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1 LI QJ | D CRYSTAL DEVI CE ALI GNVENT This invention relates to liquid cryst _ '
dewi c& al i gnnment. Such devices typically conprise a thin | ayfgagﬁqjssd
crystal terial contained between cell walls. Optically tra |
el ectros@structures on the walls allow ap electric field to be applied
1 across the layer causing a re-ordering of the |IC]UI d FFMI?SI%EE’I%Eé’Bbfﬁ to
~an ON state. On renoving REPLACED .

LIQUID CRYSTAL DEVICE ALIGNMENT

This invention relates to liquid crystal device alignment. Such devices
typically comprise a thin layer of a liquid crystal material contaihed
Qetween cell walls. Optically transparent electrode structures on the
*galls 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,

cholesteric, and smectic each having a different molecular ordering.

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

v walls. This surface alignment aligns liquid crystal molecules in

i 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 imparts a pr- 2rred twist direction to
ensure a uniform twist in the device. Also devices can be made with
angles of twist 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 dlsplay as
described eg in GB-1,472,247, and 1,478,592.

-

In order to provide displays with a large number of addressable elements

it is common to make the electrodes as a series of row electrode on one
* wall and a series of column electrodes on the other cell wall. These
form eg an x.y matrix of addressable elements or pixels, and are

commonly addressed using rms addressing methods. Due to material and
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the electric field the nolecul es relax back to their OFF state. There are:

t hr ee Known types of liquid crystal material. nenmatic. chol esteric, and

snectic each having a different nol ecul ar orderi ngs; - : ention
concerns devices using nematic or |ong pigch-chol JHB FHEETHAS BEREN Jand a
surface alignment treatnent to the cell walls. TEIQ sBEPEACEDY| i gnifent _
aligns liquid crystal nolecules in contact with the wall in an alignnent
di recti on. d8yicw pangnetgrs httede is an upper limit to the number of pixels that

can be multiplex addressed. ' One way.of.improving the number of pixels
~is to incorporate thin film Eransistors adjacent each pixel; such

displays are termed active matrix displays.

One method of providing alignﬁent is termed a rubbing process where a
'%ell 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. . A disadvantage of the rubbing process is that
it can generate dust which degrades the yield of the display and also

causes electrostatic and mechanical damage to thin film transistors

already formgd on the cell wall.

Another alignment technique is known as oblique evaporation of eg SiO,

4 which can produce surface tilts of zero, or high tilt ég 30° depending

i 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. LT

For these reasons it is highly desirable to develop non-rubbing
alignment techniques. Such alignments have included 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 drawing
(H Aoyama et al Mol Cryst Lig Cryst vol 72 pp 127, 1981); or by
irradiation of polarised light (M Schadt et al Japan J Appl Phys vol 31 .
o) ] 21553 1992). Also twisted nematic structures have been made in which
-.only one surface is rubbed (Y Toko et al Japan Display 92 491).
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al i gnment _d.if%ons orthogonal the liquid crystal is forced to adopt a-

tw st ed

Qructure in its voltage OFF state. This dewice |is known as a

twi sted ‘A€matic device. Addition of a small &mount [o¥HISHEBES NS fehpgeri al
ty the nematic nmaterial inparts a preferred tw st direct RBFLAGEpENSUr ¢ a
ufiformtwi st in the device. Al so devices can be nade -w th angtes—of-tw st
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gieat er thaficoUpdpg|to &his Havenpion bolhs aaelienmntc dipantien ad 2 myrépeg tilt is
tw sted nenphovidd@VByc @ osfllel BEsLinE £6% 4, BAGtdd thenfOE R9Pe of device; eg devices

with twists of 45°, 90°, 180°, 270°, 360° or more, or twists of intermediate
angles.

According to this invention & twisted nematic device comprises;
two cell walls enclosing a layer of liquid crystal-haterial;
electrode structures on both wail:

a surface alignment on both cell walls providing both an alignment direction
and a surface tilt to liquid crystal molecules;

the cell walls being arrange- so that the alignment directions are at a

non zero angle to one anoth:::
CHARACTERISED BY

an asymmetric groove structure alignment on at least one cell wall;' 4

S,

the asymmetric alignment providing in combination with elastic twist
constants of the liquid crystal material, both alignment and surface tilt to
the liquid crystal material.

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:- _ L

Y(h-x) = Y(h+x) ceeveenssll)

for all values of x, where Y is the function describing the surface amplitude.
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requirenment for the alignnent treatnent is that it should also inpart a
srfade tilt to liquid crystal nolecules at the cell _wall. Such a surface
ti'lt is necessary in sonme devices to ensure a uniif o sSHEsPIRs B P@sScri b
eg in GB-1,472,247, and 1,478,592. In orddr to priovi dergpiygigmys W fh a -
| arge nunber of addressable elements it is common O make th rodes as
a series of row electrode on one wall and a series of columm el ectrodes on
t he ot her el aspinetritieddgnment 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:-

..}f(h-x) = Y(hex) _ cesensessll)

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

amplitude.

The asymmetric structure may cover the whole or part of a cell wall, or
the whole or part of each pixel. Furthermore, the alighment directions

may be different in different areas of a pixel or on adjacent pixels.

' The cell may be arranged between two coloured or neutral polarisers,
both with or without a small amount of a pleochroic {eg D 82 Merck) in
the liquid crystal material. The polarisation axis of the polarisers,
the layer thickness, and the material birefringence may be arranged to

optimise display contrast between ON and OFF states. For example the

polarisers optical axis may be up to a few degrees away from being
i parallel or perpendicular to an adjacent alignment directions; and the
device operated in a Gooch and Tarry minimum. (J Phys D Appl Phys Vol 8

1975. pp 1575-1584).

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

/ :
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formeg an x.y matrix of addressable el ements or pixels, and are connDnIy S
agdr essed using rnms addressing nmethods. Due to material and 2 device -
paramet‘ there is an upper limt to the nunmber off BiX&ugethals BeEN

5 : REPLACED

pillars (eg of 1-3um height and 5-50um or more width).for assisting-in'

e 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

.ﬁéference to the accompanying drawings of which:-

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

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

Figure 3 is a stylised view showing alignment and twist across a liquid

crystal cell;

f Figure 4 is a diagrammatic view of apparatus for producing the

asymmetric alignment;

Figure 5 is a section view of a cell wall being treated by the apparatus

of Figure 4;
Figgre 6 is a stylised cross section of an aligned layer;

Figure 7 is a graph of liquid crystal surface tilt against facet angle _

of an alignment layer.

The display of Figures 1, 2 comprises a liquid crystal cell 1 formed by
a layer 2 of cholesteric liquid crystal material contained between glass

walls 3, 4. A spacer ring 5 maintains the walls typically 6um apart.
Additionally numerous short lengths of 6um diameter glass fibre may be

'\
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can be mul ti pl ex addressed. One way of |nprOV|ng t he nunber of plxels is to
icorperate thin filmtransistors adjacent” each plxel such displays are

termed active matrix di splays. One nethod,of provi-dire METHpeNS| t er me

a rubbing process where a cell wall, W|th60r ‘Wi th uTHIgs“il%éérﬁaye , 1S ‘
unidirectional Iy rubbed by a soft cl ot h. Li quid cr - ' I gn

al ong t he #%%EQ& A GRL' P18 d1 el rfal Yo @Efhihlth'arP'acBlfMe FREL ] OF

nore depen

spacing. Strip like row electrodes 6 eg of Sn02_or ITO are formed on
one wall 3 and simular column electrodes 7 formed on the other wgll 4,
'With m-row and n-column electfodés this forms an m.n matrix of
addressable elements or pixels. "Each pixel is formed by the
intersection of a row and column electrode.

3

A row driver 8 supplies voltage to each row electrde 6. Similarly a
column driver 9 supplies voltagés 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, U4 as described later.

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
tranmission device, the mirror may be omitted.

Figure 3 shows a structure consisting of & nematic liquid crystal layer
20 between two gratings 21, 22 having orthogonally aligned grooves 23,
24. Local direction of liquid crystal molecules (the director) is
indicated at 25. For very deep grooved gratings (ie strong azimuthal
anchoring energies) the liquid crystal director 25 at each surface lieé
along the groove direction. However, for shallower (or longer pitch)
gratings, the director 25 at the surfaces is twisted off from the groove
directions 23, 24 (by Ql and ¢2) due to the relatively large bulk twist
energy as shown in figure 3. If the grooves are blazed (asymmetric)
then this twisting off is accompanied by surface pretilt which is vital
for practical displays to prevent reverse tilt disclinations. In this

context a blazed surface is defined above as a surface of formula (1).
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upon the pol ymer |ayer. A disadvantage of ‘the rubbing process is that it _
can generate dust which degrades the yield of the display and also causes .
el ectro tic and nechani cal damage to thin film trjangssSHeES risr@ady |f or ned
on the | wall. Another alignnent technique is known aBERBiGitue _—
evaporation of eg SiO which can produce surface tiTts of zero, or high

tilt eg 30[err] dependi ng upon evaporation direction angle. Such a . .
t echni que EyabingsoRd, {24 may cover the entire surface of a cell wall, or may

cover .all or part of each pixel, or may extend s;ightly 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. Alternatively the

gratings at the pixels may be separate areas of a grating with no
,érating polymer between the pixels. Areas between pixels with no
grating may be used to improve contrést ratio between ON and OFF sta;es
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.

The direction of the grooves at each pixel may be different in different
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 and twist) to allow additional grey scale
capability, particularly for STN devices (twist angles between 180 and
360, eg 270°). This sub-pixellation may be used to improve viewing

angle of a display.

The zenithal anchoring energy may be independently controlled by varying
the grating material or its processing, and or by use of a surfactant

(eg lethecin) on the grating surface. )

Figure 4 shows apparatus for producing a grating. As shown light 30

from an argon ion laser 31 (of wavelength 457.9nm) 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 split 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.
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| arge scal e manufacture; but a nore inportant problemis that it is
diffitdlt to provide a uniformalignnent direction and surface tilt over
| arge areas of cell walls. For these reasons it is highly desirable to
devel op non-rubbing alignnment techni ques. 8Such allg maniﬁﬂﬁﬁVﬁA$ﬂﬁ wWed t
use of the Langnuir Bloggett technique (H Ikeno. J RBADAGEDRPP rahys
Vol 27. pp 495, 1988); application of nmagnetic fleld to TNe substr= (N
Koshi da- Prior to being mounted in the sample holder 40 a substrate 39 of indium

tin oxide (ITO) coated glass is cleaned .in acetone and isopropanol and

then spin coated with a photopolyimide (Ciba Geigy 343) at 4000 rpm for
30 seconds to give a coating 41 thickness of 3.5um. Softbaking is
carried out at 80°C for 15 minutes followed by a further 15 minutes at
100°C. The substrate 39 is then mounted in the sample holder 40 as in
Qﬁigure 4 and exposed at an oblique angle to a standing wave pattern of
light from the argon ion laser 31. This is a specific example of
interferographic gratihg manufacture, M C Hutley, Diffraction Gratings

(Acedemic 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 étanding wave. Typical exposure is 300
seconds with a power density at the sample of 1.5mW/cm?. After a post

v exposure bake (105°C, 5 minutes) the sample is spin developed for 15

; seconds in QZ3301 (Ciba Geigy) and then rinsed in QS3312 for 15 seconds.

The above process is a specific example of interferographic grating
manufacture as described in M C Hutley, Diffrqption Gratings (Acedemic
Press, London, 1982, pp 95-125). Gratings are also described in
GB-2166562-A, CANON; US-4521080. FUNADA; and US-4232947, FUNADA.

Example 1.

Two gratings were made by the method described with reference to Figures
4, 5 and arranged with the groove directions orthogonal; a spacer held
the gratings 10um apart. The resulting 10 um. thick cell was filled with
a commercial mixture E7 (Merck).  Due to the weak azimuthal anchoring of
the gratings, the nematic was found to align such that ¢1=¢2=45° (see
Figure 3). A pretilt of 1.2° was measured at each surface by the
crystal rotation method described in G Baur et al Phys Lett vol S56a pp
142, (1976). A subsequent atomic force microscopic (AFM) study of one
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and S Ki kui, Appl Phys Lett vol 40, pp 541 1982); or the use of poI yrrers
fi4nB Kavi ng optical anisotropy induced by.nechani cal dramﬁng (H Aoyana et.
= al st Lig Cryst vol 72 pp 127, 1981); or by i 2 5 ri sed

Ilght Schadt et al Japan J Appl Phys v®l 31 pp 215@, 1%%511 gi?}i sted_ g
- nematic structures have been nade in which only one L

~ Toko et al Japan Di splay 92 491 L
: of the surfaces showed it to have a skewed sinusoidal profile with

AR .

maximum facets of 9.1° on one side of each groove and 7.5° onjthe other
side. Hence it has been shown that an asymmetric monograting will
" induce pretilt into a nematic as long as the director lies at a finite

angle to the grooves.

,jt can also be shown by a simpiified theoretical argument with reference

to Figure 6 that a blazed grating wiil_induce pretilt.

Assume uniform director field above a blazed grating at some angle OP to
the surface such that- the surface anchoring energy is minimised (ie

ignore bulk energy);

-9

]
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| -3- Short pitch chol esteric materials, form ng therrmchrom c di splays, have

been aligned by grating structures enbossed into ) cell walls; this
is described in GB- 2,143,323 (MDonnel | - 1983). A [sTHi§|saEBlr ing hg
been used to align I|qU|d crystal materi!@l with nearly REPLQ.GEW aceftilt.

angle; J Appl Phys Vol 52 No 1, pages e
' Let the surface be defined as shown with facet angles of €, and 8,, amplitude

X and pitch 2L. The surface anchoring energr is given by:

F= L[_*‘;_sin’(e, -8,)+ == sin’(e, +a,)]

Minimising with respect to 8, gives;

29 = 2sin 6, sin 8, (cos 8, —cosb, )
; 025 = (Sn0, +sin6, (1 -2sin 6, sin6,)

let €,=% /2, ie make one of the facets vertical. -The above solution then
reduces to:

sin 26,
cos26, ~sin g,

tan24, =

This equation is plotted in Figure 7 and shows that pretilt has a roughly
linear dependence on 8, and is always larger than €,. Therefore this simple

theory has confirmed that finite pretilt is induced by an asymmetric groove
profile.

_\\
This ‘Sheet Has Been R,

LT Illl



R R - b - W
. . e . .

210-218 M Nakanura and M Ura. A previous use of gratings to obtain
pretil tted alignment has utilised a blazed grating Lo | si nusoi dal
gratin S Lee et al SID 93 Digest, 957). The |ifuf'® %%ﬁ%&SGEEm tor
then r al ong the grooves of the sinusoildal grath rung over ¥
t he bl azed grooves which leads to pretilt. According to this invention both -
an alignment direction and a surface tilt is provided by a single blazing

for a tw stkdthemmperinentsd exampdei cthe diguidy rrystali ferneg; g%%osg;f uniforay | |

90['|er ], 18QLRE"Tde appibfinake1P08ECT{d tRE SMUtEng Yrob¥es! S TO! obtHiar FEMIAt €

naes 90° twisted structure, the liquid crystal is doped with a chiral

' additive (to prevent reverse twist) and the grooves are placed at an
angle greater than or less than 90° to each other. The asymmetry of the
grooves (and hence pretilt) along.with the chiral doping can be

.#increased allowing an STN (270° twisted) structure to be made. Gratings

" in the experimental example had a pitch of 1.6um, however a wide range

of pitches can be used.

o7

The arrangement in Figure 4 can make any pitch of grating greater than
0.23um (half the laser wavelength) but smaller pitches could be made

with ultraviolet lasers. The azimuthal alignment energy per unit area

for a sinusoidal grating has been calculated (D W Berreman, Phys Rev
Lett, 28, 1683 (1972)) as U=273K , (a?/L3) where a is the grating
amplitude (half the peak to trough grooves depth) and L is the pitch.

In terms of liquid crystal alignment, a useful grating must have a
profile such that U is greater than the thermal randomisation energy.and
_ greater than the energy associated with any other surface irregularity

i or material inhomogeneity. Further, small pitches are preferred to
obtain sufficient energy because if a is tco iarge then a large voltage
drop will occur across the grating when a f.=1d is applied to the cell.

k Gratings suitable for these configurations can also be fabricated using
carrier layer transfer, photolithography (F Horn, Physics World 33 )
(March 1993), embossing (M T Gale et al, J Appl Photo Eng vol 4, pp 2,
41 (1978)), or ruling (E G Loewen and R S Wiley, Proc SPIE vol 815, pp

88 (1987)).

-l
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According to this invention a tmnsted nemati c device conprlses two cell
wal | s encI03|na,a layer of |liquid crystal materi alp ode structures on

both walls; a S n both cell wall$ BHSSHEE ce e
ﬂ'ﬁm!'ﬂm stal nol fé:ul €s, REP I eNnt on‘ S
* wal €h ating having grooves wt et ric

al i gnment dlrect
at | east one cel

profile, the cell walls being arranged so that the surface allgnnent
directions are at a non zero angle to one another, CHARACTERI SED BY

Claims.
1. A twisted nematic device comprising;

two cell walls enclosing a layer of liquid crystal material;

2

electrode structures on both walls;

a surface alignment on both cell walls providing both an alignment

direction and a surface tilt to liquid crystal molecules;

the cell walls being arranged so that the alignment directions are at a

non zero angle to one another;
Y CHARACTERISED BY
an asymmetric groove structure alignment on at least one cell wall;

the asymmetric alignment providing in combination with elastic twist
constants of the liquid crystal. material, both alignment and surface

tilt to the liquid crystal material.

2. The device of claim 1 wherein the cholesteric pitch and asymmetric
groove structure alignment directions are arranged so that the liquid-
crystal twists through an ahgle less than the angle between the

alignment directions.

3. The device of claim 1 wherein the cholesteric pitch and asymmetric
groove structure alignment directions are arranged so that the liquid
crystal twists through an angle more than the angle between the

alignment directions.

4. The device of claim 1 wherein the asymmetric groove structure

alignment has the approximate cross sectional shape of a sawtooth

waveform.
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L. the |i qU| d crystal mat er | i "ilg Ii "having a chol esteric pitch and thickness

qual to the angl e between surface

t.hat *provi des.a t ﬂ‘m m
{ align di rect wal | s, Sreby the grafrf t
1 conmbin on with eI astic twist constants &P the l'iquid cryst% ﬁ%?&?”-’_

] provide both alignnent and a non zero surface tilt to t'
mat eri al .
5. The device of claim 1 wherein the asymmetric groove struqture

alignment is formed at electrode intersections forming pixels, with gaps

EY

containing no alignment.

6. The device of claim 1 wherein the asymmetric groove structure
alignment direction is different in different areas of each pixel or at

;éadjacent pixels.

7. The device of claim 1 wherein the asymmetry of the asymmetric groove
structure alignment is different in different areas of each pixel or at

adjacent pixels.

8. The device of claim 1 wherein the depth of grooves in the asymmetric

groove structure alignment is different in different areas of each pixel

or at adjacent pixels.

j 9. The device of claim 1 wherein the asymmetric groove structure

alignment is coated with a surfactant.

10. The device of claim 4 wherein the asymmetric groove structure

alignment is such that a?/L3 > 300m™!.

1 11. The device of claim 1 wherein the asymmetric groove structure
alignment is such -that da?/L3 > 0.03 where d = layer thickness.

12. The device of claim 1 wherein the asymmetric groove structure
alignment is formed in a layer of photolithographic material.

T TSI

i 13. The device of claim 1 wherein the asymmetric groove structure

] alignment is formed in a layer of embossed material.

. 14. The device of claim 1 wherein the asymmetric groove structure

| alignment is formed by a layer of ruled material.

15. The device of claim 1 wherein the asymmetric groove structure

alignment is transferred from a.carrier layer material.
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4 The asynnetrlc—a1igunent may have' t he approxi mate cross- sectional shape

2 surface for mviﬂﬂlllm IS o' Loonris i e o

Y( h+x)

e @ ° ° -
. .- e .

face may be defined as
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16. The device of c¢laim 1 arranged between tiwo polarisers, arranged

. with their axis of polarisation at an angle to the alignment directions

~ so that contrast between device ON-and OFF states is optimised.

.

17. The device of claim 1 wherein an amount of pleochroic dye is édded

to the liquid crystal material.

R

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

material.

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

fléxible plastic material.

20. The device of claim 1 wherein spacer pillars are formed on cne or

both cell walls.

21. 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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d for all values of x, where Y is thei'f;unct i.on descrThing thé surface :
anpl i'tude. The asymmetric structure rmmy cover :the whole or part of a cell .

‘] wall, or_the whole or part of each pixel. Furt hermore, the-alignment
H dir,ecti%_rray be different in different areas of a pixg TR 3 ' i
1 pi xel s. e cell may be arranged betweg 5tvvo col oured orf neut AS BEEN
" polarisers. both with or without a smal1*anmount of a pl eoche-6-— UDD 82
Merck) in . o
;° Fig.1.
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1 :
fthe liquid crystal material. The polarisation axis of the pol ariséers. the :
| ayer thickness, and the material birefringence may be arranged to optinmse
di spl ay trast between ON and OFF states. For exanple the goLgse
opti cal- s may be up to a few degrees away from being paraljl el
per pendi cul ar to an adjacent alignnent déf@ctions; and the devtre

in a Gooch and Tarry mnimm (J Phys D Appl Phys Vol 8 1975, pp"'

- Fig.3..

15%5-1584) . -

G .
‘- Fig.4.
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One or both cell walls may be forned of a-relatively thick non erX| bl e
" materidl such as a glass, or one or both cells walls may be forned of a
flexible material such as a thin layer of glass or a plastic material eg
"~ pol ypr ene. A plastic cell wall nay be enbossed on itF it
provide a grating. Additionally, the e%ssi ng may provigd Th&n iLACégl(BEE

v - Fig.5.
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LIQUID CRYSTAL DEVICE ALIGNMENT

layers.
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14 MAR 1997

This invention relates to liquid crystal device alignment. Such devices
typically comprise a thin layer of a liquid crystal materigl contained
yetween cell walls. Optically transparent electrode struc;ures on the
—%alls allow an electric field to be'applied across the layer causing a
re-ordering of the liquid cryétal 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,
. cholesteric, and smectic each having a different molecular ordering.

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

contact with the wall in an alignment direction.

alignment directions orthogonal the liquid crystal is forced to adopt a
This device is_known as a

twisted structure in its voltage OFF state.

By arranging these

twisted nematic device. Addition of a small amount of cholesteric

material to the nematic material imparts a pr=:srred twist direction to

ensure a uniform twist in the device.
angles of twist greater than 90°;

Also devices can be made with

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.

_In order to provide displays with a large number of addressable elements

it is common to make the electrodes as a series of row electrode on one

wall and a series of column electrodes on the other cell wall. These

form eg an x.y matrix of addressable elements or pixels, and are

cbmmonly addressed using rms addressing methods.

_______;__;______*__~
This Sheet Has Been R

D I Ill!

Due to material and



v .
reference to the acconpanying drawinggs QLB gd? w ure 1 is plan vi ew
of ‘a matrix nultiplex addressed |iquid Cgps! HE | ay; Figure ] : -
Section of the display of -Figure 1q Frogore %%’ s—a-stylised vi ew%%%@Eﬁ%HEET
alignnment and twi st across a liquid crystg cell; Figure 4 is

di agrammatic vi ew of apparatus for producing the - 14 MAR 1997

- device parameters there is an upper limit to the number of t?xels that
can be multiplex addressed. One way of improving the number of pixels

is to incorporate thin film transistors adjacént each pixel; such

displays are termed active matrix displays.

One method of providing alignment is termed a :ubbing process where a
-delzr wall, with or without a polymer layer, is unidirectionally rubbed
- by é soft cloth. Liquid cryétal molecules align along the rubbing
direction, usually with a surface tilt of about 2° or more depending
upon the polymer layer. A disadvantage of the rubbing process is that
it can generate dust which degrades the yield of the displéy and also

causes electrostatic and mechanical damage to thin film tran51stors

_ already formed on the cell wall.

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.

For these reasons it is highly desirable to develop non-rubbing

' alignmeht techniques. Such alignments have included 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 drawing
(H Aoyama et al Mol Cryst Lig Cryst vol 72 pp 127, 1981); or by
irradiation of polarised light (M Scbadt et al Japan J Appl Phys vol 31
pp 2155, 1992). Also twisted nematib structures have been made in which
only one surface is rubbed (Y Toko et al Japan Display 92 491).
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asymmetric alignnent; Figure 5 is a section view of a cell magl | 3G T
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of an aligned layer; Figure 7 is 4 aﬁ%ﬁ%LAdquuid trystal sunfgce tilt '
agai nst. facet angle of an al i gnmert—-ayer—tte—drspl ay of Figdrds t4 MAR 1897

conprises a liquid. crystal cell 1 forned by3

Accérding to this invention both an alignment direction and a surface tilt is
provided by a single blazing for a twisted nematic type of device; eg devices
with twists of 45°, 90°, 180°, 270°*, 360° or more, or twists of intermediate

angles.

According to this invention a twisted nematic device comprises;
two cell walls enclosing a layer of liquid crystal-haterialg

electrode structures on both wall;

a surface alignment on both cell walls proﬁiding both an élignment direction
and a surface tilt to liquid crystal molecules;

the cell wallé‘being arrange® so that the alignment directions are at a

non zero angle to one anothi-:-:

CHARACTERISED BY
an asymmetric groove structure alignment on at least one cell wall;

the asymmetric élignment providing in combihation with elastic twist
constants of the liquid crystal material, both alignment and surface tilt to

the liquid_crystal material.

The ésymmetric alignment may have the approximate cross sectiocnal shape of a

sawtooth waveforn.

The asymmetric alignment surface may be defined as a surface for which there
does not exist a value of h such that:-

Y(h=x) = Y(h+x) _- , seeesssesfl)

for all values of x, where Y is the function describing the surface amplitude.
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The asymmetric aliéﬁment may have the approximate cross sectiorai-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:-

X(h=x) = Y(h+x) P |

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

amplitude.

The asymmetric structure may cover the whole or part of a cell wall, or
the whole or part of each pixel. Furthermore, the alighment directions

may be different in different areas of a ﬁixel or on adjacent pixels.

The cell may be arraﬁged between two coloured or neutral polarisers,
both with or without a small amount of a pleochroic (eg D 82 Merck) in
the liquid crystal material. The polarisation axis of the polarisers,
the layer thickness, and the ﬁaterial_birefringence may be arranged ﬁo
optimise display contrast between ON and O?F states. "For example the
polarisers optical axis may be up to a few degrees away from being

" parallel or perpendicular to ah.adjacent alignment directions; and the
device operated in a Gooch and Tarry minimum. (J Phys D Appl Phys Vol 8
1975, pp 1575-1584). '

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 plag;ic.cell wall.may bé~embossed on its inner surface
to provide a grating.. Additionally, the embossing may provide small
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di spersed in the liquid crystal W t-at- | in an accurft
spacing. Strip like row el ectrodes EJfHASBEEN| | TO are fo ﬁgﬁ%@htMﬁgI SHEET
col umm el ect riedes PR on tlhe ot her wal | |

el ements or pixels. Each pixel is formed by the intersection
colum electrode. A row driver 8 supplies voltage to each ro

Simlarly pillars (eg of 1-3um height and 5-50um or more width) for
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 view showing alignment and twist across a liquid

crystal cell;

Figure 4 is a diagrammatic view of apparatus for producing the

asymmetric alignment;

Figure 5 is a section view of a cell wall being treated by the apparatus

of Figure_#;
Figure 6 is a stylised cross section of an aligned layer;

Figure 7 is a graph of liquid crystal surface tilt against facet angle

of an alignment layer.

The display of Figures 1, 2 comprises a liquid crystal cell 1 formed by
a layer 2 of cholesteric liéuid crystal material contained between glass
walls 3, 4. A spacer ring 5 maintains the wdlls typically 6um apart.

Additionally numerous short lengths of 6um diameter glass fibre may be
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applied voltages is froma control ljogic ﬁ@mmﬂhﬁh recgi ves powgr [fTonra

voltage source 11 and timng from a Crock —Erther—Si de of the lcql  HARr897
pol ari sers 13. 13" arranged with their pol rlsatlon axis crossgedfwi th

respect to one another and parallel to an al i gnnment di rection DN T he

adj acent wall 3, 4 as described |ater. 2&' ref.l ec dng mrior 16 may be
ar ranged b@l’rFH%Fsﬁﬁ‘e’-%e‘me ﬂ:lft!‘b’g’etcﬁgﬁtal mat aciurate—wail

‘spacing. Strip like row electrodes 6 eg of Sn02 or ITO are formed on

o maint

one wall 3 and simular 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 electrde 6. Similarly a
column driver 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.

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 1lit from behind in dull ambient lighting. For a

tranmission device, the mirror may be omitted.

Figure 3 shows a structure coﬁsiéting of a nematic liquid crystal layer
20 between two gratings 21, 22 having orthogonally aligned grooves 23,
24. Local direction of liquid crystal molecules (the director) is
indicated at 25. For very deep grooﬁed gratings (ie strong azimuthal
anchoring energies) the liquid crystal director 25 at each surface lieé
along the groové direction. However. for shallower (or longer pitch)
gratings, the director 25 at the surfaces is twisted off from the groove
directions 23, 24 (by Qx and ¢2) due to the relatively large bulk twist
energy as shown in figure 3. If the grooves are blazed (asymmetric)
then this twisting off is accompanied by surface pretilt which is vital
for practical displays to prevent reverse tilt disclinations. In this

context a blazed surface is defined above as a surface of formula (1).
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with a light source 15. These [G[fQWHcRe I-F}»lssmiw to be seen in|rREFLACEMENT SHEET

aligned grooves 23, 24. Local direction of liquid crystal nolpcules (the
director) is indicated at 25. For very deep grooved gratings {je strong

_

azi nut hal The gratings 21, 22 may cover the entire surface of a cell wa;l. 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. Alternatively the
gratings at the pixels may be separate areas of a grating with no
,érating polymer between thg'pixels. .Areas between pixels with no
grating may be used to improve éontrast 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 thé need to
apply a black coloured pattern to cell walls between electrodes, as

formed on some present displays.

The direction of the grooves at each pixel may be different in different
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 and twist) to allow additional grey scale
capability, particularly for STN devices (twist angles between 180 and

360, eg 270°). This sub-pixellation may be used to improve viewing

angle of a display.

The zenithal anchoring energy may be independently controlled

by varying

the grating material or its processing, and or by use of a surfactant

(eg lethecin) on the grating surface.

Figure 4 shows apparatus for producing a grating. As shown light 30.

from an argon ion laser 31 (of wavelength 457.9nm) is focused
lens 32 onto a fixed diffuser 33 and a rotating diffuser 34.

by a fipst
A second

lens 35 recollimates the now expandéé laser beam'30 which is then

amplitude split 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.
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the director 25 at tRePLAGEPaces is twisted of f from|tHe groove

directions 23, 24 (by [err] and [err]) dudto the relatively ltarge otk
tw st energy as shown in figure 3. If the grooves are blazed (asymetri c)

then this twisting off is acconpanied by surface pretilt whichTsVvitar tor

practical @irsst a6 bednd mRuABEd HAY Elie sanplé hiildetilhini substravet3f ©f indium

tin oxide (ITO) coated glass is cleaned in acetone and isopropanol and
then spin coated with a photopolyimide (Ciba Geigy 343) at 4000 rpm for
30 seconds to give a coating 41 thickness of 3.5um. Softbaking is

‘carried out at 80°C for 15 minutes followed by a further 15 minutes at

100°C. The substrate 39 is then mounted in the sample holder 40 as in

u?iguré 4 and exposed at an oblique angle to a standing wave pattern of

light from the argon ion laser 31. This is a specific example of
interferographic grating manufacture, M C Hutley, Diffraction Gratings

(Acedemic Press. London 1982) pp 95-125.

The interference fringes are recb:ded 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 1.5uW/cm?. After a pdst
exposure bake (105°C, 5 minutes) the sample'is spin developed for 15
seconds in QZ3301 (Ciba Geigy) and then rinsed in QS3312 for 15 seconds.

Ihe above process is a specific example of interferographic grating
manufacture'as described in M C Hutley, Diffrgption Gratings (Acedemic
Press, London, 1982, pp 95-125). Gratings are &also described in
GB-2166562-A, CANON; US-4521080., FUNADA; and US-4232947. FUNADA.

Example 1.

Two gratings were made by the method described with reference to Figures
4, 5 and arranged with the groove directions orthogonal; a spacer held
the gratihgs 10um apart. The resulting 10 pym thick cell was filled with
a commercial mixture EJ (Merck). Due to the weak azimuthal anchoring of
the gratings, the nematic was found to align such that ¢1=¢2=45° (see
Figure 3). A pretilt of 1.2° was measured at each surface by the
crystal rotation method described in G Baur et al Phys Lett vol 56a pp
142, (1976). A subsequent atomic force microscopic (AFM) study of one
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9

of the surfaces showed it to have a skewed sinusoidal profife with
maximum facets of 9.1° on one side of each groove and 7.5° on the other
side. Hence'it has been shown that an asymmetric mbnograting will
induce pretilt into a nematic as long as the director lies at a finite

angle to the grooves.

,jt can also'be.shown by a simplified theoretical argument with reference

to Figure 6 that a blazed grating will induce pretilt.

Assume uniform difector field above a blazed grating at some angle 0p to
the surface such that' the surface anchbring energy is minimised (ie

ignore bulk energy):
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y it
gratings at the pixels nmay be separatet@reas of a grating with oqg‘l ;;Mﬁ%d%?
pol ymer between the pixels. Areas between pixels with no grati :

used 10 | YREOS £RPhEATh ddtihga B! ¥RAR inanuteCringibniofsepna|e)| Sbiitude

because t hese_ non- gratl r{_gear eas W Ichor%)e%rrlepg%a&kgwenaby

x and pitch surface an

Minimising with respect to ep gives;

2sinf, sin 8,(cos 6, —<cos 9») :
(sin®, +sin 6, )(1 -2sinf,sin6,)

mze, =

let €,=%/2, ie make one of the facets vertical. .The above solution then.

reduces to:

sin 26,
tan26, = s28, —sin@,

This equation is plotted in Figure 7 and shows that

linear dependence on 6, and is always larger than 8,.

theory has confirmed that t‘initg pretilt is induced
profile.

\
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different in different parts of the pixel,1br between adjacent| pj xel s, eg
two half pixels wth grooves orthogonal to one another. Furthgrnore. the
asymmetry of the grooves and or depth of groove may be variedjw thin a _

pi xel area (anthe experimental example, the liquid crystal formed almost uniform
state at approximately 45° to the grating grooves. To obtain a full
90° twisted structure, the liquid crystal is doped with a chiral
- additive (to prevent reverse twist) and the grooves are placed at an
angle greater than or less thah 90° to each other. The asymmetry of the
grooveé (and hence pretilt) along with the chiral doping can be
increased allowing an STN (270° twisted) structure to be made. Gratings

in the experimental example had a pitch of 1.6um, however a wide range

of pitches can be used.

The arrangement in Figure 4 can make any pitch of grating greater than
0.23um (half the laser wavelength) but smaller pitches could be made
with ultraviolet lasers. - The azimuthal alignment energy per unit area
for a sihusoidal grating has been calculated (D W Berreman, Phys Rev
Lett, 28. 1683 (1972)) as U=271'K,,(a®/L3) where a is the grating
amplitude (half the peak to trough grooves depth) and L is the pitch.
In terms of liquid crystal alignment, a useful grating must have a
profile such that U is greater than the thermal randomisation energy and
greater than the energy associated with any other surface ifregularity
or material inhomogeneity. Further, small pitches are preferred to
obtain sufficient energy because if a is too iarge'then a large voltage

drop will occur across the grating when a field is applied to the cell.

Gratings suitable for these configu?étions can also be fabricated using
carrier layer transfer, photolithography (F Horn, Physics World 33 )
(March 1993), embossing (M T Gale et al, J Appl Photo Eng vol 4, pp 2.
41 (1978)), or ruling (E G Loewen and R S W1ley. Proc SPIE vol 815, pp

88 (1987)).
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1. A twisted nematic device comprising;

two cell walls enclosing a layer of liquid crystal material;

electrode structures on both walls:

a surface alzgnment on both cell walls prov1ding both an alignment

direction and a surface tilt to liquid crysta; molecules;

the cell walls being arranged so that the alignment directions are at a

non zero angle to one another;
CHARACTERISED BY
an asymmetric groove structure alignment on at least one cell wall;

the asymmetric alignment providing in combination with elastic twist
constants of the liquid crystal. material, both alignment and surface

tilt to the liguid crystal material.

2. The device of clalm 1 wherein the cholesteric pitch and asymmetrxc
groove structure alignment directions are arranged so that the liquid -

crystal twists through an angle 1ess than the angle between the

alignment directions.

3. The device of claim 1 wherein the cholesteric pitch and asymmetric
groove structure alignment directions are afranged so that the liquid
crystal twists through an angle more than the angle between the

~ alignment directions.

4. The device of claim 1 wherein the asymmetri¢ groove structure

alignment has the approximate cross sectional shape of a sawtooth

waveform. N
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by a seni al um ni sed beansplitter 36 onto two mrrors 37, 38. fA stra

39 to be formed into a grating is nounted in a sanple holder 40 Yoctated

bet ween t hest wBheidevice X7 c¢188n IThherein the asymmetrit groove structure

alignment is formed at electrode intersections forming pzxels. with gaps

containing no alignment.

6. The device of claim 1 wherein the asymmetric groove structuré
alignment direction is different in different areas of each pixel or at

adjacent pixels.

7. The device of claim 1 wherein the asymmetry of the asymmetric groove
structure alignment is different in different areas of each pixel or at

adjacent pixels.

8. The device of claim 1 wherein the depth of grooves in the asymmetric
groove structure alignment is different in different areas of each p1xe1

or at adjacent pixels.

9. The device of claim 1 wherein the asymmetric'groove structure

alignment is coated with a surfactant.

10. The device of claim 4 wherein the asymmetric groove structure

alignment is such that a?/L3 > 300m™!.

11. The device of claim 1 wherein the asymmetric groove structure
alignment is such -that da?/L3 > 0.03 where d = layer thickness.

12. The device of claim 1 wherein the asymmetric groove structure

alignment is formed in a layer of photolithographic material.

13. The device of claim 1 wherein the asymmetric groove structure

alignment is formed in a 1ayef of embossed material.

14, The device of claim 1 wherein the asymmetric groove structure

alignment is formed by a layer of ruled material.

15. The device of claim 1 wherein the asymmetric groove structure

' alignment is transferred from a carrier layer material.
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16. The device of claim 1 arranged between two polarisers, Brranged—————
with their axis of polarisation at an angle to the alignment directions

 so that contrast between device ON and OFF states is optimised.

.17._ The device of claim 1 wherein an amount of pleochroic dye is added

to-the'liquid'crysﬁal material.

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

material.

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

flexible plastic material.

20. The device of claim 1 wherein spacer pillars are formed on cne or

bothlcell walls.

21. 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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ABSTRACT THE DISCLOSUR

LIQUID CRYSTAL DEVICE ALIGNMENT

A twisted nematic type of liquid crystal device comprises two

cell walls enclosing a layer of a nematic or long pitch

cholesteric liquid crystal material. The device has both an

alignment direction and a surface tilt providedlby a asymmetric

groove structure alignment on one or both walls. Th

treatment may be provided by a shaped layer of a

e alignment

photolithographic material. Embossing, ruling, or transferred

from a carrier layer material may alternatively provide the

alignment . The amount of twist may be multiples of about 90 and

the device arranged between two polarisers.

_____ﬁﬁ;__‘_‘___‘;‘— _
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exposure bake (105[err]C, 5 minutes) the sanple is spin develo
seconds in Q3301 (Ciba Geigy) and then rinEHnsﬁnmﬁﬁﬁgggqg 1
The above process is a specific exanple of inteREBDQgﬁﬁp%IC gr
manuf act ure as described in M C Hutl ey, D ffractionm Gattrgs

Press. London. 1982. pp 95-125). Gratings e al so described
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Two gratings were nmade by t he nethoé—desrruhed with reference
5 and arranged with the groove dlredﬁﬁ§§§EﬁT&hagnmm a spacer
gratings 10[err]mapart. The resuliting mﬁﬁpéﬁb]nlth ck cell v
with a comrercial mxture E7 (Merck). Due to the Weak azi nut ha
of the gratings, the nematic was found to3align such that

[err]=[err]=45[err] (see Figure 3). Apretilt of 1.2[err] was
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neasured at

each surface by the crystal rotation netth.de?E;ibed in G Babs—ot—al—Phys

Lett vol 56a pp
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142? (1976). A subsequent atom c force mcroscopic (AFM study of one
the surfaces showed it to have a skewed sinusoidal profile ‘“RfPﬂﬁﬁ*ﬂyﬂ’SHEET
h

facets of 9.1[err] on one side of each groove and 7.5[err] @n

side. Hence it has been shown that an asymmetric nonograti ng || IngHCﬁ
pretilt into a nematic as long as the : 14 A 97

LIQUID CRYSTAL DEVICE ALIGNMENT

This invention relates to liqﬁid crystal device alignment. 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.
cholesteric, and smectic each having a different molecular ordering.

The present invention concerns devices using nematic or long pitch
cholesteric materials and a surface alignment treatment to the cel;
walls. This surface alignment aligns liquid cryétal molecules in
contact with the wall in an alignment direction. By arranging these
alignment directions orthogoﬁal 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 prefarred twist direction to
ensure a uniform twist in the device. Also devices can be made with
angles of twist greater than 90°; eg the super twisted nematic device,
or 270° twisted nematic device described in US-4,596,.446. Another
reéuirement 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 dev1ces to ensure a uniform dlsplay as

described eg in GB-1,472,247, and 1,478,592.

In order to provide displays ﬁith a lérge nuﬁger of addressable elements
it is common to make the electrodes as a series of row electrode .on one
wall and a series of column éiectrodes on the ‘other cell wall. These
form eg an x.y matrix of'addreééablg e&eméﬁcsioripikels. and are .

qommonly addressed using rms addressing”qécbods. Due to material and

[4



director lies at a finite angle to the grooves. It can al so bg Rbpﬁﬁﬁgﬁﬁﬂ'SHﬂﬁf

sinplified theoretical argunent with reference to Figure 6 that

grating will induce pretilt. Assunme uniformdirector field abdvs I ‘ d
grating at sonme angle [err] to the surface such that the surfgcs Zhghg§§n§97

energy is mnimsed (ie ignore bulk energy);

device parameters there is an upper limit to the number of pixels that
can be multiplex addressed. One way of improving the number of pixels
is to incorporate thin film transistors adjacent each pixel; such

displays are termed active matrix displays.

One method of providing alignment is termed a rubbing process where a
~ée11 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. A'disadvantage of the rubbing process is that
it can generate dust which degrades the yield of the display and also
causes electrostatic and mechanical damage to thin film_transistors

alreadylformed on the cell wall.

Another alignment technique is known as obligque evaporation of eg SiO,
which can produce surface tilts of zero, or high tilt ég 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.

For these reasons it is highly desirable to develop non-rubbing
alignment techniques. Such alignments have included the use of the
Léngmuir Bloggett téchqique (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 drawing
(H Aoyama et al Mol Cryst Liq Cryst vol 72 pp 127, 1981); or.by
irradiation of polarised light {M Schadt et“al Japan J Appl Phys vol 31
pp 2155, 1992). Also twisted nematic structures have been made in which
only one surface is rubbed (Y Toko et al Japan Display 92 49;).




10 I“_et t he surface be defined as shown with facet angles of [err] and

l'itud d pitch 2L, St
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Acc&rding to this invention both an alignment direction and a surface tilt ig
provided by a single blazing for a twisted nematic type of device: eg devices
with twists of 45°, 90°, 180°. 270*, 360° or more, or twists of intermediate

angles.,

According to this invention a twisted nematic device comprises:
two cell walls enclosing a layer of liquid crystal-haterial;

electrode structures on both wall;

a surface alignment on both cell walls providing both an alignment direction
and a surface tilt to liquid crystal molecules;

the cell walls'being arrange* so that the alignment directions are at a

non zero angle to one anoth:::

CHARACTERISED BY
an asymmetric groove structure alignment on at least one cell wall;

the asymmetric alignment providing in combination with elastic twist
constants of the liquid crystal material, both alignment and surface tilt to

the liquid crystal material.

The asymmetric alignment may have the approximate cross sectional shape of a

sawtooth waveforn.

The asymmetric alignment surface may be defined as a surface for which there
does not exist a value of h such that:-

Y(h-x) = Y(h+x) _ ceeeesend()

for all values of x, where Y is the function describing_the surface amplitude.

This Sheet Has Been Rep}aced
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Iet;[err] =[err]/2, ie make one of the facets vertical. The above sol ution
then reduces to: [err] This equation is plotted in Figure 7

pretilt has a roughly |inear dependence on [err]. and is al %E?gg@ﬁwé@ﬁgﬁﬁfT
[err]. Therefore this sinple theory has confirmed that finitje pretilt is

i nduced by an’ asynmetric groove profile. 14 APR 1897

The asymmetric alignment may have the approximate cross s

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:-

X(h~-x) = Y(h+x) T deee ceee{1)

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

amplitude.

The asymmetric structure may cover the whole or part of a cell wall, or
the whole or part of each pixel. Furthermore, the alighment directions

may be different in different areas of a pixel or on adjacent pixels.

The cell may be arranged between two coloured or neutral polarisers,
both with or without a small amount of a pleochroic (eg D 82 Merck) in
the liquid crystal material. The polarisation axis of the polarisers,
the layer thickness, and the material birefringence may be arranged to
optimise display contrast between ON and OFF states. For example the
polarisers optical axis may be up to a few degrees away from being
parallel or perpendicular to an.adjacént alignment direétiohs; and the
device opefated in a Gooch and Tarry minimum. (J Phys D Appl Phys Vol 8
1975. pp 1575-1584). |

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 plagtic cell wall may be embossed on its inner surface

to provide a grating. Additionally. the eﬁbossing may provide small



11 in the experinmental exanple, the liquid crystal fornmed al nogt I afy ' N
state at approximately 45[err] to the grating grooves. To obta'J?gﬂfﬁﬁpﬁwT SHEET

90[err] twi sted structure, the liquid crystal is doped with a ¢hifral
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pillars (eg of 1-3um height and 5-50um 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 ndw 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 view showing alignment and twist across a liquid

crystal cell;

Figure 4 is a diagrammatic view of apparatus for producing the

asymmetric alignment;

Figure 5 is a section view of a cell wall being treated by the apparatus

of Figure 4;
Figure 6 is a stylised cross section of an aligned layer;

Figure 7 is a graph of liquid crystal surface tilt against facet angle

of an alignment layer.

The display of Figures 1, 2 comprises a liquid crystal cell 1 formed by
a layer 2 of cholesteric liquid crystal material contained between glass
walls 3, 4. A spacer ring 5 maintains the wills typically 6um apart.
Additionally numerous short lengths of 6um diameter glass fibre may be



additive (to prevent reverse twst) and the grooves are placed aBEE#ﬂQﬂ%ﬁNi SHEET
greater than or less than 90 to each other. The asymmetry of tlhe JgroOvVEeS

(and hence pretilt) along with the chiral doping can be increage qlﬁo&?aqgg7
an STN (270[err] tw sted) structure to be made. Gratings in th .
experimental exanple had a pitch of 1.6[€rr]m however a wide [ange of
pi tches can be used. The arrangenent in Figure 4 can make any pitch of

grating greater than
dispersed in the liquid crystal material to maintain an accurate wall

spacing. Strip like row electrodes 6 eg of Sn02 or ITO are formed on
one wall 3 and simular 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 electrde 6. Similarly a
column driver 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.

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

tranmission device, the mirror may be omitted.

Figure 3 shows a structure consisting of a nematic liquid crystal layer
20 between two gratings 21, 22 having orthogonally aligned grooves 23,
24. Local direction of liquid crystal molecules (the director) is
indiqated at 25. For very deep groobed gratings (ie strong azimuthal
anchoring energies) the liquid crystal director 25 at each surface lieé
along the groove direction. However, for shallower (or 1onger pitch)
gratings, the director 2§ at the surfaces is twisted off from the groove
directions 23, 24 (by Ql and ¢2)'due to the relatively large bulk twist
energy as shown in figure 3. If the grooves are blazed (asymmetric)
then this twisting off is accompanied by surface pretilt which is vital
for practical dispiays to prevent reverse tilt disclinations. In this

context a blazed surface is defined above as a surface of formula (1).



0.23[err]m (half the | aser wavel ength) but snaller pitches coul e -
wﬁth[ultlaviolet | asers. The azinuthal alignnent energy per uni E%?égaﬂ%ﬁmliSHtc
si nusoi dal grating has been cal culated (D WBerreman, Phys Rev |Lett, 28,
1683 (1972)) as U=2[err]K[err](a[err]/L[err]) where a is the gdatfing4 APR 1997
anplitude (half the peak to trough grooves depth) and L.is the|piltch _ln
terms of liquid crystal alignnent, a useful grating nust have profile
such that Uis greater than the thernmal random sation energy akd

The gratings 21, 22 may cover the entire surface of a cell wall, or may T

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. Alternatively the
gratings at the pixels may be separate areas of a grating with no
,érating polymer between the pixels. Areas 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.

The direction of the grooves at each pixel may be different in different
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 deptﬁ of groove may be varied within a pixel area (and
hence surface pretilt and twist) to allow additional grey scale
capability, particularly for STN devices (twist angles between 180 and
360, eg 270°). This sub-pixellation may be used to improve viewing

angle of a display.

The zenithal anchoring energy may be independently controlled by varying
the grating material or its processing, and or by use of a surfactant

(eg lethecin) on the grating surface.

Figure 4 shows apparatus for producing a grating. As shown light 30
from an argon ion laser 31 (of wavelength 457.9nm) is focused by a first
lens 32 onto a fixed.diffusér 33 and a rotating diffuser 34. A second
lens 35 recollimates the now expanded laser beam 30 which is then
amplitude split 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.



greater than the energy associated with any other surface irreguiarTTyOr )
mat eri al i nhonogeneity. Further, small pitches are preferred t 8§Pe$5EMcNT SHEE
sufficient energy because if a is too large then a | arge voltage grop witl
occur across the grating when a field is applied to the cell. i Ngs APR 1997
suitable for these configurations can al&o be fabricated using|cafrier .

| ayer transfer, photolithography (F Horn. Physics Wirld 33 (Marjch I993)"

enb055|ng (MT Gale et al. J Appl Photo Eng vol 4, pp 2.
Prior to being mounted in the sample holder 40 a substrate 39 of indium

tin oxide (ITO) coated glass is cleaned in acetone and isopropancl and

then spin coated with a photopolyimide (Ciba Geigy 343) at 4000 rpm for

30 seconds to give a coating 41 thickness of 3.5um. Softbaking is

carried out at 80°C for 15 minutes followed by a further 15 minutes aﬁ
100°C. The substrate 39 is then mounted in the sample holder 40 as in
uﬁigure 4 and exposed at an oblique angle to a standing wave pattern of
light from the argon ion laser 31. This is a specific example of
interferogfaphic gratihg manufacture, M C Hutley, Diffraction Gratings

(Acedemic 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/cm?. After a pdst
exposure bake (105°C, 5 minutes) the sample is spin developed for 15
seconds in QZ3301 (Ciba Geigy) and then rinsed in QS3312 for 15 seconds.

The above process is a specific example of interferographic grating
manufacture as described in M C Hutley, Diffraction Gratings (Acedemic

Press, London, 1982, pp 95-125). Gratings are also described in
GB-2166562-A, CANON; US-4521080, FUNADA; and US-4232947, FUNADA.

Example 1.

Two gratings were made by the method described with reference to Figures
I, 5 and arranged with the groove directions orthogonal; a spacer held
the gratings 10um apart. The resulting 10 pm thick cell was filled with -
a commercial mixture EJ (Merck). Due to the weak azimuthal anchoring of
the gratings, the nematic was found to aligﬁisuch that ¢1=¢2=45° (see
Figure 3). A pretilt of 1.2° was measured at each surface by the

crystal rotation method described in G Baur et al Phys Lett vol 56a pp
142, (1976). A subsequent atomic force microscopic (AFM) study of one
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41 (1978)), or-ruling (E G Loewen and R .S p— E vol §35—pp—S88
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of the surfaces showed it to have a skewed sinusoidal profile with
maximum facets of 9.1° on one side of each groove and 7.5° on the other
side. Hence it has been shown that an asymmetric monograting will

induce pretilt into a nematic as long as the director lies at a finite

angle to the grooves.

,jt can also be shown by a simplified theoretical argument with reference

to Figure 6 that a blazed grating will induce pretilt.

Assume uniform director field above a blazed grating at some angle 0p to
the surface such that  the surface anchoring energy is minimised (ie

ignore bulk energy):

This Sheet Has Been Replaced




1. Atwisted nematic device conprising;, two cell walls (3, 4) eIy = —
bayer (2) of liquid crystal material; electrode structures (6, é?ﬁ HES&%H SHEET
walls (3, 4); a surface alignment on both cell walls providing g surface
alignnent direction to liqu crystal nolecules, the surface alijgringny ARRa§97
| east one cell wall (3, 4) being a gr'&ir (21, 22) having grogvgs (23, 24)
wth an asymmetic profile ([err] J[err]). the cell walls (3 4} being
ar rangedLexotiihatirfdee belldbADfadahs Ghowmiwidh rfacet anglas of B, endne

to x and pitch 2L. The surface anchoring energy is given by:

| e

F 27;. si:e, sin*(6, - a,)+-s-if-e-;sin’(eé + 9»)]

Minimising with respect to ep gives;

_ 2sin#, sin ,(cos 8, —cos 8,)
~ (sin6, +sin 8, )(1 -2siné,sin6,)

tan28,

let €,=7% /2, ie make one of the facets verticalz .The above solution then

reduces to:
£in28,
tan28, = s28, —sing,

This equation is plotted in Figure 7 and shows that pretilt has a roughly

linear dependence on 8, and is always larger than 6,. Therefore this simple -~
theory has confirmed that finite pretilt is induced by an asymmetric groove
profile.



one anot her; CHARACTERI SED BY t he liquid crystal material |a eBEﬁééﬁﬁﬁEMF SHEET
cholesteric pitch (p) and thickness (d) that provides a tw st} ahgle not
equal to the angle ([err]) between surface alignnment directiadn: oplft_m@é.!téﬁw

wal l's (3, 4) whereby the grating alignnment (23, 24) in conbinatjon with
elastic tw st constants of the liquid crystal material (2, 2 provi de both

al i gnnent and non zero surface tilt ([err];

In the experimental example, the liquid crystal formed almosg uniform

state at approximately 45° to the grating grooves. To obtain a full

90° twisted structure, the liquid crystal is doped with a chiral

- additive (to prevent reverse twist) and the grooves are placed at an
angle greater than or less than 90° to each other. The asymmetry of the
grooves (and hence pretilt) along with the chiral doping can be
increased allowing an STN (270° twisted) structure to be made. Gratings
in the experimental example had a pitch of 1.6um, however a wide range

of pitches can be used.

The arrangement in Figufe 4 can make any pitch of grating greater than
0.23um (half the laser wavelength) but smaller pitches could be made
with ultraviolet lasers. The azimuthal alignment energy per unit area
for a sinusoidal grating has been calculated (D W Berreman, Phys Rev
Lett, 28, 1683 (1972)) as U=273K , (a?/L3) where a is the grating
amplitude (half the peak to trough grooves depth) and L is the pitch.
In terms of liquid crystal alignment, a useful grating must have a
profile such that U is greater than the thermal randomisation energy and
greater than the energy associated with any other surface irregularity
or material inhomogeneity. Further, small pitches are preferred to
obtain sufficient energy because if a is too iarge then a large voltage
drop will occur across the grating when a field is applied to the cell.

Gratings suitable for these configurations can also be fabricated using
carrier layer transfer, photolithog;aphy (F Horn, Physics World 33 )
(March 1993), embossing (M T Gale et al., J Appl Photo Eng vol 4, pp 2.
41 (1978)), or ruling (E G Loewen and R S Wiley, Proc SPIE vol 815. PP

88 (1987)).



to the liquid crystal material (2,20) ___The device of claim

1 wherein

the chotsterse pitan smd asymet 1 c of aAkESE WPQTP
t he angﬂlﬂllmnﬁﬂmuﬂ gn?rent di ¥ect|on> %‘) ‘ghn dgvi cego

wherein the €hdl edtefic*pitch and asymmypric groove structure fl

directions are arranged so that the liquid crystal tw sts through an angle

nore than the angl e between the alignnment directions.
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Claims.
1. A twisted nematic device comprising;

two cell walls'enclosing a layer of liquid crystal material;

electrode structures on both walls;

a surface allgnmenc on both cell walls provxd;ng both an alignment

direction and a surface tilt to liquid crystal molecules;

the cell walls being arranged so that the alignment directions are at a

non zero angle to one another; -

CHARACTERISED BY

an asymmetric groove structure alignment on at least one cell wall;

the asymmetric alignment brovidiné in cdmbing:idn with elastic twist -
con;tants'qf the liquid grystal.material. both alignment and surface

tilt to the liquid crystal material.

2. The device of claim 1 wherein the cholesteric pitch and asymhetric
groove structure alignment directions are arranged so that the liquid-

crystal twists through an angle less than the angle between the

alignment directions.

3. The device of claim 1 wherezn the cholesteric pitch and asymmetric

groove structure alignment dlreCCLons are arranged so that the liquid

crystal twists through an angle more than the angle between the

alignment directions.

4. The device of claim 1 wherein the asymmetric groove structure

alignment has the approximate cross sectional shape of a sawtooth

waveform.
This Sheet Has Been R laced:
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4. The device of claim| wherein the ey aT ooveq St rocture
roxi mate cross sectfi On%%%%%%&ssy $ awt jo BERLAGRIENT rEJHEET-]

E11'3' ?;ﬂﬁlﬂTiiﬁﬁEHEﬂWHm m 1 wherein t hd—asymretiiecgraavb stlr yctore
align 1 ufi 4 AFRJQS?

13

5. The device of claim 1 wherein the asymmetric groove StJﬁEfoE—*
alignment is formed at electrode intersections forming pixels, with gaps

containing no alignment.

6. The device of claim 1 wherein the asymmetric groove structure
alignment direction is different in different areas of each pixel or at

adjacent pixels.

7. The device of claim 1 wherein the asymmetry of the asymmetric groove
structure alignment is different in different areas of each pixel or at

adjacent pixels.

8. The device of claim 1 wherein the depth of grooves in the asymmetric
groove structure alignment is different in different areas of each pixel

or at adjacent pixels.

9. The device of claim 1 wherein the asymmetric groove structure

alignment is coated with a surfactant.

10. The device of claim 4 wherein the asymmetric groove structure

alignment is such that a2?/L3 > 300m~:.

11. The device of claim 1 wherein the asymmetric groove structure
alignment is such .that da?/L3 > 0.03 where d = layer thickness.

12. The device of claim 1 wherein the asymmetric groove structure
alignment is formed in a layer of photolithographic material.

13. The device of claim 1 wherein the asymmetric groove structure

alignment is formed in a layer of embossed material.

14. The device of claim 1 wherein the asymmetric groove structure

alignment is formed by a layer of ruled material.

15. The device of claim 1 wherein the asymmetric groove structure

alignment is transferred from a carrier layer material.
Th1s Sheet Has Been Rep
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formed at el ectrode intersections form ng pixels. with gaps coﬁEB@AﬁﬁwﬁNu)SHEET
al i gnnent. ©. The—device of claim T%ﬁﬁyﬂﬁi§j¢¥;4¥%ﬂrgﬂrl groove
structur ion is differ iﬁ REEN pread df g chppi

or at adﬂlﬁmmmu"m mr The devi ce—ef LACEDwher ef n t he asy?}ms R lpgg?
the asymetrfc grdbve structure ali gnment {p different in different areas
of each pixel or at adjacent pixels. 8. he device of clafjm 1 wherein

the depth of grooves in the asymmetric groove structure alignnent 1S

different g di t{e/ROicd d81n 926 rfigedl bO¥wedh Wb JoeBELUres! Srranged
with their axis of polarisation at an angle to the alignment directions
~ so that contrast between device ON and OFF states is optimised.

17. The device of claim 1 wherein an amount of pleochroic dye is hdéed

to the liquid'cryséal material.

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

material.

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

fléxible plastic material.

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

21. The device of claim 1 wherein-spgcer pillars are formed by the

material forming the grating on one or both cell walls.

/
et Has Been Replaced
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9. The device of claim1 wherein the asynnetrlc groove st prrett

alignnent is coated with a surfactant. @0} The device of ¢ aﬂEﬂLACﬁM"“E?{JEET
the asymmetric goove structure allgnnent i's ‘such that alerr] / ferri—
300nferr], where a is grating anplitude and L is grating pit} ]ﬁ quhﬁy
device or claim1 wherein the asymretric groove structure al g meat is such
that daferr] /L[err] > 0.03 where d = |1®er thickness a is gfatiTmg
alignment, and L is grating pitch.

ABSTRACT OF THE DISCLOSURE

LIQUID CRYSTAL DEVICE ALIGNMENT

A twisted nematic type of liquid crystal device comprises two
cell walls enclosing a layer of a nematic or long pitcﬁ
cholesteric liquid crystal material. The device has both an
alignment direction and a surface tilt provided by a asymmetric
groove structure alignment on 6ne or both walls. The alignment
treatment may be provided by a shaped layer of a
photolithographic material. Embossing, ruling, or transferred
from a carrier layer material may alternatively provide the
alignment . The amount of twist may be multiples of about 90 and

the device arranged between two polarisers.

FIGURE 3



12. The device of claim1 wherein the asymmetric groove structfuRBPLACEMENT SHEE]
al'ignnent is formed in a |layer of phHotolithoégraphic material. 33. Fire
device of claim1l wherein the asymetric groove structure aligr nEnt1 Eislf‘.?ﬂ 1§97
formed in a | ayer of enbossed material. 14. The device of cl i mp 1 wherei
the asymmetric groove structure alignnent is forned by a | ayer jof —TUtred
material . 15. The device of claim1 v,herei n the asymmetric gfoove

structure alignnent is _
Fig.1.
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transferred froma carrier | ayer material . 14 16. The device -of claim1

arranged between two pol arisers. arranged with their axis of DCHE?JLIAEE{% 8

at an angle to the alignnment directions

g.
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Fig.3.
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so that contrast between device ON'and OFF states is optim g '

device of claim1 wherein an ampunt of pleachroic dye i s addeBEPAGEMENT SHEE'}:' |
liquid crystal material. 18. The device of claim1l wherein t{thgdTtettwatlso

are formed of a glass material. 19. The device of claim1l . \herqi@ Ma@ ﬁ@*l '
wal s are formed of a flexible plastic material. -

3'.

Fig.5.
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¢20." The device of claim1l wherein épacer pillars are forned
aRePI ACENFNTOSHEET

cel l

wal | s.

the material formng the grating on one or both cell walls.

TN TT0 =)

n_one or hoth

2Z. The device of claim 1l wherein spacer pillars

2 0 MAY 1997
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Short pitch cholesteric materials, forming thermochromic displays, Haie-beenreligned—;——
by grating structures embossed into plastic cell walls; thlS is described.in GB-

2,143,323 (McDonnell 1983). A single blazed grating has been i;sed to align liquid

crystal material with nearly zero surface tilt angle; J Appl Phys Vol 52 No 1, pages

210-218 M Nakamura and M Ura. A previous use of gratings to obtain pretilted

alignment has utilised a blazed grating crossed with a sinusoidal grating (E S Lee ét al

SID 93 Digest, 957). The liquid crystal director then runs along the grooves of the

sinusoidal grating and hence runs over the blazed grooves which leads to pretilt.

According to this invention both an alignment direction and a surface tilt is provided
by a single blazing for a twisted nematic type of device; eg devices with twists of 45°,
90°, 180°, 270°, 360° or more, or twists of intermediate angles. '

According to this invention a twisted nematic dév-ice comprises: two cell walls
enclosing a layer of liquid crystal material; electrode structures on both walls;

a surface alignment on both cell walls providing a surface alignment direction to liquid
crystal molecules, the surface alignment on at least one cell wall being a grating
having grooves with an asymmetric proﬁle, the cell walls being arranged so that the

surface alignment directions are at a non zero angle to one another;

CHARACTERISED BY

the liquid crystal material layer having a cholesteric pitch and thickness that provides a
twist angle not equal to the angle between surface alignment directions on the cell
walls, whereby the grating alignment in combination with elastic twist constants of the
liquid crystal material provide both alignment and a non zero surface tilt to the liquid

crystal material.
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of the surfaces showed it to have a skewed sinusoidal profile with maximum facets of
9.1° on one side of each groove and 7.5° on the other side. Hence it has been shown

that an asymmetric monograting will induce pretilt into a nematic as long as the "

director lies at a finite angle to the grooves.

It can also be shown by a simplified theoretical argument with reference to Figure 6
that a blazed grating will induce pretilt.

Assume uniform director field above a blazed grating at some angle 8, to the surface
such that the surface anchoring energy is minimised (ie ignore bulk energy);
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Claims.
1. A twisted nematic device comprising;
two cell walls (3, 4) enclosing a layer (2) of liquid crystal material;

electrode structures (6, 7) on both walls (3, 4);
a surface alignment on both cell walls providing a surface allgnment direction to hquxd

crystal molecules, the surface alignment on at least one cell wall (3, 4) being a grating
(21, 22) having grooves (23, 24) with an asymmetric profile (8,, 8y), the cell walls (3,

4) being arranged so that the surface alignment directions are at a non zero angle to

one another;

CHARACTERISED BY

- the liquid crystal material layer having a cholesteric pitch (p) and thickness (d) that
- provides a twist angle not equal to the angle (®) between surface alignment directions

on the cell walls (3, 4) (D # 2rd/p);

whereby the grating alignment (23, 24) in combination with elastic twist constants of
the liquid crystal material (2, 20) provide both alignment and non zero surface tilt (8,
8, # 0) to the liquid crystal material (2, 20).

2. The device of claim 1 wherein the cholesteric pitch and asymmetric groove
structure alignment directions are arranged so that the liquid crystal twists through an
angle less than the angle between the alignment directions.

3, The device of claim 1 wherein the cholesteric pitch and asymmetric groove
structure alignment directions are arranged so that the liquid crystal twists through an
angle more than the angle between the alignment directions.

4. The device of claim 1 wherein the asymmetric groove structure alignment has

the approximate cross sectional shape of a sawtooth waveform. '
I‘h1s Sheet Has Been Replaced
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L A thsted nematic devics compnsmg.

rwo ceil walI’s (3. 4) enc.osmg a Iayer (") of lxqmd crystal matcnal

'e!ectrodc structures (6 7) on both walls (.: 4);

a surfac~ alignment on both cell walls providing a surface alignment direction o liqu
crystal molecules, the surface ahgnment on at least one cell wall (3, 4) being a gratir
(21, 22) having groaves (23, 24) with an asymmetric profile (8,, 8y), the csil walls &
4) being arranged so that the surface alignment directions are at a non zero ;ngle to

- one another;

CHARACTERISED BY

the liquid crystal material layer having a choleste:'ic pitch (p) and thickness (d} that
provides a twist angle not equal to the angle (®) betwe=n sur'ac= alignment direction:

on the ceil walls (3, 4)

whereby the grating alignment (23, 24) in combination with elastic twist constants of

the liquid crystal material (2, 20) providé both alignment and non zero surfacs tilt (8,
to the 1iquid crystal material (2,20)

2. The device of claim 1 wherein the cholesteric pitch and asymmetric groove
structure alignment directions are arranged so that the liquid crystal twists through an
angle less than the angle between the aﬁgnment directions.

3. The device of claim | wherein the cholesteric pitch and asymmetric groove

structure alignment directions are arranged so that the liquid crystal twists through an
angle more than the angle between the alignment directions.

4..  Thedevice of claim | wherein the asymmetric groove structure alignment has

the approximate cross sectional shape of a sawtooth waveform.
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5. The Jer ice of claim | wherein the asvmmetric groove 'sr_ructur% gt

formed ac electrode intersections torming pixels, with gaps containing no alignment,

6. The device ot claim | wherein the asymmetric groove structure alignment

direction is different in different areas ot each pixel or at adjacent pixels.

7. The device of claim ' wherein the asvmmetry of the asymmerric groove
structure 2lignment is differeat in different areas of each pixel or ar adjacent pixels.

7

~ 8. The device of claim | wherein the depth of grooves in the asymmetric groove
structure alignment is differeqt in different areas of each pixe!l or ar adjacent pixels.
9. The device of claim | wherein the asvmmerric groove sgucture alignment is

coated wich a surfactanc

. 10.  The device of claim 4 whersin the asymmewzic groove szucture alignment is

hl : - - . . R . . .
such that 2~ /L.° > 500m ' whers ais grating amplitude and L is grating pitch.

11.  The device of claim | wherein the asvmmerric groove sgucture alignment is
such that da® ;L% > 0.05 whers d = Iayér thickness, a is grating alignment. and L is
grating pitch. .

12.  The device of claim | wherein the asvmmerric groove swucture alignment is

formed in a layer of photolithographic material.

15.  Thedevice of claim | wherein the asymmetric groove structure alignment is

formed in a layer of 2mbossed material.

14.  The device of claim | wherein the asymmetric groové structure alignment is

formed by a laver of ruled material.
5.  The device of claim | wherein the asvmmetric groove soucture alignment is -

transferred from a carrier layer material.
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16. The devxce of claim | arranged between two pclarzsers. ar“anged
an angle ctg che al;gnmenn directions

and QFF scates is optimised.

wizh their axis of polarisacian at
sa thar cancrast between device oN

17. The device of claim 1 “whersin
to the liquid cryscal mateéial.

18. The device of clainm 1 wherain
matarial, '

13. The device of claim 1 .wherein
flexihle plascic macearial.

20. The device of elaim 1 wherein
both csll walls.

21. The device of claim 1 wharein

an amcunt of pleachrﬁic dye is added

thé cell walls are formed of a‘glass

the cell walls are

SPacer

sSpacer

£ pillars ars

illars are

macarial forz.ng the grating en one or bcth cell

farmed of a

feraed on aone or

forzed hy the

walls.



