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LI QUI D CRYSTAKOBEMA4TE ALI GNVENT Thi s i nvention rel at esct/aBbs/epgic
crystal device alignnent. 5 Li quid frystal devi ces typically conprise.
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the rel evance of alignnment and the problenms ~ —~ associated therewth are
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other cell whe hligiihes effthe ytidwrystd [fluid thrsiyghvat tHexdeviceatid/oe 36 pRvide an
optical appearance in the device which is free of apparent optical defects. . The .
particular significance of this factor for different classes of liquid crystal device is
20  described in greater detail below. |

The terms azimuth or azimuthal is used herein to define the molecular (or director n)
alignment angle movement or energy in the plane of the substrate surface. The terms
zenith or zenithal is used herein to define the molecular alignment angle movement or

25  energy in a plane normal to the substrate surface.

In respect of use of nematic and long pitch cholesteric materials for devices known as
twisted nematic liquid crystal devices, the relevance of alignment and the problems
associated therewith are as follows.

30
In order to provide displays with a large number of addressable elements it is common
to make the electrodes as a series of row electrodes on one wall and a series of column

electrodes on the other cell wall. These form typically an x,y matrix of addressable



2 el ements or pixels and for twi sted nematic types of device are -
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close to t n the applied fleld
due to themafix displaysng zeni thal anchoring inposed by the surface alignnent

| ayer. This lack of surface reorientation also | eads to higher

vol tage operation in the VCT device. In respect of use of nematic
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to switch twisted nematic device is one which is switched from a non-twisted state at zero volts
to a twisted state at a higher voltage, as described in GB 9607854.8, which will be
referred to in this patent as a VCT device.
20 o
One problem with the twisted nematic device is that the contrast ratio of a normally
white display remains at a low value until the voltage is increased to a value
considerably higher than the threshold voltage. This is due to the nematic material
close to the cell walls which does not fully reorient in the applied field due to the_
25  strong zenithal anchoring imposed by the surface alignment layer. This lack of surface
reorientation also leads to higher voltage operation in the VCT device.

In respect of use of nematic and long pitch cholesteric materials for devices known as
bistable nematic liquid crystal devices, the relevance of alignment and the problems

30  associated therewith are as follows.

As described above, twisted nematic and phase change type of liquid crystal devices
are switched to an ON state by application of a suitable voltage, and allowed to switch



3 ~to an OFF state when the applied voltage falls below a | ower voltage
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Appl i cation ﬁ&em.l?lll%%ifﬁys Lett, 34, 3199399 Sgs .2lgne diﬂaﬂ%xitagél"tbﬁ fehtoylectric

controlled liquid cr tical device' Dur and Barberi, M
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20 If a bistable switching characteristic can be achieved using nematics then a display
can be made which has the merits of both the above mentioned technologies but

without their problems.

It has already been shown by Durand et al that a nematic can be switched between
25  two alignment states via the use of chiral ions or flexoelectric coupling: A Charbi, R

Barberi, G Durand and P Martinot-Largarde, Patent Application No WO 91/11747,

(1991) “Bistable electrochirally controlled liquid crystal optical device”, G Durand, R

Barberi, M Giocondo,. P Martinot-Largarde, Patent Application No WO 92/00546

(1991) “Nematic liquid crystal display with surface bistability controlled by a
30 flexoelectric effect”.

Patent US 4,333,708 describes a multistable liquid crystal device in which cell walls

are profiled to provide an array of singular points. Such substrate configurations



4 provide nmultistable configurations of the director alignnents
because di L on must be noved to switch between s
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fields. 5 Patent Application No:. WDX7/14990, (PCT-96/02463, GB95
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one cedl paybls A s to adopt
-two di fferent aﬁgﬁﬁagkga |gne !?g?tlons V\ﬁ)en S G?§%§t1%6gfh§§i:ﬂb§ cal

signal s abistablgienentictdevice having e gratingsarface teeatrfient¢o vileast oné oell {NQKQHteCt ric
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| ane of ctric
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further problem which is not present in ferroelectric devices, that
is, th® need to switch the surface | ayer of nol ecules in order to
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requi res high voltages Ich leads to bot?‘n péwer consunpt.ion and the
need for accuratelysformédsbigratingy on at lgastuone gell Wsll The ngratmg penmtsohquidw ces

t t I I f .al r obl ens
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15 polansatlon as descnbed in Patent Apphcauon No. W0.92/00546. Since in the two

splayed states the director is quite close to being in the plane of the layer, the coupling
between director and flexoelectric component can be small, which may hinder

switching in some circumstances.

20  The bistable nematic device of GB2286467-A also has a further problem which is not
present in ferroelectric devices, that is, ‘the need to switch the surface layer of
molecules in order to eliminate image sticking effects. Surface layer switching usually

requires high voltages which leads to both high power consumption and the need for

customised driver circuitry.
25 .
In respect of devices using smectic materials, the relevance of alignment and the
problems associated therewith are as follows.
There are a number of devices based on smectic liquid crystal materials including:
30

\: Femoeleetric liquid Is (usually SmC*



5 One exanple of this is bistable, and is often terned a surface

stabilised FL@&@WS% (SSFLC) ref. N A Cdark and S. T. Pﬁ'@%@%ll
s , 899 )
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fi xed on coolldyer drranged hermahio thebeilwallsEsdn books omarshelfe energy is m ni mum

for n[err] s so that two m ninum energy states occur which can be
sel ected by suitable DC electric field. 15 Bradshaw and Raynes
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suf fici ent |y tieatmient ¢o enduee ther liguid: ciystak diredtor ndies @referentiallynandogubstantially

spont anequs hel | cjt or. a significant tenperature ran’%g above the
T

f .
transitidh. h? S foctye erererRiane (s -l-ttflés thy susiaee aemnabh ofy prcisared disetiatat ed
ant i par al | ol “ugarr ol vy S B hEROA M B shewinf i s iR e

USP- 4, 997, 26 fequised Air2€tthnG 1The 1birs fenidrledOiked drPcodling thtd @it SmC* phasd.-alley 1t

was found that when a hookshel f al iEned (where the layer normal is parallel
to 25 the pPukgcesneRgyds iy for a L 5 sp that fyo mimnuunenicssy states oeqg Whighy t he

SnC* phase, Em'i’%%"‘?")‘/@ﬁ“ﬁ ﬁgm&%h ﬁi n a chevron type of

configuration; ChEvron ca §X| st and are defined as (Jerr]
and C[ernp type (ref J.Kanbe et al Ferroelectrics (1991) vol 114,

pp3). These are, shown ipn Figure, 18. This has been ascribed to the cqnbined
ef fect of %fa%*ﬁwrn@égﬁaw trﬁ%h%&&%ti woprayed: Savy alignen fopisueh Agdercs he

| ayers at thegasgitk ; ' o Hﬁ@;ﬁ t he

director in the rﬁig%ﬁgv% §t°ﬁ§a1c’{eeﬁ1au§§%a§9?%‘%§ﬁ‘?§%u?é@". n (taého t wo

ori ent at i ons sefifigienfly dengt foy thesurfadelfarces tvscausd inwinding @f Hespontaneous hekcityeans

that with no.applied field there is substanti.al d i,n the, angl e between

the optic axf& HFERSaR Igmperre auEe Abae the Sansiton, 106y, gife. Frapised thaf g,

correspondi Ngurface should be pre-treated to impart the preferred directions, often by us® of
parallel or antiparallel rubbing of a polyimide or polyamide layer; GB-2,210,469
USP-4,997,264, GB-2,209,610, USP-5,061,047, GB-2,210,468.

Later it was found that when a bookshelf aligned (where the layer normal is parallel to
25  the plane of the device i.e. 3=0) SmA sample is cooled into the SmC* phase, the
layers become tilted in a chevron type of c.cmﬁguration; two type of chevron can exist
and are defined as C; and C, type (ref J.Kanbe et al Ferroelectrics (1991) vol 114,
pp3). These are shown in Figure 18. This has been ascribed to the combined effect of
shrinkage of the smectic layer spacing and pinning of the layers at the surface. The
30 resulting chevron structure means that the director in the middle of the cell is
(roughly) fixed in one of two orientations significantly less than the full cone angle.
This means that with no applied field there is a substantial drop in the angle between
the optic axis of the two "surface stabilised" states which leads to a corresponding



drop of the display brightness. A nunber of nethods of inproving the

opti cal .t ness have been proposed for practical dey . 1
AC field s?vﬁ)ﬂ%sgalt ion: 5 An applied AC field pulse of i ns%f@g?/gsr? 1-ti me
and voltage ([err] V) to latch into the two states couples to the
dielectric tensor (primarily the dielectric biaxiality) to increase
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with b qw; Natq a. hi.gh frequency voltage is '
required B%%‘?%Jﬁ%“ﬁ‘ge%’n o%%?ogk%mh@@ﬁg@xf%ui red brightness. This causes a
hi gh power dissipation, particularly 10 for conplex displays where the
applied frequency is_high. Usually the brightness is conprom sed by
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whi ch may 04 LSt Gl N b, 4
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(sone mat ¢xd fdvice™®y actual ly increase |ayer 30 spacing on cooling). Such a

device has simlar advantages and di sadvantages to the hi gh pre-tilt
confi ddrations. 4 UniformTilted | ayer (H gh pre-tilt
anti - par aly el ) eRREL A Parallel

This geometry has (approximately) the same chevron structure with the director at the
chevron interface also at a low angle to the rubbing direction. However, the director
at the surface is at a much higher in-plane twist angle due to the competing effects of
20  lying on the SmC* cone and with the preferred alignment pre-tilt. This type of device
gives good brightness but suffers from a slower response since it involves surface

switching, and from strong surface memory problems which may lead to image

sticking.

25 3 Quasi-bookshelf:
Two methods may be used to reduce the layer tilt angle and thereby increase the
device brightness, Pre-treating the device with a low frequency field of sufficient
magnitude or choosing certain materials in which the layer shrinkage on cooling
through the smectic phases is reduced (some materials may actually increase layer
30  spacing on cooling). Such a device has similar advantages and disadvantages to the
high pre-tilt configurations.

4 Uniform Tilted layer (High pre-tilt anti-parallel) geometry:



Simlar to previous two geonetry's but there is no chevron (and therefore

no con n the director at the cell centre) and t | e
bet ween t he E‘i@%ﬁ%ﬂg states is stabilised solely by thepsu g&(;}%%?ﬂ
B: Electro-clinic optical shutters: Application of a DC field to
the smectic A (or other orthogonal srrect?c) phase of a chiral

material |eads to an induced tiIt of the director and hence optical axis

normal to 10 p he r leaned |iquid
Crystal ool | ST, B°RelSl: kB Somey’h bEMER of o isebed, T offpd8R°fo

el ectrocl i ni congfriifiCén mdufeeﬁ:r&tt}et@m defitré)f aridte high anghPbétweerile Bistable angl e
proportional to the applied field E., Thus, an optical shutter with

fill anal oguitatghisistabilised eolelyibydhe sisfaoesat i on nay be obtained. 15 A
common problemwi th such a-device is obtaining suitably uniformand pl anar
al i gnnent™ of the srrectlc Iayers A |l esser problemis that the induced

swi t chi ng nmeB:_Electra i ficalshimers:ot ati on of the director away fromthe
preferred ali gnrrent directi on at the surface. This novenent is
subject to a surface viscosity which may inpede the switching tine of .
t he device ap! . : . '

Anti -ferroel e&@%@%%ﬁ%?ﬁgﬁa&;ﬁ | éfé‘?@g‘ﬁ;ﬁgg IE ithﬁ%%rﬁﬁ%ﬁnal%&ec&@r?hg%ofa

mat eri al s f ochitahmatenial lehdy toalirdiced ¢ltlf dralitytiot AndBench epticat dxismoanilitee
matri x or direct drive devices. Effectively these devi ces have. a

sinilar ﬁ‘bpeﬁ‘Paﬂ&’@e@cﬁﬁt%e bsa (apn@eqm%telx) Piange aligned ligwids cryp@hcehomith) ¢ age
I's applied, t ! &6th
(dependi ng ong‘?ﬁe po ?r{l’? %‘ﬁ)% %E} trocluucee')ffegf%dﬁées %Aﬂ)tétf?ql S
normal f err oeptiecdxis sy m&. proportlonal tél' theraﬁpllleil field EnThusdamoptivat sioktenwithr i al s
which formthis phase |cularl ver a 30 vmdeterrperature range) and
all those foM %1?“(‘&&9& 9*@&? ‘HFF‘QSHPEY?"O"W phase (i .

no overlying chiral nematic phase). This nmeans that the materials are m)re

difficult to align, forning batonnets (see Gray and Goodby book) of the
smectic & A commbm problemswith snch a device is obtaining suitably uniform and planar

alignment of the smectic layers. A lesser problem is that the mduced switching may
involve some rotation of the director away from the preferred alignment direction at
the surface. This movement is subject to a surface viscosity which may impede the
switching time of the device and also to certain surface memory effects.

20

i-fe ectri ectic ligui tal

Certain materials form an anti-ferroelectric phase which may be used in active matrix
or direct drive devices. Effectively these devices have a similar appeatance to the

25  smectic A phase until sufficient DC voltage is applied, above which the sample is in
either of two states (depending on the polarity of the applied signal) similar to the
normal ferroelectric phase.

There is a limited number of materials which form this phase (particularly over a

30 wide temperature range) and all those found so far have direct isotropic to smectic
phase (i.e. no overlying chiral nematic phase). This means that the materials are more
difficult to align, forming batonnets (see Gray and Goodby book) of the smectic at
this transition.



8 The nechanismfor this is that the smectic |ayer structure

nucl eat es | lLijpted 5 nunber of "cold spots” in the is ' L qui d.
The | ayers%@ﬁsﬁ'}‘rve around this point to mnimse thlgéi)@%gﬁ(g]r?gq-spl ay
of the layer normal. \Were the |ayers _neet the surface they becone

pi nned and difficult to nove. Hence, % is difficult to obtain the
desired | ayer arrangenent (e.g. planar or bookshelf) once the batonnet

structure has pre-fornmed. On cooling into the AFLC phase, the applied
field tends to induce tw st 10 of the director at the surfaces which also
| eads to problens associated with surface swi tching such as sl ower

speed, surface nenory_ effects, etc. ] D:  SnC* tical .Shujters: 15
Br adshaw mmﬁm-ﬂnaﬁ’%é“lﬁe‘%é“#"b‘gﬁ smectie daysr siugtuEe opelediRs i at"r@“ﬁi_c i s

obt ai ned b e Td OGS QAU ol b LR A duiVe aRSIRA Bk ot Par al | €l
ubbed delyEaRer of ml&gf%‘%ﬁ&ﬂ#@%‘@ﬁ%@&g@%ﬁ%fie|§ appl i s ot ng the
phase tr atshiiniatise fhecbendvamdnsplay of ti¢ lgyensermals Wheraltheclayers meettthe r ubbi ng

directions and on cooling into,th nC* this orieatation s i nt ai ned
and the | 84 eMYMOqu@Hmﬁ%ﬁﬁaﬁ%mgﬁ&l Elepes, £ l.sdlﬁﬁ@%&? Q‘&‘?‘"z‘gg of the
di rectiongj | =) I ' | |

applicati S%SQ‘SW’;& ah?ﬁ%%f(?gm% dﬁ&ﬁ‘lﬁ%%ﬁgt& glém%%%aage, si nce
it -al wayspreefoamed OGacboling intie theUAFRC ohaseq thd applidd Sield tends to indudettvist [ err]

the field i d (it. b d in,devi when.the.field i
25 °7 88 ai AEMe Skt SRR Tead o Breblentt poONS S e of ‘e
or Sim'aEwﬁ&ﬂhglsauc)hassidﬁé?@ﬁeleﬁlﬁffabéﬁﬁho?}m,%tc@t each pixel. However, it
[ O y

is fast (due S). Primari switching occurs in the bulk of the
cell and little or no switching occurs at the surface. However, this

means tha?tlﬁepgidgctﬁl i!!s highly tw sted and non uniform structure.

Thi s nean *appearance i s poor (particularly if used in
conjunction 30 with a dye as done in early Hitachi work) and so this is a
case where surface switchin is required to | erf orpance.

Al so, 14l | @M@Wiagédﬁawmwﬁg despaibed a\yRReof device ingiiy sl g AB@MsEcause
| ayer Shr igpip0Rofild lireQfiF Wot ik WRAYuY N-priR! & batalicl rubbed 83ALEY L0 2

chevron structure ocl a
preferably with in applied DC field applied during the phase transition. The unwound

N* phase has the director in the rubbing directions and on cooling into the SmC* this

orientation is maintained and the layer normal twists through the angle 6. Degeneracy
20  of the direction in which the layer normal is oriented is removed by the application of
the DC field.

This is a monostable device, since it always relaxes back to the surface stabilised state
(with n | s) once the field is removed (it may be used in devices when the field is

25 retained, either through AC stabilisation or through inclusion of TFTs or similar non-
linear electrical elements at each pixel. However, it is fast (due to Ps). Primarily
switching occurs in the bulk of the cell and little or no switching occurs at the surface.
However, this means that the director is highly twisted and non uniform structure.
This means that the optical appearance is poor (particularly if used in conjunction

30 witha dyé as done in early Hitachi work) and so this is a case where surface switching
is required to improve performance. Also, alignment is difficult over a wide
temperature raﬁge because layer shrinkage still occurs in many N-SMC* materials,
leading to a chevron structure and associated defects.



9 Al'i gnnment of liquid crystals on a surface is therefore a
significant for all t hese device types. Several k%gg,@gm]
nmeans are knmbggé ich liquid crystal fluids may be al ?8?1 A -
surface. Evaporation of silicon nonoxi degf roma direction at |east 30
fromthe plane of the substrate provides”a surface which aligns a nematic

liquid crystal in the plane of the substrate, along an axis

orthogonal t@uth ) i &kl & C
~evaporation Bg%' ﬁ@ gﬂ?‘i’ﬂé cﬁ%{;als °| r eg%fﬁonﬁ"rnalgmfdrEI 3 é?&hﬁé’aﬁﬁgré Ileelﬁr(}fsr g]lgou
S[err] or. | efhiesd dévide thpess Bevtrabdi€ferchhmesrassate Icnmgn hylwlmieh@hﬂ grystahﬂmsat ic

liquid crystal along a direction tilted fromthe pl‘g%? é subtsf z%te by
about 20[ er r Jnay e abignadian axuriaes. EH?P%WMS&P%MF A @ectlona €ast vany

ol onment 1 oy Eom by Blate of 4 GRuR ol ith,<CbeE: Rl b Ron e MR ||

such layers crystal ififilfe PRAE DFIRE satstra, amngeapaﬂ@wmegmﬁplwm empommon
deposi tion of a solution. After 15 renoval of the sol vent t he p | ynme

coating is i dmntmedlrbyomast, rify thet evapepation ip eendugied from a direqiiop making ‘an

uni directi onal bed °vvl th a.cloth. .The r uI L C qui d
crystal raB S°aPholets frAm te subsals, efrﬁs\l}gﬁg%c%tﬁlégtl 21(gfl(jt of
the plane of dtftheé sUbRIrRE by HbSut 2@ it ude
of the tilt éh&llﬁ S 1taa gg}glcgfl{f&ﬁin hlted?ﬁég{ﬂ pﬁigl al polyi m de

f or mul at Iwnsﬂ&rﬂirebﬁ@ﬁbmmamparaﬁoavmrdmbl e whi ch can provide higher 20

magni t udes of pretilt. Sonme polyner |ayer are capable of aligning liquid
crystal naterial when cross |inked by exposure to |linear polarised

light (WCB5/ ?&?x > potiftiercial 1i m846§§912§3:@:.es -EPé Sfaﬁ‘(&téas ubiig AOBSY fpelyrhetbbi ng

which is use str tes Imtransistors for a
part of acti uhgﬂmantllayem sspiceighly rubbed mlylynédabgmgmlamy'f}’mcaﬂy sick layess used

duct t t t
D ovida"s Lo Rrtepostad s e ﬁ%p?q%v%asaomgpglspwaqegwsﬁﬁ*“étsava.ﬁﬁ& 0
from the j6epeghbv? Bfﬁ‘x@ sdrvfsﬁt,ethe Pblgﬁiéf £ b engﬁa iniBised bybakinnithighenpefanireat e

fromsol ution. rang surfactants may be used,

i ncl udi ng qu@h@rmdlyecanmﬂyl Illhb@‘athh a cloth. The:resylting surfacel aligap diguid-crysialsi c

chrom um al kan tl:re t of e S pi ng
or spin coat IdEF ogoqfaib% ‘g@?ﬁgogﬁrfﬁ]%gﬁ?gfgﬁgﬁ%?gg?m&
results-in a%&bﬁ&ﬁm%bﬁé Tﬁ&nbgrﬁlﬁﬂéjoﬁﬂ%&ilﬁéng% ishy%eam;d 1110 z°hbutmpam1 of

t he substrate, ternmed honeotropi c alignnent i nucl ear chrom

aI kanoat es arpdbumhter fayimuletiopsirand treatments are avaxlable which can provide hig er
e hou A Shchhdesrot pRER"' Siné pOFRE Thyet hd LipaBle R aftbnitdigRid"BrybedH ©
material when cross linked by exposure to linear polarised light (W095/22075, GB-
9444402516). This avoids the need for rubbing which is useful when substrates carry
thin film transistors for a part of active matrix displays. The aligned polymer may
also be used in conduction with gratings as noted below.
25 )
A further means to provide a surface alignment for liquid crystal materials is available
from the deposition of different surfactant materials onto the substrate from solution.
A range of different surfactants may be used, including quaternary ammonium salts,
alkylated silazenes and basic chromium alkanoates. Treatment of the surface usually
30 entails dipping or spin coating with a dilute solution of the surfactant, and usually
results in an alignment of the liquid crystal orthogonal to the plane of the substrate,

termed homeotropic alignment. Binuclear chromium alkanoates and other binuclear



direction in this plane. Yet a further nmethod to achieve liquid
crystal alyy, Blgat a surface involves 5 fabrication of_a relief
structure such as a relief grating on the surface. Such a SGHEBWA011

may be obtai ned by photolithographi c neans, by enbossing a conpliant -
surface | ayer such as a pol yner lé?gal nst a master structure fabricated
on, for &kEagipats mayprovide sligmnent in the pignenafthe sutstriateywithout iy gréfaeed ur f ace
or by ot rating structure aligns a nematic liquid crystal
al ong the {?cg&gﬁ%ﬁ%&%’the troughs and crests of the grating. 10 More
conplex relief structures can provide tilted or bistable alignnent.

The al i gnpent nethods of the known art suffer a nunber of shortcom ngs
which — Yetpg drgher methadgtoc achieve ligeid; @a'stahahgmmcntuated sm'faoe dtmqivem t hese

net hods fggm Lt fuI |aI ut | One such
shortgom ng ation 0 ? gageﬂﬁ‘q%%\'t gﬁ %so% 8?8? SHB?WB%IS

provi de anayibé dﬁm&dbgpﬁ%hthbgﬁﬂhﬂf@iﬁm@fby\%ﬁ‘d@sﬁﬁﬂ hﬁ’téﬁi’ﬁé&é el | gnment
is free to adopt any al i gnnment direction in the pIane of t surface

A pl anar SHFR 8% Bolymen pgatest a mastey Bmtwecfahxycateérqnofm eu:empbda metal|sheétng

et doncd BoreRtal SRRk iRt B by oREK fitaod SRR TR AR 2 4 noun

pol ymer rmhmxcaiquw«:fysm alhngqhyldﬁbétﬁmrm el ﬁéugugtdﬁabemgwgbm %ﬁ}m gubbi ng.

In ese ca Pe alignment of the liquid crystal on t surface is
not fi%e ?’W@ ie sﬁucglmﬁ%erqyp@ﬁdtedtqrbwtab&mhg@mtxed by the

al i gnnment of the liquid crystalline phase which first contacts it, and
t hen becones i movabl e. 25 On such a surface the alignnent direction

i s deter ﬁﬁhﬁeallgm;nentmietﬁmistdfr&e dnotvheart boffer a number o€ ishérfcodingd) &hidH ect i on
of a terrperat eqng(iadle t or, electrjc fields af the tinme the l'iquid
crystal & aéﬁ%lcﬁshglae tuged  apgordmg i thegs) sethodsr fonde a

surface achlevfnrgqgglfrﬁmt ot&itiahutfify. al l ow the liquid crystal alignnment
direction to rotate freely and 30 repeatedly in the surface plane, but

th| s s not avail abl e from known surface treat nents.

d t | t tech
'3 that QUEERENSRGNMGEN: M i in SN naselblelarEOuiEne fon B eiadsc foon |t he
subst r at prowide hiserfhdeiligdmentytidatthent on wlﬁbli et IRfuid Wﬂl@ﬁﬁeﬁ ?srfr&é‘ﬁﬁ the

el astic distortign energy of the liquid crystal ifsel

gener at e PRt 3y %HSECF@H%F plage of mwamah@lmdlglm@tm mytbecr yst al
5  devi Ghhinkd BY VARGYY m%h'la‘a@ héthdihg %QEBO%F& of 0§ 111&%%1 MAdRL h'orq{ rector

remai ns
- 20 substantially normal incidence to the substrate, or by coating the substrate with a
known polymer material such as a polyimide material without mechanical rubbing. In
these cases, the alignment of the liquid crystal on the surface is not fixed during the

surface preparation, but is fixed by the alignment of the liquid crystalline phase which
first contacts it, and then becomes immovable.

25
. On such a surface the alignment direction is determined by such factors as the flow
direction or the direction of a temperature gradient or electric fields at the time the
liquid crystal phase first contacts the surface. It is desirable to provide a surface
treatment which can allow the liquid crystal alignment direction to rotate freely and

30 repeatedly in the surface plane, but this is not available from known surface
treatments. |




substantially fixed in tilt angle at the cell walls and the sw tching of
the device Wnivﬁ:”, g474 Provides an optical effect occurs only igtbgosRasis
of the device I ch are separated - fromthe cell walls by sonme distance
whi ch depends on t he magni tude of the apg{/i ed field. 10 The
present inventors have found that the abOve problens are reduced by a

“surface econsabartcemingofknewn Hawid cay %ﬂgm tachmiques is thaiithe eneysn al

nol ecul es at r%wg& G . e Wel] Po NFelg

director inc ac;B é\e,émh%r%ett}l]\g Z\[c\léﬁlt Hre e%%’é‘?i‘bfh? ﬁﬁ&a&%%%gt@éj ?lg‘slﬁoér/r%et%ft ation
at | ow val uediredtoreis phuchdgreatel than fthe elastindiktortivh ety cftthé ilighidl drystabitsedngt hs
of the order@%; less than 1 volt per micron for an applied electric fjield.

The ben Stichsis generafed by commaondiz applied (veltages ndais means dhat in diguid enystah, ¢ he

oper at i ngsVvoly . .devi ce i @gﬁﬂt ‘] hgansitid Chi ng
behavi oursof tgﬁg&dg%}?%ehlsouc gléglﬁi{%ﬂé te@ilﬁpﬂllgﬁrs’ec rcl){ag{odflx res B d stees:)ness
of the devi ceubstantibilly fiked iti tileangldiat thercelhtvally and the switdhingrof the device sthiclny be
itt |, ectro-optic,_displ f the k 20 t hods, of
RV mul 11 pl GRIHI{es AR GPUGal oifect St o8 e Hors £f £ iR SHBick n8PeARYEt | on
provi des a | igqi | Cey 1S : . L QUi
O ystal mat eryon) ekl tas b Rtine R alRR il Bepends orfin Reghiril Btk pficd
el ectrodes sffieldct ures and an alignnent treatnent on at |east one wall,
characterised by 25 means for reducing anchoring energy at the surface
al ijgnm;npmon one or botéthceI I }Nal I Sé'l _ The anchoring energy
reduced is ong, "Rvéhors 34L& idha B¥re AARLABY a surf
anchori ng enera , Sgﬁ(} Yra%rgﬁét%ldgﬁ -tg%gﬁo??%‘}gl%erﬁsel%ykfemvenent glsonacet he
al i gnnment 30 aligmsent éndatenent which alldwe novgmeriti of diquid apysta mdleculesat enelogé ks i n

t he context qf different .devi ce es atre discussed further be .
Furt her a)s(pegtfesc%lfw?ei e DERRGShe ?lﬂw\élrcé‘( éﬁ‘i"'“f’{)m conltacglé/é i ngaile iféﬁeff‘bg'\évs are

al so di SCUSSQEla_rng ritsh&tientRlonVat low values of applied field, for exam;f)le at applied field
12 Anchoring energy arises from surface topography features such as

grooves df  strengthscofithe ordennfiless than d rvolii penimicron doman applied slectrisrficld. Thae
present inventi reduces anchaorin ner changi ng .t he ehem cal
bondi ng. Addi%ﬁ'egﬁ%?f C ﬁgugmef%eggnen? maytgﬂﬁﬁg? %ﬁ“‘g%ﬁd9%?:ﬁg%9%’é’gc gt ed, for
exanpl e to rgbeRideafdd Aeisirovémdk hgmew&&liﬂ%i béhavisuéf the evidd'suchiRgitse f or
reduci ng ener?y may _be an oli gomer or_short chain_ pol which is

nmer
ei ther spr eadlestio-vhtic dhreshald strepagseaf the davice| Whi&’hdd%%/ryéli%l thepameyny) of The

: by . | .
desi red_ anpuiToiAE with 30 bb o2 bl ¥l HRK dRBIY B HECES of Dl
separati @a f muthdds of RMBimailtiplexsdriving.

Accordingly, in a first aspect the invention provides a liquid crystal device comprising
a layer of a liguid crystal material contained between two spaced cell wall carrying
electrodes structures and an alignment treatment on at least one wall, characterised by

25 means for reducing anchoring energy at the surface alignment on one or-both cell
walls,

The anchoring energy reduced is one or more of: azimuthal anchoring energy, zenithal
anchoring energy, and transiational anchoring energy (movement along the alignment
30 treated surface). The significance of anchoring energies in the context of different
device types are discussed further below. Further aspects of the invention relevant to

specific device types are also discussed further below. -



material host. 10 The means for reduci ng anchoring energy. may be an

ol i gonmer cQBteghflirgd esters, thiols, and/or acrylate Wﬁ%@%}sor

which is elther spread on the surface or added to the 11 qul t al
material.. 15 The alignment treatment and neans for reduci ng anchoring
ener gy ng%@Pe,provided . by a double | ayer treatnent, nowreferred to as
a subst r ARChoENE encrgy Aripes freBy syxdce; topography hfeatyrass Syuch as |BQRYeSnEl ei t her

be formed,,l] h - 1, I €. . 0 | r ubbi ng
of the o P Snd Horf Sfoflcat BEndif iptbciond; e Bhosent, im B Hcfifes

Thi s coatanchorifiy ehargl Uble chimging rthpicherhizal boadinghi Aldditivhally thé isyrfate qui d
crystal phases 20 placed jn contact with it or _in, close proximty to it.
Such f eat'OPegraphymay,also de °g‘ﬂl&°icf6r example {9 rednce thg dimensiqns Of EROYES 8T pl ai n or

bl azed grghds | ' éé“é% r f Lthort chairl &ggﬁ}ar array
of surfac fgﬁhggh%%g?ﬁg tgﬁé%%fnﬁa?r%etadgﬁghg%?unﬁs,c}ltaﬂ?e

col ums, whishds eitler spréad oy theadurfatecer aidgd té thrertizplicderystal material. The sigeie

evapor ati on of i_nor gani c terials onto the surfagce.or b chani cal
abr asi on Yroligamer oy ghort B°{Tygl?Ff%%.ie %%ﬁte§£t%v%§ ff?é’geé@%“?nﬁef ude a
subst anti ' id STt 4t S d’rFl@ R 1R BryStal PY
mechani Ca@kg@@g@%@ﬁ%@@tgg} ng of@hgl%llgbsse?arrét?% ailner orlﬁby

exposur e materinkhastibstrate | ayer to pol arised actinic radiation. The
pol yner layer (formed on the substrate |layer) has the characteristics of
having’ 30 inperfect solubility in the liquid crystal material used in the

device, ofhd1@Wafé fér reducing ¥Rl erfdréy Mdyybé Qh JlipdnitH chakmiNg ebiefs,
substrate, and of retaining a substantiall'y Iiqui | i ke surface at
t he pol yniaiols,iagdiod aenylate mbnomers andioewhich is either spread on the surface or added

13 T, | yrver e.applied to the device in various ways. In one
approach,{aﬁHgﬁq%qemﬁﬁﬁ?lﬁs formed by pol ynerisation of reactive | ow
nol ecul ar _wei ght materials in solution in the liquid crystal fluid.
The resulting_solution or dispersion of polyner i iquid crystal is

|
then 111 | Eae plignmentdreatpant anthmepprfop sedueng wh@ninggmgx gy hw provided
subst rat ebgyg /b 618 ayc eh@RAL nbw fefiire' 38 h3ubiirald 1 S pdifimbd fhgke!. OF VSt Al

may under nme € processes suc trifuging
prior to The sgbsitatd tayer miay ¢ither be formed i dhe swefdce of the celll wald, ¢.gr bjper

approach Lo BBl L0AiADS RIMIEL, 0 (o SRNLES h 5 B LS 2
filled i nTHistoGSting may include anisotropic features which act to align liquid crystal phases
20  placed in contact with it or in close proximity to it. Such features may include surface
relief features including a plain or blazed grating or bigrating structure, or a regular or
irregular array of surface features including but not limited to columns, tilted
columns, platelets and crystallites e.g. formed by normal or oblique evaporation of
inorganic materials onto the surface or by mechanical abrasion or working of the
25 surface. Such features may also include a substantial anisotropy in the substrate
formed, for example, by mechaﬁical stretching or rubbing of the substrate layer or by

exposure of the substrate layer to polarised actinic radiation.

The polymer layer (formed on the substrate layer) has the characteristics of having

30 imperfect solubility in the liquid crystal material used in the device, of having a
physical affinity for the surface of the substrate, and of retaining a substantially liquid
like surface at the polymer/liquid crystal interface.



display cell. Polynerjsation is then initiated by known neans, such as by
heating or wo osidagsure to short vvayel ength optical radi ati%f,angélﬁpn
presence of an initiator. After pol yrmeri sation the polyner I's allowed
to diffuse to and coat the substrate Iayl'rs. 15 A still further
approach to applying the polyner to the device is provided by

pol ymer i sat i B¢ pelymee may-bs panlicdde dhe devcs in vadoysr waysn o o8¢ appEBAbEthST an

i nert solve . 14 pr v 1S, T, t . ting
ol yrrey i o drebmes,is foied R BFDiperibptio' 6t SEfiive 1w B, e fichip it
di spl ay cel IsolutiodGin thé\lifuid ichetal Anidl ThE Feshiting¥pluyion ¢r dispersioh\ofpolynsertine
device is to_formthe pol yner e substrate by plying a thin

th
| ayer of rediquiderystal lﬁﬂb@bﬁl}&f?l%@i%tceﬂsam the polymger is %E)QW@ tq,sQat hee by

known meagns Al ol chi O | onto
the substy ar LoFRacE Syfbtes Outohilt, Be TRl o tinier BB o saF 5§ ndergo

pol ymer i sat i ipfermediatel procdssed sidh Befiltiafion 6f céntrifughpsptios to beingdillediintot the
presence of a 25 Qi{)olynerisation initiator. The treated substrates are

t hen assenbl @splpneell.a cel| and the liquid crystal added in. The
polynmer is characterised in that it is substantially non-crystalline in the
presence of the liquid crystal, and that it possesses a gl ass

transition tRpRirthbtdpprdach e apgpivingthe polyinteraé thirglevicetierredative lovanpdecntart he
device. The pal yner may be substantially lipear in ecul ar

struct ur ¥ ormpss matprials anaygke dissolved ipti the diquirherysial yhich 1%@{??‘5{18"'9 1pto the

| Ry S IERERath MGl 7 ROGP AR, SERITY) R OF {1

crossl i nki ngexposwrt t6 short avavelength toptital aadiation in the presence of an initiator, After
14 fluid, gumlike, gel-like or elastic character is retained, and the
pol yner doespﬂwensanongpgpi)ﬁ'perds Hlowedde 5@96&@%‘ FFWEWQ?W’H whi ch

is retained on heating. Preferred polynmeric materials include

t hi ol /ene pol ymers prepared by free radical 5 polynerisation of known

mononer s1§ n Ahstilp fetlsrcappodach rtoagiplying Hthe lpotymeotonthe deviceniis Provdded/ b3 t o

limt the nol ecul ar wei ght of .the pr.oduct, t hrough chain transfer

reactions. 91 sghipn g&edlﬁ?c vm&pp%m. eeprﬁegg%grq S¢ricp of an mert sofvent.

{ﬁl ation to TN sd1esht, IEpREE, i fomdves and he rBfuBE Yolyaas iiRsdivétrinahé Hguid t hat
e

crystal and filled in to the display cell.

20 A further approach to applying the polymer to the device is to form the polymer on
the substrate by applying a thin layer of reactive low molecular weight materials to
the substrate by known means such as by spinning a stoichiometric amount of each
onto the substrate in solution in a solvent. After removal of the solvent,
polymerisation is initiated by heating or by exposure to light in the presence of a

25  polymerisation initiator. The treated substrates are then assembled into a cell and the
liquid crystal added in.

\
The polymer is characterised in that it is substantially non-crystalline in the presence

. of the liquid crystal, and that it possesses a glass transition temperature below the

30  operating temperature range of the device. The polymer may be substantially linear in
its molecular structure or it may include branch points. The polymer may also be
crosslinked to a low degree in order to promote phase separation from the liquid

crystal and deposition onto the substrate, but such crosslinking is at such a level that a



10 contrast ratio of a twi sted nematic device can be inproved, by using an

addi ti onal rface treatnment which reduces the zenith '
ener gy of m?e”/slﬁﬁace and thereby allows field-i nduce??@gﬁﬁé%ogﬁi on

of the near-surface nematic |ayers. SL{'h a treatment al so has the
added advant age of |eading to a |owering of the threshold vol t age.
Lower vol fliide syptlike,igshlike op clastie shatactenis patined; andi the pedymencdegsanaicti ve 15
matri x tw ' ' : ' . | operate with a '
| ower pox:%lr%&ﬂ a%%iéﬁé%lé%sx%? %@ﬁfﬁk%&t%&}g‘}%s %%‘,g‘?lh%ﬁgé%géond aspect the

I nvention provides a twisted nematic liquid crystal device capabl e of
being switched froma twisted stated to a non twi sted state 20 c¢onpri sing;

two cel | Repterseds pelygisris gnaterialy dnclude thinkenecpolymers prepared by frae srdigal;

el ectrgde : S i tp ' Cross
Checl | S ROIRtESHIES 0L RaeiH oiBircls 1P the BRtostcR bt SAGKE I dqrfndi’

pr o;/ihdj[ ngw?iq}gtm tod limnétc tlieqnole?ular weigh%tqﬁ‘i ﬁgqmthicalﬂnﬂuglemht hﬁh' stlrmsGer. . Sr r anged
so that a tw.sted nemati g ructure is me acr oss e |iqui

crystal | E5pERong gétallﬁ@ S‘E@ﬁ?%%‘ﬁ a&’rhﬁﬁ‘?gt% gher voltage; means for 25

di stingui shing between the two different optical states of the liquid
crystal material; CHARACTERI SED BY neans for reducing zenithal
anchor i ngremelatiyn ite tivisteds nerhative devices, dhé groventt ineentorschave foahd that thewal | s.

Addi tionally the aziputhal anchoring.energy my al be.reduceq.. 30
The. md8ns CPUFaSt gRip.phg iBter AFRANCL SRV PRy D HBFTRYSd ol Wit B ACRBNor | ng
energy smfa&%d%ﬁeﬂgwﬂich%ﬂi?ées R8O ZahifHal InSRkiRE Senefdy Of the2RilfRE & V! ate

nononers either sprea _

15 other¢hy allowsafield-dmdugeidisdrientatioe of theunegdr-surface alematic dayesd. Sueh@. t he
mat eri al s,ZN65 and 5 T, | i gonmers nma 1 gr ate

pr ef er ent F&?’an @*h@sstg%(:‘%agi MVWro{%afﬁPﬁ%ﬂiasé’wwgé’? g?u'&'feofbgldf ree
ener gy. TRbRagl\LoWer Woltagd 8pditiotis Bfeférablei fdr GbibShaAkive mhtiR i hatir

| eading to an effective Feduction in the order paranmeter, S which is

def i ndd bynatix twisted nemagie devicessas itrpdlopsyasdigplayyfo ppagatevith ¢ Jowerpow¥rar endon

Press, Q(fcgﬁs?m#%%ﬁ) ferr] The order paraneter is an
i ndication o ow el I nol ecules align in a cell. )

Accordingly, in a second aspec.t the invention provides a twisted nematic liquid
crystal device capable of being switched from a twisted stated to a non twisted state

20 comprising; two cell walls enclosing a layer of nematic liquid crystal material;
electrode structures on both walls. for applying an electric field across the liquid
crystal layer; a surface alignment on both cell walls providing alignment direction to
liquid crystal molecules and arranged so that a twisted nematic structure is formed
across the liquid crystal layer at either zero volts or at a higher voltage; means for

25  distinguishing between the two different optical states of the liquid crystal material;
CHARACTERISED BY means for reducing zenithal anchoring energy in the surface
alignment on one or both cell walls.

Additionally the azimuthal anchoring energy may also be reduced.
30
The means for reducing azimuthal anchoring energy and zenithal anchoring energy

may be an oligomer containing esters, thiol, and/or acrylate monomers either spread



10 Additionally the phase of the liquid crystal material at the surface

may be chang the oligoners, eg fromnematic or |on

.chol esteric %0 %I&f‘? op| C. - The treatnent may be used |rg1?c§16¢u%ﬁ°8 1llon
‘Wi th a surface which i nduces nonost abl e pretilted nematic ali gnrrent

15 The ali gnrrent | ayer may. be a r ubbed pol ymer surface asllgég bed in
S. 1shi har a oatthg surface or addgd toythe diquid\esystal mafgrialg e.§. teomaten G an
obliquely e (%tsed i norgani c mat eri al as described in W Ur bach, M-
Boi x and E. m Appl . Phys. Lett., vol. 25, no. 9, 479 (1974) or a
.pol yner surface where in-plane anisotropy is achi eved by 20 i I I um nat i on

w th polarised Ilght such as M Schadt et al %{ V.
no.7, p. 215Ehe(qligsmers may migrote mesfrrentialty {p ﬂ'ﬁes‘lﬁﬁaF"gﬁhﬁ |tw§1mrm§9 tb%

girLa0e, Ioroggald i Yabl AT AR e, syl el ASudcis gahﬁiﬁt'”

- GB 2, 286, 46QéadifgBid/dnleFredtivie reduction in tHdﬂerdei paaneed deheh ts defined rlbyt(Bth o)

surf ace may be substantially erpendl cul ar nematic liquid
crystal may msnwmcﬁoﬁ Crystody C&rer@ogﬁrqsy@gf@@ak%’ J0 materi al
e.g.. R1011, CB15 I\/Er The cell walls may be substantially rigid
e.g. glass materi ajg,_ 3édséyi.11 e.g. polyolefin.

16 The el ectrodies may b€ forned as a series of row and col um

| ectrod |
i ool ay i xeite 38 ditneser, o, 4, atealiBL Sepet ﬁgpr@%%%‘é%s?f%fﬁ?ip%éed
20[ er r | moapaAdditibnally the pHak© ok lliqﬁidmwdtﬂemém fat the earfamymdycbachiangetby i n

ot her dlsplatﬁformatseg [err] matri 7 qQr 8 bar displays.
e oligomers, eg from nematic or long pltch cholestenc to lsotropic

The treatment may be used in conjunction with a surface which induces monostable
pretilted nematic alignment.
15 _
The alignment layer may be a rubbed polymer surface as described in S. Ishihara et al,
Lig. Cryst., vol.4, no. 6, p.669-675 (1989) or an obliquely evaporated inorganic
material as described in W, Urbach, M. Boix and E. Guyon, Appl. Phys. Lett,, vol. 25,
no. 9, 479 (1974) or a polymer surface where in-plane anisotropy is achieved by
20  illumination with polarised light such as M. Schadt et al, Jpn. J. Appl. Phys., v. 31,
no.7, p.2155 (1992).

Alternatively the alignment layer may be a surface monograting with an asymmetric
groove profile as described in G. P. Bryan-Brown and M. J. Towler, "Liquid crystal
25 device alignment", GB 2,286,466A (GB9402492.4).

The alignment directions on the two surface may be substantially perpendicular.

The nematic liquid crystal may contain a small amount (<5%) of a chiral dopant
30 material e.g.. R1011, CB15 Merck.

The cell walls may be substantially rigid e.g. glass material, or flexible e.g. polyolefin.



In relation to bistable nenatic devices, the present inventors have found
t hat the l‘g 9%§$I em of surface | ayer svmtchl ng is reduced by usin
&9t

surface t 4whi ch changes the liquid crystal prdj /?F’@é”gf"ﬂ the
vicinity of the surface and so | eads io a | ower anchor| ng ener gy

between the liquid crystal and the surface. This allows | ower vol t age
operation w thout conprom sing other device paramet ers 15 Accordingly,

inathir P&fdd crystal
devi ce Wh'flihc corrp?%glg 'bQ\f&l}ﬁ IaDgeg}é §P§°r‘@f“? &h&ﬁ ayer o#mhg&y%&hc l'iquid
crystal an x,ynmiteg |oﬁladdxeksablereidnem ot disptayq:mais l‘.i@tpica\ﬂglthés tlectrailes fape €
allgnnent an bot cell, walls providing alignment direction to liquid
crystal -Spaed 2ONmADaAt: st i ngui shi ng bet ween swi tched states of
t he | isqw d crystal mat eri al ; CHARACTERI SED BY nmeans 20 for reducing

I nel astic azi nut hal nenory anchori ng energy in the surface alignnment on

one or boAferagtivelyyahd électrodes maybéQetahyed MthdUisphdy forddts B o0 nidBTPr Y

anchori ng ené_(r)ggg/ IS reduced to zero. Preferably the zenithal anchoring
ener gy i so%al as displays. 25 The neans for reducing energy nay be an

ol i gomer or short chain polymer which is either spread on the surface
or added to the liquid crystal material. : Preferably the oligoner or
short chainnrebtioyer bis@be Matﬁh&éiﬂ&st B presént |ihvdiYors hale foutid e ithé!

amount, e.g. change the pretilt_ by nore than 5. The treatnent is
used 1th cRsRpleaxof 5wfwet Aves switchingeis\yeuged; byjusing apsusfage teeatyagnd pyhich

al i gnnment han

v he
bi st abl e sur ?ctgen%n dbcrystal Piep grggs é |gnr’ﬂgmftyb°|fgﬂr1% l|u'rf1‘ig‘;cﬁoarlllda0 IF%%#‘ ° Hne of
the cel | lower amshoking ehapy betweeh the Buid iceystall and 1! sbfabe I Thid AlRAvst loweglopt  t wo
di fferent qm nmut hal al i gnnment, directions, as in patent application
W097/ 1499tPitagpeneraigmpithant cepromising pthey devjpe parameters.

15  Accordingly, in a third aspect the invention provides a bistable nematic liquid crystal
device which comprises; two cell walls enclosing a layer of nematic liquid crystal
material; electrode structures on both walls; a surface alignment on both cell walls
providing alignment direction to liquid crystal molecules; means for distinguishing
between switched states of the liquid crystal material; CHARACTERISED BY means

20 for reducing inelastic azimuthal memory anchoring energy in the surface alignment on

one or both cell walls,

Ideally the inelastic azimuthal memory anchoring energy is reduced to zero.
Preferably the zenithal anchoring energy is also reduced.

25
The means for reducing energy may be an oligomer or short chain polymer which is
either spread on the surface or added to the liquid crystal material.

Preferably the oligomer or short chain polymer does not change the pretilt by a
30  substantial amount, e.g. change the pretilt by more than 5°.

The treatment is used in conjunction with a surface which induces bistable nematic

alignment



The angl e between the, alignnment directions may 90[err] or |ess than 90.

The grating gy dfigseProfil ed layer of a photopolymer formed

photol it hographlégﬂlg“ process e.g. MC Hutley, Diffraction Grgﬁﬁﬁ‘d; 8/03011
(Academ ¢ Press, London 1982) p 95- 7125 and F Horn, Physics Wrld,
-33. (March 1993). Al ternatively, the bigrating may be formed by
enbossing; MT Gale, J Kane and K Knop, J App. Photo Eng, 4, 2, 41

(1978), o r¥hd Biltable SirkePHAY Kb Mgt by
transfer froma carrlie@plbgyer &M{ mﬁ'ﬁéﬁ)%mg ntl;atlgét Qﬁeqﬁﬂhe il
symret ri ¢ orwalls ihast parmity ribe digudr u&sthbmoﬂecul&etol addpertwoaaﬂ'erent azinimh&lurface

i nduces both .ali nt and .etl It as descri 6467- A. The
gratings mayal!ﬂ“%ﬁ‘ﬁ Waég}t|apmapgnéﬁ§9ﬁ}d99@ %@'W%#Ggpﬁferent

shape 20 5 omyerptpWel I The bi stable surface could alternatively. be
formed by using an obliquely evaporated material as described in
patent Application WO 92/0054 (G Durand, R Barberi, M G ocondo and P

Marti not - Largar de 991). 25, he cell walls may be substantially rigid
e.g. glass ngﬁ%ﬁga?%ewzﬂhsﬂlw@gwhﬁm%véwwlessthan90 The el ectrodes nay
be formed as a series of row and col um el ectrodes arranged and an xy
matri x of addressable elenents or display pixels. Typically the el ectrodes

are 30 200[ The prating dmysuaaqndﬁm n@er d¢fra pmasgolymer formed'by £ n@tbhmegmpmb he

electrods be arr ra;ﬁ her, display formats_e.g rrl mat r i
or 7 or ﬁ@&%ﬁ utley, Dl tion Gratmgs (Academic Press, London 982) p 95-

18 In { ﬁfo?n e ound
t hat probl emsﬁ] %}1232 VI cesﬁhaé:ﬁg%rc?lg?uce “e?ﬁaltji'ggi\{r ?ltegﬁé‘a&?%c aS;’lnt to
| ower t he i nbefoumed by cmbossing) MITeGale, JKmémdd(sK)nopIJApr Phutd Ehg)4,20d1t he
lquid cr ystabﬁ)n o} rlllﬁlngn%cé 'Loetr hagr?d Rog Wi?eyE ?’?oc SPIE, 88 (1987), or by transfer

from a carrier layer. '

15

The bigrating may have a symmetric or asymmetric groove profile. In the latter case
the surface induces both alignment and pretilt as described in GB2286467-A.

The gratings may be applied to both cell walls and may be the same or different shape
20 oneach wall,

The bistable surface could alternatively be formed by using an obliquely evaporated
material as described in patent Application WO 92/0054 (G Durand, R Barberi, M.
Giocondo and P Martinot-Largarde, 1991).

25

The cell walls may be substantially rigid e.g. glass material, or flexible e.g. polyolefin.

The electrodes may be formed as a series of row and column electrodes arranged and
an X,y matrix of addressable elements or display pixels. Typically the electrodes are
30 200pm wide spaced 20um apart.

Alternatively, the electrodes may be arranged in other display formats e.g. r-6 matrix
or 7 or 8 bar displays.



5 overlying nematic phase fromwhich the cell is cooled.into the snectic
phase for I operating tenperatures. This use of a s 5ﬁﬁﬁ y be
termed a g?bﬁﬁ%?v4surface treatnment. Thus i nproved alignneﬁgﬂﬁgg?ica
properties, swtching speed and stabi{'ty to shock of snectic deévices
are achi eved through slippery surface™treatnent. 10 Accordingly, in a
fourth aspect the invention provides a snectic |iquid crystal device

which conprises: .a_liqui r y (P | e]n% e liquid
crystal r@"elsaﬁﬁ?é? F‘&F&}: O%e%éé@érgg %éﬁ}e@ﬁoﬂ%‘{}%&%&eﬁﬁrgﬁe ect S(‘)'l gs and
surface tdeidesdndyobe retuced by ub®bh aaarfadtagriotowerathe intesactiba betweenttheo | i qui d
crystal nol ecul es; Rl SED I%gysrtga,ns for reducjng anchori ng

CHARACTE o
energy atsurfase(s)of esll wall(sh Apd: the liquid diinthecsmectic phasey or m the = o

means for | pd ?ﬂc | ' \ i fgp afiSt er s,
t hi ol sg, a%f?g&féagry at@ﬁgrr%#g%gggicgn orli\%;\lﬁogﬁdﬁéfog?tgﬁg}esg%?gﬁa% on the
surface oOppealititemperatires.t Mhid usgLoftla surfactant ooyt e temined 20slippery surfices nost
el emental formthe syrfactant provides a slippery,surface which teduces

_the i nt er ¥eatment. GEhusdmproved aligement, ontigak pIPPeTRes, SWitehung speediand stabjlity o
surface o : =1 -?@%p &@@ﬁ% t Thus, the
slippery %u%g%éf%?/c cg%u%ﬁ%&gg@dmﬂﬁg%ﬂ g i%\ug%géase ePe'edom for
transl ational and rotational novenent of the liquid 25 «crystal nolecul es
closest to the surface, There are.five surface terns (ref,; Int

Felrroév ecArererdingly, i 2 dpyrh aspeeidhe inveptienprovidss g smeglic ligpid crystal deyige, 1995,
. 178 : =4 J_ G - 1653 cwhi - Ok
vo g'hb%l/l tbﬁrelﬂns"es. a%sﬂl?qﬁg@ytstamﬁ%@gﬁag\(@% Hresmdtie Vitdifid apghtaley be

controlle ant : [err], zenithal™ anchoring
ener gy. Hmateriadicbntainkéd befweenttwp weallsfiwering elettredeglapd isyrface treatehimgiig (i .e. a
rotationaL nerg@ﬁiEcl 1t 1o liquid crvs lecules: C ED 19
(2)  [erPpraany ot pod, 4 sprfage fijt b, liquid U@é%ﬁﬂéhm TERISER ¢ i st
angl e of BY mefhd RFf t&uciny schctingRneigy it @le saPRESMignment on 068 br bbthrde]l,
related to the pretilt angle of the director at the surface 5 (4)

Layer 1pi nallg. term - How easily layers may be noved across the surface
(i.e.

The means for reducing anchoring energy may be an oligomer containing esters,
thiols, and/or acrylate monomers and or which is either spread on the surface or added
to the liquid crystal material.
20
In its most elemental form the surfactant provides a slippery surface which reduces
the interaction between the liquid crystal molecules and those of the surface of the cell
wall (or alignment layer surface). Thus, the slippery surface may be thought as
having increased freedom for translational and rotational movement of the liquid
25  crystal molecules closest to the surface. There are five surface terms (ref: Int
Ferroelectric Liquid Crystal Conf (FLC95), Cambridge, UK, 23-27 July 1995, vol.178
No.1-4 J.C.Jones, ppl55-165) which are relevant and may be controlled by the
surfactant:

30 (1) o, zenithal anchoring energy. How easily the director surface tilt angle is
changed (i.e. a rotational energy).



a translational ,energy). This is the macroscopic effect of the (partial)
adsor ption ofwoggngdsydui d crystal nolecules onto the surface k,ew&rn glgﬁijf:i ng
transl ati onal novenent of the nol ecul es and hence of the SrT'EC?I c -

| ayers. 10 . . (5) Pol ar surface ener - In-ferroelectrics (or ) _
flexoelectrigg) a termwhich is | m ni'mum for. a partigcular, orientation
of the Ps at &She Bur fageuthal anchoring,energys - £3sscef changing susfage bwist apgle Al on
each of thesg: Sal d by the 15 presence of a slippery
sur f act ant \Agllréc%ﬁggézd %ﬁéﬁ%gﬁ%ﬁ@et he solid and |iquid crystal regi ons
by the induced changes of liquid crystal order close to the surface. For
exanple, if nematic order exists close to the surface |layer of a snectic
devi ce, then(3) 1| mlated fn thaprafilt anglerafshe diractag gt tha surfacet he cone angle is

| ower sur;ace swtching is reduced as will the polar surface term 20
Advant ages provided by this aspect of the present invention are as foll ows:
(1) Reduces) | apgyer pinhing@rmi e Mo 6411 18/ersOhay BEmIVBT ddr6ss! thy Slirface(i.€asi er ;
(2) Reduced nematic-1ike surface energi'es, hence orientation changes of
the 25  di r adtienslatignal energy)y fEivisthe maatosenpicieffect of theg(partizl: adsomtion of

adsor ption of; l..qui rystal molecules at th urface . h e re

surface nme m)il?!ugg wg ga} gmi?é}félﬁ eu “ctgﬁ glgfﬁpf’ i@é”r {ﬁﬁg‘gl}}% F?V?mmgr}ﬁ?‘fﬁme% &ggﬁc ed
polarity of tidtectiles hCkenchonte shrestic lapetdl i Ng to the spontaneous

pol ari sation coefficient (Ps) in ferro electric liquid crystal systens
resultind®in less T 30 state formation. Speci fic enbodi nents of the

nventi on wiid) bepdigeiiiedfigh oy e ionile 6 Rbdeotics) o Weh WhEheLeTCe

to the acco yi ng draw ng

20 Fi giitiithuin fos a pasticalar vii@mativh of thely ittheBukface)| exed addressed |iquid
crystal display; " Figure 2 is the cross section of the display of
figure 1; 5

In this aspect of the present invention each of these factors is influenced by the

15  presence of a slippery surfactant which acts to separate the solid and liquid crystal
regions by the induced changes of liquid crystal order close to the surface. For
example, if nematic order exists close to the surface layer of a smectic device, then
layer pinning is greatly reduced. If the cone angle is lower surface switching is
reduced as will the polar surface term.

20 )

Advantages provided by this aspect of the present invention are as follows:

)] Reduced layer pinning hence control of the smectic layers is easier;

(2) - Reduced nematic-like surface energies, hence orientation changes of the
25  director at the surface are enhanced.

(3)  Reduced adsorption of liquid crystal molecules at the surface, hence reduced

surface memory effects and reduced surface viscosity;

(4)  Reduced polarity of the surface, hence less coupling to the spontaneous

polaﬁsaﬁqn coefficient (Ps) in ferro electric liquid crystal systems resulting in less T
30 state formation.

Specific embodiments of the invention will be described below, by way of example,

with reference to the accompanying drawings, in which:



Figure 3 shows the configuration for photolithographic exposure |eading to

the. de@Plk&Pg()f an asymetric nonograting useful in t%@ﬁggvgﬁfﬁt I C

devi ces. ure 4 shows the transm ssion versus volt r two
twi sted nematic cells, one 10 of whi %1 (dotted line) has been treatéd with
an additive (Norland 65) to give weak anchoring on asymetric
gratings. Figure 5 shows the optical contrast ratio versus voltage

reat od v bkl Sy s i mulipiod Wefne RhE st BrafhBS 001,

transm ssion - voltage curves for tw voltage controlled tw st type
cells, one with a standard aljgnment, the other with a weak anchori ng
energy  Pigure 2igthe ﬁqosssecggloﬁggg}sgay of figWee Lihe configuration for

phot ol § t hogr aphi ¢ exposure |eading to the formati on of a bigrating
wi th orthogonal grating nodul ations, Figure 8 shows sw tching
cﬂar acL erthnrercl§ Elmwsk \tee bgﬁ@ﬂt&nﬁﬂrl photolﬁthograpﬂncsanpodﬁe deading talﬂhﬁnment
the other with a yweak surface anc orlngeergy Figure 9 shows
di agr ammafqrmstien o EB Hymmetne monpgrating usefyl ‘%S‘V’éf?élnémaﬂﬁée‘%% it noves
within a |ayer.when switched to its bistable states in a ferroelectric
liquid crystal cell, Figure 10 shows variation in nenory angle
agai nst apjgured shovd thg erahsmissiow vérsust volfage 84ta fd:awodwiiswi mdmaticicqlls,mner yst al

gﬁ\élhgﬁ? hgogfyg}ﬂ%{,&oﬁe 1g%r-€asa|:|:eleg rtll_rggtn wx%l?gnoah tlve Hanah %?) to give wealscur f ace
Figure 11adia¥Relasih@eiRidstflgssur face director tilt versus vol tage for

val ues of Surface extrapolation |engths L. Figure 12 shows the
theoretical mdlayer director tilt versus voltage for values of L 5°

Figure 5 shows the optical contrast ratio versus voltage data for two twisted cells, one
of which (dotted line) has been treated with an additive to give weak anchoring.

15 ' .
Figure 6 shows transmission - voltage curves for two voltage controlled twist type
cells, one with a standard alignment, the other with a weak anchoring energy
treatment.

20 Figure 7 shows the configuration for photolithographic exposure leading to the
formation of a bigrating with orthogonal grating modulations,

Figure 8 shows switching characteristics for two bistable cells, one with standard
alignment, the other with a weak surface anchoring energy,

25
Figure 9 shows diagrammatically a smectic liquid crystal molecule, and how it moves

within a layer when switched to its bistable states in a ferroelectric liquid crystal cell,

Figure 10 shows variation in memory angle against applied voltage for two bistable
30 ferroelectric liquid crystal devices, one with standard alignment, the other with a weak

surface anchoring energy.



Fi gure 13 shows.the transm ssion versus voltage data for two cells, one of

whi ch (dQid shsltne) has been treated with an additive (2%%?@98}090& ve

weak anchori ng. Grati ngs have been used on both surface

alignment. Cell gaps are 2.05[err]m 10%1' Figure 14 shows the transm ssion
versus vol tage data for t ells, one of which, (dotted _line) has been
treated wit ﬁﬂwﬂgi @ﬁ%s %@8&@ Surdcredifpeir U versup ﬁgitage for valugs; olys

have been usggfie eR@idblsioni for alignment. Cell gaps are 4.6 [err]m
Fi gure 15 shows the %ﬁrbansm' sggl or%'versus vol tage data for two cells, one of

which 15 (dotted line) has been treated with an additive (MXMD35) to give
weak anchori . Rubpe ol. r.layers have been uysed_on poth_surfaces
for ali gnnen?.%“&’en Shé’ébﬁg‘?%&'sgrehwgadl@[%ﬂprﬁprﬁlt versus yaltage for yglues oflL

di agranmmegic view of a bistable ferro electric display with row and 20

colum drivers providing an xy matrix display; Figure 17 is a cross
section of tFigutk 3pIshows d¢hd tradsnfissipnr eer&fs; valtagle data for tWo guells dife of which
schematic vi of, .a er of ferrao electri.c |jqui rystal ‘material, 25
showi ng two 0.“5{\ &E’ﬁi ﬁéﬁ?@&ﬁﬂ%%ﬁk?ﬂ eﬁé‘ﬂa M&?ﬁ # faveCyeak: anchorng.
The appl i cat Gedinak havesieh Ss&f onl Ly end | t | tﬁg“perratic,

bi st abl e nemat i c, andSésar%lc%ﬁ}: evigsgfgg @%‘-’Iﬁi&lﬁ?ﬁl@%gg?h ed in

separate groups of exanples. 30 Twi sted nemati c devi ces .The

display in figures 1, 2 conprises ,a liquid crystal cell 1 forned by a |ayer
2 of 10 ne#&“?’ec ?6 Shpws, &%me esus, Yaltage datadfor tyatcglls, reneeef w}n/nch

cont ai ned betdupg k Hah! : o . .
22 3, 4§ A gé%cgiri%rl ng %aﬁgi“ﬁpla%gd ?‘lﬂgc\%l I 8103{5\}6? AN Ve?- Eﬂff‘%??%m
apart. Addi t Geatingh J1ave been used on both surfaces for alignment. Cell gaps are 4.6um.

Figure 15 shows the transmission versus voltage data for two cellé, one of which

15 (dotted line) has been treated with an additive (MXMO035) to give weak anchoring.
Rubbed polymer layers have been used on both surfaces for alignment. Cell gaps are
4.6pm.

Figure 16 is a diagrammatic view of a bistable ferro electric display with row and

20  column drivers providing an x,y matrix display;
Figure 17 is a cross section of the display cell of Figure 16; and

Figure 18 is a schematic view of a layer of ferro electric liquid crystal material,
25 showing two alignment configurations, the C; and the C; states.

The _applicaﬁon of aspects of the present invention to twisted nematic, bistable

nematic, and smectic devices will now be described in separate groups of examples.
30 Twisted nematic devices

The display in figures 1, 2 comprises a liquid crystal cell 1 formed by a layer 2 of

nematic or long pitch cholesteric liquid crystal material contained between glass walls



nunmer ous beads of the sanme di nensions may be dispersed wi.thin the Iiquid
crystal t Intain an accurate wall spacing. Strip Iir#&

el ectrode&vggal.lﬁmof SndJerr] or ITO are formed on one \f\gﬁ(gmémalnd
simlar colum electrodes 7 are for on the other wall 4. 5 Wth
mrow and n-colum el ectrodes this féfns an nxn nmatri x of addressabl e

el ement s 3prd. phxapacer Hug(§ plaintaing she ovallsdtypically 2-10umr apaet | dddienally, ow and

col um el ectrpd A row,driver 8 s . | . t

el ectr odé‘“@er%}s%ef“g‘r?ei;}h%s%‘? dimensions “’&V?f’ggﬂépg'%gﬁ!%'}hf‘g@ﬁ}&“@é&%ﬁ% each

col um elheghtallith atom@R \WalPspating 28iRipi 186 re® dl@tiodes Ge.g. ofoi(]c)jQBrH[‘G)erﬁ rol

| ogi ¢ 10 which receives power From a voltage source 11 and timng 10 from
a cl ock ¥érmed on one vrall Band sintiar obluhincelestiddesl 7 arecformédion dheer athdrdwall 3.

arranged with their polarisation axis substantial ]y gr sed_with
respedt tWitha-rawoantb n-colymn Rleotiodes this Forras [an BB SR P sehlsy as a
stretche ' ' Y&{egﬁ Ly I cel |

and 15 %%%%ﬁé Pﬁgﬂgon?rg% rﬁlseﬂ%?%g%gﬁ&%ﬂe%ﬁﬁ C |n%1p§1frarlg’w1 &ﬁgﬁﬁﬁ?e

arr anged esfodel A Fw dfivdr 8lsupplies viobiggé tocgachirdvn elecirodehd. Similardy a tolunihese
allow the display to be seen in reflection _and_lit .rompbehind in dull
anbi ent  19riyst P sypplies voltages in sach; eolumm plestrode 7 ﬁ@nﬁqufcﬂppﬁﬁ‘gv £8eS 18

om tted. | : : Bufetl 1 AR/ t h

al i gnrrentﬁ?ﬁ(e&a?dr?l‘éﬂr?%oéé;lgméﬂc)i{é&ewwsg&%oﬁgﬁdag léa%gr e%lfalret ed alignnent. The
al i gneentfrathnetdckd2s R1, R2 are shown as orthogonal to give a 90[err]
or 270 twisted cell, but may be at other angles, e.g. at 45. Finally
the cell is filled with a nematic rmaterial which may be e.g. E7, ZLI2293 or
M.C 6608 g : dERY1 bfaCholaifies £3) 1R larragleidl WiR tRIF BoRSisstiRkOmas R1011
25 (I\/Erc%)&ﬁi&%ﬁie OP{BGI n use tc%eggﬁ splay may be mul ti pl egi(} addressed in a
convent i cauhbtantiailyecrosyed twhith respect toapnd ancghsroAn@ldidionghppliselcampansior i ed to
each row in turn | | st in vef or o qall.col ch

addr essi rFé‘c*‘?s ééﬁ\é{‘}*’ﬁ‘f@@%f‘ﬁﬁﬁ 3&‘@%%%“‘?% %xﬁgryg%ﬂ%@i orns at
each g/ idHeSB6 pbRAsers. A Pantiy\reflgutinls haivroa N 6 iy berdrkigedBsléind thecell 1
swtching threshold and wll "therefore switch the liquid crystal nmateri al

to an ON together withadightrsparast ke Thessllow:the dWHWﬁ%PP{ﬁW{SPﬂ n\?&ﬂ_@é bel ow
the swt %{ng??emdeﬁhﬁlpambient lngE BEF ST NEmASER dafice Stieldittrdr Hfiay bEUI d ’3

crystal
omitted.

20  Prior to assembly, the cell walls 3, 4 are treat'ed with alignment treatments to provide
a monostable pretilted alignment. The alignment directions R1, R2 are shown as
orthogonal to give a 90° or 270° twisted cell, but may be at other angles, e.g. at 45°.
Finally the cell is filled with a nematic material which may be e.g. B7, ZLIi2293 or
MLC 6608 (Merck); and may include a chiral additive such as CB15 or R1011

25 (Merck).

In use the display may be multiplex addressed in a conventional manner by the
application of a row waveform applied to each row in turn whilst applying waveforms
to all columns. Such addressing is capable of applying two different rms value
30 waveforms at each X,y intersection. One waveform has an rms value above a
switching threshold and will therefore switch the liquid crystal material to an ON
state. The other resultant waveform has an mms value below the switching threshold

and therefore does not switch the liquid crystal material.



The nunber of xy pi xel elenments that can be rns addressed is linmted by the
st eepness of transm ssion verses voltage curve (as d ﬁ‘%?

Al't and g, sﬁlﬁ%ﬁl n | EEE Trans ED vol ED 21, (1974) P. 146?’%(} ﬂstﬁ¥
Therefore inprovenents 5 to the steep&ess of the transmission - vol tage
curve are highly desirable. Additionally] i f nmore of the material can
be switched (switching the nol ecul es adjacent a wall surface, rather

t han swi t chi qmlM t e # | Ot it en

ON and OFF staf'es megloé' ’gg }ll aél?lﬁei%ﬂ; tﬁafoéﬂTﬁ IEEInagmal ?ef:d {r%a erlglt@%
enbodi ment s @femﬁees bﬂ‘aedﬁvkda:ntraﬁﬂﬁﬁs%idh Véisbstv‘cﬂﬁgmmtve Qs described (bycAltr anh of
-the treatnent Ich leads to_a | oweri ? of the anchoring energy. I n

general, anc dshigynJEEE TranpED vol EQU'U@I b%%fél‘worw%) SW@@ igpRoeeanents
d b d b ot h
ot gy and ato e Bé"’?“e§§°m§?fc AaRion DAIGRE b arclliftly isiraBD Ad¥iorglig 0" O

pl ane, par al lifhot® of ke maiehal\/\ﬁdd be s@iitdled (sw1tbl!ilﬁg ithd miolettlel )ad]:&eﬁtezi iwadld as
the preferred angl e of inclination of the nematic director with

respect ‘to t & %eyrag}eaﬂ@n syifching oty atitke kamcemre)tth@ & highgr-eontraptchetwsenr 1 om

[err] to an energy per unit area of Wnust be
supplied to t%Nandé{: %uid[%OmegJ]Rapl ni and M Papoul ar, J. Phys.
(Paris),-36, C1, 194 (1975)] 20 [err]

(1) V\Z{gE Is the zenithal anchori n eneggly and represents the
ener gy rdfui 54 ppngﬂnaépatenasmgqq onts of the nvention contain thgteealimed AT & py
90. If the di ' say al ong
the x axis, {p f}%ﬁﬁg{lotgﬁg@aﬁ?{ﬁg@hg@g{ij%ﬁ 1@@%?%5?%&9515&8}1% éﬁ)é}gy' change
this orientation. The energy is now given by

Werr]sin[er

. N 30 h
Uhe' | 1 bl s b 8ensiel anchariag of ayasmatic; lianid, st %mvﬁg%g%bpr%sc%bggab i

energy. three macroscopic parameters, pretilf, zenithal anchoring energy and azimuthal

15  anchoring energy. Consider a surface in the x-y plane, parallel to the cell walls. The

pretilt (0p) is defined as the preferred angle of inclination of the nematic director with
respect to the x-y plane. To change the tilt of the surface director from €p to an

arbitrary tilt 0, an energy per unit area of W must be supplied to the system where [A.
Rapini and M. Papoular, J. Phys. (Paris), 36, C-1, 194 (1975)}:
20

W =W,sin’(6-6,) )

Wg is the zenithal anchoring energy and represents the energy required in order

change the tilt of the surface director by 90°. If the director has a preferred in-plane
25 _ orientation, say along the x axis, then an energy must be supplied to the system to

change this orientation. The energy is now given by
. W=W,sin’ ¢ @

30 where ¢ is the change in the in-plane orientation and Wy is the azimuthal anchoring

energy.



24 Pretilt and zenithal anchoring can be achieved fromnost solid

surfaces | azi nut hal anchoring usually requires sone
t r eat ment V@r?%(‘(ﬁgr‘ to obtain a preferred in-plane di re%??’%ﬁgé‘g’(?hl-as an
ani sotropi c polyner, obliquely evaporated film or a surface grafing.

For nost surfaces Werr] and Werr] ak® large and so reorientation of 5

t he dir ecPretiltaand enithal fanchoring aw deu achiedednfrom wmdst aghd . surfaces whilke ef f ect
of the weak zenitha] anchoring on a tw sted nematic device is discussed

bel ow.  #gmuthal cang uFHRflY " Tequingse FOMP XN reateite T} <R tor eRfallofnt i
cel | w th gk SHr sreet: | 0o 40 ; %ﬁ,% kgal | y. The
static coﬁﬁegurat i%ﬁfeﬁmﬁ%n%igplr&g\%gﬂl s&@éplégfq%eg{@g&geyﬁ |mt§‘|i§gﬁﬁt he
total freeremsurfage gratimg) Fos nubist surfaecs Wp tuick Wy iinrlarge and sb agpriemtptiongfat i on i n
the bul k and by equations (1) and (2) at the surfaces. The zeni t hal
anchor 5 ng thendiregtor & the siirfaggoniyhescurssdt highdvaltages. i t s usual | arge val ue and the
15 effect on the static configuration was cal cul ated. Figure 3 shows
several curves calculated for different surface extrapol ation | engths,
L where L TheldfRef bf the Wiéak Zenithal Bi€horing on BAwiiEH férftaticOdeVide fsQlistubseline
curves are; k[err]/k[err] = 0.6, k[err]/k[err] = 1.5; [err] = 14.0;
[err] = 4belowCel | twist = 90[err];Surface 20 pretilt =5 The
reduced voltage is defined as the voltage which has been normalised by the
Frederiskz threshold voltage (= [err] ). Figure 11 shows the surface tilt
angl € 19 The3 npRoYehtnt iR opRfatidAPST §DO#OtWiREE nehfdlic] celll With SwéA sirfale
anchoring energy (L=0.0) the tilt 25 remains fixed at the zero volt
pretilt vanchoringowes, first fanalysedntheereticallyo (Tihecstatic-onfignration of the cell svasves show

that the suyf irector.is.reori.epted by the.applied. fjield,a hows an

i ncreasi nﬁa{cflfafe%aﬂﬁl mmsipe, the; gﬁ@ H'F? ?’gy%x E@eﬁ E‘ﬁ’gﬁ‘e‘i E’Vsﬂ\?g%ﬂéﬁe

i nduced 1t iflagrafigt leqh@fM in the builR AMd} eqiations (1 Rakd (2Y hOtheNsufabds) i Tl

normal y-white twi sted nematic device. 30  Figure 12 has_been cal cul ated

with the <Zenithaanchasingrenergy Wiojursethen relaxed, figms s wsual large value qnd thege

dependent tilt in the mddle of, the nematic layer. This tilt angle is the
P 15 etf}ect on the s’catircr:1 configuration was cgigulated. ?"Ygure 3 rs]ﬂows severa? gxrves

calculated for different surface extrapolation lengths, L where L=1/k;;/Wy-d . The

parameters common to all the curves are ;

kpo/ky1 = 0.6; k33/kjl = 1.5; epara = 14.0; eper = 4.0; Cell twist = 90°;Surface

20 pretilt=5°

The reduced voltage is defined as the voltage which has been normalised by the

Frederiskz threshold voltage (=./ky;/2, Az ). Figure 11 shows the surface tilt angle
as a function of applied voltage. For infinite zenithal anchoring energy (1.=0.0) the tilt
25  remains fixed at the zero volt pretilt value. However for finite anchoring (L>0) all the
curves show that the surface director is reoriented by the applied ficld and shows an
increasing tilt angle with voltage. It is expected that this voltage induced tilt will lead

to a better contrast ratio in a typical normally-white twisted nematic device.

30 Figure 12 has been calculated with the same parameters as figure 11 but now shows
the voltage dependent tilt in the middle of the nematic layer. This tilt angle is the

dominant parameter in dictating the optical transmission of the twisted nematic



dom nant paraneter in dictating the optical transm ssion of the tw sted

nemati c éF
. : : / 03011
device. ThereVord™is clear to see that a surface offering g /|Gr11i|9§/e E :
will lead to.a | ower vol t age, st eep,t%:1 el ectrooptic response.
at a surface treatnent i ch

Therefore the above nodel |i nlg has shown

| owers W er r fevige. Thgrefore|itis gleaxtosee thata suface affering yfgite b Wikilead taadower oyer
vol tage t hreshgl d, St . ) ctrooptic response and a hi gher
contrast at 308#%?;%?}’3}' ?‘gégolmcres?%ég’arrpl e TN1 An exanpl e of a weak
anchoring treatnent -applied to a twisted nematic is now given. 10 The

pretilted alignnment surface used in this exanple was an asiggetric
monogr at i ng T%equQWemellmgwmamu@emmw loygssd¥p 22078,

The treatnment consists of adding a smal] (1-10% anouynt qof @/ curin
‘adhesive 5  wiltdeash toz8 tisted Rempfachdavice Yhich has 3 lewen Vqli'iag? ﬂ’%‘.% érﬁg?e@?gof
sui tabl e mat %fe{c@h«?pﬂc%%‘éﬂ%‘t%naalﬁg%r%Mt A}I%%%‘}gi%& (Al manufactured by

Nor | and Produc ncor por nsw cky NJ, USA). In this
particul ar exanple,” one of these materials (N65) is used as an
additive to the nematic E7 (Merck). This material contains a m xture of
esters MUH!!PWte nononmer s whi ch pol yneri se under UV radiation. 20

Bef ore usi ng @HP*IINE. i Q- &%.Iﬁ Pﬁém%i q‘”'?ﬁéd =) Ve
experinments m%?%mhlﬁﬁe car r%%‘cg%t“% n or%lggp 0 show the %ﬂaggfi@%?ﬁ hveen'l\l65

t r eat nentigon Theeratiltedtalighmentsrfadenged in thiscexample, wik @ asymmEtiicmgoegrating can
be cal cul ated by neasurin e saturatio t.age ri. That is,
t he vol t age éﬁ%@?ﬂﬂ@%b%fz&ﬁ@'&zﬁ%%g&é @&'?S/Xioe’rﬁerpendi cular to the
surface t hroughout the thickness of the cell. This can be neasured in

cell's where the surfaces 25 have no preferred alignment direction. In this
case flat surfhecesmtmént tansiitaloéddding a sphatit (1r %) imount of asUY @usingpdagsive0s) .

Thi terial i t ed | TO,.caat | f .0 '
T T o ey SRl SEokE o8 o B e bR b R el o1
i nsol ubi | st y Nig%, N#3, Nell ok 1128 YAl @hanuiefited by Nodand PRoALES febrsbrated|NGrth t hese

cells show a random Schl erien texture.” The saturation voltage was

measur ed by drueswickgNlAEA)3M thisiparticnlan sxample.bneiof ese mateonis(NESEsed | en
texture fall sasta% azdﬁxrth/evyg He ﬁ/e'rr?%ch%jﬁ\slt\s'\r%ﬂn This material contains a mixture of esters

and acrylate monomers which pdlymerise under UV radiation.

20 Before using the N65 additive in a twisted nematic device a set of experiments were
carried out in order to show the effect of the N65 treatment on the zenithal anchoring

energy, Wg. This quantity can be calculated by measuring the saturation voltage, V.

That is, the voltage at which the director tilt in the cell is perpendicular to the surface
throughout the thickness of the cell. This can be measured in cells where the surfaces
25 bave no preferred' alignment direction. In this case flat surfaces of hardbaked
photoresist were used (Shipley 1805). This material was spin coated on ITQO coated
glass to form a 0.55um thick layer. Baking at 160°C for 45 minutes ensured full
insolubility in the liquid crystal. When filled with N65/E7 mixtures, these cells show a
random Schlerien texture. The saturation voltage was measured by observing when
30 the transmitted intensity of the Schlerien texture falls to zero when viewed between

crossed polarisers. Wy is then given by



crossed polarisers. Werr] is then given by

26 [err] (4) ~ _where d is the
liquid cryg‘{%?gntsﬁ-{“ckness, k[err] is the liquid crystal spl 5917&33%/9:?0&1-
constant . and [err] is the liquid crystal permttivity anisotropy. 5

Results are shown in table 1. The pur 67" cel | failed to show a bl ack state
before cell brm%_ ﬁB ngr so only a lower Iimt on Werr] can be
given. In the %em—@%@% cont ai ni ng N65, the(uring was
performed in a fused sillfca cell for 10 minutes prior to transferring
the mxture to a separate neasurenent cell. The exposure was carried out

10 wusing an unfiltered mercury lanmp with an optical .output of

2. 0mW cni évhere diis therliguid grystal thicknassekat in the diquisserystal) splay elastic constant Cel |

m xture . . .. Werr] (Nnferr]) Pure E7

>5x10[ er r jand Ae is the liquid crystalpsrmyitivity anisotropy. 6.3x10[err] Table 1
Surface zenithal anchoring energies nodified by the presence of N65. 15
The abdve results clearly show that the N65 has reduced the value of Werr]
in a cell Results atéishbwh itabkel. Rhegure B el failed 36 Sow & bldekstdtd Befobecdf f ect of
this-.additive on the operation of a tw sted nematic device. 20 Such
a twi st ed bieakdewa and\socenlyen, lovves lisit a8\ Wowenibe givemodnthe sasestof thadite
pretiited alignment and be fabricated_ in the follow ng way as shown in

Fi gure 3: contamning NG5 the eurmne waspesfasmed in » fusgd silisprell f5d0aningtes YOO pm ont o

I TO coat eqrigkffitngthe niikture to a separate measurement cell. The exposure was carried out

10  using an unfiltered mercury lamp with an optical output of 2.0mW/cm? at a raised

temperature of 65°C.
Cell mixture W (N m-1)
Pure E7 L5%10-2
2% N65 in E7 ' 6.3%10-3
Table ]

Surface zenithal anchoring energies modified by the presence of N65.
15

The above results clearly show that the N65 has reduced the value of Wgin a cell

with flat surfaces. The next step is to study the effect of this additive on the operation
of a twisted nematic device.

20 Such a twisted nematic device may employ asymmetric monogratings to induce
pretilted alignment and be fabricated in the following way as shown in Figure 3:
Shipley 1805 photoresist 20 was spin coated at 3000 rpm onto ITO coated glass 21 for
30 seconds. Next the photoresist layer 20 was baked at 90°C for 30 minutes to remove
the solvent. Exposure of the photoresist through a mask 22 was carried out using off

25 axis hard contact photolithography. The mask 22 consisted of a chrome on glass
pattern with a pitch of 1pm (0.5um gaps and 0.5pm chrome strips). The exposure

time was set to 540 seconds with an incident power of 0.15 mW/cm2 from a mercury



.30 seconds. Next the photoresist layer 20 was baked at 90[err]C for 30 _
‘mnutes to r v, the solvent. Exposure of the photoresi r h a
‘mask 22 was ¢ rrgﬁga‘”ﬁut using off 25 axis hard contact phot o?%?&#@&g%ﬁil
The mask 22 consisted of a chronme on gl a?z pattern with a pitch of’
1[err]m(0.5[lerr]mgaps and 0.5[err] mchrone strips). The exposure
time was set
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Jicnjerr] at 254nn). 5 The above process resulted in a surface
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t enperat ure. 5 The electrooptic response of cells containing different

EGS/ E7 mi xt urteéhcv\é?t Georh and Tarry einisem ihep|used M@hgi?‘e(lt Rklwt %21 Aimiﬁrhﬁ- cel |
aa) acent or st hdr REmEeTr by PAtpE S ther sanBld S B b€ soiplelfhare g g

a phot odi ode m5¢d3mmswwcsou@&a%&ﬁtawara&et he application of a
1kHz sinusoidal drive waveform Figure 4 shows the transm ssion versus rns

voltage 20 for two cells one of which was treated to give weak anchori ng.
The weak anc i . ' nsj st.ed of. i %

curing folrasn 18ﬂ{ m %g?t%oso p‘l:l?]tréas%g}rl%egfe %‘ﬁ St Sef o({rltéfgr? &aﬁg?@ﬁryﬁgm%%ﬁm@%?l al
to the test qetdrdedTbeplising the efisicll nehaUe cbid dbiwebt civesdd polarisesn@ehiol iwege
treatnment has |owered the operating voltage. A transnission of  50% of the
zero volt valUinied pasalislcle the adigcsnt gratings aligngent, dirgetions,.e TygnamissionWagd
surface and N f (W &oly h o :
consunpti on (2)1’? eaggr&&gb&\{gya hgn&goe& g gﬁ'{sai é‘? ggﬁpﬁgefc @nﬁo-[g?a@li np 0en ((’:gase as
t he power r eqikHzesimisoidahdrivgewaveforo. Figuee §ahaws the transipsion versusiiniscioliage

i onal V2. Ther ef h k f | hori
Proporti opal £ 0 o cells tae of whick was frested ?ong{\]fg r“(fae%k %géh°%%g- The weak anchoring

treatment consisted of adding 2% N65 to E7 and curing for 10 minutes in a pre-cell
before transferring the material to the test cell. The data clearly shows that the weak
anchoring treatment has lowered the operating voltage. A transmission of 50% of the
zero volt value is reached at a voltage of 1.83 V for the weak anchored surface and
25 2.13V for the strong anchored surface. The power consumption of a display can be

considered in the most simple case as the power required to charge and discharge a

capacitor which is proportional to V2, Therefore the weak anchored surface is

expected to allow a power saving of roughly 35%.

30 ~ The second improvement of the weak anchored cell is the improved optical contrast
ratio as shown in figure 5. At 5 V the weak anchored cell has a contrast ratio of 126
while the strong anchored cell has a contrast ratio of 49. At 8 V the difference is even



expected to allow a power saving of roughly 35% 30 The second

| nprovenent of the weak anchored cell is the inproved optical contrast
ratio as sWQAP44figure 5. At 5 V the weak anchored cel | RSB R Hast
ratio of 126 . whil e the strong anchored cell has a contrast ratio of
49. At 8 Vthe difference is even 8 .
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to give arespectiveper Werr] can inprove a twi sted nematic device. The
| nprovenents include a | ower vol tage threshold, a steeper electro
optic response and a higher optical contrast. Exanple TN2 15 I n
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tities, This 20 . nixture wag then added o E7 tic to.gi 4%
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16 times smaller than the value of neasured for N65 (in exanple TN1).
Therefore the MXM 035 treatnent is expected to have a | arger effect on
t he oper atExampleftEN2 our of 25 a TN devi ce.

15

In this example MXMO035 (Merck) was used as the weak anchoring treatment. The
alignment surfaces were asymmetric monogratings as described in example TN1.

The MXMO35 consists of two parts which were mixed in equal quantities. This
" 20 mixture was then added to E7 nematic to give a 4% solution which was cured in a
fused silica cell (as described in example TN1) before transferring to a test cell. A
measurement of Wg for the 4% solution revealed a value of 3.85x10™J/m’. This is 16
times smaller than the value of measured for N65 (in example TN1). Therefore the
MXM 035 treatment is expected to have a larger effect on the operating behaviour of

25 aTN device.

Cells were constructed using asymmetric monogratings as alignment surfaces. The
groove direction on one surface was orthogonal to that on the other to ensure a twisted
configuration with a liquid crystal twist of roughly 90°. The cell gap was set to
30 2.05um (the first Gooch and Tarry minimum). Figure 13 shows the transmission

versus rms voltage for two cells, one of which was treated with 4% MXMO3S to give
weak anchoring. In this case the weak anchoring treatment has lead to a very large



Cells were constructed using asymetric nonogratings as alignnment surfaces.

The gro lofection on one surface was orthogonal to t

other to ensurwe@%ﬂs{’mﬁsted configuration with a liquid C:}%{%{n%ﬁg{
of roughly 9Q[err]. The cell gap was set to 30 2.05[err]m (the first Gooch
and Tarry mnjnmun) ., Figure 13 shows the ansni ssi on versus rns
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I s reached af a voltage of 0.8 V for the weak anchored surface
conpared to l1ongmiipgmawer ofa eonventignal TN. anchored surface. Hence the weak
anchor ed s expected to use only 17% of the operating power of a
conventional TN. 5 Weak anchoring treatnents can also lead to

| nprovenent s Wealp endhoring nestmehtstah Ao lead toCitdprowbaientsSinlpetfoghiancé Gvhen the
denonstrate this, data was taken fromtwo nore TN cel |l s which had been

construct ed viedlgan 18 brgerghg, daponstrale dpts, | detawps taken fremdye manre 1N colls weligh ng

the 10" ot horiaBee GBI frlty,s Tilh Ban ‘e Stk pfenifhle e socbn D ©
described  Goddhoafd TarhPiifimhth fob BYS Onkeofah&etwAAMddowitle pRRET wiile theese
two cells. Once again the weak anchored cell shows a response at a

nmuch | onwel0 votthergwas filled syith #%aMSNEIS ém E7 whichdwdrbeentpracunsd os described weak

anchored TN c r f the.conventi.onal N.~The

anchori ng treag’tmngnlﬁg“%ﬁg%gﬁseéeee °F8° °a¥‘?5%°t{sﬁ£°r(:}§?‘f§rﬂwg cfll%[%??s?eag\éﬁqﬁ

the TN and sowedki danchored esipstiong airesposiseIEmitinowes toltage. THYETS, Gahdrhisdion
swi t chi ng between O V and 4V as shown in table 2. |t can be seen_that

the addition eacunpmatddy V for the wealf anchored EN gemparsd éo 246 Nfardhe sonvephgnal
Cons st ent w I 258 feaCaldlodl hiilnles atd Sipectof 13 tmge the dybitaf, fSPRKEBE] 1
[err](ns)15 the TN and eprdptiCatarkesponse times were measuredTor these cells for switching

6.8 '

15. ] E7 499/MXM)35 ..
24.0 20 AP GV and 4Vpesshowan bl tsancheiseep Betie addion b SERMARS mum
TN cell's W t 'y 34eNg aYecias in switch-8 GBR"(:[1¥ and an increase in switch-off time (%os).

This behaviour is consistent with weak surface anchoring.

Cell Mixture Ton (S) Toffee (MS)

7 6.8 15.5
7+ 4%MXMO035 2.5 24.0

20
Table 2
0-4 V optical switching times for second minimum TN cells with strong or weak
anchoring. .

25 Example TN3

Weak anchoring treatments can also be used in conjunction with other surface
alignments to improve TN performance. In this example the MXMO035 treatment is
used in conjunction with a rubbed polymer alignment.

30



25 Exanple TN3 Weak anchoring treatnents can also be used in

conj uncti o | ther surface alignnments to inprove T ce.
In this exglﬁ%qgép'f"ﬁe MXMD35 treatnent is used i n conj un&ﬁghgézﬁaﬁna
rubbed pol ynmer alignnent. 30 3 il

30 Rubbed al i gnment surfaces were “prepared by spl n coating a Iazyer of
pr oboni del@bbed alignanery suefaepp)warn heenared by spiarogting 8 layey of pirobamide 3

nylon ol oNFEmGHRYapkt 513 4pipd B and PGFe It S0 S0P e urBEls " Y

CO“StrUCt%réﬂxe%hﬁﬂ%dﬁﬂ@né&i?&hﬂﬂbﬁ'ar@%ﬂa&hQﬁa&i&ﬁt&uﬁmmQ"iﬁil onal 5
to that on the other. The cell gap was set to 4.6[err] m usi ng nonodi sper sed

spacer bea;alis were cangtradted mjghlchébﬁ rubbing direction oh ons sarfmm;

| ect two . TN cel f'IId th E7
and tha. ot dat BR RRLeHEgs (TR 8ol B3 pvan s 45 4-Bui Seig manod e st MD . o
the weak Eiﬂ@ii%dgwséd qiigﬁ?w élﬁ%vs'@é&'m%%n&ﬁ%l%‘o@%pe onses 28&irdéd N9

vol t age. Exanpl parti cul ar f tw sted nematic
device is ﬁdm twC TN eelis; ene filled hviﬁmE’(? @nd ghé other filled V\atbsE‘blsﬂ%I\DMO}S

cxanpl ot ROPCH g, 8, bl oo el Sndbing et 36 i RER PHOTIR of o

weak vBRagel €at ment. The surface alignment in this exanple was
provi ded by asymmetric grating surfaces as described in exanple TN1.
The wel@k anchoring treatnment was MXMD35 mixed from 10 % of part A and 90%
of 20 ~parﬁxa%.%¢m‘£ this mxture was added to nematic M.C 6608 which has a
negative tric anisotropy. The MXMD35 was then cured by placing

t he MXMD35/ MLC6608 mi xture in a glass cell and exposing to W

radi ation (10 m nutes at 2. rnNcn{errlmwhlle at a tenperature of
65[ er r | C) .One pasticulartypg,of twisted nematic deviceis thg YET device, prhigh wﬂnbvsfr@& cel l .

25 T*Lesu‘é%ﬁﬂi rﬁ%‘é‘te&‘ %&?é fo! Wﬂteﬁost%tg e{xrﬁevcﬂtra é!ué‘ ?ntné’“ one

surface were - onal ose on her r| o o con ruction

t he grsti rexampleothe Gpwémeoﬁ/\ma VCT device is improved by the addition of a weak
anchoring treatment. The surface alignment in this example was provided by

asymmetric grating surfaces as described in example TN1.

The weak anchoring treatment was MXMO035 mixed from 10 % of part A and 90% of
20 part B. 4% of this mixture was added to nematic MLLC 6608 which has a negative
dielectric anisotropy. The MXMO035 was then cured by placing the
MXMO035/MLC6608 mixture in a glass cell and exposing to UV radiation (10 minutes
at 2.0mW/cm? while at a temperature of 65°C). After curing the mixture was used to
fill a VCT test cell.
25
. The VCT cells were constructed so that the grating grooves on one surface were
orthogonal to those on the other. Prior to construction the grating on one surface was
treated with a chrome complex surfactant in order to inducé a homeotropic boundary
condition (molecules perpendicular to the wall surface). The grating on the other
30 surface was left untreated in order to induce a planar boundary condition. The cell gap
was set to 5.3um using spacer beads in the edge seal. Figure 6 shows the electrooptic
response .of two VCT devices, one of which contains the weak anchoring treatment.
The VCT containing pure MLC6608 exhibits 50% transmission at a voltage of 2.91 V



treated with a chrome conplex surfactant in order to induce a honeotropic
boundary 0 ﬁi i'on (nol ecul es perpendicular to the wall sJhe
grating on thg’%ogg 3*7430 surface was |left untreated in order grr}l‘n S/é"'emg
pl anar boundary condition. The cell gap was set' to 5.3[err] musing
spacer beads in the_edge seal. Figure 6 Shows the electro '

$ .E! ptic . .
response of tWiileby Vi santaining 4% Tin Mbfi060% sxhibits JEaranseigion
treatment. — youalhSeYSh GOHEHeRIE heWedk McHBAAP rEilefl h RAFAS daHagE! O

stase gi
at a voltage o . .
31 whi | e ddpfeadéh operating wolkges4% MXMD35 in M.C 6608 exhibits 50%
transm ssion at a vol tage of 1.52 V. Therefore the weak anchori ng
treatment has lead to a dramatic decrease in operating voltage. 5

The dynam g r 1] . I ' S8ER Lor
swi t chi ng ¥ ﬁ‘%@@%@&%@ﬁ&%@ﬁ?@%ﬁ%@%ﬁ Ecan og?vgtglgﬁgt hat
the addition ftwbde\®9%nd 5V asshewhdmthblesB. dt endesaarthatnths addition of MXMO35
([err]) and an increase in switch-off time ([err]

Cel | M xt ur e haslead to a decrpase;in syitehy-on time (top)eand jan Qxle)gejase in switch-off time (Tof)). 5
6608 86 60 VSC 6608
+ 60 112 4%vXMD35 0 Table 3 0-5

1
V optical swtching tidEPMLRAreVCT Cell Sk W stron ak anthoring.
The above exanpl es shgw that the additi o°ﬁ(lr(l)1fg) oligo °irgiggnﬁat erihls (Norland

65, MXMD35) into|MBEK60SM th either|8grati ng suflaces or rubbed pol yner
surfaces will lead 15 a reduction ip the operatjing voltagejof a tw sted
nemati c devi ce. g&st abl 86®enat i 32?)evi ces 115 These have

substantial ly the sangdhpghgosenstructipn as shown|in Figures L and 2, 20
with certain differenges. The input poljriser is parallel to ohe alignnent
‘state for the :

10 Table3
0-5 V optical switching times for VCT cells with strong or weak anchoring.

The above examples show that the addition of oligomeric materials (Norland 65,
MXMO035) into cells with either grating surfaces or rubbed polymer surfaces will lead

15  to areduction in the operating voltage of a twisted nematic device.
Bistable Nematic Devices

These have substantially the same basic construction as shown in Figures 1 and 2,

20  with certain differences. The input polariser is parallel to 6ne alignment state for the
case where the alignment states differ in azimuthal angle by 90°. The most significant
practical difference is that at least one of the cell walls 3, 4 are treated with alignment
gratings to provide a bistable alignment (rather than a monostable alignment as for the
twisted nematic case), i.e. two stable alignment directions shown as R,R’ 45° apart,

25 but may be 90°. For example the alignment may be provided by a bigrating with
symmetric and asymmetric profiles to give both alignment and a required amount of
pretilt. Techniques for producing bigratings to give bistable nematic devices are
described in GB-A-2,286,467 (PCT-WO0-95/22077) and WO97/14990, (PCT-
96/02463, GB95 21106.6).



case where the alignment states differ in azinuthal angle by 90. The nost

significan ractical difference is that at |east one of the cell
wall's 3, 4“&%’“??@& ed with alignment  gratings to pro/PaECE¥I LY o
alignment (rather than a nonostable aljgnnent as for the tw sted
nematic case), i.e. two stable ali gnm?ﬁt directions shown as R R 45[err]

apart, 25 but nmay be 90. For exanple the alignnment may be provided by a

al Ponment ik §esend sy P i RFGpABVIERY vt R bRerkad) s B R W8 ng

bi gr at i ngsither agplarexr bi hémdvtwpitanthdstablestirfes. ar e described in
GB- A- 2, 286, 467 (PCT-WD- 95/22077) and W97/ 14990, (PCT- 96/ 02463, GB95
21106. 6) . The
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Enmbodi ments of The present invention pr es such a wan preti and

al i gnnent apmication of tagmalwoltage tevelsed surface anchoring energy. The invention
does this, in one enbodi nent, by inclusion of oligomer units in the
liquid crystal |ayer 2 and which preferentially mgrate to the cel

wal | “surf @atiodiments of thei présaiil MivBRTEH proviits lsGdl A Wahfld (1etilP And YlifARntdi M €Ct OF
reorientation and in or er'r to 20 acgi eve | ow vol tageﬁgali ?%h:drrlléﬁggl%th t he

zeni t Hal ingsthes iwith Wef%émn@cbﬂém@ [energy. Thmuypntm;l Aeas iz In one
FUrt her Mok ,3dinchfl By inBfifon' A B1EBhlef wBREH Yo T Chtal IR Y dldwhicn Vet er

et al,
preferentially migrate to the cell wall surfaces.

Bistable nematic switching relies on surface director reorientation and in order to

20  achieve low voltage switching both the zenithal and azimuthal anchoring energies
must be reduced.

Furthermore any additional inelastic memory azimuthal anchoring (P. Vetter et al,
Euro Display 1993, SID, p.9) due to microscopic absorption of the first nematic layer
25 into the surface must be removed. This anchoring memory may have the effect of
pining molecules in a given position (e.g. between the two switched states) to which
they may return after removal of a voltage. Ideally this memory should be completely
removed so that the molecules remain in their switched positions after removal of
voltages. In practice, reduction rather t_han complete removal can be satisfactory.

30

Three examples of the weak anchoring treatment applied to a bistable surface are now

given:



Euro Display 1993, SID, p.9) due to mcroscopic absorption of the first

nematic Iayerewf‘?g%[i&g‘? the surface nust be renoved. This ancholgeﬁ?qggggg@ﬁ)‘/

may have the pi ning nolecules in a given positio

bet ween the two switched states) to which they may return after

renoval of a voltage. ldeally this nenDry3§houId be completely renoved
so that the néae@ledBNlemain in their switched positions after. renoval of
voltages. In practice, reduction rather than conplete renoval can be

satisfactory. 30 Three exanpl es of the weak anchoring treatnent
applied to a IThetifdatiferft Wohe§te of b@lifOW small (1910%) imount of a UV curing adhesive
33 Exanpl e BN1 The treatnent consists of adding a small (1-10%

amount of a Utnaterial g theinematiceprior to celtfilling| Examplescofatitablecmpterials incjudes| |

filling. a ' i i ' 23
(Al man u%cm@)@g’ N80 %ﬁﬁ&%ﬁ%@%&?@*ﬂ?ﬁ%%ﬂ%@f@@ Pafits Mborpobli, Norll >
NI, USA). In Brusswick{NELUUSA), chiahisl rticule @faniphs; vhe it théseamateidip N6 is
-used. In the first experinent this material was added to nematic E7
in concentratiw®h of 1% 10 2% 4%and 6% The mixture was then used to

fill cells whose inside walls were coated with flat polyner |ayers,
w t hout any alignnment direction. The purpose of this experinment was to

confirm a wealgtheBrspéxpelimesitihis atgerhl 0o added tonkhatidE7 Arlsbnceraratiohs of 1%, N65.
Surfaces were prepared using a_layer of photoresist (Shipley, 6 1805) which

was | H&r dFahcdVorand 656 The mixtuts wassthen used do Gl ¢alls ywhose dipsidq wally were
(i(r)%/z'; ?] m Eac ﬁoe\t/gs ilhlsii]e o ?aieféﬂvﬂﬂo |tf 2%%1 %&%nceﬁ%@ 8%&3)1‘0 Q%g%ﬂus

‘including a C@npmiihemavqsltecoﬁﬁrmHWeﬂcEninEidethmgxmanchoﬁng:aﬁmitheiadﬂiﬁoﬂat' t he
.1 sotropi c pha S5[err]C) followed by slow cooling tg roo .

't enper at ur e, j\?ﬁ?{%ﬂhﬁ%t‘” % BEPare wye aVF’g%ﬁc&‘oﬁﬂrngég]"??egﬁﬁ%bquhaW%m
planar 20 al iygndeits g JeREL; hebh ed a Schlerien
‘texture. In the casedtgprﬁgt H&PE@EW%&eﬁ@ﬁa%@% N65, the texture
‘coul d not #se noved by applying finger pressure to the cell walls

‘whereas for the 4% and 6% n xtures, the texture was highl npbi |l e and
‘domai n wal | s &S gvese madsusipgipesesurfyca piithyd gep ofral Qumy s wasoflled with'a

‘pressure. Oncey, ' I . Vi h ' t t hei r
original 25 %@%ﬂ%@%@ét@ﬁ%ﬁ@?ﬁ'&@icﬁgtfﬂesg}rglg\%’l g% I't i%ﬁ I#ig{ri]‘gl ‘gﬁ’stger
‘than several" dapfed out in Therigdtepi phised46520) Hifowek ity ehw oolid® t& foofis Of

‘menmory anchori ng. )
temperature, and without exposure to UV light. All cells showed a random planar

20 alignment of the nematic which is also called a Schlerien texture. In the case of the
pure E7, 1% N65 and 2% N6S, the texture could not be moved by applying finger
pressure to the cell walls whereas for the 4% and 6% mixtures, thé texture was highly
mobile and domain walls could be easily moved by applying small amounts' of
pressure. Once the domain walls had been moved they did not return to their original

25 position but instcad remained in the new position for longer than several days.
Therefore the 4% and 6% mixtures lead to a loss of memory anchoring.

A second similar experiment was carried out in which the cells were exposed to UV
radiation after filling but before cooling to room temperature. In this case the 4%, 6%
30 and also the 2% mixtures showed room temperature domain wall mobility. The
improvement in the 2% mixture can be explained as follows. The N65 material
contains both esters and acrylate monomers which polymerise under UV radiation to

form oligomer units which then join together to form larger polymer chains. If the 2%



A second sinmilar experinent was carried out in which the cells were exposed
to W jation after filling but before cooling to rgg rature.
In this c%‘ggg?%é;ﬁ% 6% 30 and al so the 2% m xtures Shomgg’?)ﬁé}%%?ﬂl?_
tenperature domain wall nmobility. Th i nprovenent in the 2% m xture

can be expl ained as follows. The N65€3ﬁateri.al contains both esters and
acryl at e spitionds sugd fom 3 shorhiimesthen the reagtion £an i tsrmingted whert onh ol | gonrer

sa o " o3ttt foidsHade bAGbRL TR oRp e a8 s ek Bicd Bofif e Huld 1
t er mi nat egysedlesutaléy so migraé ippefeRntiallyi e theamefdeedn dréémtd mimadsothgoners do

not phase separate fromthe liquid crystal but they so mgrate

pr ef er entsiEfpes frepyenengy. Jibis basdhe pffeqt of diluting,thejamonat phliquid crystalat fhe ree

ener gi. | .h ' ' L QUi ustal at the
5 su)rgf aggf%]@#‘fheggg‘; E‘g%n&%#s{ééc:ﬁd\?gg?ﬂe%g%%m&%?asgpﬁ%%ﬁgﬁeter, S
whi ch i s defined b (P.G.dlelitntids, The PhyievTesquid Czystily,Clasndén Pregs)iOkford/st al s,

Cl arandon Press, Oxford 1974): [err]

(3) 10 1974):The reduction in nematic order due to a ol i gonmer concentration
has the twofold effect of screening the liquid crystal fromthe.
surface which renoves the nenory anchoring - as well as reducing the

el astic anchoring engeragy, err]. The uncured material al so has this
{Gosd o

i

ef fect but must Skes greater concentration (3% as the acrylate
15 nonomer does n%t preferentially mgrate towards the surface. The
curediomat eri al contai ning 2% N65 was then renoved fromthe cell in which it

was cured_and, used . to fill another ce|ll. This secpnd cell als owed a

hi ghl'y _nglarel rgduction inugmatic e e‘f‘i‘&&‘ﬂ_@ﬁ@@ﬁ’&ﬁ%‘?‘?"&?ﬁ‘%‘% e PR SHhchor ng
ef fect | %ﬂi@&eﬁiﬂg&ﬁ@li@\ﬂ@ bnéisté?ﬁgﬂx thé %ﬁff&% vﬁﬂéﬁr&%@?ﬁﬁ%ﬁ&né atcHortig f ace

| ayer fornmed durfng curing. e next set of experinénts wer

desi gned asovelheswadneing ftheelastiof ancharingSénergy, WeorThe uncured matehial alsmihahal

anchoring energy, Werr]. This quantity can be cal cul ated by nmeasuring the
this effect but must be added in a greater concentration (>4%) as the acrylate

15 monomer does not preferentially migrate towards the surface.

The cured material cc.Jntaining 2% N65 was then removed from the cell in which it

was cured and used to fill another cell. This second cell also showed a highly mobile

Schlerien texture demonstrating that the weak anchoring effect is due to the additive
20 in the bulk as opposed to any surface layer formed during curing.

The next set of experiments were designed to show the effect of the N65 treatment on
the zenithal anchoring energy, Wg. This quantity can be calculated by measuring the

saturation voltage, Vg as described in exémple TNI1.

25 -
Results are shown in Table 4. The pure E7 cell failed to show a black state before cell .
breakdown and so only a lower limit on Wg can be given. In the cases of the E7
containing N65, the curing was performed in a fused silica cell prior to transferring
the mixture to a separate measurement cell. The exposure was carried out using an

30 unfiltered mercury lamp with an optical output of 2.0mW/cm?2.
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the curing was perforned in a

fused silica celL prior to transferring the mxture to a separate
measur enent cel | [Celtmix@posure was cieure Simedoy uslﬁrg;ﬂ\aﬂrlpo unfill t ered
mercury lanmp with an optical output éf 2.0mWVcn?.

35 CePlrerB Xt ur e re time (MbsyjoderrJ(Nrierr])
Pure E7 - x110[err]

2% N65 in E7 2% N65 in E7 5 5 5. 4x 1oy ¢-B 2% N65
in E7 10 6. 3x10[ efr] 2% N65 in
E7 2% NG5 in E7 107. 7x10[ er r] l6.3x10-3 2% N65 in E7+
pure E7 (1:1) 10 . 8. 0x10[ e r] Tabj e 4 Surfgce zenithal
anchori ng energi 2% NeYinEZd by the pB¥sence of N6B.7x10-3 G eatler cure
times are found &o | ead to straonger anchoring which is _consistent with the
5 formation of V&Né‘ém%ﬁ%mgﬁé) whi ch t endgoei@pfase separfate from
the nematic Iis surfac One set of

data shows t fiable
the N65/E7 gy
during the cur
ki netics. 10
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?he anchoring
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okl g gl p R E s BPYGS,

The above results confirmthat the N65 treatment

energy can al so be adjusted by diluting

f N65
reacti on
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to test the
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25

e eps traesamn foond o ead o Poniger anchoriegy il RoBNERY wEk e |
erivfafibn OF 1drer poISRII BRAinO WhichteRd\td FlsE Jepfibaté from the nematic
rather than lower its surface order parameter. One set of data shows that the anchoring
energy can also be adjusted by diluting the N65/E7 mixture in pure E7. In all cases the
percentage of N65 during the cure process was kept to 2% to ensure consistent .

reaction kinetics.

The above results confirm that the N65 treatment leads to a loss of in-plane memory
anchoring as well as lowering (by about an order of magnitude) the zenithal anchoring
energy. The next stage is to test the effect of the treatment on the switching of a

bistable nematic device.

One example of a surface which can offer bistable nematic alignment is a surface
bigrating (as described in GB2286467-A.) prepared in a manner similar to that shown
in Figure 7. In this case samples were made by spin coating 1805 photoresist 20 onto
ITO coated glass 21 at a spin speed of 3000 mpm to give a coating thickness of
0.55um. The samples were then softbaked at 90°C for 30 minutes. The bigrating was
exposed through a mask 22 using hard contact photolithography (i.e. normal to the
mask 22 surface, not at 60° as in Figure 7) with a typical exposure time of 250s (at 0.3
mW/cm2). The mask 22 contained a bigrating pattem of 0.9um chrome squares
separated by 0.5um gaps in each direction giving a pitch of 1.4x1.4um. Development

was then carried out in Shipley MF319 for 10 sec followed by a water rinse. Samples



bi stabl e nemati c device. 15 One exanple of a surface which can offer

bi'st abl e lc.alignment is a surface bigrating (as @ﬁﬂ I n
682286467-Qig?§/&%€ar ed in a manner simlar to that shown Pg%ﬁfdr?h |gl11r-e 7.

In this case sanples were nade by spip coating 1805 photoresist 20 onto

| TO coated glass 21 at a spin speed of® 3000 romto give a coating thickness
of 20 0. ®8feefindliy baked at HHASCefor 46 minntes aftenfirsbraceiing:a degpdJV] exppsire 30

m nutes. The bigrating was --expased throu%k_llia mask 22 using hard

cont act ptropishandew resist3.36dfam¢ at 254nm). This progessccregted @ ME@ENE ot At

o arn or ¢ Pt et modiiiheR b iR RO R Sl FirGhlel P aliditmede |
squares  of a néRBAE oA tk 12 \thétefoieexpletted 39 Sonsist 0f oo o tiltéd alipngient swtes pi t ch

of 1.4x1.4[err]m Devel opment 25 was then carried out in Sohi |l ey MF319 for
10 secS f ofdligneentyybus necsueface i) sepasatedh by san -azimuthal angle of  90°. Such an

36 wer g final.l aked.at 160][.er. fqr .45 mnutes aftar-first r.eceiving
a deep W rlé\é"{jmmfatﬁ p‘?é‘ff rlaeél'ﬂq%aﬁﬂﬁ?so F&&”ﬁ Pfepasy for éﬁéeap fl] at
254nm . Thbmphiaduspdeéssat ed a bigrating with two identical nodul ations
each of whi CR had "a synmetric profile. The alignnent of a nematic on
this is therefore expected to consist of two non tilted alignnment states 5
(alignmen but .no surface.hilLt) se at ed, by. azi.mut hal. | e.of 90.
Sachan. " Cells Boyige adhl sAS SR DOSI P thettmaae i indlp LA i Bikefils, o

prepangd GHaholtfRherifaces arrahSsld thitQhe BHove dfeetions on one S@dce copicided a cel |
gap of 0.95[err]mwere then nade with these (zero pretilt) bigratings 10

on bot h i mwith the grdayedirectiona ogdbe othex. These weredilled wdthiE7? aematimeontzininge

surface cojincided . Wt e groaye direction her se were
filled witAVRYS ?Pé‘ﬁ%‘%‘fac‘?"%ﬁ‘?‘g&% Phgs 18trSpig phise, c%r‘f@%%wﬁ%?% é"*’c?F;E 5inits
| sot ropi ¢ afihRHE shéWed B Aliplinieit didedtiohs AP expgctéde As the stajes hawd he saffassed t wo
alignment directions as expected. As the states have no surf&(ﬁ_ .
Wtk ¢

pretilt, ®nefilhcandchense a9 Wlay, these ds ing methad ((likel the flRxocleslii p

coupl iqag i | {i Y [ | be

sel ectlgd lfg}a&gda%%#%gﬂo&?we%@r ibggfhﬁglsggg %\?égre&?d;n g%tg tching

bet ween t lebectfical palsesa Howeeer randunt switeliing between dire dtatepedanseecunwbizhdvatonai n
wal | novenent . , Rect anqul aag nono oLar pul ses of various pul se | engths
were appl iSSER Py Pulse-fnducsd donaiy jy (5“°Vﬁﬂ{)e§ alternated in sign fromthe
previous pulse to nmaintain a dc bal ance. Pul ses were separated by a

tinme interval 100 tinmes the pulse |length. For each pulse length a
Rectangular monopolar pulses of various pulse lengths were applied to each cell. Each

b}

20 pulse alternated in sign from the previous pulse to maintain a dc balance. Pulses were
separated by a time interval 100 times the pulse length. For each pulse length a
voltage existed above which domain wall movement occurred. Figure 8 shows this
threshold voltage versus time for-two cells; one a cell filled with pure E7, and the
other a cell filled v.vith a 2% precured mixture of N65 in E7. The N65 has clearly

25 lowered the voltage threshold to a value of only 5.0 V/pm for a 10.8 ms pulse. In
contrast the pure E7 cell shows a much higher voltage switching (15.0 V/um) and in
fact suffered dielectric breakdown for low pulse lengths.

* The above results show that the N65 treatment leads to a low voltage bistable
30  switching which is consistent with a low zenithal anchoring energy combined with no

in-plane memory anchoring other than the elastic Wy imposed by the bigrating. -
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37 lQ order to obtain fully selective. bistable switching one state has
‘to be favoured by the applied pulse. This can be achi eved using dc
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e
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0.1ferr]. surface pretilt at the bigrating surface.
20

Table 5 shows the pretilt of the tilted state measured by the crystal rotation method (T.
J. Scheffer and J. Nehring, I. Appl. Phys., vol.48, no. 5, p. 1783 (1977) ) for cells
filled with various mixtures. In all cases the non-tilted state had a pretilt of less than

0.1°.
25
Mixture used to fill cell Pretilt (°)
PurcE7 ' 175
2% N65 in E7+ pure E7 (1:1) 17.1
2% N65 in E7+ pure E7 (2:1) 15.4
2% N65 in E7 22
Table 5. |

Surface pretilt modified by the presence of N65.



25 M xture used to fill cell Pretilt ([err])

Pure E7 17.5 2% N65 | nE7+
pure E7 (1.9 9918474 17.1 : 206 N65 in E7+ pur BCHEBO%03011

15. 4 2% N65 in E7 ' . 2.2 - Tabl e
5. Surface pretilt nmodified by th¥® presence of N65.

38 The pure E7 gave a high pretilt as expect ed but the addition of
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mai nt ai ni riﬁxr&E"/faﬂéﬁsﬂ{e%éﬁlitoﬁg'&a]vﬁludcﬁﬁét@fhe%%}i‘? &eltor 2% N65 In E7 can
be understiood by the further weakening of Werr] which allows the

nematic to adopt a non tangentlal orientation with the | ocal * surface.

state. . Cuhifibniol iad i PR bh ol S piowthhe b BRREbICS obfain s BfrkE '
devi ce al i @piiléWwhich Provides weak Zefitiil afithoyifig v&fﬁﬂe‘rﬁalﬁhﬁ‘iﬂg sibficdprefiit. Théonnel | .

15 The above results have shown one exarrpl e of how an ol igoneric

addi ti e (Respf petilt for 2% N6 & odn he andergtoed | bynthwefurther wegkenmg of o
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conpr om sin er surface pararnet er

Exanpl e B @Qélg [
synt hesi se u5| ng ﬁ£es%@ﬁ?%ﬁg€éﬁétgﬁt¥{§ﬁ%g€%ﬂ% tg%é 'Id(?@? Vi ny ether to
formthe sSudncstates am ddscribedbinl GBBS&Z@525 "llqmd)szcystqitdemce saligoment’, Gf Pr epeat s

in a chai nBryan-Brown, C. V. Brown and D. G. McDonnell.

15
The above results have shown one example of how an oligomeric additive (N65) can
be mixed with a typical nematic (e.g. E7) to improve the voltage response of a
bistable nematic device without compromising other surface parameters such as
pretilt.

20
Example BN2

Another example of a weak anchoring treatment was synthesised using block
polymerisation of a thiol and a vinyl ether to form the structure A shown below, the

25  subscript n is number of repeats in a chain.
-[s(cH,),S CH,CH,0(CH,),0CH,CH, | -...A

As in example BN1, the precursor materials were added to E7 and then cured in a
30 fused silica pre-cell. The cured mixture was then transferred to a second cell whose
inner surfaces were coated with hardbaked photoresist. Filling was carried out at 65°C

followed by slow cooling to room temperature. One particular cell was filled with a



[S(CH[err])[err]S CHlerr]CH err] (CH err])[err]OCH err]CH err] J[err]
le BN1, th t I E7
and then cure‘gd%ﬁngﬂéexams:d sili Caepfreegglrlsor_rﬂz glrjlrgdsmwi[ E?g&%ago‘{oﬁl

transferred to a second cell whose %d'nner surfaces were coat ed WI th .
har dbaked photore5| st Filli ng was, carried out at 65[e“FJ | owed
by sl ow cool FHEMHWhishhaddesr fured fom a)3¢t selntion: of the nreq WWQI’?@H ith a

39 : t Rldd
mat eri al ;n ?n%%lsww%‘igg&g%ﬁﬁg’ﬁome a Il:he{rhltien Eﬂaﬁ{]ure W t g ;P“/or

mobi | e dommi mll\im-blanenwrﬂdxyaﬁdhgﬁhglhidbeenloml | in-plane nenory anchoring had
been | ost. 5 A neasurenent of the saturation voltage revealed that the
zeni thal anchoring energy had been | owered to a value of 1. 2x10[err]

N mierr] . sTiss plegeforilhe oY saliifort italE kitRed that RN Nob Aty dh

I ndicates th gomer uni 'S case are nore

effective at -3 refg ke PRIBSE-
Once again h'a@‘&gér* ution S?y?ﬂ%gm?gg%t qul’li;ﬁl nt o5 bﬁ%veehgéwr&g\ﬂ/%gl ed a regine
on grating sshéwmr astable 4 Whichimditatescthit the oligdnzer vaitc foymied gn this caseaks mer wi t h -

hi gh (>15[err retilt Therefore the s ructure, A |s other
ﬁkﬁ)‘?ﬁf %93’8

successf ul V& %fh‘gﬁ"% p’@oﬁ‘?@?"mp%‘“ﬁ% the n

(e.g. E7) i M#iigén bhthe’ 94 g ARP b Bj révelled ta%hﬁné‘@ﬂ%rrétﬁlg surfacs'sem ce

Wi t hout conprom sing ot er surface rameters such-as pretilt. 15

Exanpl e B&3 wlnchweim&nfthdllanwhomgmasumhhmeéwl&hh:gkxs(ﬂlf"s)tprﬁﬂt exanpl e nononer s
whi ch can al so be used to creat ed weak anchoring treatnents. 20
CH[err]— CH QCHerr])[err]O CH:CH[err] HDVE (Hexane -1, 6-di ol di (vinyl

cher) Mt heucnid R ghphit el prmpleof 1 Pl EAh e
EGIG ( Et hyl emddegl $oc ol nelviati¢ t(aigo f7Yy dmptove etm vBltage respdBEEidfer bisjabler n@rﬁailc
NDT (Nonane- ]aevwe w1tlgout c)ompromlsmg other surface parameters such as pretilt.

15
Example BN3
The following structures B is a list of example monomers which can also be used to
created weak anchoring treatments.

20

- CH; = CH O(CH;)¢O CH=CH, HDVE (Hexane -1,6-diol di(vinyl ether) ..B

CH; =CHOCH, ' BVE (Butyl vinyl ether) ..B
HSCH,CO,(CH,;);OCOCH S;H EGTG (Ethylene glycol bis(thioglycollate)) B
HS(CH,)SH ~ NDT (Nonane-1,9-dithiol) ..B

25

In previous examples low voltage bistable nematic switching has been shown to occur

when Wgq is lowered. Therefore the materials in B have been investigated to

determine their effect on Wp.

30  Mixtures of these materials were cured before adding to the liquid crystal and the final

" mixture was tested in cells containing flat hardbaked photoresist on the inner surfaces



25 In previous exanples | ow voltage bistable nematic sw tching has
been shown_to occur when Wj is | owered. Therefore the € §s?d3§ in B
have been WW3§P17dat ed to determ ne their effect on \ﬁ@lﬁ {1 ]31

M xtures of these materials were cured'before adding to the liquid crystal
and the final m xture was testedfn cells containi ng flat h rgbaked
phot or eS| o3 deseribed in exanple BN hcKalues of We were then obtained using the m

40 ddes bed |n@ﬁﬁml e BNL. Values of Werr] were then obtained
using the bed in exanpl e BNL. O the materials
listed, EGTG and NDT are nonomers with thiol terminations while 5 HDVE and
BVE are .difunctional and nonofunctional '-ene' materials respectively.

The first Qfdhe ofatevials listeds BGT(diand ND'E assrmenomers pth tied erm:‘m ations whilee™ 5

per centag | on VE I e i onal
HDVE i% oi’gg{mtaﬂd FB%’&S P%L tf‘g? a;{%ﬁgln a(r%dglsia{ ﬁ&%r S wth
snmal | er nol ecul ar wei ghts. In each case 10 t he quot ed percentage Is the

mol ar quantity of BVE with respect to HDVI Furthernore the qutgnt ity
of NDT |n'131a in$ek (ofl meixtuzes st@shefbaretahomlnttablﬁ Qarlnéqdhpase a PerpRRtIgS Olof ¢ hi ol

Chr ) nEnloBAERVE BB, s o i A i 16 5 Suce, 01

carried Olhain termibistibarand s6Ho bligdrers with. sthalidy mbleeulai ?veifghts Ild)eamhlcasees E7
(Merck) was used as the 15 liguid crystal to Vﬁ g}\;\fgs added 2% qQf _each

mat er i @l (thg queteghpyrcentage e dhe molap quantity; g6 WEESpgeh ¢ toy sul ting

zeni t hal &Qtﬁéﬁpﬁ%% 1 )in eh@F nliktutd Fad %ﬁ tain anSeq@4iLO err]
J nmerr]. ore a ures can be con5| ere e successful in
reduci ng tﬂi@nlﬁﬁ ofchiohgrotipoand éma grotipe ’Eooeacu rﬁmturpwas alided| ¥axdfUigeacute J
mMerr]). Fur t her nore addi n .Qf E and hence shorter.oljgoner
chai ns i s §5dUMerel) whigh acts a§ 3 phatojitiatar, BFP aterlal, curing was carried o ut

Mat eri al

u.r7d ury lamp (2 0 m\’WI%Edzj forl %1ﬁ11tes] oy gﬂéﬂck was used as the
NDT / HDVE 51‘/0 BVE T / HDVE /5% BVE
5.9 15 liquid crystal to which was added 2% of each material (by weight). The results in
table 6 shows that the resulting zenithal anchoring energy (W) lies in the range 3.6-
8.8x10° J m™. Therefore all the mixtures can be considered to be successful in
reducing the anchoring from the value found for pure E7 (>5x10"2 T m?).
Furthermore addition of more BVE and hence shorter oligomer chains is found to lead

20 to weaker anchoring.

Material Wp x10” Jm™
NDT/HDVE/ 2% BVE 8.8
NDT/HDVE /5% BVE 5.9
NDT /HDVE/ 20% BVE 3.6

Table 6.
Measurement of zenithal anchoring for thiol/diene systems with chain termination.
25 _
The correlation of anchoring and molecular length for a given material type was
further tested using a set of mixtures containing EGTG, HDVE and BVE. In this case

GPC ahalysis was carried out in order to measure the molecular weights of each
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was further tested using a set of Ktures containing EGIG HDVE -and

BVE. In this %@%@g S%CPWlégbﬁgPe ‘ysi\'ﬁl 18 num ae;ralveergggo% eacﬂ %&%?i\dvtv (i)S gw?e%iguer ©

t he nol ecul ar

41 mat er I n,
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material s vvas a0 WW@F‘F(} ta B aneh Wowasdneasured.CEhercorglation o6 We
err 5 t uIar irl consi deri t he errors in

Y\F\e V\][er r] g\nrreg‘g@o% éﬁg‘tqs i 8‘19& %ggxmgdﬂl errors?nthe meas"mmen

Mv V\[err] x 10[err] J nmerr] EGTG HDVE/ 298E

12640 27330 10.9 EGTG / HDVE / 5% BE 6970

17140 EGTG HDVE / 10% BE 5000 11550

6.6 EG 2000 6200 _ 4 4
Table 7. 10 mﬁmnt of zeni j%ﬂ anchori ngMW)r t hi ol / Jiesl@EyEMSTg wit h
chai n term nali ' i ‘

mat eri al s havg eenHl?Yl%l/gé’ been 127 und to | e9 to a

reduction in VEerr(jﬁHﬁm/ly%Bgre goypl es of t Hg-ﬁlqgmat eri aljss fave al so
been found tojreduce the swtchi w% vol tages ih bistable ngnatic devicgs. 15
Snecti ¢ Devi ceBGTG/ HDVE / 10% BE 000 11550 6.6
- {EGTG/HDVE/20%BE | 2900 6200 44
Table 7.

10 Measurement of zenithal anchoring for thiol/diene systems with chain termination.

To summarise, in this example two sets of materials have been studied both have been
found to lead to a reduction in Wy. Furthermore samples of these materials have also

been found to reduce the switching voltages in bistable nematic devices.

15
S ic Devi
The display cell 101 shown in Figures 16, 17 comprises two glass walls 102, 103
spaced about 1-6 um apart by a spacer ring 104 and/or distributed spacers.

20

Electrode structures 105, 106 of transparent tin oxide are formed on the inner face of

both walls. These electrodes are shown as row and column forming an X, Y matrix

but may be of other forms. For example, radial and curved shape for a polar co-

ordinate display, or of segments form for a digital seven bar display, or plain sheet
25  electrodes to form an optical shutter.
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processin C b gkl the(#8bbing dir6tidhd /;
GB- A- %oét‘&lg%%s\é&gc A- 215(2118%6&%%3 tﬁxg%l@eszaﬁﬁ?S may hgve f ormed
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and alignment directions. The 25 gratings nmay be symetric and/or
asymretric in profile, and shaped to give any desired val ue of

pretilt [ epﬂé surfi3€ afighdibth Rbmt it inbGPlo FBGR i ¥eqifal eigS of prefilt g [ o1 r]

respectlve
20 For example the material polyimide ( e.g. Polyimide 32) when rubbed gives a typical

pretilt of about 2°; the actual value depends upon liquid crystal material and the
processing. Alternatively, as described in GB-A-2,286; GB-A-2,286,467, GB-A-
2,286,894; GB-A-2,2986,893, the cell walls may have formed thereon grating
structures which provide a range of pretilt angles and alignment directions. The

.25 gratings may be symmetric and/or asymmetric in proﬁlg, and shaped to give any
. desired value of pretilt £, and azimuthal and zenithal anchoring energies B, o

respectively.

The device may operate in a transmissive or reflective mode. In the former hight
30  passing through the device e.g. from a tungsten bulb 115 is selectively transmitted.or
blocked to form the desired display. In the reflective mode a mirror 116 is placed
behind the second polariser 109 to reflect ambient light back through the cell 101 and
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ment i onedisbdnenelstidétahdd/state ® lathg Infolévtilesdizront o sidsl dftiechne] addein ths sebohédr r |
because this 25 . woul d_al Liow maxi mum contrast for the ¢e|] when, ar rqag ed
r

‘between cr ossBaPl| sty L le on the pier sidgoolfheipopne Theiswitshingig asbiexs
al ong one of it i - _ i X - o one
SW t ghed posi %@gﬁﬁg&#dgggﬁ‘ﬂh%&gakg '?)?.agﬁ_ {&hﬁatce)t her gfé(\i//\ng?l e?ﬂi&dm e

g tate i e posi ti on.
electrodes 106, 107 coupling with a spontaneous polarisation coefficient Ps of the

material. The cone angle, 8., is a function of material parameters. In devices the

- 20 molecules in their two switched positions D1, D2, do not lic on the extremities of the
cone but some small distance away. This means that the angle between the bistable
positions is somewhat less than the cone angle, and can be increased a bit by
application of an ac voltage signal to the material; this is known as ac stabilisation
mentioned above. Ideally the angle between the switched states is 45° because this

25  would allow maximum contrast for the cell when arranged between crossed polarisers
108, 109 with the axis of one polariser along one of the switched directions. This

~ gives a dark state in one switched position and a light state in the other switched

position,

30  The angular distance between the two state is defined as the memory angle, 8y, (see N.
Itoh et al, Jpn. J. Appl. Phys,, 31, L1089 (1992) ). The optimum memory angle for

maximum brightness in the light state is therefore 45°. However most materials



30 The angul ar distance between the two state is defined as the nenory
angle, [er N. Itoh et al, Jpn. J. Appl. Phys., 31, L1089 (1992)
wrﬁu#?ﬁg%ry angl

). The opti e for maxi mum bri ght ness in PREGBIPROIL at e
is therefore 45. However nost materials o . -
44 possess a nenory angl e which i“4 nuch | ess than 450 and so suffer

from | oss possess a memoryhangle svhich is much lessatham46h and sg suffentfromtlossain be
added to 311‘ roelectric to increase the nenory 5 angle and so inprove the
display b r‘fﬁh‘?@%s This treatnent also allows small anobunts of

transl ati onal novenment of mcrolayers formed during cooling fromisotropic
phases to snectic phases |leading to inproved alignnment. Exanpl e of
cel | prepahk avgakanchoding treatmdérit ganbetadded fona derroslectriqptocinereest the memorycoat i ng
a |layer, of obqmi de 32 (Ci ba . I gy, .onto |1 TO cogt ed gl ass and baki ng
the suBst @ggfngtm JuBoxe ﬁlieéBsP}Web%@geége’é}“ﬁEF"gmmt alsollows RtHNne

di rection 10410 t Atk |Lle i'élﬁllnh?

cells wer eﬁcmsﬁngg%legmﬁﬁﬁ%i gﬁ@ﬁ%@é}ﬁ%ﬁfﬁg{eg ?‘Iel?' | Sél&dﬁeﬁroﬁén 0 gc surface
was par al [phiasesio smecticipaseR{leadinlg torimptoved alignmenthe cel| gap (d) was set to
1.1 [err] musing nonodi spersed spacer beads in the edge seal. Each
cell was then filled with-ZLI 5014 (Merck) ferroelectric liquid
crystal d@@ﬁpﬁ@ﬂegwwgﬁhpent ages of N65. Before filling the N65 was

cured in a separate cell. 20 Figure 10 shows the nmenory angle
measur¥®d fromtwo cells containing either pure ZLlI 5014, or 4% N65 in

ZLI 5014 ag; ' | | 50kHz AC). The . |
clearly sﬁ%‘\‘ﬁt“}]@?%{‘ﬁg&%ﬁ?@%ﬁ%ﬁ?ﬁ% %8 s%’ﬁ%g‘g‘{%ﬁtakﬁ&? %%E’E?IP’S@‘%F 3123 ' uﬁ E:Znt
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| nproved this _ferroelectric device by increasing the on state ,
t r ansni ssithen pbbedimony disectian by patydor elothsattashed texampatingatoller. Findllye nenory

angl e has J S I 17. 1l er ‘0.34.4 .. whi ch woul d | ead t.0, a
devi ce Whiéc"ia'ﬁg F@?%‘?"?‘s{'}‘?%@ "I 'tté% f“tb%mg directipn Ry jom O siFice. Wag pasalleliey j ces
Swi t chisupas tist ®RgioRth©bthar. The Gell 8ap (d)Wis sBtHoSIE118h using monodispersed spacer

beads in the edge seal. Each cell was then filled with ZLI 5014 (Merck) ferroelectric

liquid crystal doped with small percentages of N65. Before filling the N65 was cured

in a separate cell.

20 Figure 10 shows the memory angle measured from two cells containing either pure
ZLI 5014, or 4% N65 in ZLI 5014 as a function of applied voltage (50kHz AC). The
results clearly show that the weak anchoring treatment has lead to a significant
increase in memory angle at all voltages. Therefore the treatment has improved this
ferroelectric device by increasing the on state transmission between crossed

25  polarisers. For example at 5 V, the memory angle has increased from 17.1°to 34.4°
which would lead to a device which is 3.7 times brighter.

Bistable ferro electric devices switch upon receipt of a unidirectional pulse of
appropriate direction, amplitude, and length. Strobe pulses are applied sequentially

30 down the rows, whilst one of two different data pulses are applied to each column.
Examples of addressing are described in USP-5,497,173, GB-2,232,802; US Serial -
No. 07/977,442, GB-2,262,831.




appropriate direction, anplitude, and length. Strobe pul ses are applied
sequentially the rows, whilst one of two different d are
applied to ea@ﬁ%@?%nn. Exanpl es of addressing are descr?%@g%%{&%ﬁ-
USP- 5, 497, 173, GB-2,232,802; US Seri al 4' No. 07/977,442, GB-2, 262, 831.
45 Several Oltct]tﬁr snectic devices may be_nmade with alignnent surfaces

of the presenfveral other.smactic devices, may bgrpades with alignment) surfeeessofcthe ipresgali ces:

nono st abl e I [ o - 0 U 4 119

USP- 4, 997, 263‘?"%‘%?’&?% r?%%“‘g%lei ﬁlgg?%ﬁ’% S%Etr‘g jﬂg‘g[}?sog'z"é‘é’l @%ﬁ‘g ,°i%§r?°534,
GB- 2, 236, 403 detibes BISPH061047aYISPrQ960; 9%  USP-4,00E364) reolou chaidged smeatid ype
of smectic mcro | ayer arranggment; or atilted bookshel f. ar r angenent

wher e 1 ubbi ngrUrstoa: ¢ells USRS d 88534+ cGRa2.226,40% | Thet plignseams mayr praduse a or

real bookghe | t ' ' IS -l |
anounts o t'rcgﬁg%’% ronal orrr%zv eﬁf “Fgéﬁgc%é@g’ %89%&1%&%% (frgayytg?ég lfo‘gg#éeg?
during cool i agatgenrent whereapbting Hizéstions on SpPusite Gvalld afecin. the same dirddtidHcér on of
anchori ng enerqé a ge,applied to various snectic devices as foll ows:

(i). Bookshef$d H@“&‘ alignmsykshel f with | ow surface viscosity and no
surface 15 menory effects Most materials used in FLC devices

exhi bit | ayer shrinkage on cooling through the SnC* phase due to the

i ncrease of Reducing hechbrtgewsngy hitowsEnetldmoundel trayRfion® aitvrement to deBur
cooling. The,tendency for the pinning of the snectic |ayers at the surfaces

then 20 P eadkmicso faysrsiiommed dusing spoling frem isoropiciphases feosmectic phases.f t he
pi nning energy is sufficiently high to prevent any transl ational slippage
of the | ayers (i.e. the energy cost associated with |layer slippage is
much gr eat er Refiastion of anelmringienergysawbe appliddwé viridub emedtivdeoites & follbase,
elastic distortion of the director in the 25 triangular director profile,

and the orientational surface energy associated with the di rector
being unabl e(#0 Boskshbiftda QnsdiBosEHeR! W AR TBH! s&Ea'b@CJiéc%ﬁ'y HE AP%Gface
shri nki ngs requires that the layers tilt wth respect” to the surface
nor mal .

memory effects

Most materials used in FLC devices exhibit layer shrinkage on cooling through the

SmC* phase due to the increase of the angle between the molecules and layer normal

on cooling. The tendency for the pinning of the smectic layers at the surfaces then
20  leads to the formation of a chevron structure.

If the pinning energy is sufficiently high to prevent any translational slippage of' the
layers (i.e. the energy cost associated with layer slippage is much greater than
energies associated with the chevron interface, elastic distortion of the director in the
25  triangular director profile, and the orientational surface energy associated with the
director being unable to lie in the preferred alignment direction) the layer shrinking

requires that the layers tilt with respect to the surface normal.

If both surfaces have similarly high layer slipping terms then the layers must tilt into a
30 chevron structure which is necessarily symmetric about the central plane of the cell.
For typical materials this degree of layer shrinkage is such that the layer tilt angle 3 is
a constant fraction of the smectic cone angle 6 usually about §/0 = 0.85. This causes a

reduction in the angle between the two bistable states and hence optical contrast in the



I f both surfaces have simlarly high |ayer slipping terns then.the |ayers
mast tilt gnt O chevron structure which is necessaril | G about
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| Tt heS az themsemiformgtizecter mrpfileds poasibledn whicl e fve t%bqg Shates are %ﬁ@{?] a °
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a pr obl emsurfacstmemoryoefifestse(whiche wouldshe apepblem in ptlier bpokshsl devices) And t o t he

decouplin f the surface director fr t |44 . %&urfaee
Vi scosi t y%ﬁsg%erng?q{fil\?atPetﬁ? d?%’“ﬁﬁ’?ﬁ ogfﬂet %gfagélj fli{%téyﬁgﬁcﬁe (l) |91|“')lts evron

wi th ippr eNeshrfieePisyosityPeComes ecﬂuivale"ﬁhtosthdﬁoﬂthebtuk)es the slippery surfactant
at sufficient concentration to lower layer tilt 15 angle in chevron

geonetry, thereby leading to a higher nmenory angle and inproved

bri ght nesg;. | | ver, it may be possible to | ower
t he gﬂ'm%%ﬁgﬁl%ﬁvg@ékgﬁgaﬁ%ewmout a strong effect on the

transl ation energy (i.e. | ayer pinning). Thus, the chevron structure

would re n to.,alarge extent (j.e.. [err] . remai.ns, unchanged),..but the
ori ent at in?ﬂ“%#e‘ﬂ%“w sigpeLH s“&h@"a%i[’ CleRf fogepitra %"(]%quezggler rgéttr) no
appl i e AGpbi ' Hiﬁ%ha hicR&r REMYE USRIl Bipgibvédat  of
t he 8 Sgﬁgﬁ‘%ﬁ?ﬁ??ﬁ%‘?ﬁ?’ ﬂrx‘ﬁfgﬁ%éé[%i ca uaglin_ ormty of this state (and
hence contbrighfiessvdost ahuldplexed deviegsr oFawevRarisonay bet pessiblsute dewer theice

energy woul d jncrease.the angle .of 1h ' : face with
an appl i eqo%{%ogﬁas,u@ﬁ%l ef’%ﬁ'%s t%ﬁgmgir |ag Iﬁ_ § gf e‘g‘:‘ &gﬁ{eAé iatl_weegt i‘?‘l%é ed

di spl ay wihjerjlififinge Thi§EEEhevibn structure( wouldl. renaiir va gge satend|fi.e & o
smectic transition. Surfactant allows |ayers to slllo eaf"g}'lé/ over
t he surf amsmpmn@w ﬂgqm@ta(tqon@_f the director at the surface would be higher.

20  For no applied AC field the surface twist of the director would approach that of the

chevron interface. The optical unifomﬁty of this state (and hence contrast) would be

improved. Moreover, the lowered surface energy would increase the angle of the
director at the surface with an applied AC field, and thus the brightness of an AC
stabilised display will also be enhanced.
25
- (iii). Improving isotropic to smectic transition.

Surfactant allows layers to slip easily over the surface to form energy state (i.e.
uniform layers) dictated by orientational properties of the surface alone (i.e. no
30 translational restrictions). Particularly useful also in AFLC where N* (cholesteric)
phase is usually not apparent, but also in other devices (e.g., FLC) where siringent

material requirements prevent the use of an N(*) phase.



~uni form | ayers) dictated by orientational properties of the surface alone .

(i.e. no W@@ﬂ@t lonal restrictions). Particularly usef uk,Fix} sﬁo#b%ftFLC

where N* (cho phase is usually not apparent,

other devices (e.g., FLC) where stri nge£ material requirenents
prevent the use of an N(*) phase.
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the nenory angle is mproved (this i s used by CA and s i.n Jones,

Towl er Hughedhandbe¢ sygjem mytrelax back to &mmmumnprﬁﬁaw beforei the dispiptips o -
| arge degree of splay and bend distortion. On 15 cooling into the snectic

"A phase this bend cannot be supported, due to the presence of the -

| ayers and t Ifg), ffoved high tilichewehdevit® t he surfaces where the director is
forced to lie anay fromthe desired pretilt. This may lead to
variation® in the alignnent and hence defects in the SnC* phase (until

tched thi
o0l i ng).  Noit Bl Spthce hu i B uBEIYB cfund BAEthe sufoe bR oA C\Bbigg in
caused by t hehe ehévirbiilgesrietiy approslies yheeédmcinglahms hamnﬂnetrhahozghatgleos)l ed

into the . SnC* phase the_effective pretilt is |owered and, t tgultlng
menory angl e lﬁﬂﬁ'fqvéétﬁ@é‘dls used by (rANAN;and is in Jonegy Towler, Bughss zsuicy sJPf et ant

the surface rﬁ'ﬁ%;ﬁﬂd \m‘eé}%g@{'ﬁ% Sfe?grhg?a B ﬁégrée 6 Of Pt yneﬁldzl;éndul&is%;tﬂﬁ BEEDn NOt e

this-is an exanple I"que 1S
nemat i ¢ pisas epolimg inteethelstigctinA ipmmedlms temkrahnotriwrsopparfed pduerto dhe presemee of .

(vi). Tnpr Ovetlcmje Jygr%tagx QLLe gxsgort?grg 1s%%tslllgdet<r> rtlr(ljee L atcésl wh ré'ﬂx‘ec&rec?or 15 Forced to
lie away from the desired pretilt, This may lead to variations in the alignment and
hence defects in the SmC* phase (until switched this geometry often forms a "sandy
texture" on first cooling). Moreover, there may be a plastic change of the pre-tilt

20 caused by the zenithal surface memory effect. This means that when cooled into the
SmC* phase the effective pretilt is lowered and the resulting memory angle is reduced

somewhat,

With the slipi)ery surfactant, the surface memory is reduced and the pre-tilt remains
25 unchanged. Note, this is an example where the slippery surface technique is used in

the nematic phase, but results in improved performance of a smectic device.
(vi). Improved Electroclinic and antiferroelectric (AFLC) devices

30 In both of these devices, director twist is induced by the DC electric field there is 2
tendency for the smectic layers to shrink. If pinned at the surface the applied ficld
tends to induce layer tilt, (although in contradiction to the requirement that E H i)

which reduces optical appearance through defects, and may also reduce viewing angle



30 In both of these devices, director twist is induced by the DC electric
field thergn tendency for the snectic layers to shrink. 1f pinned
at the sur‘?gc%n?ﬁé applied field tends to induce IayePrC]i"'r;P%s,/o‘?‘o"'.
(although in contradiction to the requirenent that E [err] Pi) “whi ch
reduces optical appearance through def48cts, and may al so reduce vi ewi ng
angl e since the director may tilt out of the cell plane. With the slippery surfatant, both ¢hence t he
di rector tilt.out of the cell plane. Wth the slippery surfactant, both
the bt i i dosemn ot vecostl Ao e ey whoyl 3R ShmpRE 8
Wit hout sWiscasity éTRIER Y Of viscosity effects. 5 (viii. Inproved N -
SnC devi ce. Advant ages ranging from reduced tendency to form
chevron type structure; reduced surface nmenory; faster surface

SW t chicng....». Vidd oo yced tendency formT state formation in FLC
Due tosr eémléﬁg?f&(lﬁﬁslﬁ’?g?évﬁcﬁteraction. This ensures the good optical and
el ectro- optical properties of any of the above devices (in particular

t he chevron and bookshel f devices). 15 (ix). Inproved alignnent
of smect i Advaptagesstanging from: Teduced temdensydo fomy chtstandype stfusturexanpl e pitch

lines in L yi N* phase [ .. State/zig-zags in SnC*) from becone
pi nned at %@%3%?%%5&%faﬁ%&“%afﬁswmhm&he nononmer materials used in

enbodi ments of the invention may include the foll owi ng, which are-
gi ven only _b% vvax of exanpl e: met hyl acryl ate
pr opand- 1,(¥ili)i Bedeped tendengycform T state fgamationyin FLE

but ane- 1, 4-di ol diacrylate propyl acrylate
pent ane-1, 5-di ol diacryl ate '

Due to reduced polar surface interaction. This ensures the good optical and electro-
optical properties of any of the above devices (in particular the chevron and

bookshelf devices).
15
(ix). Improved alignment of smectic devices.
Treatment prevents defects (for example pitch lines in overlying N* phase, or Cl
state/zig-zags in SmC*) from become pinned at surface irregularities.
20

The monomer materials used in embodiments of the invention may include the

following, which are given only by way of example:

methyl acrylate propane-1,3-diol diacrylate
ethyl acrylate butane-1,4-diol diacrylate
propyl acrylate ' pentane-1,5-diol diacrylate
butyl acrylate hexane-1,6-diol diacrylate
pentyl acrylate heptane-1,7-diol diacrylate
2-methylbutyl acrylate octane-1,8-diol diacrylate
'hexyl acrylate nonane-1,9-diol diacrylate
heptyl acrylate decane-1,10-diol diacrylate
octyl acrylate glycerol triacrylate

nonyl acrylate | trimethylolpropane triacrylate



butyl acrylate hexane- 1, 6-di ol diacrylate

pentyl acryl hept ane- 1, 7-di ol di ac

2- met hyl but y%é@?@l‘f‘g‘f e octane-1, 8-di ol diacryl at%é(’bgk&&?'?gyy-l
acryl ate nonane-1, 9-di ol diacrylate hept yl
acryl ate decane-¥ 10- di ol diacrylate octyl
acryl ate decyl acrylate gl ycer pentaerythrito) frieceylate  nonyl acryl ate
trimethyl ol pr ' | at e i .

49 decyl acrf}?&?fg&y& Eé&ﬁ{ey p%ﬁ%@?ﬁ ﬁeﬁa?%ylaﬁi acryl ate et hyl
hexyl acryl ahgthyl methacrylate pent aer y HitpértRkytinttol Rexasdtylatee et hyl

nmet hacryl ate di - pentaerythritol hexaacryl ate ethyl

net hacryl at e ethyl methacrylate et hyl enee@b’wéglymlrﬂém%&fy%@t e propyl

nmet hacryl ate 1, 2- propyl,ene glvcql di ate butyl
met hacryl at epropyl methacrylats pr opane- %’,zéerﬂ?}gfﬁleogq}"%’? ﬁﬁeﬁ%ﬁ%ﬂ’pe nt yl

met hacr yl at e butyl methacrylate but ane-1, Ml,gimmﬁmm 2- et hyl but yl
nmet hacryl ate ent ane- 1, 5-di ol _di net hacryl ate hexyl nethacrylate

hexane- 1, 6- dPentybmgtaersleley| at e heptyl nebwane-ji-diel dimethacrylate

hept ane- 1, 7-di. ' r e octyl ne t :

oct ane- 1, 8- d?o’ﬁé%?t#gﬁ%g%ﬁ'?ﬁ@ - nonyl net h%@%ﬁygﬁgﬁﬂ dimethacrylate
nonane- 1, 9- dhetylghetkdchasteyl at e decyl net heeng!158-¢iol dimethacrylate
decane- 1, 10-di ol di net hacryl ate ethyl hexyl nmethacryl ate

gl ycerol tri heptbmethperylatest yr ene heptane-1,7-diol dimethacrylate
trimet hyl ol pr Hm@ hacryl at e et hyl C M e .
pentaerytri t8 r%tr?\tg acéryl ate 1, 2- pr'opyﬁgtﬁ%eq%'?y@gl racr 1?{aet e
pent aer yt hri nhohyltméthapgateacr yl at e nonane-1,9-diol dimethacrylate

di - pentaerythritol hexamethacrylate A further cl.ass of po] ymers includes
di - t hi ol / di eHeECPABAHEE epared by t he éﬁﬁﬁ@ﬂ@r‘i‘éﬁ?‘i"‘%ﬁ%’{a functi onal

al kenes wi t hegivf i hf%ﬂﬁ}:rﬁd?é ol s under fgﬁgggogﬁiﬁacmgi tions.

Monof uncti onal "and/or po unctional alk r t'thiols may be
i ncor por at edstymengr der to nodi fy the propéimethglolproizhe trimdthaceylatef or exanpl e

to reduce the | ecul ar ,.wei ght of the polyner or, .1 ntroduce a eontrolled

degr ee of cr8§’g'%nﬁ Wﬁ{‘ihﬁcryﬁ pol ymer .. Tﬂé“?mﬁﬁa"%%ﬁ?tgls gi ven by way

of exanpl e onlypEpylehs didpflaten POl Y MBERagiHhtifs) tetrabRthabi§fatd N enbodi ment s
S

Bl
of the invention: me 1R,yl acryl ate ) ) tyrene
di-pentaerythritol hexamethacrylate

A further class of polymers includes di-thiol/diene polymers prepared by the
copolymerisation of difunctional alkenes with difunctional thiols under free radical
conditions. Monofunctional and/or polyfunctional alkenes and/or thiols may be
5 incorporated in order to modify the properties of the polsrrner, for example to reduce
the molecular weight of the polymer or to introduce a controlled degree of
crosslinking in the polymer. The following materials given by way of example only

may be included in polymers suitable for use in embodiments of the invention:

méthyl acrylate styrene

ethyl acrylate ethylene glycol diacrylate
propyl acrylate 1,2-propylene glycol diacrylate
butyl acrylate propane-1,3-diol diacrylate
pentyl acrylate butane-1,4-diol diacrylate

2-methylbutyl acrylate pentane-1,5-diol diacrylate



ethyl acrylate et hyl ene gl ycol diacryl ate propyl

acryl ate 1, 2-propyl ene gl ycol diacrylat ryl ate
propane-1, WO 3P474i acrylate pentyl acrylate cﬁgﬁys/os"&ﬁ

but ane- 1, 4-di ol diacrylate 2- nethylbu%xl acryl ate .

pent ane- 1,5-di ol dlacrylate

50 hexyl b&%‘xlla&’fy date hexanenbG-digl diacgylates| di acryl ate hepty!
acryl ate hepta a5 ate octyl acrylate
oct ane-1, gf’%ltyo?crﬁl?aecr yl ate nonyl acry t]aPZ-”1d7 B & at

nonane- 1, ®ctyi adrybdteacr yl at e decyl acrqctambel 8-diol diacrylate

decane- 1, 10-di ol .di acryl ate ethyl hexyl ryl.at

triacryl af’@ ﬁe’f’ﬁﬁl?emat hacryl at e nonane-(f9-({131 de‘a‘FYlF‘Wet hyl ol pr opane
triacryl agge ﬁ%@%/'l tget hacryl ate decane-1.10-diol didefi@er yt hri t ol
triacrylate “pro 1 nmet hacryl ate ? pentaerythritol

t et raacryleﬁlyéhcrqﬂytrylm hacryl at e glycerol triacrylate  di - pent aeryt hritol

hexaacryl at ent t hacryl ate et hyl ene gl ycol
di met hacr y# egll‘)a@etﬁaéfﬂe #eoutyl net hacr"'§‘F‘§¥fl@’1°ll’r°f’ametn lae opyl ene gl ycol

di met hacr y Wiatg®t hacryl ate taerythritol triacrylat@’ Opane- 1, 3- di ol
di nmet hacrylhgtle hept y? nmet hacryl ate penta fo acryagut ane- 1, 4-di ol

di met hacr )pmnyénmﬂiajztylatet hacryl ate  pentaerythritol tetraacrylptent ane- 1, 5- di ol
di met hacr met hacryl at e . . hexane- 1, 6-di ol
di met hacrih %9‘%@8@" et hacryl at e d“pentaeryth“mlhexaa‘ﬁ%%fane 1, 7-di ol
di met hacr nRitvlylexy! et hacryl&ﬁﬁeneglycoldlmetha&ﬂa&ne 1, 8- di ol
di mret hacryl ate ethylene gl ycol divinyl nohane- 1, 9- di ol

di met hacr yraeéylbupyl methaghydate gl ycol hZ-\PmBMlemtngldlmﬂﬂmmetel 10- di ol

di et hacr y| 1, 3-diol di VI trimethacryl ate
but ane- 1, g}gﬁf'%%alﬁ% et her G?gf%ldgﬂ%%crﬁ;‘fnet hacryl ate

pent ane- 1 hep@i ﬁieﬂﬂbmmyl et her - ngmi@er yidmldﬁxﬁéthﬁcrryliﬁ hacryl at e

hexane- 1, 6- di oI d| Vi nyI et her pentaerythritol tetranmethacryl ate

glycerol

hept ane- 1 °FYmsthagrylathy| et her peatangdat-diol dimgthacsylatéex anet hacryl at e
oct ane-1, et her _ | et her

nonane- 1, 81 gyﬂk ‘gh&?nyﬁl et her eﬁé%%g_gfrao%é @%8"‘3‘ dt di al Iyl ether
decane- 1, iigeyliméthatirylateyl et her pheptaneel ”lLdB)ldméthazhrylhleyl et her gl ycerol

trivinyl eth butane-l - di di.al | et her
trinethyl cﬁtﬂﬁﬁ%‘ﬁ’é‘ﬂé“?ﬂt"‘}cﬂlﬁ?l et her 'gg‘f ‘g%ﬂff’%‘k‘ fé yl ether divinyl
benzene  ethylene glycol divinyl ether hexane- ﬁorﬁnducy didi d&hleachildter but ane- 1, 3-di ene

heptane 1, 7- d|oI di al lyl" et her
'1,2-propylene glycol divinyl ether decane-1,10-diol dimethacrylate

propane-1,3-diol diviny] ether glycerol trimethacrylate
butane-1,4-diol divinyl ether trimethylolpropane trimethacrylate
pentane-1,5-diol divinyl ether pentaerythritol trimethacrylate
hexane-1,6-diol divinyl ether pentaerythritol tetramethacrylate
heptane-1,7-diol divinyl ether di-pentaerythritol hexamethacrylate
~ octane-1,8-diol divinyl ether ethylene glycol diallyl ether
nonane-1,9-diol divinyl ether 1,2-propylene glycol diallyl ether
decane-1,10-diol divinyl ether propane-1,3-diol diallyl ether
glycerol trivinyl ether butane-1,4-diol diallyl ether
trimethylolpropane trivinyl ether pentane-1,5-diol diallyl ether
divinyl benzene hexane-1,6-diol diallyl ether
butane-1,3-diene heptane-1,7-diol diallyl ether

pentane-1,4-diene octane-1,8-diol diallyl ether



pent ane- 1, 4-di ene _ octane-1,8-diol diallyl ether

51 hexane-1, 5‘€¢lene nonane-1,9-diol diallyl eth

hept ane- 1, 7-di 18474 decane-1, 10-di ol diallyl %W%?%’%““
oct ane- 1, 7-di ene glycerol triallyl ether _
nonane-1,8-diene o tri fkt hyl ol propane triallyl ether
decane- 1, 9- dihergne-1,5-diene dinonhneyl 9-rdm1(dliailyée#éehyl ene gl ycol

di t hi ogl ycol l.a al lyl succinate 0 di t hi ogl ycol | ate-
di-al Iyl gI uthsh §f‘81§ ~digite- 1 3-diol di tq?F%% lyﬁéb/ gg’@ﬂy%q%ﬁeéllyl |
‘hexane- 1, 6- digegmbhrhé butane-1, 4-di QyidiiaNBh ket | ate  di-allyl

kept ane- 1 7- dicar E)oxyl at e pentane-1, 5- dy dit h| oglycollate di-allyl

oct ane- 1, 8- diovanrdohfydienee hexane- 1, 6- dumtneﬁlyidipmgmeduallbdteﬁler di-allyl
nonane-1, 9- dj car l at e heptane-1, 7-dj.0 | t.hi ogl ycol-late di-allyl
decane-1, 10- bfo)g\éﬁnﬁt e octane-1, 8- o‘i‘@h lg'P I ycollate di-allyl
undecane- 1, Yy lgﬂecg}%&q)nmgé@cawne 1 (g.aqs,pgucg;hgtgl oglycollate di-allyl
dodecane- 1, 12- “di car YM at e decane- 1, diol dithioglycollate di -allyl

pht hal ate gl yle2pusipylene coljllﬂmglytaﬁlete d1-a11yl glutahateane- 1, 4- di ol

di - 3- rrercapt ro | | prop r|th|

pent ane- 1, Oﬁ%&%%‘ ﬁ‘%/li?g‘? onat‘ﬁ1 ‘ﬁg egﬁ?fg'c\?/%ﬁ% ﬁa%ﬁi ogl ycol | ate
hexane- 1, 6- d'lﬂtltadéll M&Hﬁﬁ@k@@él% onat ejiRAYE iaptanbll7-didarboxyTagd hi ogl ycol | ate
hept ane- 1, 7- di ol di - 3- mer capt opr opi onate di -pentaerythrito

hexat hi ogl yccnen@nerl,Soémhdadnqglchﬂatd di daaﬂummdp%d@mb@y&te
4,4' -thiobis

di - 3- mer capt 38%’% Pghra}f?@ difhioghycgilate o ‘{}P?leaxfdé’m 19! dicarboxylate

decane- 1, 10- dieptanéil; BdidPdictapEIossIRE Onattﬁ-aﬂyt @Achﬁé 1,16r dipdtbhaildte
glycerol tri-3- nercaptoproplonate ethane dith

trimet hyl ol presgmed.§-iol “h*égb'ﬁﬁil%r opi cﬂiﬁﬂ@m%@ Hi-digaghoxylate

pentaerythrit 3 i onat t h
Pent acr vt b (nbS PRSREGRAARIAR 0| ! BBl i 2 diesbonytae
di - pent aer yt hdec#me-1,10-diol dithioglycollate hex a.‘n&llyl phthalate

Q..

nmer capt opr opi (inat e hexane dit hi ol Al so commer ci al
pol yners frorfYeesehtd lycollat butane-1,4-diol di-3-mercaptopropign®g.r ck eg
Nor | and 65, Tﬁﬁ@o collat entane-1,5-diol di-3-mercaptopropiorfRy CK
MXMD35 hept ane di t'hi gl%poct ane |yt %ll c? P >0 plop p
pentaerythritol trithioglycollate hexane-1,6-diol di-3-mercaptopropionate

pentaerythritol tetrathioglycollate heptane-1,7-diol di-3-mercaptopropionate
di—pentaerythri’gol hexathioglycollate  octane-1,8-diol di-3-mercaptopropionate

4,4 -thiobisbenzenethiol nonane-1,9-diol di-3-mercaptopropionate

di-allyl iso-phthalate decane-1,10-diol di-3-mercaptopropionate

di-allyl terephthalte glycerol tri-3-mercaptopropionate

ethane dithiol trimethylolpropane tri-3-mercaptopropionate

propane dithiol pentaerythritol tri-3-mercaptopropionate

butane dithiol pentaerythritol tetra-3-mercaptopropionate

pentane dithiol di-pentaerythritol hexa-3-
mercaptopropionate

hexane dithiol Also commercial polymers from Norland
and Merck eg Norland 65, Norland 63 and
Merck MXMO035

heptane dithiol

octane dithiol



52 nonane dithiol decane dithi ol undecane dithiol dodecane dithiol ethylene
gl ycol - 3- nercapt opropi onate 1, 2-propyl ene gl yco

mer capt opr%ﬁlg?fﬁ%"e pr opane-1, 3-di ol di - 3- nercapt 5’&6?)?93{93?%

C ai ns: 53 -1 Aliquid crystal
device conprising a |ayer of ali qui d3%2rystal material contained

bet ween t wonappdithivl cel | wal | carrying el ectrodes structures and an

al i gnnent 5 h‘rde ment on at |east one wall, characteri sed by

means for anchoring energy at the surface alignnment on one or both
cell 10 uﬂ@daaﬁed“hml 2. The device of claim1l wherein the neans for

reduci ng energy is an oligoner or short chain polyner within the

li quid cryedesanedithioli al at the cell walls. 15 3. The device of claim1
wherein th ans for uci ng rgy is an oligomer cont ai ni ng
esters, ﬁﬁ‘é{ree and/og1 gryl at e&r'r}gnorrers within the liquid crystal materi al

at the Cehieré@idpﬁoplonate
1,2-propylene glycol di-3-
mercaptopropionate
propane-1,3-diol di-3-

mercaptopropionate




4. The device of claim2 wherein the oligonmer or short chain polyner has

‘i nperfect 20 Ility in the liquid crystal material.

devi ce of cl a‘v%sgg}lbjﬁ &rein the ol | gormer or short chain pol ymarPﬁ'gs(m?lg/(K;Bli|fe~
physi cal affinity for the surface of t he cel'T walT. 25 6. The
device of claim2 wherein the ol i gomer of® short Hﬂﬂmﬂmmm tains a
substanti al | €lhimgai d |i ke surface at the pol ymer l ﬂﬁt al

material interface 7. The device of claim 2 whéreinsthé oligomer or
pol ymer is substantially non- crystalline within the liquid crystal

material. 301 A liquid a‘—;@m deéc Borbrisingth Myer WP e TRl épStalomb@riaEcontdingd| ymer

reduces the I qui d crystal nmater1al order paraneter at or _adjacent
the cell wal lbetween two spaced cell wall carrying electrodes structures and an alignment,

9. The deV| C cl ai erein the oligonmer or polyner changes the phase
of the %Ta{ﬁ‘ 9%% ﬁﬁ’l al at or adjacent the cell walls.

10. The devi ce of cI aim2 wherein the oligoner or polyner has a gl ass
transition 5 tenperature bel ow the operating tenperature range of the

devi ce. charagteriFiddydevi ce of claim 2 wherein the oligomer or pol ymer is
substantially |inear or I ncl udes branch points, either with or w thout
crossl i nking. 10 12. The device of claim?2 V\/nerei n the oligoner or

pol yner has %néwt}s{ redficih gmﬁaﬁonng enetfy dtSth¥ishifade dlipamen@e ofé of both woo
13. A met hod oflma ing a Tiquid crystal device conprising the steps of:
10 walls

2. The device of claim 1 wherein the means for reducing energy is an oligomer or

short chain polymer within the liquid crystal material at the cell walls.

15 3. The device of claim 1 wherein the means for reducing energy is an oligomer
containing esters, thiols, and/or acrylate monomers within the liquid crystal material
at the cell walls.

4. The device of claim 2 wherein the oligomer or short chain polymer has imperfect
20  solubility in the liquid crystal material.

5. The device of claim 2 wherein the oligomer or short chain polymer has a physical
affinity for the surface of the cell wall.

25 6. The device of claim 2 wherein the oligomer or short chain polymer retains a
-substantially liquid like surface at the polymer and liquid crystal material interface

7. The device of claim 2 wherein the oligomer or polymer is substantially non-
crystalline within the liquid crystal material.

30
8. The device of claim 2 wherein the oligomer or polymer reduces the liquid crystal

material order parameter at or adjacent the cell walls.



15 providing a |layer of a I|qU|d cr rlal contalned bet ween two
spaced cel carrying ele " and an aI| nment
t r eat ment gvn fl|8f7éast one wal |, by 38’9”9;) of
reduci ng anchori ng energy at the surface al i gnrrent on one or both cefl
wal | s. 14. The nethod of clai m31 wherein the oli gonmer or short

chai n pol ﬁm’fhe éev{i@mfsdalmZWIb;enp&ieﬂt@mtorpnlyu’ferlchmgesﬂmpham obthecul ar
wei ght ma erL | soI crystal fluid. 15.
The net ho q(')‘f ﬂf’{#‘itfn Pre? E&S GB‘WQF or short chain polymer is

for med by polynerisation of reactive |ow nolecular weight materials
in solution in the liquid crystal material prior to its introduction

bet ween t H®. dde|deyice|of cldm 2 wheremahemom o golymet [has @ glassyinansiion t he

oligo h sfo onrrerlsatlon of
react :Tge ﬁﬁﬁﬁgﬁ%ﬁ‘?}i Jﬁ p?rg mgggft&yggﬂ ¥n the Ii qui d
crystal material after to its introduction between the cell walls.

17. The method of claim 11 wherein the oligoner or short chain

poI yner i stlf dbadgvice of clgim g avheseintheolignmegfor polymariie substantisllydinear omei ght
material s vent V\:hl ch I's then renoved
and the re&sl{;}fl{l% cgl%%ﬁéfeﬁfx%r%%rdwph&% ?l?‘a%? “crystal materi al
prior to its |ntroduct|on between the cell walls. 18. Atw sted

nematic | i&ui d crystal_ device capabl e of being switched froma tw sted
st at edl% o dewcgpé& aim W @@Wptheghsgmer or polymgs haw pinuber of g9perbsi ng a

| ayer of terial; el ectrode structures on
bot h M/allsqm?%r app °§°E&Z‘{’ (?r?c field across the liquid

13. A method of making a liquid crystal device comprising the steps of:-

15  providing a layer of a liquid crystal material contained between two spaced cell wall
. carrying electrodes structures and an alignment treatment on at least one wall,

characterised by

20 - the step of reducing anchoring energy at. the surface alignment on one or both cell
walls.

14. The method of claim 11 wherein the oligomer or short chain polymer is formed
by polymerisation of reactive low molecular weight materials in solution in the liquid
25  crystal fluid.

15. The method of claim 11 wherein the oligomer or short chain polymer is formed
by polymeﬁsaﬁon of reactive low molecular weight materials in solution in the liquid
crystal material prior to its introduction between the cell walls.

30 ' '
16. The method of claim 11 wherein the oligomer or short chain polymer is formed
by polymerisation of reactive low molecular weight materials in solution in the liquid

crystal material after to its intfroduction between the cell walls.



crystal layer; . . a sur , both cell walls providing -
alignnent dir o li qwﬂ mM![m | ecul es and arran that a
tw sted nenat‘??ts’g/tﬁtka%:t ure is= he liquid &’%P&?

means for distinguishing between the two |fferent opti cal stat es of the
l'iquid crystal 20 mat eri al ; CHARACTERI SED BY means for

reduci ng zenithal anchoring energy in the surface alignnment on one or both

25 cell wal lhs. i el r :
reduci ng zenil?ha earﬁg 8%?%&1%%?%&&119&]@éw%%?&%ﬁhﬂpéﬂﬁﬁsa@gr{x% onto
the inner suibyasslymérisation of rdactive 1o& inolellad wei h‘ﬁ{atenals iStheqiéseade bfgn
surface or added to the liquid crystal materia 20. The devi ce of

cl ai m 18 wherRqthsalynt whighsis then remaved and ﬁaesmmebfm@:rdemhedgn ¢ liquither gy
| ' |
:52 " OZIIQO'IrIE’?%%w ce o?‘[.l&lq “Q ““,%\‘t%@?‘étt”qwﬁy‘ﬁ%g%‘n erl ?edum ng zenit hal

anchoring energy " is N65, or MVD(IVDSS 22. The device of claim 18
wherein the rmeaastwigted ﬁﬁﬂatibl @&Eﬁlﬂé BPb&NE s@itcired fr&maa t%Adted i al
containing esters, thiols, and/ or acryl at noners. . The device

of claim 18 vitatedtors nondwistedrstats eomprising; i ng zenithal anchori ng energy
reduces the liquid crystal nmaterial order paraneter at or adjacent the cell
wal | s.

10 two cell walls enclosing a layer of nematic liquid crystal material;

electrode structures on both walls for applying an electric field across the liquid
crystal layer;

15  a surface alignment on both cell wails providing alignment direction to liquid crystal
molecules and arranged so that a twisted nematic structure is formed across the liquid
crystal layer;

means for distinguishing between the two different optical states of the liquid crystal
. 20 material;

CHARACTERISED BY

means for reducing zenithal anchoring energy in the surface alignment on one or both
25  cell walls.

19. The device of claim 18 wherein the means for reducing zenithal anchoring energy
is an oligomer which is coated onto the inner surface of one or both cell walls either
spread on the surface or added to the liquid crystal material.

30 '
20. The device of claim 18 wherein the means for reducing and zenithal anchoring

energy is an oligomer incorporated in the liquid crystal material.



10 24. The device of claim18 V\/na' LHI] reduci ng zenit hal
anchoring ener changes th Mﬂm Wﬂ qui d cryst | at
or adj aceanotgﬁgxgél | walls. of claim18’l nﬁ&gﬁng
means for reducing azinthal anchori ng ener ay. 15 26. The device of claim
18 wherein the surface alignnment prow fles a pretilted nematic

al i gnment 2én Thedevicebf claim 18 wherein the nieans firgedhsinggzenithal anehoring®En@rgdr ei n t he
surface aLllggge g%l ded by a rubbed pol ymer, a phot o-ordered

pol yner of® %m@ vaporated inorganic material. 20 28. The
device of claim 18 wherein the surface alignnment layer is a surface

nonograting with an asymmetric groove profile, 29. The devi ce of
cl ai m 18 @BeThiedevice ofitlaign 48 whertin thetmenns forredusing zenithelanghoring energy

substant iall er en i.cul ar of claim 18 wherein the
l'i qui d cr éa? Wg%?}sh%?ﬂqa@%pgr K&ﬁ&s t hr oughout t he

t hi ckness of the ceI | . 30 31. The device of cI al m 18 wherein the liquid
crystal director twists is greater t han tggllles t han 360[err]
57 323. e dewice ofcloim ¢ avhwemthqmmwfmtrﬁ@w

I | .
33, A bi seemices Mefuic oo nten R papoeth o br Bl 8 %‘QE%‘ESVTE iL'eS nto

two 5 different stable states conprising

10  24. The device of claim 18 wherein the means for reducing zenithal anchoring energy

changes the phase of the liquid crystal material at or adjacent the cell walls.
25. The device of claim 18 including means for reducing azimthal anchoring energy.

15  26. The device of claim 18 wherein the surface alignment provides a pretilted nematic
alignment on both cell walls.

27. The device of claim 18 wherein the surface alignment is provided by a rubbed
polymer, a photo-ordered polymer or an obliquely evaporated inorganic material.
20

28, The device of claim 18 wherein the surface alignment layer is a surface

monograting with an asymmetric groove profile.

29. The device of claim 18 wherein the alignment directions on the two surface are
25  substantially perpendicular.

30. The device of claim 18 wherein the liquid crystal director twists by about 90°
throughout the thickness of the cell.

30 31. The device of claim 18 wherein the liquid crystal director twists is greater than
180° and less than 360°.



t}/vo cel L] wal | s encl osi ngba IhayelrI of”ﬂmﬂ”"m”mﬁ cryslt al material;
go?ﬁt Ezgl ? " r\PQE%%@?SPngOE vvowgl [ Snmanf di r €ct isons fg ol gnnegé,rlgag%}g}
nol ecul es with an amount of surface pretllt means for

~di stingui shi n%Bbet ween switched states of’the | iquid crystal material; 15
CHARACTER! SEB328¥he device ofeclaim 18)wvhemm@lmgemm ligmd erystal materigl qentains,a

anchorlng ene nt on one or both cell walls.
20 fﬁ@%\’ﬁ“&g%ﬁf}j f%lcﬁ)‘rglsdog %ﬁnﬁdi ng nmeans for reducing

zeni t hal anchorlng ener gy 35. The device of claim 33 wherein
the means for_ reducing the anchoring energy is an 25 oligoner or short

chai n pol yner33ahh dristetle giematie ligpide axystah deviee sapablg of deingqemeiiched intpe two

liquid crysta 36. The device of claim 35 wherein the
ol i goner |5: Alﬁ%aegf{tg‘fi‘eg%ﬁngspx%m 30 Norl and N65

-[S(CH err])[err]S CHerr]CH err]Q(CH err])[err]CCH err]CH err]][err] -
CH2 = CH (CH2) 60 CH=CH2 HDVE (Hexane -1, 6-diol di(vinyl ether)

58 CH| ertio celiralis enclpsipg: Jayer of nematic liquid crystal matgriabBut yi vi nyl et her)
HSCHerr]CO err] (CH err])[err] OCOCH S[err]H EGTG ( Et hyl ene gl ycol
bis(thioglycollate)) HS(CH err])[err] SH NDT
(Nonane- 1, 9- délédodk structures on both walls;

10

a surface alignment on one or both cell walls providing two alignment directions to

liquid crystal molecules with an amount of surface pretilt;

means for distinguishing between switched states of the liquid crystal material;

15
CHARACTERISED BY
means for reducing inelastic azimuthal memory anchoring energy in the surface
alignment on one or both cell walls.

20

34. The device of claim 33 and including means for reducing zenithal anchoring
energy

35. The device of claim 33 wherein the means for reducing the anchoring energy is an
25  oligomer or short chain polymer which is either spread on the surface or added to the
liquid crystal material.

36. The device of claim 35 wherein the oligomer is a material selected from: .

30  Norland N65
{s(cH,),s CH,CH,0(CH,),0CH,CH, | -
CH;=CH O(CH;)O CH=CH, ~ HDVE (Hexane -1,6-diol di(viny! ether)



5 37. The device of claim 35 V\/ne, he ol i orrer I's an anount. up to 10. %
by wei ght the liquid cryiﬁm ' Hu m 38. The devi ce of
claim 35 m&#a“hﬁfhe chai n | engt EI , 100 repé’ﬁwﬁﬁ?q‘? 1110
39. The device of claim 35 wherein the oI [ gorrer s paraneters of type;

concentration, chain length, are #ftranged to reduce the liquid crystal
order par a6Hy eCHOC bt adj acent BVEAButyl vinyh ether) 40. The deV| ce of

cl aim 35 I QAL I re § par ft trati

chai n 1 enginCrRPO QRSB aSCH B 00T releime st pERRRRbebTesc: o
material aHSECH,),SH adj acent the ceNDTY@{dnane-1,9-dithigi). The device of claim
35 wherein the flgomer is a material is a material that has been

precured prior to introductlon between the cell walls. 20 42. The

~ devi ce- pf ' 5.wh ol i s a. material tha bee

o ecur et 5111 A B it 1 Pt B alisoRegis oyt ph W0 906y Wikghe 1,
devi ce of ﬁhﬁbﬁqﬁacﬁmmﬁeﬂdﬁe surface alignnment is provided by a bigrating
25 surface. . A snmectic liquid crystal device conprising:

a liquid crystal cell |ncI udi ng a | ayer of smectic liquid crystal materi al

Give botn 2 TRF SV af olfimS wierdl e O leREh B esR om0 PR B = 1

nmol ecul es; CHARACTERI SED BY

10 39. The device of claim 35 wherein the oligomer’s parameters of type, concentration,
chain length, are arranged to reduce the liquid crystal order parameter at or adjacent
the cell wall. .

40. The device of claim 35 wherein the ologomer’s parameters of type, concentration,
15  chain length, are arranged to change the phase of the liquid crystal material at or
adjacent the cell wall.

41. The device of claim 35 wherein the oligomer is a material is a material that has

been precured prior to introduction between the cell walls.

20
42. The device of claim 35 wherein the oligomer is a material that has been precured
after introduction between the cell walls.
43. The device of claim 33 wherein the surface alignment is provided by a bigrating
25 surface. '

44. A smectic liquid crystal device comprising:
a liquid crystal cell including a layer of smectic liquid crystal material contained
30 between two walls bearing electrodes and surface treated to give both an alignment

and a surface tilt to liquid crystal molecules;

CHARACTERISED BY



59 . means for .redu ergy at the surface alignnent on.
one or both Q&) do/8474 Wa l“l"”"'ﬂ“ "m”me device of claim 44 ﬁ)oﬁhﬁhe
nmeans for reducing energy*i scantold gemer or . short chain polynmer wth
the liquid crystal material at the cell yalls. 46. The device of
cl aim44 wherein the neans for reducing energy is an ol igoner

containing esters, thiols, and/or acrylate nmonomers within the |iquid

crystal matemdhs ¥ redhicih, % V¥ﬁ¥:1]g§ at the surfacyahgimﬁnﬁ@f{ loh€ o?fbofﬂ Eélfn 45
wherein the ol igoner or short ch i n pol yner has | nperfect solubility
in the |iquiavallsystal material . 15 48. The device of claim45 wherein
the oligonmer or short chain polyner has a physical affinity for the
surface of the cell wall. 49. The device of claim45 wherein the

ol i gomer @r W3OrtheQidice of elaiti 4 witkel fhe reans for el Biier is)hn'dl&tﬂn@rbi ke
surface at the polynmer and |liquid crystal material .interface 20-

The devi ce ofshert ghain polywiee within thé:liquid crystak matariabatitheweall wallssubst ant i al I y
non- crystalline within the liquid crystal material. 51. The
device of claim 44 wherein the oligoner or polyner reduces the liquid 25

crystal mat ergalThedéice RR IR Y Wﬁéreﬁrthé%é’&ﬁ Tbr *e'&ﬁclﬁg |ehex‘é9|1§ @n oligomer 92.
The device of claima44 wherein the oligonmer or polynmer changes the phase of

t he | i qontaiing esiers,thiods, iand/onacrplateampnenaers withen thel liquidhriystal matpgial 53
The devi % Ofﬁ@{a'ﬁ] ﬁl] wherein the liquid crystal material is a chiral
snectic g the alignnent directions on the two cell walls are
substantially paraIIeI and the device is a bistable device.

47. The device of claim 45 wherein the oligomer or short chain polymer has

imperfect solubility in the liquid crystal material.

15 48, The device of claim 45 wherein the oligomer or short chain polymer has a
physical affinity for the surface of the cell wall.

49. The device of claim 45 wherein the oligomer or éhort chain polymer retains a
substantially liquid like surface at tﬁe polymer and liquid crystal material interface

20
50. The device of claim 45 wherein the oligomer or polymer is substantially non-

crystalline within the liquid crystal material.

51. The device of claim 44 wherein the oligomer or polymer reduces the liquid

25  crystal material order parameter at or adjacent the cell walls.

52. The device of claim 44 wherein the oligomer or polymer changes the phase of the
liquid crystal material at or adjacent the cell walls.

30 53, The device of claim 44 wherein the liquid crystal material is a chiral smectic
material, the alignment directions on the two cell walls are substantially parallel, and

the device is a bistable device,
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wherein the |IQUI§ crystal material is a-ndh-chiral snectic erra

56. The devi ce of claim44 wherein thediquid crystal material is a shectic
A mat eri al he devi ce, of cfai m 44 wherein the alignnent is

.b7. .
provi ded by*-aThe dgvigep Whergin the alignanent dizections o th twq eellwalls atfer ei n

t he al i gnng, &aezrovi ded by a rubbed pol ymer surface. 59. The
device of c a?mh “wherein one cell wall has an alignnment treatnent, the 15
other cell wall has no azinmuthal alignment direction, and both cell walls

are treateds The device of claim 54 wherein the Hquid crybtal Taterial ¥ a non-ofiral smectic

5 material.
56. The device of claim 44 wherein the liquid crystal material is a smectic A material.

57. The device of claim 44 wherein the alignment is provided by a grating surface.

10
58. The device of claim 44 wherein the alignment is provided by a rubbed polymer
surface.

59. The device of claim 44 wherein one cell wall has an alignment treatment, the
15 other cell wall has no azimuthal alignment direction, and both cell walls are treated

with the means for reducing anchoring energy.



