is usually
strong) can be reduced by using elliptically polarised light instead of
linearly polarised light. This is due to reduced ordering along the x
direction. * Furthermore pretilt can be varied independently of the
anchoring strength as the former is only a function of the topology.

The zenithal anchoring energy may also be controlled by varying the
gratzng material, and or bv use of a surfactant (eg lethecin) on the

Y

grat;ng surface.

g

The gratings 41 may cover the entire surface of a cell wall, or may

"jé%ver all or part of each pixel, or may extend slightly beyond the i
iﬂgundary of the pixels. The gratings may be at the pixel areas of a A
iciﬁplete layer of grating material with the areas between pixels coated
”;ith a polymer whose surface contains no grating and or has not been
créss-llnked Alternatively the gratings at the pixels may be separate
_areas'of a grating with no grating polymer between the pixels. Areas
ﬁbe?'een pixels with no gratlng may be used to 1mprove contrast ratio

b tween ON and OFF states of a display, because these non-grating areas

 %§}1 appear black in a normally white twisted nematic display. This
jdlspenses w1th the need to apply a black coloured pattern to cell walls

_between electrodes. as formed on some present displays. &

Y
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4 . enclosing a layer of a liquid crystal material, - Characterised by,

a‘'layer”of aligning material capable of ogptically induced ordering upon

pol ymeri sation, and an asymetric pro% led grating on the surface of -ths

al i gning | ayer, t he arrangenent being such that the aligning | ayer "
l'igns |iqui r I I I I n i L r i nd With r

ﬁol gcﬁl ar uq %tj.g‘egtsito% ofrrt?hee%lrj-ogvses ataeadc Spg.:?& Eljlayebcet ngfgre%t ixta dﬁ'fégex{@ ce

parts of the pixel, ¢i between adjacent pixels, eg two half pixels with
grooves orthogonal to one another. Furthermore, the asymmetry of the
grooves and or depth of groove may be variéd within a pixel area (and
hence surface pretilt) to allow ad&itional grey scale capability,
particularly for STN devices (twist angles between 180 and 360, eg

270°). This sub-pixellation may be used to improve the viewing angle of

a display.

The tilted alignment described above may also be used in smectic and

cholesteric liquid crystal devices.

..
ey T
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*The.ampunt of surface tilt is determ ned by the anglues and dep.t hs of.

groovég_-_*_*TT‘TﬁﬂyjmﬁﬂH—ng. The asymmetric alignnent may have the
appr oxi Mﬂﬂﬁzmﬂﬁlﬂm al shape of ajgawt ooth waveform The
asymret 1 1,C* Face may be defined as a surface for which there
does not exist a Valfue*of h such that:- Y(h-x) = Y(h+x)
......... (1) for all values of x. where Y is the function describing
t he surface '

Claims.

1. A method of providing a surface alignment and surface molecular tilt

on walls of liguid crystal devices comprising the steps of:-

forming a layer of material capable of being cross linked on the surface

) of a liquid crystal cell wall,

illuminating the layer with polarised light and polymerising the layer,

forming an -asymmetric grating in the cross linked layer so that liquid -
crystal molecules in contact with the layer will be both aligned and

tilted to the plane of the cell wall.

2. The method of claim 1 wherein the gfating is formed by
interferometery or obliqﬁe incidence photolithography.

3. The method of claim 1 wherein the polarised light is linearly

polarised light.

4. The method of claiﬁ 1 wherein the polarised light is elliptically
polarised light. )

5. The method of claim 1 wherein grooves in the grating are aligned
along or at a non zero angle to the polarisation axis of the polarised

light.

6. The method of claim 1 wherein the profile of the grating is varied

to vary surface tilt. L ¢
7. A liquid crystal devices comprising:-

two spaced cell walls carrying electrodes structures on both opposing

.sur’ace and aligning layers on at least one opposing surface,

enc_csing a layer of a liquid crystal material,
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Characterised by,

a layer of croés linked aligning material capable of aligning liquid

crystal molecules, and

an asymmetric profiled grating on the surface of the aligning layer,

-

2 : :
the arrangement being such that the aligning layer aligns liquid crystal

molecules in a desired direction and with a surface molecular tilt.

8. The device of claim 7 wherein the asymmetric profiled grating is
formed at electrode intersections forming pixels, with gaps containing

no grating. ' ' ' e

9. The device of claim 7 wherein the asymmetric profiled grating
direction is different in different areas of each pixel or at adjacent

-

- pixels.

10. The device of claim 7 wherein the asymmetry of the asymmetric
profiled grating is different in different areas of each pixel or at .

adjacent pixels.

11. The device of claim 7 wherein the depth of grooves in the
asymmetric profiled grating is different in different areas of each

pixel or at adjacent pixels.

12. The device of claim 7 wherein the asymmetric proflled grating is

coated with a surfactant.

13. The device of claim 7 wherein the liquid crystal material is

nematic, cholesteric. or smectic liquid crystal material.

14, The device of claim 7 and including polarisers arranged to
'.cooperate with the alignment directions on the cell walls to produce
maximum contrast between two switched states of the liquid crystal

material.
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The -devj m“mmm into twi sted nematic deV| ces with eg 9'0 t wi st

ang| e, Hm nematics with eg 270[err] tw st angles. The tw sted
nemati ¢ devfces May *be*nul tipl ex addresseg in conventional manner or
addressed by an active matrix array enploying thin filmtransistors at
each addressable pixel. Alternatively ferroelectric devices eg surface

st abi | i sedsf emeheﬁdei of (dliaimap| endd eneidd he | e@ns df oxr wpphyimgewddmsssing be
f or med. ﬁg?e Qr cetﬂ.w@lgs By be formed of a relatively thick non
f1exible aF° he8y §5F ?’, dr one or both cells walls may be
formed of a flexible material such as a thin Iayer of glass or a plastic
* materi al Lyprapyl epe, p. II e

i nner sur ?gbe% 8 vr"(%él §P CIaS\Pai S’r?]’tsk‘gﬂaﬁ?‘kﬂ %gr?'al %eee{r%toggl %% ar’rﬁy

provi de smatérialelars (eg of 1-3[err]m height and 5 50[err] mor nore
"width) for assisting in correct spacing apart of the cell walls and al so

for a barrier to liquid crystal material flow when the cell is flexed.
Al ternati ¥8l y Thaedevice of claim 1 wherein the cell walls are formed of a

.

flexible plastic material. -

18. The device of claim 1 wherein spacer pillars are formed on one or
both cell walls.

19. The device of claim 1 wherein spacer pillars are formed by the
material forming the grating on one or both cell walls.
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pill ér_"s'ﬁ_rreiy be>formed by the material of the alignment |ayers. g e

invention will now be described, by way of exanple only, with reference to

t he acconpanyi ng dravvlngs of which: - Figure 1 is a plan view of. .a rra'g.[ix
mul t i - ¥qui d crystal displ ay; Fi QREPIBCED SHFOES sectfon |
of theJ ﬁEure 1; Figures @ is a sty sediplién: yisew..of. 1@ pesdd 10|
wal | s |

tion direction d orient aw en”@ff) a neq@Ati.c. abipgpre.... |

wingfls
Fig.1.

di rection; ) :paged .. 5. 1\)p<1<(,d k' 3

s pagst v 10 PEETE v i

)

-
s

e,
P

o i 3..

Ry
]
[

IURE———

-

- 9
COLUMN DRVER T
- —7
8 £ N n
\ 61
A
o ]
> l
o |
S| ’
z| ! .
o : 1
——
.|
| Y
Om 6
; CLOCK i
(CONTROL | | ,
J ’ .
10 VOLTAGE ] 44
SOURCE

Fig.2.

13 72 56 13
14 ? 7 | E ¢
) 7 ¢ _\_é EE——
UG 'g ]~
Al |
_ : — ’ X

w
N
D
Y
16))




#lguré 4 is a diagrammatic view of apparatus for producing the asymetric
6 Figure 5 is

allgnnent,
a sectlon VeW& Hangeqllﬂ Maj! being treated by the apparatus of Figure 4,

R 17111 2/

- Fig.4.
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Flgure 6_is a stylised view of alternative apparatus f or produ0|ng

asynnetrlc a The display of Figures 1, 2 conprises a liquid
cryst al ceh*s med a layer 2 of nematic or long pitch cholesteric
I|qU|d\cry naﬁmmmpontalned betmeen glass walls 3, 4. A spacer ring
5 nalntaln yplcally 6p é%%? Addi tionally nunerous 6[err]m
di anet er be dispers n the liquid crystal nmaterial to
mai nt ai n an accurate spacing. Strip like row el ectrodes 6 eg of
SnJerr] or ITO are forned on one wall 3 and simlar columm el ectrodes 7
formed on the other wall 4. Wth mrow and n-colum el ectrodes this forns

‘an mn matrix of addressabl e el enments or pixels. Each pixel is formed by

t he intersection of a row and col um el ectrode. A row driver 8 supplies
voltage to each row electrode 6. Simlarly a colum driver 9 supplies

“voltages to each col umm el ectrode 7. Contro

Fig.6.
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| ogi ¢ 10 which receives power froma
Ei t her S|de of the cell 1
'%Qﬁ o:sseﬂ -3 t&

of: applied voltages is froma control
vol tage source 11 and tinming froma clock 12.
are polarisers 13, 13" arranged with their polartsatr
respect to one another and parallel to an ali gnrrem‘/
adj acent wall 3, 4 as described |ater.
be arranged behind the cell 1 together with a Ilghy

the display to be seen in reflection and |it fron1pe 3 _
l'ighting. For a transm ssion device. the mrror may be "o t ted-"

LIQUID CRYSTAL DEVICE ALIGNMENT

Such devices

This invention relates to liquid crystal device alignment.
typically comprise a thin layer of a liquid crystal material contained

between cell walls. Optically transparent electrode structures on the

walls allow an electric field to be applied across the layer causing a

re-ordering of the liquid crystal molecules to ai ON state. On removing

the electric field the molecules relax back to their OFF state.

There are three known types of liquid crystal material, nematic,
cholesterio, and smectic each having a different molecular ordering.

The present invention particularly concerns devices using nematic or
long pitch cholesteric materials and a surface alignment treatment to

This surface alignment aligns liquid crystal molecules

the cell walls.
By arranging these

in contact with the wall in an alignment direction.

alignment directions orthogonal the liquid crystal is forced to adopt a

- twisted structure in its voltage OFF state. This device is known as a

twisted nematic device. Addition of a small amount of cholesteric

material to the nematic material imparts a prcferred twist direction to
ensure a uniform twist in the device. Also devices can be made with
eg the super twisted nematic device,

angles of twist greater than 90°;
Another -

or 270° twisted nematic device described in US-4,596,446.

requirement for the alignment treatment is that it should also impart a

surface tilt to liquid crystal molecules at the cell wall., Such a

surface tilt is necessary in some devices to ensure a uniform display as

described eg in GB-1,472,247, and 1.478,592.

One method of prov1d1ng alignment is termed a rubblng process where a

cell wall, with or without a polyqer layer- is unldlrectlonally rubbed

by a soft cloth. quuld crystal molecules align along the rubbing

direction, usually with a surface tllt of about 2° or more depending

upon the polymer layer.

This js the replacement sheet
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7 Prior to assenbly the cell walls 3, 4 are surface alignnment treated. A
Fayer of polyvinylcinnamate when cross |inked by polarised Iight produces
an ordered structure which aligns liquid crystal material. As shown in
Figure 3 liquid crystal nolecular alignment direction nis orthogonal to
pol ari sation direction E. Direction n lie® along an x axis whilst E lies
along ay axis, and liquid crystal |layer thickness lies in a z direction,
normal to the cell wall. It is necessary to produce a surface tilt so that

nol ecul es gostil hifriment Nechniyud!i@N@néin dsNoblBieCedapdiiticioh OPE SIW) e
eg 2 to 20[err] or nore. o
h can produce surface tilts of zero, or high tilt eg 30° depending

whic
upon evaporation direction angle. Such a technique is cumbersome for

large scale manufacture; but a more important problem is that it is

difficult to provide a uniform alignment direction and surface tilt over

large areas of cell walls.

Short pitch cholesteric materials, forming thermochromic displays, have
been aligned by grating structures embossed into plastic cell walls;
this is described in GB-2,143,323 (McDonnell 1983). A previous use of
gratings to obtain pretilted alignment has utilised a blazed grating
crossed with a sinusoidal grating (E S Lee et al SID 93 Digest. 957).
The liquid crystal director then runs along the sinusoidal grooves and

hence runs over the blazed grooves which leads to pretilt.

Other alignment techniques include the use of the Langmuir Bloggett

technique (H Ikeno et al Japan J Appl Phys Vol 27, pp 495, 1988);
application of magnetic field to the substrate (N Koshida ‘and S Kikui,

Appl Phys Lett vol 40, pp 541, 1982); or. the use of polymers films

having optical anisotropy induced by mechanical draw1ng (H Aoyama et al

Mol Cryst Liq cryst vol 72 pp 127, 1981). AlSo twisted nematic

structures have been made in whkiich only one surface is rubbed (Y Toko et

al Japan Display 92 491).

A variation on rubbed polymer alignment is described by M Schadt, K
Schmitt, V Kozinkov and V Chigrinov, Jpn J Appl Phys 31, 2155 (1992).

The material polyvinylcinnamate when illuminated with polarised light
forms a cross linked structure with an anisotropic distribution. This
anisotropy leads to a preferred azimuthal direction for liquid crystal

alignment on the surface. The direction of the nematic director is

perpendicular to the polarisation of the liggt u§ed to crg;s link the
3 r LT
- v,. *T »

surface, and with zero surface tilt (pretllt) S

This is the replacement sheetl
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It is possible to now add pretilt by the use of a blazed nodul at ed

surface. It can be shown that pretilt is obtained when a nematic director
lies in a direction perpendicular to the grooves of a blazed grating. This
condition can be satisfied if a blazed grating is witten into the surface
of the polvvinylcinnamate such that the grpove direction is along y. The
nemati c director n then |lies across the dgrooves (in the x direction) and
pretilt is obtained. In this context a blazed surface is defined as above.

|0 Practi cgol 50! Aldia €Ay éb,qa%o%é%e 3ho i1 8ABurfalE 8214 9 essential

pol ymeri sation proce S as I ne Figure 4 shows apparatus for
produci ng fomrcarregt oAsrgmm of g#arlzy d¢‘r1@|¢§a linearly polarised HeCd

| aser 31 (of wavel ength 325nm) is focused by a first lens 32 onto a fixed
diffuser 33 and a rotating diffuser 34. A second lens 35 recollimtes the

now expandBie lpaskkerhofnzSrP yréace £ilt in an ordered polymer alignment layer,.
is solved according to this invention, by surface profiling the cross

linked layer with a blazed (asymmetric) grating structure.

According to this invention a method of providingZ a surface alignment

and surface molecular tilt comprises the steps of:-

forming a layer of material capable of being cross linked on the surface

of a liquid crystal cell wall,
illuminating the layer with polarised light and polymerising the layer,

forming an asymmetric grating in the cross linked layer so that liquid
crystal molecules in contact with the layer'will be both aligned and

tilted to the plane of the cell wall.

- The material may be a polymer, oligmer, or monomer whose molecular
weight is increased by exposure to UV light. and which is preferably

compatible with plastic and glass cell walls.

Grooves forming_the grating may be aligned along the polarisation

direction of the polarising light, or at a non-zero angle thereto.

The polarisation of the polarised light may be varied from linear to an
amount of elliptically polarised light. The amount of ellipticity
varies the azimuthal anchoring energy. ie the strength of alignment

direction.
According to this invention a liquid crystal device comprises:-

two spaced cell walls carrying eleccrodes struccures on both opposing

surface and aligning layers on at least one Opposing surface,

This is the replacement sheet
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then anplitude split by a sem alumnised beansplitter 36 onto two mrrors
387, 38. A substrate 39 to be forned into a grating is nounted in a sanple
hol der 40 | ocated between the two mirrors 37, 38. The counterpropagating
beans in between the two mirrors 37, 38 set up an optical standing wave, °
ie interference fringes, having a period gf half the |aser wavel ength. To
formthe correct polynmer chain direction, the |aser beampolarisation E is
along the direction of the grating grooves, out of the page in Figure 4.

8 enclosing a layer of a liquid crystal material,

Characterised by,

a layer of aligning material capable of optically induced ordering upcn

polymerisation, and

an asymmetric profiled grating on the surface of the aligning layer,

the arrangement being such that the aligning layer aligns liquid crystal

molecules in a desired direction and with a surface molecular tilt.

The amount of surface tilt is determined by the angles .and depths of

grooves forming the grating.

The asymmetric alignment may have the approximate cross sectional shape

of a sawtooth waveform.

The asymmetric alignment surface may be defined as a surface for which

there does not exist a value of h such that:~

¥(h-x) = Y{(h+x) . Ceeeeeean (1)

for all values of x. where Y is the function describing the surface

amplitude.

The liquid crystal material may be a nematic, long pitch cholesteric,

cholesteric, or smectic including ferroelectric liquid crystal material,

with or without dyes.

This is the replacement sheet



Prior to being nmounted in the sanple holder 40 a substrate 39 of indium
tin oxide (I TO coated glass is cleaned in acetone and i sopropanol and

then spin coated with a pol yvinyl ci nnamate 2% sol uti on in chl orobenzene

and di chl oronet hane (50=50 solution) at 3000 rpmfor 30 seconds to give a
coating 41. Softbaking is carried out at §#0[err]C for 60 m nutes. The
substrate 39 is then nounted in the sanple holder 40 as in Figure 4 and -
exposed at an oblique angle to a standing wave pattern of light fromthe
laser 31. ¢ffi &ehsceamﬁpe&l frbfmé ANPH Crrlis teAt Minfat 6 (MeLoes gnat egg90° twist

manuf acture, M C Hutley, Diffraction Gratlngszé Agcadem c P Jl'l? d
1982) pp 9Bglep.or supqhEwifted MEPaes with gl 2Pe THSES ‘?Snto %ems“"

phot opol W}E‘éﬁlﬁ{:fa’ %revé}éeé‘smay B i GHaLedsedThe dvrﬁzéhtixindlhﬁagmﬁ iorg
depends on e ang between the substrate 39 a tcj‘ ? d| ng_wave.
Typi cal eﬁﬂégﬁﬁ%ﬂdl §YSGD active AGELNiaTay FRRISYInEN ’:afm g T8 8F

1.5nMW cni gkl - agiiesSaiY @ikél. Alternatively ferroelectric dev1ces eg surface
stabilised ferroelectric {bistable devices) liquid crystal devices may

Jbe formed.

One or both cell walls may be formed of a relatively thick non flexible
material such as a glass, or one or both cells walls may be formed of a

flexible material such as a thin layer of glass or a plastic material eg

polypropylene. A plastic cell wall may be embossed on its inner surface

to provide a grating. Additionally, the embossing may provide small
pillars (eg of 1-3um height and 5-50pum or more width) for assisting in
correct spacing apart of the cell walls and also for a barrier to liquid
crystal material flow when the cell is.flexed. Alternatively the
pillars may be formed by the material of the alignment layers.

The invention will now be described, by way of example only, with

reference to the accompanying drawings of which:-

Figure 1 is a plan view of a matrix multiplex addressed liquid crystal

display;

Figure 2 is a cross section of the display of Figure 1;

Figure 3 is a stylised plan view of a cell wall showing polarisation

direction and orientation of a nematic alignment direction;

Figure 4 is a diagrammatic view of apparatus for producing the

asymmetric alignment;
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spi n devel oped for 15 seconds in chlorobenzene and then rinsed in

i sopr opanol . A second nethod of grating manufacture is shown in Figure 6.
In this case the grating pattern is forned by an exposure to linearly
polarised light froma nercury |anp through a photolithography mask. As
shown a cell wall 45 is coated with a | aygr 46 of photopol yner. A mask 47
Is formed by a chronme pattern 48 on a glass slide 49. Linearly polarised
light is provided by a nmercury |anp 50, polarisation direction is indicated
by E. The @84 §si h! s8BtAshi PibweBEUL Sellhpilblvaing treatuashprtheoiimiracds
(after developnent in chl orobenzene) The illum nation polarisation nust

agai n havef] Figugeclsriaddsect or al ong the direction of the grooves.

Figure 6 is a stylised view of alternative apparatus for producing

asymmetric alignment.

The display of Figures 1, 2 comprises a liquid crystal cell 1 formed by
a layer 2 of nematic or long pitch cholesteric liquid crystal material

contained between glass walls 3, 4. A spacer ring 5 maintains the walls

typically 6um apart. Additionally numerous 6um diameter glass beads may
be dispersed in the liquid crystal material to maintain an accurate wall
spacing. Strip like row electrodes 6 eg of Sn0, or ITO are formed on

one wall 3 and similar column electrodes 7 formed on the other wall 4.

With m~-row and n-column electrodes this forms an m.n matrix of

addressable elements or pixels. Each pixel is formed by the

intersection of a row and column electrode.

A row driver 8 supplies voltage to each row electrode 6. Similarly a
cclumn driver 9 supplies voltages to each column electrode 7.
of applied voltages is from a control logic 10 which receives power from

Control

a voltage source 11 and timing from a clock 12.

Either side of the cell 1 are polarisers 13. 13"arranged with their
polerisation axis crossed with respect to one another and parallel to an

alignment direction on the adjacent wall 3, 4 as described later.

A parfly reflecting mirror 16 may be arranged behind the cell 1 together

with a light source 15. These allow the display to be seen in

reflection and lit from behind in dull ambient lighting. For a

transmission device. the mirror may be omitted.
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9  Both the above methods use | i ght sources within the optically

sensitive regi me of pol yvinylcinnimate (300-350nm. O her possible
fabrication processes could include direct witing |aser |ithography or
enbossi ng, or carrier layer transfer. The configuration described in

appglied to any material which

this application can in principle be
during polynerisation. Also in terns

under goes optically induced ordering

of liquid crystal alignnent, the
Prior to assembly the cell walls 3, 4 are surface alignment treated. A

layer of polyvinylcinnamate when cross linked by polarised light
produces an ordered structure which aligns liquid crystal material. As

shown in Figure 3 liquid crystal molecular alignment direction p is

orthogonal to polarisation direction E. Direction p lies along an x

axis whilst E lies along a y axis, and liquid crystal layer thickness

lies in a z direction, normal to the cell wall. It is necessary to

produce a surface tilt so that molecules do not }ie in the x, y plane as

in Figure 3, but at some angle eg 2 to 20° or more.

It is possible to now add pretilt by the use of a blazed modulated
surface. It can be shown that pretilt is obtained when a nematic
director lies in a direction perpendicular to the grooves of a blazed
grating. This condition can be satisfied if a blazed grating is written
into the surface of the polvvinylcinnamate such that the groove

The nematic director n then lies across the

direction is along y.
In this context a

grooves (in the x direction) and pretilt is obtained.

blazed surface is defined as above.

In practice the grating can be written at the same time as the

polymerisation process as explained below.

Figure 4 shows apparatus for producing a grating. As shown light 30
from a linearly polarised HeCd laser 31 (of wavelength 325nm) is focused
by a first lens 32 onto a fixed diffuser 33 and a rotating diffuser 34,
A second lens 35 recollimates the now expanded laser beam 30 which is
then amplitude éplit by a semi aluminised beamsplitter 36 onto two
mirrors 37, 38; A substrate 39 to be formed into a grating is mounted
in a sample holder 40 located between the two mirrors 37, 38. The
counterpropagating beams in between the two mirrors 37, 38 set up an
optical standing wave, ie interference fringes, having a period of half
the laser wavelength. To form the correct polymer chain direction, the

laser beam polarisation E is along the direction of the grating grooves,

out of the page in Figure 4.
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azi mut hal anchoring strength of the polyner |ayer (which is usually
strong) can be reduced by using elliptically polarised |ight instead of
linearly polarised light. This is due to reduced ordering along the x

direction. Furthernore pretilt can be varied independently of the
anchoring strength as the fornmer is only 3 function of the topol ogy.
The zenithal anchoring energy may al so be controlled by varying the
grating material, and or by use of a surfactant (eg | ethecin) on the

grating sugface. ~  The gratJjngs_41 may, cqver t ntife rface .cell
wal |, or nmaF*or &8veeing fn°‘g’?te§’a?‘fq e 538%1%?3929?2?0 %a%u%%‘i#& '§§ iogér)\?'?@n&e
beyond t he tbouiddey(ITD)t beatzidxglsss Tseclpatadnds amerohe ad tilseppopembl aarshs

coat ed vt FPER SBEg AR OB e O POpe Ot TAREeH 2 2PERE dhd T ureBairentecn
cross- | i nkend ddchbsrvakihaley (60e5Q rsafllubimn )aatt 3R0Qirps| SomdP becwwisatatgive
a coating 41. Softbaking is carried out at 90°C for 60 minutes. The
substrate 39 is then mounted in the sample holder 40 as in Figure 4 and
exposed at an-oblique angle to a standing wave pattern of light from the
laser 31. This is a specific example of interferographic grating

manufacture, M c Hutley, Diffraction Gratings (Academic Press, London

1982) pp 95-125.

The interfeérence fringes‘are recorded into the photopolymer layer 41 as
shown in Figure 5. The pitch of the grating depends on the angle
between the substrate 39 and the standing wave. Typical exposure is 300
seconds with a power density at the sample of 1.5mW/cm®. The sample is

spin developed for 15 seconds in chlorobenzene and then rinsed in

isopropanol.

A second method of grating manufacture is shown in Figure 6. In this
case the grating pattern is formed by an exposure to linearly polarised
light from a mercury lamp through a photolithography mask. As shown a

cell wall 45 is coated with a layer 46 of photopolymer. A mask 47 is

formed by a chrome pattern 48 on a glass slide 49. Linearly polarised

light is provided by a mercury lamp 50, polarisation direction is
indicated by E. The off axis illumination ensures that blazed grooves
are obtained (after development in chlorobenzene}l The illumination a

polarisation must again have its electric vector along the direction of

the grooves.
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areas of a grating with no grating polyner between the pixels. Areas
bet ween pixels with no grating nay be used to inprove contrast ratio
bet ween ON and OFF states of a display, because these non-grating areas
wi || appear black in a normally white tw sted nematic display. This
di spenses with the need-to apply a black coloured pattern to cell walls
bet ween el ectrodes, as fornmed on sone pre&sent displays.

10
Both the above methods use light sources within the optically sensitive

regime of polyvinylcinnimate (300-350nm). Other possible fabrication

processes could include direct writing laser lithography or embossing,

or carrier layer transfer.

The configuration described in this application can in principle be

abplied to any material which undergoes optically induced ordering

.dﬁring polymerisation. Also in terms of liquid crystal alignment, the

azimuthal anchoring strength of the polymer layer (which is usually
strong) can be reduced by using elliptically polarised light instead of

linearly polarised light. This is due to reduced ordering along the x

direction. Furthermore pretilt can be varied independently of the

anchoring strength as the former is only a function of the topology.

The zenithal anchoring energy may also be controlled by varying the
grating material, and or by use of a surfactant (eg lethecin) on the

grating surface.

Thé gratings 41 may cover the entire surface of a cell wall, or may
cover all or part of each pixel, or may extend slightly beyond the
boundary of the pixels. The gratings may be at the pixel areas of a

. complete layer of grating material with the areas between pixels coated
with a polymer whose surface contains no grating and or has not been

Alternatively the gratings at the pixels may be separate

¢cross-linked.
Areas

.areas of a grating with no grating polymer between the pixels.
between pixels with no grating may be used to improve contrast ratio
between ON and OFF states of a display, because these non-grating areas
will appear black in a normally white twisted nematic display. This
dispenses with the need-to apply a black coloured pattern to cell walls

between electrodes, as formed on some present displays.
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The direction of the grooves at each pixel nmay be different in different
parts of the pixel, or between adjacent pixels, eg two half pixels with
grooves orthogonal to one another. Furthernore, the asymmetry of the
grooves and or depth of groove may be varied within a pixel area (and hence
surface pretilt) to allow additional grey scale capability, particularly
for STN devices (tw st angl es between 180%nd 360, eg 270[err]). This
sub- pi xel l ati on nmay be used to i nprove the view ng angle of a display.

The tilted alignment descri bed above nthaEI’fx%lbga#sbeeddlj_Pfésrrre%%t e gir}‘}erent :

chol est er 18€| dfrackien yaf &pe KRPO¥ES &t €

parts of the pixel, or between adjacent pixels, eg two half pixels with
grooves orthogonal to one another. Furthermore, the asymmetry of the
grooves and or depth of groove may be varied within a pixel area (and
hence surface pretilt) to allow édditional grey scale capability,
particularly for SIN devices (twist angles between 180 and 360, eg

270°). This sub-pixellation may be used to improve the viewing angle of

a display.

The tilted alignment described above may also be used in smectic and

cholesteric liquid crystal devices.
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11 - met hod of providing a surface alignnment and
liquid crystal devices conprising

____________________J,._A
tsﬁref ggpaimm“ﬂ “““NH“ m ngna\l\?;;;o};f mat eri al capabl e of being cross
i cell wall,

race liquid crystal
11

Claims.

1. A method of providing a surface alignment and surface molecular tilt

on walls of liquid crystal devices comprising the steps of:-

forming a layer of material capable of being cross linked on the surface

of a liquid crystal cell wall,

illuminating the layer with polarised light and polymerising the layer,

forming an -asymmetric grating in the cross linked layer so that liquid
crystal molecules in contact with the layer will be both aligned and

tilted to the plane of the cell wall.

2. The method of claim 1 wherein the gfating is formed by

interferometery or obliqdé incidence photolithography.

3. The method of claim 1 wherein the polarised light is linearly

polarised light.

4, The method of claim 1 wherein the polarised light is elliptically

polarised light.

5. The method of claim 1 wherein grooves in the grating are aligned .

along or at a non zero angle to the polarisation axis of the polarised

light.

6. The method of claim.l wherein the profile of the grating is varied

to vary surface tilt.
7. A liquid crystal devices comprising:-

two spaced cell walls carrying electrodes structures on both opposing

surface and aligning layers on at least one opposing surface,

enclosing a layer of a liquid crysctal material.
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il lumn
form ng
crystal

pol ari sed |ight and polynerising the |ayer.
an”ﬁm lﬁ m ng in the cross linked | ayer so that liquid
t with the layer will be both aligned and
2. The nethod of claim1l

tiited to the plane "of thé cell wall.
wherein the grating is forned by
phot ol i t hogr aphy.

intetZerometery or oblique incidence
3. The nethod of claim1l wherein the polarised |ight

is linearly pol ari sed |.ight.

Characterised by,

a layer of cross linked aligning material capable of aligning liquid

crystal molecules, and

an asymmetric brofiled grating on the surface of the aligning layer,

the arrangement being such that the aligning layer aliéns liquid crystal
molecules in a desired direction and with a surface molecular tilt.

8. The device of claim 7 wherein the asymmetric profiled grating is
formed at electrode intersections forming pixels, with gaps containing

no grating.

9. The device of claim 7 wherein the asymmetric profiled grating

direction is different in different areas of each pixel or at adjacent

pixels.

10. The device of claim 7 wherein the asymmetry of the asymmetric
profiled grating is different in different areas of each pixel or at

adjacent pixels.

11. The device of claim 7 wherein the depth of grooves in the
asymmetric profiled grating is different in different areas of each

pixel or at adjacent pixels.

12. The device of claim 7 wherein the asymmetric profiled grating is

coated with a surfactant.

The device of claim 7 wherein the liquid crystal material is

13.

nematic, cholesteric, or smectic liquid crystal material.

14, The device of claim 7 and including polarisers arranged to
cooperate with the alignment directions on the cell walls to produce
maximum contrast between two switched states of the liquid crystal

material. o
This is the replacement sheet



. \
4. The UHI mm,"m ' wherein the polarised light is elliptically
pol aris Imm The nmethod of claim1l wherein grooves in the
grating are aligMeds =along or at a non zero angle to the polarisation

axi s of the polarised l'i ght. 6. The nethod of claim1l wherein the
profile of the grating is varied to vary surface tilt. 7. Aliquid
crystal devices conprising:- two spaggd cell walls carrying electrodes
structures on both opposing surface and aligning | ayers on at |east one

opposi ng surface,
15. The device of claim 7 and including means for applying addressing

voltages to the cell electrodes.

16. The device of claim 1 wherein the cell walls are formed of a glass

material.

.17. The device of claim 1 wherein the cell walls are formed of a

flexible plastic material.

18. The device of claim 1 wherein spacer pillars are formed on one or

both cell walls.

19. The device of claim 1 wherein spacer pillars are formed by the

material forming the grating on one or both cell walls.
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enCIOS|ng a layer of a liquid crystal naterlal
12 Char acteri sed by, a | ayer” 8t €ross |inked aligning materi al
capable of aligning liquid

14

LIQUID CRYSTAL ALIGNMENT
ABSTRACT

The invention provides a liquid crystal device having
an aligned and surface tilted 1liquid crystal layer
contained between two cell walls. The alignment is provided
by a layer of a material that undergoes optically induced
ordering during cross linking. That is, a material capable
of aligning crystal mélecules after cross linking with
polarized light. One such material is polyvinylcinnamate.
The aligning layer is profiled with an asymmetric grating,
eg approximately sawtooth in cross section by
interfeiometer, 'oblique incidence photolithography, or
embossing. The shape of the grating provides the surface
tilt. The 1liquid crystal material may be nematic,
cholesteric, or smectic.

Tlus Sheet Has Been Rep laced
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.an asyrmetrlc proflled grating on the surface of
the aligning | ayer, t he arrangé‘ment bei ng such that the aligning |ayer
aligns liquid crystal nol ecules in a desired direction and with a surface
nol ecular tilt.. 8. The device of claim7 wherein the asymetric
profiled grating is formed at el ectrode intersections form ng pixels,

w th gaps contai ni ng no grating. 91 The device of claim7 wherein the
asymetric profiled grating™“ direction is.different in different areas of
each pi xel or at adjacent pi xel s. lf'.| f

crystal nol ecul es, and
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10. The device of claim7 wherein the asymmetry of the asymmetric
profiled grating is different in different areas of each pixel or at

adj acent pixel s. 11. The device of claim7 wherein the depth of grooves
in the asymmetric profiled grating is different in different areas of each
pi xel or at adjacent pixels. 12. The device of claim7 wherein the
asymetric profiled grating is coated wi h a surfactant. 13. The device
of claim7 wherein the liquid crystal nmaterial is nematic, cholesteric, or
snmectic liquid crystal material. _ . |
Fig.4.
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14. The devi ce of claim7 and incl udi ng pol arisers arranged to cooperate
with the alignnent directions on the cell walls to produce maxi num contr ast
bet ween two switched states of the liquid crystal material.

1 .
E4

3

Fig.6.
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" The device of ‘claim7 and incl udi ng neans for applying addressing
tages to the cell electrodes. -«ife.Fhetdeyice of claim1 wherein the

cell walls are forned of |a flexible plastic material. . 18.
f claim 1l wherein spacer piIIars are formed on one or both

mre foSMRﬂHEE@@RTmt sppligdtion No. 9604618¥he device of 'claim 1
0

cel iTHRY'OF THE ABSTRACT

LIQUID CRYSTAL DEVICE ALIGNMENT

. The invention provides a liquid crystal device having an aligned and surface tilted liquid
crystal layer contained between two cell walls (3,4,39). The alignment is provided by a layer
of a material that undergoes optically induced ordering during cross linking. That is, a
material capable of aligning crystal molecules after cross linking with polarized light. One

- such material is polyvinylcinnamate. The aligning layer (41,46) is profiled with an asymmetric
‘grating, e.g. approximately sawtooth in cross section by interferometer, oblique incidence
photolithography, or embossing. The shape of the grating provides the surface tilt. The liquid
crystal material may be nematic, cholesteric, or smectic.
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19. The device of claim1 wherein spacer Dpillars are formed by the materlal
formng the gratihng on one or both “cell vvalls'
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ABSTRACT

LIQUID CRYSTAL DEVICE ALIGNMENT

The invention provides a liquid crystal device having an aligned and surface tilted liquid
crystal layer contained between two cell walls (3,4,39). The alignment is provided by a layer
of a miaterial that undergoes optically induced ordering during cross linking. That is, a
material capable of aligning crystal molecules after cross linking with polarized light. One
such material is polyvinylcinnamate. The aligning layer (41,46) is profiled with an asymmetric
grating, e.g. approximately sawtooth in cross section by interferometer, oblique incidence
photolithography, or embossing. The shape of the grating provides the surface tilt. The liquid
crystal material may be nematic, cholesteric, or smectic.
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