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"PCTLGRA6/00107 L1 QUID CRYSTAL DEVI CE_ALI GNVENT Thi s
invention relates to liquid crystal device alignnment. Such devices
typically conprise a thin layer of a liquid crystal materi al

contained_cell walls. Optically 5 transparent electrode structures on
the wal | sSYMRH4N electric field to be appl i ed across PCT/GBOGIOWRYer
causing a re-ordering of the liquid crystal nolecules to an ON state. On
renoving the electric field the nol ecul eslrel ax back to their OFF state.
There are three known types of liquid crystal material nematic,

chol esteric, aNQUIDTRYSTAE DEVICEVAINGNMENTT er ent ol ecul ar or der | ng.
The present invention particularly concerns devices using nematic, |ong

pitch chol esteric or ferroelectric materials, and a surface alignnent
treatment to Lﬁ?s lﬁ%nklon relates to liquid crystal device alignment. Such devices typically

comprise a thin layer of a liquid crystal material contained cell walls. Optically

5 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 materia], nematic, cholesteric, and
10 smectic each having a different molecular ordering.

The present invention particularly concerns devices using nematic, long pitch
cholesteric or ferroelectric materials, and a surface alignment treatment to the cell
walls. This surface alignment aligns liquid crystal molecules in contact with the wall

15 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 imparts a preferred twist direction to
ensure a uniform twist in the device. Also devices can be made with angles of twist

20 greater than 90°; eg the super twisted nematic device, or 270° twisted nematic device
described in US-4,596,446. Another 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 ﬁlignment 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 been aligned

by grating structures embossed into plastic cell walls; this is described in GB 2143323

(McDonnell, 1983). A previous use of gratings to obgain pretilted alignment has

10 utilised a blazed grating crossed with a sinusoidal grating ( US 4521080, Funada et al,
1985 and Lee et al SID 93 Digest p. 957).

The liquid crystal director then runs along the sinusoidal grooves and hence over the

blazed grooves which leads to surface pretilt. Pretilted alignment is essential for liquid
15 crystal devices to avoid reverse tilt disclinations which can lead to poor device quality.

One disadvantage of this prior art is that it only provides a limited range of pretilts.

This problem is overcome according to the present invention by varying the profile of
a groove along its length whereby the pretilt can be arranged to have selected values.

//
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An'ot her -al i gnnent technique is known as oblique evaporation of eg Si O

"whi ch_can produce surface tilts of zero, or high tilt eg 30 dependi ng
upon evaporation direction angl e. Such a technique is cunbersone for

| arge scal e manufacture; but a nore 'npurlant Qp emis that it is
difficult to provide a uniforn1a|ignnentTUﬁr ?ES%% LJ surface tilt
over |arge f cell walls. Ehortﬂblﬁ cho| dsPET/GBIGHNGT | al S
form ng thernochroni ¢ displays have been—alrtgned by grating structures

enbossed into plastic cell walls; this is-8escribed in GB 2143323

(McDonnel |, 1983). A previous use of gratings to obtain pretilted alignment
has 10 utili S Adcordin qggﬁgﬂ{@{ﬂoagl ﬁmjweﬁbewm dal grating (US
4521080, Funada et aF 1985, IEee et al SID 93 Digest p. 957, Japan -
A-60 060 624, and GB 2 286 894). The liquid crystal director then
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15 crystar devices to av0| d reverse t||t di sclinations which can lead to

poor device quality. g ad age of this prior art is that it only
provi des a I5i nFlFE‘EPqeéHB@“’GF% %@' This problemis overcone
according to the present invention by varying the profile of a groove
along its length whereby the pretilt can be arranged to have sel ected
val ues. a surface alignment on the cell walls providing alignment of the liquid crystal material;
CHARACTERISED BY
10

at least one cell wall provided with a bigrating that provides surface alignment with
pretilt;

~ the bigrating comprising an asymmetric modulated grating and a symmetric modulated
I5 grating arranged at a non-zero angle to one another with the groove depths or pitch
values different at the two gratings arranged to provide alignment and surface pretilt to
the liquid crystal material. .

The two gratings may be substantially orthogonal to one another, or at other non-zero
20 angles, eg 40 to 50°, or 80 to 100°.

The asymmetric grating may have a smaller groove depth and/or a longer pitch than
the symmetric grating. .

25 The asymmetric grating grooves may be invariant or vary in asymmetry along their
lengths.
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_-3.- According to this invention a liquid crystal device conprises:
‘two cell walls spaced apart and enclosing a layer of a liquid crystal

mat eri al ; 5 electrode structures on both cell walls; a surface
alignnment on the cell walls providing alignnment of the liquid crystal
mat eri al ; CHARACTERI SED BY 10 at | east one cell wall

provi ded with WOBF/4888 i ng that provides surface alignment wi tRCT/GB96/00107
pretilt; .
The gratings may be arranged across substantially the whole of a display area of the
cell or may be arranged at display pixel areas only. Further, the shape of the two
gratings at each pixel may vary within each pixel area, or between adjacent pixels.
The directions of the gratings may vary with each pixel area or between adjacent

5 pixels.

The gratings may be applied to both cell walls and may be the same or different shape
on each wall.

10 One or both cell walls may be coated with a surface surfactant over the whole or part
of the wall.

The walls may be substantially rigid, eg glass material, or flexible eg polyolefin.

15 The gratings may be formed of a photoresist material, or of a plastics material formed
by embossing of eg polyolefin. The ethbossed material may also provide small pillars
(eg or 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 a cell is
flexed. Alternatively the pillars may be formed by the material of the gratings.

20
The liquid crystal material may be a nematic, a long pitch cholesteric material with

_either positive or negative dielectric anisotropy, or a ferroelectric material. A long

pitch cholesteric material has a typical pitch of a few microns or more. Typical layer
thickness is about 4-7pum for a nematic or long pitch cholesteric, and 1-3um for a

25 ferroelectric material.

The electrodes may be formed as a series of row and column electrodes arranged in an
x, y matrix of addressable elements or display pixels. Typically the electrodes are
200um wide spaced 20um apart.

30



the bigrating conprising an asymmetric nodul ated grating and a symmetric
‘nmodulated 15 _grating arranged at _a non-zero angle to one another with the
two gratings having di fferent groove depth or pitch values and the
asymmetric grating having an asymmetry that varies along its length to
provi de al ignrrent and surface pretilt to the liquid crystal material.
20 The tv¥ gs may be substantially orthogonal to oh€T/aBssdoro?, or at
ot her non-zero angles, eg 40 to 50[err], or 80 to 100[err]. The
asymetric grating may have a snaller groove depth and/or a |onger pitch

t han the symmetric grating. 25 WO 96/ 24880

PCT/ GB96/ 00107 Alternately, the electrodes may be arranged in other display formats, eg r-O matrix, or

7 or 8-bar displays.

According to another aspect of this invention a method of providing a surface
5 alignment and surface molecular tilt on the surface of a liquid crystal device cell wall
comprises the steps of'-

forming a layer of a photo resist material on the surface of a liquid crystal cell wall,

10  exposing the resist material to light through a mask formed of a plurality of discrete
opaque areas whereby some areas of the resist receive a symmetric exposure and other

areas receive an asymmetric exposure,

developing the resist layer to selectively remove resist,
15
baking the remaining resist,
the arrangement being such that two gratings are formed, one having a symmetric
shape and the other an asymmetric shape, with the asymmetry varying acl:oss the
20 surface of the cell wall.

The invention will now be described, by way of example only, with reference to the
accompanying drawings of which:-

25 Figure 1isa 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 diagrammatic view of a prior art bigrating;
30



- 4- The gratings may be arranged across substantially the whol e of
"a display area of the cell or may be arranged at display pixel areas
only. Further, the shape of the two gratings at each pixel may vary
wi thin each pixel area, or between adjacent pixels. The directions
of the gratings nay vary with each pixel area or between adjacent 5

pi xel s. wo’f’%@%rati ngs may be applied to both cell wal PET/GR/OH] . be
the sane or different shape on each wall. 10 One or both cell
wal s may be coated with a surface surfactant ‘®er the whole or part

of the wall. The wal I's may be substantially rigid, eg glass
material, or flexi bFiguesdmd showeietatls of a maskand exposyres to prgducedbe bigrating abd of
a photoresist material , .or of a plastics material forned by

enbossi ng of eg polf/‘gi‘% Pn. The enbossed material may al so provide snall
pillars (eg or 1-3[err]mheight and 5-50[err]mor nore w dth) for
assisting in correct spacing apart .of the cell |1s_and also for. a

barrier to |iquid cFigstespa, baarecross sectignof fighid srystal majegial at different gratings showing
Alternatively thg pihlihsoBYrifid @ySEdiR%oENe material of the gratings.

Figure 6 shows details of a mask and exposure to produce a bigrating of the present

invention;

10 Figure 7 is a diagrammatic view of a bigrating of the present invention showing cross
section profiles at two different positions;

Figure 8 is a graph showing surface pretilt against exposure time (and hence different

grating profiles),

15
Figure 9 is a graph showing midlayer director tilt against applied voltage for different
surface pretilts, and

Figure 10 is a graph of surface pretilt against temperature for three similar cells each
20 filled with the same liguid crystal material.

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
25 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 SnO, 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.



20 The liquid crystal material nay be a nematic, a long pitch
‘chalesteric material with either positive or neqgative dielectric
ani-sotropy, or a ferroelectric material. A |long pitch chol esteric
material has a typical pitch of a few mcrons or nore. Typical |ayer

t hi ckness is about 4-7[err]mfor a nematic or long pitch cholesteric, and

1-3[ err] mY@P6/24880 o5 ferroel ectric material . Theret/eBsaotbss nay be
formed as a series of row and column el ectrodes arranged in an X, VY
matri x of addressable elenents or display pixels. Typically the el ectrodes
are 200[ err] m w de spaced 20[err] m apart. 30 . WD 96/ 24880

PCT/ GB96/ 00107 . t.ernat el t he el ectrodes,.. be arranged in

ot her displ ay f%%ﬂ?ﬂgggﬁlpglfeé M P{mﬁé? F‘fcg,mﬂt“em& 6. Sx%ly a colummn diver 9
supplies voltages to each column electrode 7. Control of applied voltages is from a
control logic 10 which receives power from a voltage source 11 and timing from a

clock 12,

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

10 A partly 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.

Prior to assembly the cell walls 3, 4 are surface alignment treated with bigratings as
15 described later to provide a desired surface pretiit. For example a cell having about a
270° twist may have a pretilt of about 5-15°.

Suitable liquid crystal materials are E7 (nematic), ZLI2293 (nematic), along or mixed
with a cholesteric eg CB15, or SCE8x (smectic S_*) available from E Merck.
20
Figure 3 shows the configuration described in the prior art which contains a
substantially symmetric modulation of pitch L, crossed with a substantially
asymmetric modulation of pitch L,. The liquid crystal aligns parallel to the grooves of
the symmetric grooves and the pretilt is induced by the asymmetric grooves. It can be
25 shown, as described below, that the range of pretilts obtained from this structure is
limited to two narrow ranges which excludes a desired range. The experimental
method relies on off-axis photolithography but could instead use interferography or
embossing.



7 or 8-bar displays. Accordi ng to another aspect of this invention

‘a method of providing a surface 5 alignnent and surface nolecular tilt
on the surface of a liquid crystal device cell wall conprises the
steps of: formng a |ayer of a photo resist nmaterial on the
surface of a I|gU|d crystal cell wall, exposing the resist material to
light through ¥ ornmed of a plurality of discrete - BOHGBWARIZaS
whereby sonme areas of the resist receive a symmetric exposure and ot her
areas receive an asymmetric exposure, -.gevel oping the resist |ayer
to selectively renove resist, 15 baki ng the remai ning resist,

LD ar AnGerTent Doy oA Gl e Al S S R o

varyi ng across t heisdpropanol and watheh pin codted with photoresist (Shipley 1813) at 3000 rpm for
30 seconds giving a coating thickness of 1.5um. Softbaking was then carried out at
90°C for 30 minutes.

Two contact exp'osuresl were then carried out using a chrome mask containing 0.5um
lines and 0.5um gaps (hence an overall pitch of 1um) as shown in Figure 4. For the
first exposufe the grating mask was oriented so that the grooves were in the plane of
the off-axis exposure at 60° to the normal, Figure 4a, This exposure geometry

10 illuminates the photoresist with a symmetric intensity distribution (and hence a
symmetric grating as in Figure 3). The mask in then released from the substrate,
rotated by 90° and re-clamped so that the groove direction is substantially
perpendicular to the plane of incidence as shown in figure 4b. Exposure in this
geometry leads to an intensity distribution in the photoresist which is asymmetric and

1S provides an asymmetric gratmg shown in Figure 3 (see for exampie B. J. Lin, J. Opt
Soc. Am., 62, 976 (1972)).

With this double exposure method it is only essential that the second exposure is
carried out at a non-zero angle of incidence. Furthermore this angle does not have to
20 be 60°. Typical exposure times were found to be 120 s for the first exposure (t;) and
107s for the second exposure (t,). at an incident intensity of 0.8mW/cm? from a
mercury lamp. (For all sampies t;.t; to ensure that alignment occurred in the desired
direction). After the two exposures the sample was then developed for 10 seconds in
‘Shipley MF319 and rinsed in de ionised water. This left a bigrating in the surface of
25 the resist in which a symmetric modulation was crossed with an asymmetric
modulation. A hardbake was then carried out at 105°C for 10 hours to ensure



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

"to the accaonmpanying draw ngs of which: - 25 Figure 1 is a plan view
of a matrix multiplex addressed |iquid cystal display; Figure 2 is a
cross section of the display of Figure 1; Figure 3 is a diagranmatic -
vi ew of a(y%rii or art bigrating; 30 WO 96/ 24880
PCT/ GB96/ (Tt 8624880 PCT/GB96/00103 -

-9.

insolubility of the photoresist in the liquid crystal. Each substrate was found to give

pretilted alignment in which the director was in the plane of incidence of the second,

asymmetric exposure and pretilted towards the incidence direction. Thus a pretilted

alignment has been formed using bigratings, the configuration described in the prior
5 art

These substrates were then constructed to make 10um thick pretilt cells and were filled
with nematic liquid crystal (E7, Merck). Pretilts were then measured usirig the crystal
rotation method or the magnetic null method (T. J. Sgheffer ﬁnd J. Nehring , J. Appl.

10 Phys., 48, 5, 1783 (1977) ). For samples with t,=120s and t,=107s (see earlier
definitions), pretilts in the range 25.0°-32.0° were measured. When the exposure times
were reduced to t,=90s and t,=80s, pretilts in the range 1.5°-2.4° were measured.
Subsequent adjustment of the exposure times failed to produce a pretilt in the regime
of 2.4°-23.1°.

15
The present invention aims to provide"pretilts inthis 2.4°-23.1° range.

Liquid crystal director configurations over blazed grooves is shown in Figure Sa,b.
This shows that two distinct regimes exist.
20
For lower grooves depth or groove asymmetry, the director deformations over the
grooves are predominantly bend deformations as shown in figure 5a. If the groove
depth or asymmetry is increased then a dramatic change occurs in the configuration
.and the deformation now includes a large amount of splay (Figure 5b); the former
25 - configuration will always induce a low pretilt while the latter will give a large pretilt.
The exact extent of the inaccessible regime will depend on the liquid crystal material,
the surface profile and the zenithal anchoring energy of the surface (which dictates the
extent to which the first molecular layer can be perturbed from a tangential orientation
with respect to the local surface). Thus the configuration described above and in the
30 prior art will always have a regime of pretilt which is inaccessible.



~Figures 4a, b show details of a mask and exposures to produce the bigrating

" of Fi gure 3; Figures 5a, b are cross section of liquid
crystal material at different gratings show ng s local changes of |iquid
crystal director, Figure 6 shows details of a mask and exposure to
produce a blgratln of the present I nventi on; Figure 7 is a
di agrammatic viVP éﬁ“ﬁﬁ bi grating of the present invention sholicH{FER$ASE
section profiles at two different positions; Figure 8 is a graph
showi ng surface pretilt against exposure tine _gand hence different
grating profiles). Figure 9 is a graph show ng m dl ayer

reti | ts, and o Ohe ﬁﬁ&%?‘% P e o by e prigs o bl Sperbrd. This
tenperature for t hrallbu&larbett&ftumixlity of surface pretilt into regimes which are useful for TN (eg
90°), STN (eg 270°) and ferroelectric applications. The method relies on creating a

structure where the profile of the asymmetric grooves varies along their length thereby

5 leading to a locally varying pretilt. The macroscopically observed pretilt has a uniform
single value which depends on the form of the variation in asymmetry. A practical

embodiment of this principle is now described.

Substrates were first coated with photoresist as descrjbed earlier and were then given a
10 single off axis exposure using a bigrating as shown in Figure 6. In the example given,
the bigrating mask consists of chrome rectangles of dimensions 0.7x0.8jum separated
by 0.5um gaps in both directions. Thus the overall pitch of the surface modulations
were 1.2um and 1.3um. The pitches were different to ensure that the alignment
occurred in a consistent direction. One exposure at 60° was carried out for 227 seconds
15 (0.8mW/cm2) followed by a 10 second develop in MF319 as before. Referring to
Figure 6, the surface formed from this mask induces low pretilt because the
asymmetric illumination of the substrate only occurs in the regions (b) while the

regions (a) receive no asymmetry in exposure.

20 The grating produced by this method therefore has a varying cross section as shown in
figure 7. This leads to a locally varying pretilt and hence a lower overall pretilt. Such
grating were hardbaked and constructed as 10pm antiparallel pretilt cells. It was found
that a surface exposed for 227 seconds induced a pretilt of 15.4° while those exposed
for 200 seconds induces gave a pretilt of 13.8°. Figure 8 shows a plot of pretilt verses

25 exposure times.



20 filled with the same liquid crystal material. . The di splay of

Fi gures—1t—2-conprises a liquidcrystal cell 1 fornmed by a layer 2 of

nematic or long pitch cholesteric liquid crystal material contained between

gl ass walls 3, 4. A spacer ring 5 maintains the walls typically 6um
apart. Add{vhi L1y numerous 25 6um di aneter gl ass beads may be
di spersed 98%89 iquid crystal material to maintain PCT/GRA6RMOr at e

wal | spacing. Strip like row electrodes 6 eg of SnQ2 or I TO are fornmed on
one wall 3 and simlar colum el ectrodes 7ifornmed on the other wall 4. Wth
m r ow and n-columm electrodes this forns an mn matri x of

addr essabl e el : ' : Ie i ¢, t he
. IR PreiilQan RbvWHe aried across a 55%@%:3 S SHeill W%Aﬁﬁb

i ntersection of a'row and colum electr
PCT/ GB96/ 00107 ferroelectric applications. The maximum pretilt found with this configuration is-1éss
A Tow driver 8 iRk ditnd Ririg S i expdsile mdtod bt doed Aot saffer srom the two & O UM

distinct regimes shown in Figure 5 due to the periodic variation in the asymmetry.

Such grating surfaces can be formed on glass or polymer substrates by the above
method or by embossing (M. T. Gale et al, J. Appl. Photo. Eng., 4, 2, 41 (1978) ),
ruling (E. G.Loewenand R. S. Wiley, Proc. SPIE 815, 88 (1987) ) or interferography
(M. C. Hutley, Diffraction Gratings, Academic Press, London, pp. 95-125.

10
The grating surface can also be patterned so that it is restricted to the pixel area, In

- configurations such as a normally white twisted nematic, the unaligned interpixel gaps

would then appear blank at all times dispensing with the need for an additional black

15
The grating within a pixel could also be divided into several areas with different
alignment directions thus leading to improved viewing angles. Alternatively the
grating properties can be varied to give a controlled variation in pretilt across the pixel
allowing better greyscale capability. For example in the STN configuration, the

20 voltage threshold is a function of the pretilt. See for example Figure 9, and as
described in T.Scheffer and J.Nehring, pp A-4/19, Seminar Notes, Eurodisplay 93,
SID.



supplies voltages to each colum electrode 7. Control of applied voltages

‘is froma control logic 10 which receives power froma voltage
source 11 and timng froma cl ock 12. "5 Ei t her side of
the cell | are polarisers 13, 13" arranged with their polarisation axis
crossed with respect to one another and parallel to an alignnent direction
on the WO %2480 wal |l 3, 4 as described later. | o RCEMGDOG0107
reflecting mrror 16 may be arranged behind the cell 1 together with a

| i ght source 15. These allow the displapg.to be seen in reflection
and lit frombehind in dull anbient lighting. For a transm ssion

device, the mrror €, ) t. I

walls 3, 4 are sur#ﬁ%?’?@% aeslfuemfdvm Pﬁﬁggéntfafl ngiﬁg%ﬁr%em E&msblefd
| ater to provide au@hﬁW&émﬂﬁehanadENmmmlmemlmﬂlﬂommmg about
a 270[ err] twi,st may have a 'H“ét of &gx bl e
liquid crystal mat alignments,can beac ﬁ&‘\‘a be dops c'("’n'ﬂﬁ&?ﬁ’té? f°§P}YH{§ tional
m xed W th Wéﬁﬂfg rAﬁer%QatﬁE@vel mé@'iﬂé(pﬁo‘ié@ﬁith@tr&&f Wikl deep UV

avai lable fromE gure 3 shows™ t he confi guration
described in the pra&aumr(ﬁSMn)ahﬁEMmlymeme the surfage, The sample s thershardhaked at

Ul 2 on OF Pl bt SRR e o b haoronc AR B
of lecithin dissolved in isopropanol. By varying the grating profile pretilts between 60°
and 90° may be obtained. Such alignment can be used for ECB (electrically
controllable birefringence) which uses a negative Ae material and relies on switching
10 from the homeotropic to a planar configuration. Pretilt from the homeotropic is
required to avoid reverse tilt disclinations, A grating surface fulfilling this
requirement may lead to a higher contrast than conventional devices which use rubbed
lecithin. The tilted homeotropic grating could also be used as a surface to accompany
the bistable surface in a grating aligned bistable nematic as described in GB-
15 9402513.

One additional feature of this alignment method is that the pretilt has only a small
temperature dependence. Figure 9 shows the measured pretilt of three cells as a
function of temperature (each cell was filled with E7). The liquid crystal material layer
20 thickness was about 10um in all cells; only the grating was slightly different between
cells, to give slightly different pretilts. In each case only a small rise is observed across
the entire nematic range. This trend is the opposite of that observed for rubbed
polymer alignment where pretilt usually falls with temperature due to a decreasing
surface order parameter. In devices this decrease is problematic and leads to
25 performance degradation at high temperature (reverse tilt disclinations in TNs and
stripes in STNs). Therefore the trend observed for grating alignment is certainly
preferable and may even allow a small amount of temperature compensation of other
effects (threshold voltage, switching speed etc.). The small temperature dependence of
pretilt for grating alignment suggests that it is independent of elastic constant ratios.

30



‘the symetric grooves and the pretilt is induced by the asymetric grooves.
It ean—be—25 _shown _as described below that the range of pretilts

obtained fromthis structure is limted to two narrow ranges which
excl udes a desired range. The experi nental met hod relies on off-axis
~photolith ﬁ&hx but could instead use interferography or enbossi ng.
WO 96/ 248 : PCT/GB96/00107

PCT/ GB96/ 00107 - 8-

A piece of ITO coated glass to formthe ¢gl.l wall was cleaned with acetone
and i sopropanol and was then spi n coated with photoresist (Shipley

1813) at 3000 ThRWviéonfirmed by W
1.5[err] m Softbaking vvaﬂ:g1 then ca r| ed out a?%&uw%g%?nér or th

m nut es. 5 different mm&ﬂhccelbﬁ]mtswnleﬁ7\6bj3dqtlheﬁ4):pﬁssesﬂ wpretils of 1§.62
chronme mask contai ni ‘rz\ﬁ ii lines and O 5[err]mgaps (hence an
overal | pi tch“@!eﬂ% I #) gmbrk‘d\m (k38/1317:4:08) possensed a ipeetilt of 16.39 which is
exposure the glra ng. sk was o |ent SO tha[t t he grooves were in the
pl ane of n experimen is materia ce of pretilt is a further

5 advantage of grating ali'gnmem_.



.the off-axis exposure at 60 to the normal, Figure 4a, This exposure
geonetry 10 illumnates the photoreS|st with a metr ?H;@tsﬁﬁ§ ty

di stribution (and hence a This Sheet placedr at | ng51 'g‘ |kg:gb The mask
in then released fromthe sj‘“ﬂu . ' L rotateq by i re-clanped so
that the groov lon | 1l i1 per pendi cul a w | ane
of incidence g’ (}ﬁ;&%ﬁ in figure 4b. Exposure-in this 8@?’? é@

to an intensity distribution in the photoresist which is asynnetrlc and 15
provi des an asymmetric grating shown in Figurel43 (see for exanple B. J.
Lin, J. Opt. Soc. Am, 62, 976 (1972)). Wth this double
exposure nethod it digmenly essential that the second exposure is

carried out at a non-zero angle of incidence. Furthernore this angle does
not have to 20 be 60. Typical exposure tinmes were found to be 120 s for
the first exposure,(t . Jf.or the second exposure
(t[err]). at an i n&l géﬁ{&%%?%ﬁvyeg?méﬁﬁﬁ crr[ err] froma mercury

| anp. (For all sanmples t[err]>t[err] to ensure that alignnent occurred in
t he desired dlrectlon) After the t exRposur es | e s then
devel oped for 10 s&@flswalls spaced apghf”fﬂ%%ﬁ”‘ °éﬂ§"“‘ﬂ‘ﬂ Eﬁsgﬁnﬁ‘\ﬁ“ oni sed
water. This left a bigrating in the surface of 25 the resist in which a

symmetric nodul ation was crossed with an asymetric nodul ation. A
har dbake was then elctrodecstroctureaon bothjcell walls;f or 10 hours to ensure

a surface alignment on the cell walls providing alignment of the liquid crystal material:

10
CHARACTERISED BY

“at least one cell wall provided with a bigrating that provides surface alignment with

pretilt;

15
the bigrating comprising an asymmetric modulated grating and a symmetric modulated
grating arranged at a non-zero angle to one another with the groove depths or pitch
values different at the two gratings arranged to provide alignment and surface pretilt to
the liquid crystal material.

20 ]
2. The device of claim 1 wherein the two gratings are substantially orthogonal to one

another.

3. The device of claim 1 wherein the asymmetric grating has a smaller groove depth
25 and/ora Idnger pitch than the symmetric grating.

4. The device of claim 1 wherein the asymmetric grating has a longer pitch than the
symmetric grating.

30 5. The device of claim 1 wherein the asymmetric grating is invariant in asymmetry
along its length,

* c L M 1 *



VD 96/ 24880 ' -
* PCI/ GB96/ 00107 THIS SHEET Hag BEEN

Th
insolubility of the phISheetH elE"Ilqwd crystal . h_su e\/\q
found to give in which the director was rn tie
pl ane of incidence of t asymmetric exposure and pretilted

t owar ds tWO9%m4M8eence di rectlon Thus a pretilted FCreRIwontyhas been
formed using bigratings, the configuration described in the prior 5 art.
These substrates were then constructed tgsJrake 10[err]mthick pretilt cells
and were filled - with nematic liquid crystal (E7, Merck). Pretilts
were then neasured using the crystal rotati on nethod or the magnetic
null method (T. J. Sgheffer and J. Nebring , J. Appl. Phys., 48,5, 1783
(1977)) . For 6Tt efictiof Haioh Fhereirilhel adydorddii6 ghaifg viits'is sfymmetry lo
definitions), pretllts in the range 25.Jerr] - wer e rreasured en the
exposure t|m!§ length. \were reduced to t[err]—905 and t[err]=80s, pretilts in
the range 1.5[err]-2.4 were neasured. Subsequent. adj ust nent of the
exposure times failed to produce a pretilt in the regine of 2.4-23.1.
The presens iMVAieidevike of ¢cigini bwhewin the gratings dré arranged hér6ss3ubidtaitially the23. 1[ err]
range.

7l

whole of a display area of the cell.

8. The device of claim 1 wherein the gratings are arranged substantially at display
pixel areas only. ' ;

10
9. The device of claim 1 wherein the shape of the two gratings at each pixel varies
within each pixel area, or between adjacent pixels.

10. The device of claim 1 wherein directions of the gratings varies within each pixel

15 area or between adjacent pixels.

11. The device of claim ! wherein gratings are applied to both cell wails and are of the
same or different shape on each wall.

20 12, The device of claim 1 wherein one or both cell walls are coated with a surface
surfactant over the whole or part of the wall.

13. The device of claim 1 wherein the cell walls are of substantially rigid material.
25 14. The device of claim 1 wherein the cell walls are of a flexible material.
15. The device of claim 1 wherein the gratings are formed of a photoresist material.

16. The device of claim 1 wherein the gratings are formed of a plastics material.
30

AN



_\Liiqui d crystal director cenfigurationsover blazed greewes—s—strowr T |
Fi gure 5ab. Thi s shogj §hh§tﬂa§§¥3nﬁép§atzcjﬁnc'[ r egi MepTHEX SEEET F2ES BEEN [For
e

| ower grooves depth or gro e director def_(ﬂﬁﬂhﬁ:%s over the
Eﬂmﬂﬁmmtas shown i r—frgore5a. 11 the
d then a dramati c change occurs

grooves are predom nanty b

groove dept h or asynmet

i n the confi gu™Q 9634880 and the deformation now i ncl udes a |RET(RBISHVONL

of splay (Figure 5b); the former 25 configuration will always induce a | ow
pretilt while the latter will give a large pretédt. The exact extent

of the inaccessible regine will depend on the liquid crystal material,

i ctates the  off ookl R e B8 BBt o B cBbieRS Fasitd! 1

perturbed froma t angenidli al orientation with respect to the | ocal
surface). Thus the configuration described above and in the 30 prior art
w Il always have a reginme of pretilt which is inaccessible. WO
96/ 24880 18. The device of claim 1 wherein the liquid crystal material is a nematic material.
PCT/ GB96/ 00107
s
19. The device of claim 1 wherein the liquid crystal material is a cholesteric material
having a long pitch.
20. The device of claim 1 wherein the liquid crystal material is a ferroelectric material.
10 o
21. The device of claim 1 wherein the liquid crystal material has a positive dielectric
anisotropy.
22. The device of claim 1 wherein the liquid crystal material has a negative dielectric
1S anisotropy.

23. The device of claim 1 wherein the electrodes are formed as a series of row and

column electrodes arranged in an x, y matrix of addressable elements or display pixels.

I
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- 10-' One method for producing pretilts not obtained by the prior

ar t—-s—no is. ~allows a hetter tunability of surface

pretilt into regimes which are useful for TN (eg 90[err]), STN (eg

270) and ferroelectric applications. The nethod relies on creating a

structure e the profile of the asymmetric grooves varies along their
N asko

| ength th | eading to a locally varying pretil tPCTIGRI6/00107
macroscopi cal ly observed pretilt has a uniform si ngl e val ue which
depends on the formof the variation in asymmetry. A practi cal

enbodi ment of this principle is now descri bed. Substrates were

first coated with photoresist as descrf e earlier and were then given a
single off axis exposure using a bigrating as shown in Figure 6. In the
exanpl e gi ven. the bigrating mask consists of chrone rectangl es of
di nensions 0. 7x0. 8[ err] m separ at ed [FLQ ") 5[err]mgaps in both
directions. Thus the overall pitch of ‘uf face nodul ati ons wer e
1.2[errlmand 1.3[err]m The pitches were different to ensure that the

al i gnnment occurred in a consj stent direction. One exposure at 60[err]
was carried out for 227 seconds | o y a 10 second
develop in MF319 as bgfore. Referr nq {ncgm'ﬁﬁ bﬂ\(ﬁ 6, he surface forrred
fromthis mask induceg |ow pretiltybkcalusefthe tric

i |lumination of the sybgate galy ofcufs I.IJ..Lh.&.L.eg.I..D_n B) while the
regions (a) receive nd asimﬁla S| 20 __Thé grating produced
by this nethod therefqre jhas T |L|Jsls—se-ct-r-o11—a-!r-¥4 own in

figure 7. This leads tfjo g | ochl |y FHMY rg;":T‘E‘t‘i‘I‘t‘n‘rrdﬁncr,e a | ower overall
pretilt. Such o ]
u |
g : ..r"_7
5l | '
@ ' : fo—1
i
J +
&m t
N6
| —T CLOCK 1—12
CONTROL ]
t 311
VOLTAGE
_ SOURCE
15
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grafing were hardbaked and constructed as 10[err]mantiparallel pretilt

cells. 1t was found that a surface exposed for 227 seconds induced a_ __.
pretilt of 15.4" while those exposed for 200 seconds induces gave a

pretilt of 13.8[err]. Figure 8 shows a plot of pretilt verses 25 exposure
tinmes. WD 96/ 24880 '

PCT/ GB96/¥0 2674880 PCT/GB96/0010711 -

The pretilt can now be varied across a range that is useful for TN, STN and
ferroelectric applications. The maximumpretilt found with this

configuration is |ess t han tl*zt/gound usi ng the two exposure nethod
but does not suffer fromthe two di stinct regines shown in Figure 5
due to the periodic variation in the asymetry. Such grating

surfaces can be fornmed on glass or polynmer substrates by the above

Fig.3.

r
N

Fig.4B.

EXPOSURE
DIRECTION |
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-12 - In Figure 5, the director is assuned to be tangential to t he

lI'ocal surface at all points._ 1f° " t he ratln surface materi IS now
made honeotropic then tilted honeotropic al i gnnments can be achleved
This can be done by carrying out the foll ow ng additional process
steps After grating devel opnent, the photoresist is treated with deep W
r adi atWM‘&Mnm to further polynerise the surface. PCE/GBR6RII07 | s t hen
hardbaked at 180[err]C for 30 m nutes. The surface can now accept a
honmeot ropi ¢ surfactant such as le[ishi-.'ri di ssol ved in isopropanol. By
varying the grating profile pretilts between 60 and 90 may be

obt ai ned. Such al can be used for ECB (electrically
controll abl e bire#@ ¢e) which uses a negative [err] material and relies
on switching 10 m t he homeot r configuration. Pretilt
fromthe homeotropic is req o] [ everse tilt disclinations.
A grating surface ful fEXPOSUREN s gei'r nt may |lead to a higher
illl r
Odﬁi used
il
ional feature

contrast than conventi QRECTIONI ce ed .. |l ecithin. The
tilted honeotropi c grattmgTomd a surface to acconpany

the bistable surface in a grating e nematic as described in
GB- 15 9402513. One addi; f this alignment nethod is
that the pretilt has only a small re dependence. Figure 9
function of

t
shows the neasured pretilt of thrge cells as a

tenperature (each cell was filled™ TR~ TE nqu|d crystal materi al
layer 20 thickness was about 10[er ﬁOQiaJI celjl s; only the grating was
slightly different between "eIIs -o gi ve #Ilghtly di fferent
pretilts. In each case only a sngj ved across

Fig.7.

SECTION AA
A— A
B— —B

SECTION BB

AN XN

Fig.8.
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150 160 170 180 190 200 210 220 230
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the entire nematic range. ThIS trend is the opposite of that observed for

rubbed  polyner alignnent where pretilt usually falls with tenperature

due to a decreasing surface order paraneter. In devices this decrease
is problematic and leads to 25 performance degradation at high
tenperature greverse tilt disclinations in TNs and stripes in STNs).
Ther ef or ¥

nd observed for gr t gﬁnalignnent i s cePEHEPI6N0107
preferabl e and may even all ow a snm unt of tenperature conpensation of

ot her effects (threshold voltage, switching speed etc.). The smal
t enperat ure dependence of pretilt for grating alignment suggests that
it is independent of elastic constant ratios. 30 WO 96/ 24880
PCT/ GB96/ 00107 - 13-
This was confirned by gﬁ#ing wo further and identical cells, and f||||ng
themw th di f fer ¢ml lals. The cell filled with E7 (k[err]/k[err]
1=1.54) possessed a pretiltl of 15.6 while the cell filled with E170
(k[err]/k[ewr]§6i01) possessed a pretilt of 16.3 which is
b -
) 80+ '
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P

al nrost wi t hin experinental

a further:
214 -

Cl ai s 1. Aliquid crystal device conprising:-:

two cell walls (3, 4) spaced apart and enclosing a layer (2) of a liquid
crystal material; el ectrode structuses (6, 7) on both cell walls;

10

15

Another alignment technique is known as‘oblique evaporation of eg SiO, which can
produce surface tilts of zero, or high tilt eg 30° depending 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 2143323
(McDonnell, 1983). A previous use of gratings to obtain pretilted alignment has
utilised a blazed grating crossed with a sinusoidal grating (US 4521080, Funada et al,
1985, Lee et al SID 93 Digest p. 957, Japan - A-60 060 624, and GB 2 286 894).

The liquid crystal director then runs along the sinusoidal grooves and hence over the
blazed grooves which leads to surface pretilt. Pretilted alignment is essential for liquid

crystal devices to avoiii reverse tilt disclinations which can lead to poor device quality.

" One disadvantage of this prior art is that it only provides a limited range of pretilts.

This problem is overcome according to the present invention by varying the profile of

a groove along its length whereby the pretilt can be arranged to have selected values.

error. This mat erial independence of pretilt is
5 advantage of grating al:ignnment.

5

AMENDED SHEET



a surface alignnent (R) on the cell walls (3, 4) providing alignnent of the

It quid 10 crystal nmaterial; CHARACTERI SED BY at | east one

cell wall (3, 4) provided with a bigrating (Figure 7) that provides surface
15 alignment with pretilt; the bigrating conprising an asymmetric
nodul ated grating and a symetric nodul at.gd grating arranged at a
non-zero angl e to one another with the two gratings having di fferent
groove depth l.ues .and .t he, as tic a,tl ng having an 20
asymretry t haY @?ﬁé@%%dﬂ‘éﬂﬁt‘?g I’QH&W%/%WPH PESFHnment and surface
pretilt to the liquid crystal material. 2. The device of claim -

1 wherein the two gratings are substantially orthogonal to one-
anot her. 25 two celBwall$ispaded apart anid enclosing b layserofiatliquibergstimmeriale gr at i ng
has a smal |l er groove dept h and/or a longer pitch than the symmetric

grating.
5 electrode structures on both cell walls;

a surface alignment on the cell walls providing alignment of the liquid crystal material;

CHARACTERISED BY

10
at least one cell wall prowded witha blgratmg that provides surface alignment with
pretilt;

the bigrating comprising an asymmetric modulated grating and a symmetric modulated

15 grating arranged at a non-zero angle to one another with the two gratings having
different groove depth or pitch values and the asymmetric grating having an
'asymmetry that varies along its length to pfovide alignment and surface pretilt to the
liquid crystal material.

20 The two gratings may be substantially orthogonal to one another, or at other non-zero
angles, eg 40 to 50°, or 80 to 100°.

The asymmetric grating may have a smaller groove depth and/or a longer pitch than

the symmetric grating.
25
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4 The device of claiml V\,herel n the asyrmetrlc grating has a |onger pitch
t'han the 30 symmetric grating.

~«15- 5. The device of claim 1 wherei n t he gratings are arranged
across substantially the whol e of a display area of the cell.

6. The device of claim1l wherein the grat M;_gs are arranged substantially at
di spl ay 5 pixel areas only. he device of claim1 wherein the

shape of thev\é gr atings at each pi xel varl es wi t hin each pi xel
area, or bet ﬁg‘“ dj acent pi xel s. 8. The device of claim1l wherein
directions -of the gratings varies within each pixel

1. A liquid crystal device comprising:-:
5. two cell walls (3, 4) spaced apart and enclosing a layer (2) of a liquid crystal material;
electrode structures (6, 7) on both cell walls;

a surface alignment (R) on the cell walls (3, 4) providing alignment of the liquid
10 crystal material;

CHARACTERISED BY

at least one cell wall (3, 4) provided with a bigrating (Figure 7) that prov1des surface
15 alignment with pretilt;

the bigrating comprising an asymmetric modulated grating and a symmetric modulated
gratinglan'anged at a non-zero angle td one another with the two gratings having
different groove depth or pitch values and the asymmetric grating having an

20 asymmetry that varies along its l_ength to provide alignment and surface pretilt to the
liquid crystal material.

2. The device of claim 1 wherein the two gratings are substantially orthogonal to one
another. |

25
3. The device of claim 1 wherein the asymmetric grating has a smaller groove depth
and/or a longer pitch than the symmetric grating. - |

4. The device of claim 1 wherein the asymmetric grating has a longer pitch than the
30 symmetric grating.

(IO svescep swer
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area or between adjacent pixels. 9. The device of claim1 wherein

gratings are applied to both cell walls (3, 4) and are of the same or
different shape on each wall. 15 10. The device of claim 1 .wherein
one or both cell walls (3, 4) are coated with a surface surfactant
over the whole or part of the wall. 11. The device of claiml1l

wherein the cell walls (3, 4) are of substantially rigid 20 material .
walls (3, 4) are of a flexible

12. The devicg of c¢laiml wherein the cel] (3, g
maierial 5. Thedevienns G phewinbagmines ersnesd sross aubsasiallydhs or mod

of a phot or egj - 1 AS) 4. The device of claim1l wherein the
gratings are l?)&rl?regggg{sbg‘iyﬁ%sﬁ%escer%teri al . - 15. The device of claim

1 wherein the gratings are fornmed of an enbossed pl astics mat eri al .

6. The device of claim 1 wherein the gratings are arranged substantially at display

5 pixel areas only.

7. The device of claim 1 wherein the shape of the two gratings at each pixel varies
within each pixel area, or between adjacent pixels.

10 8. The device of claim 1 wherein directions of the gratings varies within each pixel

area or between adjacent pixels.

9. The device of claim 1 wherein gratings are applied to both cell walls (3, 4) and are
of the same or different shape on each wall.

15 . )
10. The device-of claim 1 wherein one or both cell walls (3, 4) are coated with a

surface surfactant over the whole or part of the wall.

11. The device of claim 1 wherein the cell walls (3, 4) are of Substantially rigid
20 material. |

12. The device of claim 1 wherein the cell walls (3, 4) are of a flexible material.

13. The device of claim 1 wherein the gratings are formed of a photoresist material.
25

14. The device of claim 1 wherein the gratings are formed of a plastics material.

15. The device of claim 1 wherein the gratings are formed of an embossed plastics
material.
30

16. The device of claim 1 wherein the liquid crystal material (2) is a nematic material.

PR L T
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30 16. The device of claim1l wherein the liquid crystal material (2)
I's a nematic material.

~16- - 17. The device of claim1l wherein the liquid crystal materi al
(2) is a cholesteric material having a |ong pitch. 5 18. The
device of claim1 wherein the liquid crystal material (2) is a
ferroelectric mat eri al . 19. The device of claim1l wherein the
liquid crystal material (2) has a positive di el ectric anisotropy. 10

17. The device of claim 1 wherein the liquid crystal material (2) is a cholesteric

material having a long pitch.

5 18. The device of claim 1 wherein the liquid crystal material (2) is a ferroelectric

material.

19. The device of claim 1 wherein the liquid crystal material (2) has a positive
dielectric anisotropy. .'

10 _
20. The device of claim 1 wherein the liquid crysfal material (2) has a negative
dielectric anisotropy. o

21. The device of claim 1 wherein the electrodes (6, 7)' are formed as a series of row
I5 and column electrodes arranged in an x, y matrix of addressable elements or display

pixels.

-
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20. The device:of @paim 1 wherein the liq 0:4.% t edd.al (ZQQDW‘&F
-*negative dielectric anisotropy. Lﬂxbl. H :{-_ vicefof clam 1
wherein the el ectrodes (6, 7):are fornmed as a series of row 15 and colum .‘

el ectrodes arranged in an x, y matrix of addressable el enent, e di spl ay

pi xel s. :
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(57) Abstract

A liquid crystal display
cell comprises two cell —
walls spaced apart to enclose L1
a layer of liquid crystal —

material.  The cell walls
carry electrode  structures,
e.g arranged in rows
and columns to give an
x,y matrix of addressable
clements or pixels. The
liquid - crystal  material
is aligned by a grating l L2|
(grooved) structure on one or

both cell walls, This grating ‘
structure is a bigrating with
one symmetrical grating and
an asymmetric grating which
may be orthogonal to the symmetric grating. The grooves of the asymmetric grating varying their depth or asymmetry along the lengths to
give a locally varying pretilt whose longer range average provides a pretilt in a preferred range, e.g. about 2-24°,




