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(54) Liquid crystal alignment

(67) A ferroelectric (chiral smectic) liquid crystal is aligned by means ofa profiled grating surface. The grating
may be a monograting or a bigrating and may be symmetric or asymmetric. Such profiling enables the surface
tilt and the anchoring energy to be independently determined. The grating may be formed by interferography,
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4 aliquid crystal cell forned by athin Iayer of a I|qUId cry2286894

N hel d bet ween two glass walls. These wallslparry transp .
4 whi ‘appl y an electric field across the Iiquid crystal|l T SHEES HASURBEEN |
- reorv®nt ation of the nol ecul es of liquid crystal mat erilal . TREPHACHED d '

. crystal - W% states of nol ecular
: anrangenent :b€ﬁ$§§g on 1 drspl-aye y areas of |liquid crystal nmateri al
"~ in one state contrasting with areas in the other state. One known displ ay
is formed as a matri x of pixels or display elenents produced at the
i ntersections between colum el ectrodes on one wall and row el ectrodes on
t he ot her \i&ik. imfentdos ptedptes tof ferroedee ticeiiquidachygtalpevd oenakisnoept .
appl yi ng voltages to successive row and colum el ectrodes. Li quid crystal
materials are of three basic types, nematic, cholesteric,
Liquid crystal dlsplay devices are well known. Theyltyplcally comprise
ﬁa liquid crystal cell formed by a thin layer of a liquid crystal
material held between two glass walls. These walls carry transparent
electrodes which apply an electric field across the liquid crystal layer

to cause a reorientation of the molecules of liquid crystal material.

The liquid crystal molecules in many displays adopt one of two states of
molecular arrangement. Information is displayed by areas of liquid

" crystal material in one state contrasting with areas in the other state.
One known display is formed as a matrix of pixels or display elements
produced at the intersections between column electrodes on one wall -and
row electrodes on the other wall. The display is often addressed in a

' multiplex manner by applying voltages to successive row and column

T

electrodes.

Liquid crystal materials are of three basic types, nematic, cholesteric,

and smectic each having a distinctive molecul:r arrangement.

The present invention concerns chiral smectic liquid crystal materials
particularly ferroelectric smectic liquid crystal materials. Devices
using this material include the surface stabilised ferrocelectric liquid
crystal (SSFLC) device. These devices can show bistability, ie the )
liquid crystal molecules, more correctly the molecular director, adopt
one of two alignment states on switching by positive and negative
voltage pulses and remain in the switched state after removal of the

M voltage. This behaviour depends, in part, upon the surface alignment
properties. The switched states may be stabilised by the presence of an
' ac bias which may be provided by the data (column) voltages in a

multiplexed addressed device. Another type of ferroelectric liQuid
crystal device (FELCD) is the electro-clinic device. SSFLC are ‘
described for example in N A Clark & S T Lagerwall, App Phys Letters
36(11) 1980 pp 899-901, and US patent 4,367,924. Yet another type is an

antiferroelectric device (Ref: A Fukuda et al, J Mater. Chem. (1994)
[ e

&! 7 ’ 997-1016) .
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and smectic each having a distinctive nol ecul es arranst EIGAS BEBRE ‘present .
;Eg: EﬁﬁLsAdﬁ%” | CU

I hveriti on concerns chiral snectic liquid Erystal m Farl y

ferroelectric smectic liquid crystal materials. 4 mat eri al
i nclude the surface stabilised ferroelectric liquid crystal (SSFLC) device.
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part, upon the surface alignment properties. The switched states may be .
stabi | i sedebgetrades sk ypiigmisy %PW'&’SIW@IFW&?“%'W&W% kKgewhe dat a
(colum) vehigaRat fs ahak! of Rbex&isk @QE;BE&%%QQnQﬁng%iO%OTKﬁ iey@erfilcult

ferroelectric liquid crystal device (FELCD) is the electro-clinic device.
SSFLC ar e to employ for large area displays.

;3It can be shown that if the alignment used introduces a splay in a
higher temperature cholesteric phase, then a predominantly (zig-zag)
defect free alignment can be achieved in the ferroelectric phase. This
may be due to the balance between surface pretilt and surface (zenithal
‘and azimuthal) anchoring energies being able to bias the presence of
either the Cl or C2 chevron at the operating temperature. In order to
be able to optimise this balance for a given liquid crystal, ideally it
is necessary to be able to change surface pretilt and anchoring energies
controllably and independently. This is difficult with rubbed polymers

d as all these properties are manifestations of the same physical

1 interaction.

For some liquid crystal materials the alignment may be very sensitive to
this balance and so good uniformity of pretilt and anchoring energies is
required over the surface, this'is not always achievable with rubbed

alignment techniques.

Furthermore in soﬁe FLC devices it is crucial to align the preferred ]
directions (defined in the cholesteric phase) accurately with respect to
each other, be these parallel or offset at some required angle. This is
very difficult with conventional alignments since rubbing leaves no

easily observable direction on the surface.

-~

The above problems are solved according to this invention by the use of

gratings on the inner surface of liquid crystal cell walls.
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described for exanple in NA dark & S T Lagerwal
1980 pp 899-901, and US patent 4, 367,924. Yet ano

antif.erroelectric device (Ref: A Fukuda et al, J

997-.616) . o3

2

7,

According to this invention a liquid crystal device comprises a layer of

bearing electrode structures on their inner surface and each surface

treated to align liquid crystal material at the surface,

a smectic liquid crystal material contained between two cell walls each

characterised by a grating surface alignment on at least one cell wall.

2

Preferably the grating surface alignment gives independent control of
alignment anchoring strength and liquid crystal surface tilt angle
whereby a required splay of liquid crystal molecular director may be

formed across the liquid crystal layer.

Larger azimuthal anchoring energy can be used for C2 ferroelectrics

whilst weaker anchoring can be used for Cl ferrocelectrics or

antiferroelectrics.

. a
~ Ty

symmetric or asymmetric (blazed) in any combination.

The grating surface may be a monograting or a bigrating, and may be

The angle of the

gratings between two cell walls may be substantially parallel, or non

parallel. A bigrating having at least one asymmetric (blazed) grating

can result in both surface alignment and a sur-zce pretilt. Two such

surfaces may be arranged so that the liquid cr;stal molecules adopt a

splayed configuration in a higher temperature long pitch cholesteric

phase.

The liquid crystal material may be a material having a ferroelectric
liquid crystal phase at normal device operating temperatures,

particularly those with show less ordered phases, eg smectic A and

cholesteric phases, at_higher temperatures.
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L Ch e eve B
{ Alignment of ferroelectric liquid crystals is often carried”out using - -
rubbed pol yner alignnments, however this nmethod has several limtations.: L
These include dirt, electrical damage due to di schafgeshet™eas BEBNP|] ane -
el ectrodes and unifornity of pretilt and &nchorinf. AngidpeAcEDown :
alignment is that of oblique evaporation of eg SS&—This s difricult to
enpl oy for |arge area displays. It can be shown that if the alignnent
used i nt rodBcH¥isacenptent pnbigratinhaurfeepdsacng chehotan ber desqsiked byt hen a
predom nantly (zig-zag) defect free alignment can be achieved in the
ferroelectric_phase. This may be due to the bal ance between surface
pretilt and str fdd fi%dﬁ?ﬁﬁby*ahd azi mut hal ) anchoring energi es being able
to bias the presence of either the C1L or C2 chevron at the operating

tenperature, In_order to .
where Y is a function describing the surface amplitude, m and n are

integers and k., ky are periodicities. A single grating is invariant in
_§ne of the principal directions x or y. A blazed modulation, in say

x-direction, is defined as a surface for which there does not exist a

value of h such that
Y(h-x)=Y (h +x)

for all values of x, this definition can similarly be applied to the

other principal modulation (grating) direction (y).

An example of a non-blazed (symmetric) bigrating surface is the double

sinusoidal structure described by
Y =a,;sink x + azsinkyy
if either a, or a, is set to zero then a single grating is recovered.

For monostable alignment to be achieved on a bigrating surface, in a
higher temperature cholesteric (or smectic A) phase then one grating
modulation has to be energetically dominant over the other; ie -
alzkx3>a?2ky3. If a liquid crystal, possessing the phase sequence long
pitch cholesteric - (Smectic A) - ferroelectric smectié. is present
between two such grating surfaces, which are arranged with their
principle directions substantially parallel then heating into the
cholesteric phase will give a monostable alignment which when cooled
into the ferroelectric smectic phase yields a well aligned liquid

crystal.

AR A
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be abl e to optimise this balance for a given liquid crystal; ideally it s

necessary to be able to change surface pretilt and anchoring energies _

controllably and independently. This is difficul =t - Mers as i .

al | ghese properties are manifestations ob the %éﬁﬂsﬁgggfgéﬁﬂ raction. =

For @@me liquid crystal materials the alignment Loy R-8CEDcensifive to

t hi s bal ance and so good uniformty of pretilt and anchoring enerdgies is

requi red olhe bigrasimg mag. bé i profiledt layenayf rhottopelsinee fvrnedr by bed

al'i gnnent t,echni. . I, Mo i F [.GeS bl r UGl [0
i%%?zotle(}gg'ﬁap ic g#:gée@g d{ﬁem ec}'ﬁ&gg{’h?%ggﬁyaetg?ér?{éaééﬁﬁg eg’ﬁ:eagm:.c

align the prérerre I'Tettions’( I'ned |

accur at el y Pmes#, Lopperct1988) p95-125; or a photlithographic process eg F Horn,

Physics .World, 33 (March 1993). Alternatively, the bigrating may be
formed by embossing; M T Gale, J Kane and K Knop, J Appl Photo Eng, 4,
2, 41 (1978), or ruling; E G Loewen and R S Wiley, Proc SPIE, 815, 88

.41987), or by carrier layer transfer.

One or both cell walls may be fbrmed 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 plastié material eg
polypropylene. A plastic cell wall may be embossed on its inner surface
to provide a grating. Additionally, the embossing may'provide small
pillars (eg of 1-3um height and 5-50um or more width) for assisting in
correct spacing apart of the cell walls and also for a barrier to liduid

] crystal material flow when the cell is flexed. Alternatively the

4 pillars may be formed by the material of the alignment layers.

One form of 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 diagrammatic view of apparatus for producing grating
surfaces of a cell wall;

~

* Figure 4 is a diagrammatic view of alternative apparatus for producing

grating aligning surfaces.

Figure 5-12 show various configuration of gratings on cell walls.
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os : . e e e ®
each ot.her, be these parallel or offset at sone required angle "Thisis ~°.°°
very difficult with conventional alignments si ce rubblng Ieaves no easily :.
observabl e direction on the surface. The ab ved o
accordlng to this invention by the use ofegratlngs %%P surface -of =
liquid crystal cell walls. .

The display of Figures 1, 2 comprises a liquid c¢rystal cell 1 fofmed by
a layer 2 of ferroelectic liquid crystal material contained between
glass walls 3, 4. The material 2 has a less ordered higher temperature
phase, eg smectic C, smectic A, long pitch cholesteric with increasing
temperatures. A long pitch cholesteric can be defined as a cholesteric
pitch greater than layer thidkness. A spacer ring 5 maintains the walls

“%ypically 2um apart.

. N
e T

Additionally numerous 2um diameter beads may be 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 Y4 and similar
column electrodes 7 formed on the other wall 3. With mfrOW'and n-column
electrodes this forms an m.n matrix of addreséable elements or pixels. - -
Each pixel is formed by the intersection of a row and column electrode.

A row driver 8 supplies voltage to each row electrode.6. Similarly a
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'. Conventional surface
stabilised ferroelectric bistable devices switch between two stable
states having alignment either side of a surface alignment direction
favoured by the rubbing directions. For devices of the present
invention both cell walls 3, 4 have bigrating alignment and switch
between two stable states having alignment either side of a principle
grating direction. The polarisérs 13, 13' are arranged with their
polarisation axis crossed with respect to one another with the axis of
one polariser parallel- to one of the two (switched) stable state .~

alignment directions.

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.
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- 3- .. According to this invention a li-quid crystal deV|ce conprlses a*
| ayer of a snectic liquid crystal material contained between two cell
wal | s. each bearing el ectrode structures on their jnner—seface and
each_surface treated to align liquid crysgal-nate naHSSHEEFHﬁSFW@_ ur f ace,
5 characterised by a bigrating surface aligntrent REPBAEERr b cel
wal I'S each bigrating conprising two nonograting with one nonograting

ener get i calppfodogs '&@Qém&\{ye'i:hé h&11 of FAlSés rIonz)gaatleagt toheOb¥EL %aﬂPn&St able -

albi gnnent and a surface l ecular pretilt in uid crystal
material . Fyrface topafed aPEI previdegh RigRgtingit athe oth %ﬁ@itl Bﬂ(/é@ve either

i ndependenta &gk tangObr A meRGRHting or an@mléhaﬂmfaur 88 ahubbang d1igHhehecr yst al

surface tilt angle whereby a required SQ'%X;
treatment. Apparatus for producing this bigrating is shown in Flgure 3.

As shown in Figure 3 light 20 from an argon ion laser 21 is focused by a
“%irst lens 22 onto a fixed first diffuser 23 and a rotating second 24
diffuser. A second lens 25 recollimates the now expanded laser beam
onto a semi aluminised beamsplitter 26. Light is reflected from the
beamsplitter 26 onto a first mirror 27 and thence onto a substrate 28
supported in a holder'29. Light transmitted throhgh'the beam splitter
26 is reflected off a second mirror 30 and a third mirror 31 onto the
substrate. Thus the substrate 28 receives two beams 20a, 20b which sets
up a stationary fringe pattern. The pitch of the fringe pattern depénds
upon the angle between the two beams 20a, 20b coming from the first and

¥ third mirrors 27, 31.

A sinsoidal (symmetric) bigrating may be produced by the apparatus of

Figure 3 as follows:-
Example 1.

A piece of ITO coated glass 28 to form a cell wall was cleaned in
acetone and isopropanol and was then spin coated with a photopolyimide
(Nissan RN901) at 4000 rpm for 20 seconds to give a coating thickness of
1.2um. Softbaking was then carried out at 80°C for 30 minutes. The
sample 28 was then exposed to an interference pattern of light generated

from the argon ion laser 21 (wavelength of 457.9nm) as shown in Figure

3° - S
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liquid-crystal nolecular director may be forned across ‘the I|qU|d crystal

| dyer. *
ferroelectrics whil st weaker
ferroelectrics or antiferroelectrics.
symmetric or asymmetric (blazed) in any conbln-

15 Larger azimuthal anchoring energy can be_usee

anchoring e# %HgseﬂAﬁd}E 1
" bRrgPlatGERy s+ Pace may be

gratings between two cell walls may be substantlally paral lel, or non 20
parall el .

result

in

@ebﬁﬁﬁﬁel Bg 'gege@t bgasdconfCednsibBldl @ pberZ adsQyAbENg can

ace alignment and a surface pretilt. Two, such

.
~ A

K T

W

The angl e of the

sur f aces rﬁ&ﬁmﬁéc”hr-rahg’@?%é epgEur§ @lso of I9Pqﬁ?‘EP”6’Py ‘E%uﬁﬂl%@%n adopt a
spl ayed cogrirgd AutORrtdt 2nbi sl et Z8MRAABSETE reBivd from PheChoXdee! 2§f eri c

phase.

rotated by 90°and replaced. Development was then carried out by a 60_
second immersion in microposit MF319 developer followed by a 30 second
rinse in deionised water. Finally the photopolyimide was crossed linked

By & 60 minute bake at 170°C followed by a 30 minute bake at 350°C. In

this case the resulting sample contained a surface relief bigrating in
which the two principle modulations were at 90° to each other. However
it may be advantageous for particular applications if the modulations

were at less than 90°'to each other, eg 45°.

The technique above can be used to generate single or double non-blazed
gratings. One simple technique for generating a bigrating where one of
the principal modulation directions is blazed (nohsymmetric) is shown in

Figure 4.

A substrate 35 carfying a thin indium tin oxide electrode 36 is coated
with a photopolymer 37 such as Ciba Geigy 343. Spaced above the polymer
37 is a mask 38 formed by a chrome pattern 39 on a glass slide 40, The
chrome pattern is that of a bigrating pholtolithography mask. A mercury
lamp 41 is arranged to illuminate the mask 38 at a non normal angle to
the mask surface. The off axis illumination, in a plane defined by the
mask normal and one of the mask principal directions, ensures that a
blazed profile is obtained (after development in QZ3301 and rinsing in-
QS3312) in one direction but a non-blazed profile is obtained in the
other principal direction. Off-axis illumination that is not in a plane
defined by the mask normal and one of the principal directions will give

a bigrating that is blazed in both principal directions.

This Sheet Has Been Replaced
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25 Thke snectic liquid crystal naterial may be a material |
ferroelfectric liquid crystal phase at nornal_ds B
tenperatures, particularly those which show Tgﬁhﬁﬁﬁx,ﬂ

srr%i c A and chol esteric phases, at higfer -t\ B}

The following Figures 5-12 show different arrangements of gratings in a

cell.

' Figure 5 shows diagrammatically, symmetric (non-blazed) and asymmetrlc
(blazed) profiles together with an indication of double arrows for
symmetric and single arrows for blazed direction.

3 |
Figure 6 shows two single grating surfaces aligned substantially
parallel (in the same or opposite directions). The shaded ellipses show
the LC director alignment obtained in the higher temperature cholesteric
phase at each surface. The director alignment is in the same direction

with zero surface pretilt in eg a cholesteric phase.

Figure 7 shows two grating surfaces, the top wall having a non blazed
grating (the vertical'arrpw) and optionally a second non blazed grating
(horizontal arrow with broken line) subservient to the other grating.

" This results in a director alignment shown to be horizontal at the top
wall surface and with zero surface tilt. The bigrating on the bottom
surface is similar. These two bigratings give substantially

non-twisted, monostable alignment in the higher temperature cholesteric

phase.

Figure 8 shows a bigrating at the top surface giving alignment and zero
surface tilt. The. bottom surface has a symmetric grating and a blazed
grating. The symmetric grating is dominant so that the liquid crystal
director aligns horizontally, but with a surface tilt provided by the

shape of the blazed grating.

Figure 9 shows two simi;ar bigratings, a symmetric and an asymmetric A
v grating on both cell walls; the symmetric gratings are dominant. These
provide both alignment direction and surface tilt giving a splayed

? director configuration in a cholesteric phase.
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4 In this context a bigrating surface is one that can.be described by -~
¥ (x,¥) =Y (x+tnk[err],y+nk[err]) where Y is . l@g@ﬁﬁgﬂ}ﬂﬁgﬁﬁﬁb ng the
surface anplitude, n1and n are integers anggk[enr], KREPUACES e
periodicities. A single grating is invariant inmeorThe princi pal
directions x or y. A blazed nodulation, in say x-direction, is.defined as a

surface for pagint 1bNEs &1808sr ROt FENIre! 9%xcept that the blaze direction on the
lower .surface is in the opposited direction to that on the top surface.
These give a substantially non-twisted, monostable alignment in a higher

temperature cholesteric phase.

Figure lla shows two single or bi-grating surfaces azimuthally offset
with respecé to each other such that the cell would align a cholesteric

< liquid crystal in a monostable twisted state. The offset angle can be
adjusted to stabilise or destabilise half-splayed states in a

ferroelectric liquid crystal in a chevron layer geometry.

Figure 11b shows two bigrating surfaces each of which have two preferred
alignment states for a cholesteric in contact with the surface. Both
gratings in each bigrating are of equal anchoring energy which results
in the two preferred alignment direction. The bigratings are arranged
offset to each other to give a substantially uniform monostable
v alignment in a cholesteric phase. The angle between the bistable states
} at each surface can be adjusted to stabilise or destabilise half-splayed

states in a ferroelectric liquid crystal in a chevron layer geometry.

Figure 12 shows two bigrating surfaces, each with both principal
directions blazed to give substantially untwisted alignment in a higher
temperature cholesteric phase. Both bigratings provide alignment and
surface tilt. The example shown has two of the blaze directions
parallel and in tﬁe same direction, whilst the other (dominant) two are
parallel and in opposite directions; this allows the adjustment of the
stability of the chevron states and also the stability of half-splayed
states. An advantage of this arrangement is that the anchoring energy
vs alignment direction can be made asymmetric in opposite directions on

the two cell walls.

[
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vel ue «of H such that Y (h-x) =Y (h+x) for all values of x,
tHis définition can simlarly olied to the other principal nmodul ati on.-
(grating) directi

_ on e of a non-bl i BN gratlng
surfece is the douﬂ! m‘ “ﬁ!rr*] rlucturjel descri b VREPLACE _ |

al sink[err]x +

Clains.

1. A liquid crystal device comprising a layer of a smectic liquid
crystal material contained between two cell walls each bearing electrode

structures on their inner surface and each surface treated to align

giiquid crystél material at the surfa;e.

characterised by

a grating surface alignﬁent on at least one cell wall.

2. The device of claim 1 wherein the grating surface is é monograting.
3. The device of claim 1 wherein the grating surface is a bigrating.

j 4. The device of claim 1 wherein at least one grating surface is

symmetric.

5. The device of claim 1 wherein at least one grating surface is

asymmetric.

6. The device of claim 1 wherein surface alignment directions provided

on both cell walls by the gratings are substantially parallel.

7. The device of claim 1 wherein surface alignment directions provided

on both cell walls are at a non zero angle to one another.

8. The device of claim 1 wherein the liquid crystal material is a
‘e ferroelectric material having at least a smectic A phase or a

cholesteric phase at higher temperatures.

9. The device of claim 1 wherein the ligquid crystal material is a
ferroelectric material having the following phases with decreasing
temperatures:- isotropic - cholesteric - smectic A - chiral smectic or

isotropic - cholesteric - chiral smectic.

. This Sheet Has Been Replaced
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If either a[err] or aferr] is set to zero - then a s

r etovered. For nonostable alignnment to be achiev mlﬂLm&MI

surface, in a higher tenperature cholesteric (or s hen one -

grating nmodul ation has to be energetical |3 doninant over the other; ie

alerr]k[err]>[err]k[err]. If aliquid crystal, possessing the phase

sequence Iﬁ&g'ﬁ%tch chol esteric - - _ferroelectric snectic,.is
e

present be e \evige Py capimg g?’f'%?é’elg"”%\/lﬁe&?ﬂ waldshavh JeBigHatHnE hei r
principle ghrfeeb| i EhdStwdNktatings Parked lakBhngdedeto hﬂ%bh&él d BbRajei

chol esteric ph gi ve a nonostabl e al i gnnment which when cooled into

|1
the ferr oe'll Pigr gﬁ’é‘é‘c‘@%ﬁa’é’é"‘?ﬁ%‘l’% tgev\k}qmg crysEal | 1aFeraiR g Sigher

temperature phase.

11. The device of claim 10 wherein the bigrating is a layer formed by
,jnterferography. photolithography, embossing. ruling, or carrier
transfer.

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

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

flexible plastic material.

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

15. 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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| interferographic process;
: Presi London 1982) p95-125;

b

| 5 - Thé;bigrating may be a profiled Iayer.of phot opol yner fornmed by an
eg MC Hutley, Diffraction Gratings (Acedem c

or a photlithographic
1y

Fig.1.

process eg E Harn,
THIS SHEET HAS BEEN
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1 Physics_Wrld. 33 (March 1993). Alternatively, the bigrating may be forned
4 by enbossing; MT Gale. J Kane and K Knop, J Appl Photo Eng,- 4, 2, 41

¥ (197 or ruling; E G Loewen and R S Wley, Proc SPLE,__815,.88 (19 , or
| by c®@ier |ayer transfer. One or both,cell wall s|nrjs BEEED tiks BEEN
relatively thick non flexible material S#h as a gl ass, ORERUMEEDr bot
cells walls may be forned of a flexible material suctras a thin |ayer of
glass or a plastic material eg polypropylene. A plastic cell wall may be

enbossed on its inner surface to provi?ig pting. Additionallyn the

o

—

| embossing may provide small pillars (e B[ err]mhejght ang 5-5Q err]m
Jor nore width) for assisting in correct spacing apart ]
al.so for a barrier to liquid crystal material flow whe

Alternatively the pillars my be formed by the mazterial
| ayers. : 3 L/
] Ar lon
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1
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1 One formof the invention will now be described, by way of exanple only,
I'with reference to the acconpanyi ng draw ngs of which:-
f a mtrix nmultiplex addressed liquid crystal display:
s section of the display of Figurge 1; j

i W Fi gur ) ammatic = ¢
' view of apparatus for producing grati ng?’/g;urfac o8 SEERTRHAS REEN e
- | REPLACED B :

1 vie

a cC

*

Fig.5.
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Figure 4 is a diagrammatic view of al ternative apparatus for producing

grating aligning surfaces. Figure 5-12 shOM/varlous confi.gurati on of
gr atgadgs on cell walls.
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by a layer 2 of ferjroelectic |iqui
olass walls 3, 4.
phase, eg snectic
tenperatures. Al

pitch great ¢ERROEAE
typically 2[err]mapart.

&

rises a liquid crystal cell 1 forned
rystal material contai ned between
THe M,NGVWF ag a |l ess ordered higher tenperature

, {smectic A long|pitch chol esterrcwtirincreasing
ng prtcn chot efic cahn be defined as a cholesteric

KIRYSTAL PEVIIGE AALIGNMENTS nmi ntains the wal | s
Itronal ly numerous 2[err]mdi ameter beads. may

A

be dispersed in the liquid crystal material to maintain an accurate wall
spacing. Strip like row

- ALY

This invention relates to ferroelectric liquid crystal device alignment.

Liquid crystal display devices are well known. They typically comprise
A liquid crystal.cell formed by a thin layer of a liquid crystal
material held between two glass walls. These walls carry transparent ‘
electrodes which apply an electric field across the liquid crystal layer
to cause a reorientation of the molecules of liquid crystal material.
The liquid crystal molécules in many displays adopt one of two states of
molecular arrangement. Information is displayed by areas of liquid
crystal material in one state contrasting with areas in the other state.
One known display is formed as a matrix of pixels or display elements
produced at the intersections between column electrodes on one wall and
row electrodes on the other wall. The display is often addressed in a
multiplex manner by applying voltages to successive row and column

electrodes.

Liquid crystal materials are of three basic :ypes, nematic, cholesteric,

and smectic each having a distinctive moleculé$ arrangement.

The present invenﬁion concerns chiral smectic liguid crystal materials
particularly ferroelectric smectic liquid crystal materials. Devices
using this material include the surface stabilised ferroelectric liquid
crystal (SSFLC) device. These devices can show bistability, ie the
liquid crystal molecules, more correctly the molecular director, adbbt
one of two alignment states on switching by positive and negative
voltage pulses and remain in the switched state after removal of the
voltage. This behay;éhr depends, in part, upon the surface alignment
properties. The swiféﬁed states may be stabilised by the presence of an
ac bias which may be provided by the data (column) voltages in a |
multiplexed addressed device. Another type of ferroelectric liquid
crystal device (FELCD) is the electro-clinic device. SSFLC are
described for example in N A Clark & S T Lagerwall, App Phys Letters
36{(11) 1980 pp 899-901, and US patent 4,367,924. Yet another type is an
antiferroelectric device (Ref: A Fukuda et al, J Mater. Chem. (1994)
4, 7. 997-1016).
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el ectrodes 6 eg ’ongg%‘?;BEM}ErNTI WSEETre .formed on one wall 4 and sim col um
el ectrodes 7 forjmed on the otherf all 3. Wth mrow and-#=Tol uim el ectrodes
this forms an mjn jmatlré NO¥f1998drlegsabl e el ement s pi xel s. Each pixel is

formed by the intdgrsection of a|rdqw and colum el ectrode. A row driver 8

suppl i es vol tagd to each row el ectirode 6. &imilarly a colum driver 9
supplies voltag |l ectrode 7. Control of applied voltages

is froma control Iggjc 10 whi ch receives power froma voltage source 11
and tining #HiEmpent ol kenzoelecerig, diauidicryptalic I6cPften SRETIRG SRE SR8 3,
13" . Convenguibbed! pslyneCLlignakhts S adweedr ealiSaidthedbhas deversleitetativhsch

bet ween two_st abl e st at having alignpent either side of surf ac
al i gnnent d?h?ﬁ?t??ﬁ}ude Sfrt. eiegkricag damage due to aiséiarge etween f;-plane
electrodes and uniformity of pretilt and anchoring. Another known

alignment is that of oblique evaporation of eg SiO. This is difficult

to employ for large area displays.

It can be shown that if the alignment used introduces a splay in a
higher temperature cholesteric phase, then a predominantly (zig-zag)
defect free alignment can be achieved in the ferroelectric phase. This
may be due to the balance between surface pretilt and surface (zenithal
and azimuthal) anchoring energies being able to bias the presence of
either the Cl or C2 chevron at the operating temperature. In order to
be able to optimise this.balance for a given liquid crystal, ideally it
is necessary to be able to change surface pretilt and anchoring energies
controllably and independently. This is difficult with rubbed ﬁolymers
as all these properties are manifestations of the same physical

interaction.

For some liquid crystal materials the alignment may be very sensitive to
this balance and so good uniformity of pretilt and anchoring energies is
required over the surface, this'is not always achievable with rubbed

alignment techniques.

Furthermore in soﬁe FLC devices it is crucial to align the preferred
directions (defined in the cholesteric phase) accurately with respect to
each other, be these parallel or offset at some required angle. This is
very difficult with conventional alignments since rubbing leaves no

easily observable direction on the surface.

The above problems are solved according to this invention by the use of
gratings on the inner surface of liquid crystal cell walls.



¥ -
f avoured by the r mﬁﬂthEME&TctSHEﬁTs "For devices of the present invention
both cell walls ‘al ignment and switch between two st bl e
states having al ij of a principle g RE- I TS on. /The
pol arisers 13, 13 ' )

respect to one ar ; i
the two (swtche stable state allgnnent i rections. A partly reflecting

mrror 16 may be e cell 1 together with a |ight source
15. These allow the display to be seen in reflection and lit from behind in
dul I anbi erfccbrdfrig ng. thisoinventianna ddiqahd deystal delrdcen compiisery abtayer of

omtted. . cpectic liquid crystal material contained between two cell walls each

begfing electrode structures on their inner surface and each surface

treated to align liquid crystal material at the surface,
characteriséd by a grating surface alignment on at least one cell wall.

Preferably the grating surface alignment gives independent control 6f
alignment anchoring strength and liquid crystal surface tilt angle
whereby a required splay of liquid crystal molecular director may be

formed across the liquid crystal layer.

La:ger azimuthal anchoring energy can be used for C2 ferroelectrics
whilst weaker anchoring can be used for Cl ferroelectrics or

antiferroelectrics.

The grating surface may be a monograting or a bigrating, and may be
symmetric or asymmetric (blazed) in any combination. The angle of the
gratings between two cell walls may be substantially parallel., or non
parallel. A bigrating having at least one asymmetric (blazed) grating
can result in both surface alignment and a surface pretilt. Two such
surfaces may be arranged so that the liquid cryStal molecules adopt a
splayed configuration in a higher temperature long pitch cholesteric

phase.

The liquid crystal material may be a material having a ferroelectric
liquid crystal phase at normal device operating temperatures,
particularly those with show less ordered phases, eg smectic A and

cholesteric phases, at_higher temperatures.

This Sheet Has Been Replaced |
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nvent i onal eg rubbing alignnment
tihhis bigrating is shown in Figure 3.

4

In this context a bigrating surface is one that can be described by

Y (x,y) = Y (x+mkx,y+nky)

where Y is a function describing the surface amplitude, m and n are
integers and k_, ky are periodicities. A single grating is invariant in
one of the principal directions x or y. A blazed modulation, in say
x-direction, is defined as a surface for which there does not exist a

value of h such that
Y(h=-x)=Y¢(h+ x}

for all values of x, this definition can similarly be applied to the
other principal modulation (grating) direction (y). '

An example of a non?blazed (symmetric) bigrating surface is the double

sinusoidal structure described by

Y =a;sink x + azsinkyy
if either_a1 or a, is set to zerg then a single grating is recovered.
For monostable alignment to be achieved on a bigrating surface, in a

higher temperature cholesteric {or smectic A) hhase then one grating

modulation has to be energetically dominant over the other; ie i

a,%k 3>a,%k 3. If a liquid crystal. possessing the phase sequence long

pitch cholesteric - (Smectic A) - ferroelectric smectic, is present
between two such grating surfaces, which are arrénged with their
principle directions substantially parallel then heating into the
cholesteric phase will give a monostable alignment which when cooled
into the ferroelectric smectic phase yields a well aligned liquid

crystal.
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As shown in Fi gur e} SREPIACEMENT{SHEETah argon ion |aser21 is focused by a
first lens 22 ontoga flxed TTrst—dyfjuser 23 and a rotating second;; 24
diffuser. A secondjl é %?d es the now expanded | aser beam:- onto a
sem al um ni sed beamppll Light is reflected fromthe beansplitter
26 onto a first myrl el onto X substrate 28 supported in a
hol der 29. Light tyansmtted throughjthe beamsplitter 26 is reflected off
a second mrror 30 and a thrrd—mrrer 31 onto the substrate. Thus the
substrate 2Pher btgratdogt may beamm&lectabyahi@hpé@i%mlwla formed AYadYy fringe
pattern. e @krehedbahile o ggseo gk lie'c RUERE/ U5 resapRISN GRS NREYRAN.

the two bedhs he first and third mrrors
A si nsoi daIPz(esynrm:lnldpo)l‘iﬁZQraQS'ri@%awlbé phqfdeémr@yhm@r&ﬁsa? e&%? Hern,

Physics World, 33 (March 1993). Alternatively, the bigrating may be
formed by embossing; M T Gale, J Kane and K Knop, J Appl Photo Eng, 4,
2, 41 (1978). or ruling; E G Loewen and R S Wiley, Proc SPIE, 815, 88

{1987), or by carrier layer transfer.

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
pclypropylene. A plastic cell wall may be embossed on its inner surface
to provide a grating. Additionally, the embossing may'provide small
pillars (eg of 1-3um height and 5-50um or more width) for assisting in
correct spacing 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.

One form of 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 diagrammatic view of apparatus for producing grating

surfaces of a cell wall;

Figure 4 is a diagrammatic view of alternative apparatus for producing

grating aligning surfaces.

Figure 5-12 show various configuration of gratings on cell walls.



"R Exanpte—t— A piece of ITO coated gla 8 to
,sﬁﬂﬂégﬁ@gvrﬁHfgﬁe one and isopLepaﬁof”éﬁafgégsfﬂin spin
coated with a photjoppl yi m de RN901) at 4000 rpmfor 20 seconds to
' rrff m Sof t baki ng was.then carried out at
| § 28 waé then exposed to an interference
hg argon ion | aser 21 (wavel ength of

pattern of |ight

457.9nnm) as shown |
The display of Figures 1, comprises a liquid crystal cell 1 formed by

a layer 2 of ferroelectic liquid crystal material contained between -
glass walls 3, 4. The material 2 has a less ordered higher temperature
phase, eg smectic C, smectic A, long pitch cholesteric with increasing
temperatures. A long pitch cholesteric can be defined as a cholesteric
pitch greater than layer thickness. A spacer ring 5 maintains the walls

)
‘“typically 2um apart.

Additionally numerous 2um diameter beads may be dispersed in the_liquid
crystal material to maintain an accurate wall spacing. Strip like row
electrodes 6 eg of SnO2 or ITO are formed on one wall 4 and similar
column electrodes 7 formed on ﬁhe other wall 3. With m-row and n-column
electrodes this forms an m.n matrix of addressable elements or pixels.
Each pixel is formed by the intersection of a row and column electrode.

A row driver 8 supplies voltage to each row electrode 6. Similarly a
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'. Conventional surface
stabilised ferroelectric bistable devices switch between two stable
states having alignment either side of a surface alignment direction
favoured by the rubbing directions. For devices of the present
invention both cell walls 3, 4 have bigrating'alignment and switch
between two stable states having alignment either side of a principle
grating direction. The polarisers 13, 13' are arranged with their
polarisation axis crossed with respect to one another with the axis of
one polariser parallel- to one of the two (switched) stable state

alignment directions.

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.
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al 8 The sanple 28 was given—a—96—
second exposure at a power density of 1.5nWcnierr]. A second exposure al so
of 90 seconds duration was then carried out after the sanple 28 had been
renoved fromthe holder 29, rotated by 90[err] and repl aced. Devel opnent
was then carried out by a 60 second imrersi®n in mcroposit NF319 developer

foll owed by a 30 second

Prior to assembly the cell of Figures 1, 2 at 1east one cell wall is

surface treated to provide a bigrating; the other wall may have either

a bigrating or a monograting or a conventional eg rubbing alignment

treatment. Apparatus for producing this bigrating is shown in Figure 3.

As shown in Figure 3 light 20 from an argon ion laser 21 is focused by a
first lens 22 onto a fixed first diffuser 23 and a rotating second 24
diffuser. A second lens 25 recollimates the now expanded laser beam
onto a semi aluminised beamsplitter 26. Light is reflected from the
beamsplitter 26 onto a first mirror 27 and thence onto a substrate 28
supported in a holder 29. Light transmitted through the beam splitter
26 is reflected off a second mirror 30 and a third mirror 31 onto the
substrate. Thus the substrate 28 receives two beams 20a, 20b which sets
up a stationary fringe pattern. The pitch of the fringe pattern depends
upon the angle between the two beams 20a._20b coming from the first and

third mirrors 27, 31.

A sinsoidal (symmetric) bigrating may be produced by the apparatus of
Figure 3 as follows:-

Example 1.

A piece of ITO coated glass 28 to form a cell wall was cleaned in
acetone and isopropanol and was then spin coated with a photopolyimide
(Nissan RN901) at 4000 rpm for 20 seconds to give a coating thickness of
1.2um. Softbaking was then carried out at 80°C for 30 minutes. The
sample 28 was then exposed to an interference pattern of light generated
from the argon ion laser 21 (wavelength of 457.9nm) as shown in Figure

3.
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rinse in deionised water. Finally the photopolyimde was crossed |inked by
a 60 mnute bake at 170[err]C followed by a 30 m nute bake at 350[eri}c. I n

this case the resulting sanple contained a surface relief bigrating iy
which the two principle nodul ations were at 90 to each other. However-it
may be advant ageous for particul ar appl.icagions if the nodul ati ons were at

| ess than 90[err] to each other, eg 45[err?. The techni qgue above can be
used to generate single or double non-blazed gratings. One sinple technique

2P Smen R el AP SR b SR R RS g 1
thin i ndi unLt$uw/en?.deAcsexndodrep@iiresaksmpEd90 seconds duration was then
 carried out after the sample 28 had been removed from the holder 29,
rotated by 90°and replaced. Development was then carried out by a 60
second immersion in microposit MF319 developer followed by a 30 second
rinse in deionised water. Finally the photopolyimide was crossed linked
"By a 60 minute bake at 170°C followed by a 30 minute bake at 350°C. 1In
this case the resulting sample contained a surface relief bigrating in
which the two principle modulations were at 90° to each other. However
it may be advantageous for particular applications if the modulations

were at less than 90° to each other, eg 45°.

The technique above can be used to generate single or double non-blazed
gratings. One simple technique for generating'a bigrating where one of
the principal modulation directions is blazed (nonsymmetric) is shown in

Figure 4.

A substrate 35 carrying a thin indium tin oxide electrode 36 is coated
with a photopélymer 37 such as Ciba Geigy 343. Spaced above the polymer
37 is a mask 38 formed by a chrome pattern 39 on a glass slide 40. The

. chrome pattern is that of a bigrating pholtolithography mask. A mercury
lamp 41 is arranged to illuminate the mask 38 at a non normal angle to
the mask surface. -The off axis illumination, in a plane defined by the
mask normal and one of the mask principal directions, ensures that a
blazed profile is obtained (after development in QZ3301 and rinsing in
QS3312) in one direction but a non-blazed profile is obtained in the
other principal direction. Off-axis illumination that is not in a plane
defined by the mask normal and one of the principal directions will give

a bigrating that is blazed in both principal directions.
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wi th a photopol yner 37 such as G ba CGeigy 343. Spaced above the pol ymer 37
is a mask 38 formed by a chronme pattern 39 on a glass sli hr one
pattern is that of a bigrating pholtolithography mask. A nercury lanp 41 is
arranged to illumnate the mask 38 at a non nornmal angle to the mask

. surface. The off axis illumnation, in a p ane defined by the mask nor nal
and one of the mask principal directions, ensures that a blazed profile is
obtai ned (after devel opnent in @QZ3301 and rinsing in Q3312) in one

direction by olORaREMFAMUL 112 LifolRhRierdhel BridigeRbhe ot %f%ﬂ;ﬂ?& in a

direction. axrs i ation that 1s not in a plane define he mask
normal and agdd.of the principal directions will give a bigrating that is
bl azed in both principal directions.

Figure 5 shows diagrammatically, symmetric (non-blazed) and asymmetric
(blazed) profiles together with an indication of double arrows for

symmetric and single arrows for blazed direction.

Figure 6 shows two single grating surfaces aligned substantially
parallel (in the same or opposite directions). The shaded ellipses show
the LC director alignment obtained in the higher temperature cholesteric
phase at each'surface. The director alignment is in the same direction

with zero surface pretilt in eg a cholesteric phase.

Figure 7 shows two grating surfaces, the top wall having'a non blazed
grating (the vertical arrow) and optionally a second non blazed grating
(horizontal arrow with broken line) subservient to the other grating.
This results in a director alignment shown to be horizontal at the top
"wall surface and with zero surface tilt. The bigrating on the bottom
surface is similar. These two bigratings give substantially
non~twisted, monostable alignment in the higher temperature cholesteric

phase.

Figure 8 shows a bigrating at the top surface giving alignment and zero
surface tilt. The. bottom surface has a symmetric grating and a blazed
grating. The symmetric grating is dominant so that the liquid crystal
director aligns horizontally, but with a surface tilt provided by the
shape of the blazed grating.

Figure 9 shows two similar bigratings, a symmetric and an asymmetric
grating on both cell walls; the symmetric gratings are dominant. These
provide both alignment direction and surface tilt giving a splayed

director configuration in a cholesteric phase.
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9 The follow ng Figures 5-12 show different arrangenents of gratings in a

cell. Figure 5 shows diagranmatically, symetric (non-blazed) and

asymmetric (blazed) profiles together with an indicati f doubl e arrows

for symetric and single arrows for bl azed direction.‘+gg\g_\\-.\\‘\~—-—-===L
1w |

Figure 10 is similar to Figure 9 except that the blaze direction an the
lower .surface is in the opposited direction to that on the top surface.
These give a substantially non-twisted, monostable alignment in a higher

temperature cholesteric phase.

Figure -1la shows two single or bi-grating surfaces azimuthally offset
with respect to each other such that the cell would align a cholesteric
liquid crystal in a monostable twisted state. The offset angle can be
adjusted to stabilise or destabilise half-splayed states in a
ferroelectric liquid crystal in a chevron layer geometry.

Figure 11b shows two bigrating surfaces each of which have two preferred
alignment states for a cholesteric in contact with thé surface. Both
gratings in each bigrating'are of equal anchoring energy which resﬁlts
in the two preferred alignment direction. The bigratings are arranged
offset to each other to give a substantially uniform monostable
alignment in a cholesteric phase. The angle between the bistable states
- at each surface can be adjusted to stabilise or destabilise half-splayed
states in a ferroelectric liquid crystal in a chevron layer geometry.

. Figure 12 shows two bigrating surfaces, each with both principal
directions blazed to give substantially untwisted alignment in a higher
temperature cholesteric phase. Both bigratings provide alignment and
surface tilt. The example shown has two of the blaze directions
parallel and in the same direction, whilst the other (dominant) two are
parallel and in opposite directions; this allows the adjustment of the
stabiiity of the chevron states and also the stability of half-splayed
states. An advantage of this arrangement is that the anchoring energy
vs alignment direction can be made asymmetric in opposite directions on

the two cell walls.
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Figure 6 shows two single grating surfaces aligned substanti al I y parallel

(in the same or opposite directions). The shaded el li pses show the LC

di rector alignnent of er tenperature cholesterl _phase at

each surface. The di §cBEBLAGEMEMISHRET § in the sa —“’—C'»

surface pretilt in eq § chol eésteric jhgse.11 Figur

surfaces, the top walil ha | g@ ? Rl 4zed grating
grati g

optionally a second rjor] blaze (hori zont al a%%omr"""’dﬁLLeﬁiﬁe)
subservient to the otlhd—grati-rg—FhFs jresults in a dir m\mﬂ “w
shown to be horizontdl at the top wall |surface and with waceé ti'lt.
The bigratiqﬂuﬁﬁ the porrtomsurtace 1s simlar. These two bigratings give
substantial ly .

1. A liquid crystal device comprising a layer of a smecticlliquid
crystal material contained between two cell walls each bearing electrode

structures on their inner surface and each surface treated to align

“iiquid crystal material at the surface,

characterised by

a grating surface alignment on at least one cell wall.
2. The device of claim 1 wherein the grating surface is a monograting.
3. -The device of claim 1 wherein the grating surface is a bigrating.

4. The device of claim 1 wherein at least one grating surface is

symmetric.

5. The device of claim 1 wherein at least one grating surface is

asymmetric.

6. The device of claim 1 wherein surface alignment directions provided

on both cell walls by the gratings are substantially parallel.

7. The device of claim 1 wherein surface alignment directions provided

on both cell walls are at a non zero angle to one another.

8. The device of claim 1 wherein the liguid crystal material is a
ferrcelectric material having at least a smectic A phase or a

cholesteric phase at higher temperatures.

9. The device of claim 1 wherein the liquid crystal material is a
ferroelectric material having the following phases with decreasing

temperatures:- isotropic - cholesteric - smectic A - chiral smectic or

isotropic - cholesteric -~ chiral smectic.
C ' This Sheet Has Been Rep

WAV



non-tw st ed, rrbnostabl e .in the higher tenperature cholesteric

phase. Fi gur ‘i g at the top surface giving alignnment and
zero surface ti an igm “mm ace has a symetric grating-and.a.hlazed _
grating. The sy grati n§ i s dom nant so that theII THI8ISHEET yi4SHEEN /
director aligns horizontally, but with .a sypface tilt provi d8PLAFEPhe shyp
of the blazed grating. Figure 9 shows two simlar bigratings, a symetric
and an asymmetric grating on both cell walls; the symretric gratings are
dom nant. These MeOdiRebal Ne1alind H&;rb%%l@a uqlfyrﬂa@ge 'higkaiygd N9 2
spl ayed dlrector COﬂfI%I’atIOI’l In ac esteric

surface, he two gratings are arranged to prov1de a splayed

molecular arrangement throughout the liquid crystal layer in a h1gher

. temperature phase.

11. The device of claim 10 wherein the bigrating is a layer formed by
.Anterferography, photolithography, embossing, ruling, or carrier '
transfer.

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

material,

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

flexible plastic material.

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

15. 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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10 Figure 10 is simlar to Figure 9 except that the blaze direction on
the lower surface is in the opposited direction to that on the top surface.
These give a substantially non-tw sted, nonostable alignnent in a higher

13

THIS SHEET gag
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LIQUID CRYSTAL ALIGNMENT
ABSTRACT

A ferroelectric (chiral smectic) liguid crystal is
aligned by means of a profiled grating surface. The grating
may be a monograting or a bigrating and may be symmetric or

" asymmetric. Such profiling enables the surface tilt and the
anchoring energy to be independently determined. The
grating may be formed by interferography, photolithography,
embossing, ruling or carrier layer transfer.

Figure 1 & 2
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tenperature chol esteric phase. Figure 1la shows two single or bi-grating
surfaces azimuthally offset with respect to each other such that the cel
woul d align a cholesteric liquid crystal in a nonostable twi sted state. The
of fset angle can be adjusted to stabilise or destabilise half-splayed
states in a ferroelectric liquid crystal in a chevron | ayer geonetry.
Figure 11b shows two bigrating surfaces edch of which have two preferred
alignnent states for a cholesteric in contigi 'gh the surface. Both
gratings in each bigrating are of equal and&h ng energy which results in
the two preferred alignment direction. The bigratings are arranged of fset

to each other to give a substantialLrﬂﬁ*41ﬁﬁ+ﬁeﬁee+ah%c 9
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alignment in a cholesteric phase. The angl e between the bistable states at
each surface can be adjusted to stabilise or destabilise half-splayed
states in a ferroelectric liquid crystal in a chevron | ayer geonetry.
Figure 12 shows two bigrating surfaces, each with both principal directions
bl azed to give substantially untw sted .al Lgnrrent. in a higher tenperature
chol esteric phase. Both bigratings provide4«alignnment and surface tilt. The
exanpl e shown has two of the blaze diregtiong parallel and in t

direction, whilst the other (dom nant) F a@ parallel and in
directions; this allows the adjustnent of @he& Stabilit
states and also the stability of half-splayed states.
arrangenent is that the anchoring energy vs alignnent di rg,zi on can b
asymmetric in opposite directions on the two cell2@allg.
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surface and each cell wall surface treated to align liquid crystal material
at the surface. 5 characterised by a bigrating surface

al i gnment on one or both cell walls, 10 each bigrating conprising two
nonograting with one nonograting energetically dom nant over the other
nonograting to give a nonostable alignnent and a surface mol ecul ar
pretilt in the liquid crystal material, 4 2 The device of claiml
wherein at |east one nonograting surface i s synmetHEPEACENENT SHEET

16 NOV 1996 |

Fig.11a. ‘Fig.1 1b.
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1

t he

aéy T R Apbtitatipria 906387 gratings on both cell
wal % erei §F%éRCH 1{&Erel (rglles rface alignnent directions provided by

The device of claim1l wherein

tings are substantially 20 | parallel. 5. The device of

al §

cl :FTHEI @ron both cell walls and wherein surface
OnﬁPAPF L re ‘&Esqid&

ctiaons Lo

on

anot her . 25 6. The device of claim1 wherein the smectic |i qui d

crystal material is a ferroelectric material having at |east a smectic
A phase or a chol estFERROBILFCGTRIC bl CRYST.

A ferroelectric liquid crystal device (1) comprises a layer (2) of a ferroelectric liquid crystal material
contained between two cell walls (3,4) carrying electrode structures (6,7) and a surface alignment
treatment. The surface alignment is provided by a profiled surface, e.g. a grating, on at least one cell
wall. The grating may be a monograting or a bigrating, with a symmetric or asymmetric profile. Such
a profiling enables surface tilt and alignment anchoring energy to be independently arranged to suit
liquid crystal material and device type to give a required molecular arrangement and low device
ldefect The grating may be provided by interferography, photolithography, embossing, ruling, or
lcamer layer transfer. Alignment directions on the cell walls may be parallel or non parallel. The
surface tilt on both cell walls (3,4) may be the same or different values. The cell walls (3,4) may be
relatively rigid, e.g. glass slides, or flexible e.g. thin plastic which may have its inner face embossed
to provide one or both a grating and a set of spacer pillars.
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7. _The device of claim1l wherein the liquid crystal material is a
feerroel ectric 30 material having the follow ng phas 'QﬁMﬂgf ing
tenperatures:- isotropic chol esteric - snecticﬁgpﬁA ééﬁ@ttic or
.isotropic - cholesteric chiral snectic.

-3-

According to this invention a liquid crystal device comprises a layer of a smectic
liquid crystal material contained between two cell walls each bearing electrode

structures on their inner surface and each surface treated to align liquid crystal material

at the surface,
5
' characterised by a bigrating surface alignment on one or both cell walls each bigrating
comprising two monograting with one monograting energetically dominant over the
other monograting to give a monostable alignment and a surface molecular pretilt in
the liquid crystal material.
10

Preferably the grating surface alignment gives independent control of alignment
anchoring strength and liquid crystal surface tilt angle whereby a required splay of

liquid crystal molecular director may be formed across the liquid crystal layer.

15 Larger azimuthal anchoring energy can be used for C2 ferroelectrics whilst weaker

anchoring can be used for C1 ferroelectrics or antiferroelectrics.

The bigrating sxir'face may be symmetric or asymmetric (blazed) in any combination.
The angle of the gratings between two cell walls may be substantially pafallel, or non
20 parallel. A bigrating having at least one asymmetric (blazed) grating can result in both
surface alignment and a surface pretilt. Two such surfaces may be arranged so that the
liquid crystal molecules adopt a splayed configuration in a higher temperature long

pitch cholesteric phase. -

25 The smectic liquid crystal material may be a material having a ferroelectric liquid
crystal phase at normal device operating temperatures, particularly those which show

less ordered phases, eg smectic A and cholesteric phases, at higher temperatures.

e et
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8. The deyice of clai m6 \/\herel n the two bigratings are arranged to
provide a spl ay4 o v argement throughout the liquid crystal

| ayer in a higher ”’-F‘J & {;- SHEEI'EI e. 9. REPLETEVRRM f claim
. andSWEE‘?

6 wherein the bigratifng-comprisi ..U syyjmmetric grating

-=asyrmetr|c grating wil t F t[pqﬁf 3 drati ng being enWmf
over-the asymetric raitl ng to g| ve DAbist abl e al i gnne mgn m,ﬂ
ol ecul ar : pretL trn A or chol esteric ph

"crystal matergd the 10 nonstable alijgnment and pretilt di recti ons bei*ng
arranged to provide a spl ayeo ecul ar- arrangenent throughout the

liquid crystal. |aye tiquid cryseal kiegiloe compriging alayeeof a smecpibdigaid crystal material

contained between two cell walls each bearing electrode structures on their inner

surface and each cell wall surface treated to align liquid crystal material at the surface.

w

characterised By
a bigrating surface alignment on one or both cell walls,

10. each bigrating comprising two monograting with one monograting energetically
dominant over the other monograting to give a monostable alignment and a surface

molecular pretilt in the liquid crystal material,

2. The device of claim 1 wherein at least one monograting surface is symmetric.

(V3]

The device of claim 1 wherein at least one monograting surface is asymmetric.

4. The device of claim 1 with bigratings on both cell walls and wherein the
wherein surface aligninent directions provided by the bigratings are substatitially

20 parallel.

S. The device of claim 1 with bigratings on both cell walls and wherein surface

alignment directions provided on both cell walls are at a non zero angle to one another.

25 6. The device of claim 1 wherein the smectic liquid crystal material is a
ferroelectric material having at least a smectic A phase or a cholesteric phase at higher

temperatures.

7. The device of claim | wherein the liquid crystal material is a ferroelectric
30 material having the following phases with decreasing temperatures:- isotropic

cholesteric - smectic A - chiral smectic or isotropic - cholesteric chiral smectic.



the bigrating is a Iayer formed by 15
hbossi ng, rulli carrier transfer.

n fhe cell V\/ﬁEPQA@M ENLBHERL of a gl ass

claim1l wherei he cell walls are

rial. 13 g el m
e oo A

8. The device of claim 6 wherein the two bigratings are arranged to provide a

10. The devi.ce
|Hterferography
11. The device
mat eri al .
.-formed of a fl exi
1 wherein spacer fi

splayed molecular arrangement throughout the liquid crystal layer in a higher

temperature phase.

W

9. The device of claim 6 wherein the bigrating comprising a symmetric grating
and an asymmetric grating with the symmetric grating being energetically dominant
over the asymmetric grating to give a monostable alignment and a surface molecular
pretilt in the smectic A or cholesteric phase of the liquid crystal material, the

10 monstable alignment and pretilt directions being arranged to provide a splayed
molecular arrangement throughout the liquid crystal layér in the higher temperature
phase. ’

10.  The device of claim 1 wherein the bigrating is a layer formed by

15 interferography, photolithography, embossing, ruling, or carrier transfer.
11.  The device of clairh 1 wherein the cell walls are formed of a glass material.

12.  The device of claim 1 wherein the cell walls are formed of a flexible plastic

20 material.

13.  The device of claim 1 wherein sf;acer pillars are formed on one or both cell

walls.

25 14.  The device of claim 1 wherein spacer pillars are formed by the material

forming the bigrating on one or both cell walls.



25__14.
net eri al

The device of claim1 wherein spacer pillars are formed by the
" forming the bigrating on one or - both cell walls.
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FERROELECTRIC LIOUID CRYSTAL ALIGNMENT

Abstract

A ferroelectric liquid crystal device (1) comprises a layer (2) of a ferroelectric liquid crystal material
contained between two cell walls (3,4) carrying electrode structures (6,7) and a surface alignment
treatment. The surface alignment is provided by a profiled surface, e.g. a grating, on at least one cell
wall. The grating may be a monograting or a bigrating, with a symmetric or asymmetric profile. Such
a profiling enables surface tilt and alignment anchoring energy to be independently arranged to suit
liquid crystal material and device type to give a required molecular arrangement and low device
defect. The grating may be provided by interferography, photolithography, embossing, ruling, or
carrier layer transfer. Alignment directions on the cell walls may be parallel or non parallel. The
surface tilt on both cell walls (3,4) may be the same or different values. The cell walls (3,4) may be
relatively rigid, e.g. glass slides, or flexible e.g. thin plastic which may have its inner face embossed
to provide one or both a grating and a set of spacer pillars.
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Abstract

A ferroelectric liquid crystal device (1) comprises a layer (2) of a ferroelectric liquid crystal material
contained between two cell walls (3,4) carrying electrode structures (6,7) and a surface alignment
treatment. The surface alignment is provided by a profiled surface, e.g. a grating, on at least one cell
wall. The grating may be a monograting or a bigrating, with a symmetric or asymmetric profile. Such
a profiling enables surface tilt and alignment anchoring energy to be independently arranged to suit
liquid crystal material and device type to give a required molecular arrangement and low device
defect. The grating may be provided by interferography, photolithography, embossing, ruling, or
carrier layer transfer. Alignment directions on the cell walls may be parallel or non parallel. The
surface tilt on both cell walls (3,4) may be the same or different values. The cell walls (3,4) may be

relatively rigid, e.g. glass slides, or flexible e.g. thin plastic which may have its inner face embossed
to provide one or both 2 grating and a set of spacer pillars.
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