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PCTI GB98103011 | LI QUI D CRYSTAL DEVICE ALIGNMENT  This invention rel ates
“to liquid crystal device alignnent. *~1* Liquid crystal deyices typically
conprise a thin layer of a liquid crystal material contai néd Méf%gﬂogel I
Mwalls or substrates. Qptically transparent electrode structures on the
walls allow an electric field to be applied across the |ayer, causing a
reordering of {he |iquid crystal nolecules. Many different l'iquid
crystal devi LM UPBE known in the art, for exanpl e the tvmq’srﬁ'g’gﬁ@%tl

devi ce) the chol esteric phase change device, the dynanic scattering device,
t he superthl@ﬂﬂ@RﬁST&MI%m&m‘Eurface stabilised f

device nodes. It is well known in all of these device nodes ?’m mt’m M’“ﬂ,’
surface on the interior walls of the device which will control

al i gnnent  of Thitigventiopsethtes todiguidicrystaldedtice plignmeste proxi mity to the si%4ce.
Far many applications of liquid crystal devices, such a treatnent is

consi dered necessary in order to inpose a parti cular conf i guration on the
al i gnnent s ofLiguié ctysiglileyicss paically ¢dmpride aithipUgteo of atlguiddeystalanaterd) or to

provi de an %Lﬁﬁ@dﬁﬁ@&ﬁ%@g&?‘s dr @uﬁs@ﬁ‘teéfj @é&ﬁa@g%sﬁﬁeﬁéﬁc&@& sg{,%t&gpar ent

optical defects arti this factor di fferent
cl asses of |9ghé vally plavypn GbWe@cidstOd@s@ph@e@rqm thyr Byerepausiog 4ite- bel ow. The

terms azi mutgyeahe @éfmmm sPmbs&iksherein to define the nolecular (or
director n) ali gnrrent angle novenent or energy in the plane of the

substrate surface. The terns zenith or zenithal is used herein to define

the nol equl afanglalEpaPRbdRR9l; lmym%céarareq&mm ﬂh@aﬁ B &afplepeml to the
substrate surface. In respec use of nematic and Iong pl?Ch chol esteric

material s f &yisigd prraaic %wwﬁhca@olﬁmr@t@ascrféw idevies, i Gnapig saiferingevi ces, t he

rel evance ofdcaéd 98 a@z&wﬁ&d nkhiftic REQH SEThABTRE 'sﬁﬁxﬁﬁledtf&ﬂfeﬁlé&xé Bcvi’cfcg as o
ressanl e

foll ows. dei‘ rowde l glg%/:s with alar unb
el enent s | t “?°§°s t’B“’W’éR‘b Aleth eq,‘f”t”f)ﬁlé?g”afg P °"é ?é‘g“{‘ﬁ °% Bi% el ectrodes
on one wal | iraéibr daliedfitsdedite RIEHWIN BhEs] tHeQU@indatof theliqidwystat kil wal | . These

]I;(C)Z[I'm '[G)éggc algb%ios? gro)§cxn¥tyn{§‘ihrcls§rfagg Fgrdmdgn?rsagghcahons of hqu\ﬁorysg}t!!e%ﬁ;é suzcg March 2002

a treatment is considered necessary in order to impose a particular configuration on
the alignment of the liquid crystal fluid throughout the device and/or to provide 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
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2 elenents or pixels and for twsted nematic types of device are comonly
addreessed using rns addressi ng nethods. Twi sted nematic (TN) and phase
‘change devices are switched Lo an ON state by 5 application of a suitable
voltage and allowed to switch to an OFF state when the applRddaieh 28§
falls below a Lower voltage level, i.e. these devices are nonostablc. For a
twi sted nematic type of device (90 or Z70 twist as in US 4,596, 446) the
nunber of el ey, at can be rns addressed is limted by.t] pness of
a device transm sé?‘gﬁ verses voltage curve (as descri bed %&*‘gﬁ?s%éﬁg

Pl eschko in | EEE Trans fo ED vol ED 21) (1974) P.146 - 155), One way of

| Mproving { NG BRGE pRkisRhK f Ruikeds hénaiDGRPBF Ale Wl Bufiddhl) JdaARGHST OF S

adj acent to each pixel; suc I'splays ar ermed active nmatri X displays. An
advant age of usiogems addteggingsmatifodsievi ces is the relatively | ow vol tage

requi renents. IS They are al so nechanically stable and have a w de
tenperature operating range. This allows construction of small and portable
battery powerledstedi mapatiy {TNAendaphaser changevdeviced are ewitchedetbizo @ \stapeby s one

which is sw fr : RO . V, tywisted state
at a hi ghzsr %@P ?t%%baré‘)&;gs&gg@g# %lﬁgﬁwa%%@g&g‘g’é%e%%nmEta%/c\nqut?mbtgé referred
to in this pappiad vokage falisbeldw s lower valiagerievepriobthesndaiicds arhmopagtableed nemati c
device is th ) t j oNQr . W [ r ins at a
| ow val ue un??"]- Lt '3%?%%%8%%%84 ﬁcﬁgé@e}qtiﬁak‘%/('esat},\%e&]g%%gi%géé?%%Itggﬁi gher
t han t he t hr ewhbrrof eleherstbat cihbesmis addtessed io limiited brethasicepnasstoé pidatice| ose to
th | I A | j ' ' f 4 due t

2 Cell vl bngHR FRES Ik dibk ik dRRLLERS alind BReRO Y Rtk tihl duc L0

the 25 strong zenit anc npose e surface alignment |ayer.

Thi s | acklOof EBuiof BR@1r(@%74) B¢t 156k Ok wey pigwoving th myimder ofpixcligetooper at i on
in the VCT deyl I oo n@hadi L J hol esteric
materi al s forﬁ%?{gg’[‘“éé’g“ E%ﬁﬁﬁgge&%‘? gbﬂ%“ﬂ?%% F‘%h?f}glﬁ%’ﬁ“@%‘r°§‘lé%dg’fa"?;vi ces, the
rel evance of maWik@ifrat and the probl ems 30 associated therewith are as

foll ows. As described above, tw sted nemati c and phase change type of
liquid crystal devices are switched to an ON state by application of a

sui t abl e vol fAgevaniagonematiclres of dariact iy the mhativaly lopy ‘Z’é&” YGBEAB 47 4

PCTI G$98/1930%Heydird flsctfiechiriically atitde MaRave 10ide RRipeRfird/ §etatigLrhad. IThisbel ow a

| ower vol tage] l evel , i,e. thﬁlie devi gez’ ar e rmno[(s/éia | e. An advant age of
nemati c typedisisgapipetion; of spall and partsblp batery ppwer Afsp it FEFTRYE

requi r enent Stwis'ihﬁ;enaﬁedﬁllcls& dire whial s alt¢hed ﬁbﬂ?ﬂ n-awidted) agte aNeﬁEv&.’ltle rrEer ature
operating rapges. . Thi cqnstructi an .o ortahle battery 5
pover ed i splidy s e B AAfes SRS L ekt ly RS0z RRR o8 0 b e
swi t chi ng chefeared ®rin ¢iis mtent aviaVCTtdewiceaunber of |ines that can be multipl ex
addressed, Another way of addressing large displays is to use a bistable
liquid crystal device. Ferroelectric liquid crystal displays can be nmade
i nt o bi st abl @nproblemavithi thehtwisted ngmaticdevice isghas ghel conirastyratie of g permlly mat eri al s
and sui tabl ey el kiéy@elm&wsfﬁcae;oal VARG the SRR NS incridéd B #QMEe 1S a

surface stabilise rroelectric liquid crystal device (SSFIrLCDs) as

descri bed bysansiderablyhighen thagcthe tareshoish oliapey TisNg dubtosthe ppadicpmadferiabt t 36, 7,

%83 (1976“ éz\%ééltMﬁ%eJPh ell CD%L; w%)éaaeslldoﬂg%yﬁfeggmh%ﬁppﬁé@ﬂa iiud\l:toAthS:l a][k and S
ager wa : : ) : e di sadvan e o

ferr gel ecfri ﬁimgszea&@ é’i—fg‘”i“é “pw}ée#baﬂ%&ﬁ%q ?gﬁ'ﬁ‘%eaga%'lﬁ'ﬁdé&r? 8483t o switch

t he nat eri al reorfdhtatioMilghieads to agher veRigR Sp&itnlin pOVCThledce. bat t ery power ed

di spl ays expensive. Also these displays suffer from other problens such as

| ack of shock resistance) Iimted tenperature range and also electrically
i nduced def enitr&sp&dt6fusasf weatd &8 fongipjtct dholRstbricxhadrabs fondevicks kmgwahar act eri stic

b hi ey, i ti h di. spl b i.,ch has th
Tori Cs of bob AN EAe EmERTR At B8 FISRSG CLS B A ERGTU RS £ pr obl ers.

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



It has al ready been shown by Durand et al that a nematic can be sw tched
between 25 two alignnent states via the use of chiral ions or flexoelectric
coupling: A Charbi, R Barberi) G Durand and P Martinot-Largarde) Patent
Application No WD 91111747) (1991) "Histabl e el ectrochiraldd/Masahr292d
liquid crystal optical device", G Durand, R Barberi) M G ocondo, P
“Martinot-Largarde, Patent Application No WO 92/00546 (1991) "Nematic liquid
crystal displwyswsizh surface bistability controlled by a pga/deegaser! ectric
effect”. Patent US 4,333,708 describes a multistable Iiquid crystal device
in which cell walls are profiled to psovide an array of singular points.

Such subst r ab gn OPPEthid Whah tH2ABplied 2S1AYB LI bSO 2 1006ar WE8 4eid, PE W98/ 0301 | 4

provide nultistable confjgurations of the director alignnents because
di scl i nati ofeYitrEEraaoncsials A9 advaniags ohramatie frpe pheaviset Bribtdhpydiavens.

Swit ching i sela&iBlyenetol eégmehﬁats.l mrqfe aBb AetHahially @dbfiSand havBadigant
Application No:. W97/14990, (PCT-96l 02463, GB95 I106q?g% descri bes a

bi st abl e neRFRCRMERCACEENG FARRTHy TS BHlows sogstaigtionpt emelt andk naetakle PfteRt | east one
cel | wal Is t BawerePdispldys. ACHRABVatabd SfLch debidstidthattRéiEmbndRBble@wasiagy ei t her of
two pretilt a2_%6_5, i.n the sane azinuthal plape, The cel]l can be

el ectricall §€ eistifdnifs s pumhenof Buss thaheande gyiplex gddiessshy i nf or mati on di spl ay
whi ch, can persist after the renoval of power. 10 Another bistable neznatic
device is described in . 2,286,467-A.. This uyse curately, forned

bi or at 1 g GHOU T AL RGRSTE RS ARFIEYS it ot e S e PRELA R  cr yst al
nmol ecul es t Beradlaprric ligwid diybthiadighilys eande ntatle ftd ik dbvicecwitioths usde sui t abl e
el ectrical sigpal.s .are lied to, cell electrodes) e. de coupling to

{1 exoel od: r PREE i cPlb Pelsicls, % &b GufSp] %504 aerspt FeelBieE,, o

W). 9210054 6SucBianievcd in a simface sabilispd feyreclecsricdiqeid chysrl dbvice (SSFELCDs)psi te cl ose to
being in th of yerd ot c i b n (di.r.ec and

f I exoel ect rlgeépljé:bgar:%%ﬁe%? q@laihla‘ﬁg’ %ﬁaﬁlaﬁ,mwgaﬁrgﬁyswgﬁ%grﬂgﬁ%t z'%’gﬁg in sone

ci r cunst anc@876)20R Bhdleers Mub [Crysh &mpCiyst. dvic@907); QH2R&BxBaad\Salso has a

furth i i } : I LGESa.that is, th
need o owi el A7bl Py, BLATOMS (Afho)."Dhe B ACAIE SHRtEERNe TR (T "
sti cki ngs ef devisessis th@uelftively laras voltagnvtieedsth loryitestheunkigrisle §lis high voltagh vol t ages
whi ch | eadspbis Bﬁﬁlf}o‘ﬁhﬂﬁ bQQ%?EoWJ&S&i%BM &?m@ﬂg ARG tR&EHsHIRS sirkpt oM sed

pect of device

driver circuitry. 25 In respe _ using snectic materials, the
rel evance offorapihginreiiemasigh enlacknishodk resistagece imekgmparareiptes 2ad e as

foll ows. ThgsfuifRalf, indi¥REderils s\t f@dlepased on smectic liquid crystal
materials including: 30 A Ferroelectric lig~lids sue' "tals (,~~lv m.*1.

22 March 2002 WO 441 18494 PCT/ GB98/0301 I 5 One exanple of this is
bi st abl @p aifd bistablf Swesehih g charattefisticlah d€ QctidvadudiigsthatitsGhetey displax SSFLC) ref .

N A dar kcag%q tr?zide-l;\'/hic aﬁaesru‘(‘éa 1|'n|cx}ts %?%Lth tEthbSo've Iﬁ%;[ugdnéd ?e%hno?c?g?es (b:ll.i? 80). In

without their problems.

It has already been shown by Durand et al that 2 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 walis

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



this device planar aligned surfaces are arranged with parallel or anti

paral l el preferred alignnment directions. The device is cooled from an
gverlying Smectic A phase into a 5 bookshelf arrangenent of the snectic

| ayers, that is the material forns into micro |ayers arr22gWaroo2@2 to t he
cell walls as in books on a shelf. In the original teaching, the device
used an unrubbed pol ynmer surface alignnment treatnment to ensure the liquid
crystal direg lies preferentially and substantially, IeI to the
surface pl ane5?518§l74 1tos, the surface normal). A pref er&q%ﬁgfo ctl on was
then inparted by heating to the smecjic A phase and shearlng the layers in
the requir n r edflxe nc00| dnto the SnC*
phase. The%g%r acgﬁ”'et%éer con%gmﬁl%glo?rﬁfr;n Ha ckcpr ailg’g"c %ﬁal{se dveﬁ r%l“fzuri‘ mum ener gy
st at es occumustvbé mbvedan swectslaltmn sblpyofigutatiise I9Gtchingdd achizvéd &Y d. 15

Br adshaw a [ d that inproved SmA alignnent for such a device
resul ted bng%‘gé%ﬁg’?%‘% |lri°3 nemati ¢ N* phase above the SmA in which the
pitch was suffici ently |l ong for the surface farces to cause unw ndi ng of

t he spont a S ty.. f e ove the
transi t%n.ﬁ #eA i %gbﬁéqu‘?pgglﬁ%hggb{:‘ﬁ%@%dgu gigm{?%&ﬁgpgg‘sg‘fe treated to
i npart the bmaélegpmed devicelpying A grating ugaceliseatmeat to it lgast auelcell wall thant | par al | el

r ubbi ng of | vi I r ] " 1%}@, 997, 264)

GB- 2, 209, Gfgwﬁ%gél‘g]cggfﬁocﬁ% @%ﬂ§fbad§§%m@t er éﬁgﬂgﬁ ounght hat when a
bookshel f aimepzrinhtiahplance Thiacell cay be eladrieall swicchpdibetveep|thgsotv@bstatése pl ane of

t he device s A phase, the |ayers
becone til gdeéﬁrvﬁﬁg%ﬁevroﬁml h'fpeg%ﬂlfﬁgﬂ}lrcg%rﬁ%\;ﬁh&tp&% ype of chevron can
exi st alfd are defined as Cc and G type (ref 7. Kanbe et al Ferroelectrics
(1991) vol alddter BRI nERSRE dd¥i& ANAWEHEA fi aﬁrzezszam Ahi spfiagsdeen ascri bed
to the combined effect of shrinkage of the smectic |ayer spaci ng and

pi nni ng of atcH@telyfpared bigratinge o gfrleagience crlivallo The bigrating geratite Jigwid structure

means that c4he gbiest 6 aaabttnb@dmcféq& Engfar blighed Qlrbetiofs Whabaliabik fixed in one
of two orientations significantly |less than the full caone angle. This means

that with REBEpEiEes prctmlisd e ell; '§°°§°%“-'t§'b§3a¢ﬁ Faplieg & flpxpelefBCangl e bet ween
the optisc pathrssatith db fa@scﬁm in Phtkrdt 2GlicaTiGONb. | WOS3/064 48! %nc‘ammwvsads to a
correspondl 22 I\/ar 2002 WO 99118474 PCT/ (%98#0302@ drop of the

di spl ay brfpg‘%ﬁllﬁgt%s W%ﬁﬂb‘éﬂ“’f?f‘%‘f’l’?&‘&%‘we?'?ﬁ? thelayes s cBlir€al bri ght ness
have been mmsadctﬁﬂlan@mﬁeleaak cogporeas canlbeAGmili, evitels i Rihdefit i on: 5 An
applied AC | d se 0 nsufficient tinme and voltage (t V) to latch into
the two st?ﬂ’ég‘ 5&87“55“‘1“8’5{ "HE&%di el ectric tensor (primarily the dielectric
biaxiality) to increase the angle between these states and enhance the

bri ght ngssyy Tt{?&b'i?:{cﬁhazﬁ’c! &Qicﬁ&ddbizﬁeish)q 1&%{3&8&%@& nlef istddpt @ high
frequency Vol age 1's required const ant] 0 ntarn the required

bri ght nesspreshi i femoslestricaddyicgh ﬂpﬁ@uﬁrthdms@l asvich, thﬁpawfacemyalr P 1o for

conpl ex di 3pleayes i\ %o élﬂﬁna?tpima! ees‘iiclaﬁgeaﬂ@tg@ﬁrfﬁé l@egﬁltchﬁgﬁéuw the
brightness i1s corgrﬁrom sed a suitably | ow AC vol % It has the
advant age Yeagitey bi V@E‘EF%W@ laﬁdF Eﬁh?é‘h@‘gl} BOWFS eepsurpptiop ang e mecdfed for surface
sW t chi ng, c3RthisBe@oRr &itigce nenory effects are mininmal, and the sl ower
switching at the surface does not effect the device. 15 2 H gh pre-tilt
Paral | f: This geonetry has (approxi mately) the sane chevron structure with
t he di reCtElrres’:p‘ecttcHQicﬁEESWsQQ shBdtie IhadRIsaths Gelafanee boMigamettanti 0hd he rubbi ng
direction. ct or gt the surface is at a nuch higher

i n-pl ane t¥P fm%\ﬁﬁ‘{"’éteﬁ ’eE"H s et i ng effects of 20 lying on the SnCt
cone and with the preferred allgnrrent pre-tilt. This type of devi ce gives
good brightness but suffers r..response i nvol ves

surface s lf&“rﬁ’%?g’}"nb?ﬁwfidfe‘ﬁ‘f‘?ﬁgisf“g] Eﬂc\f,@!f %?"rﬁ’? Whl ch may | ead

to image sticking. 2s 3 Quasi-bookshelf Two net hods may be used to reduce

the layer tilt l.e..and t hereby. increase the device brightness.

Pr e- treatl%kgwgﬁgéﬂ@é&m%#ﬁquency field of sufficient magnitude
or choosing certain materials in which the layer shrinkage on cooling

t hrough the snectic phases is reduced (sone materials may actually increase
| ayer 30 spacing on cooling). Such a device has simlar advantages and

di sadvantages to the high pre-tilt configurations.




4 UniformTilted |layer (H gh pre-tilt anti-parallel) geonetry: 22 March
2002 wo 99n saga 7 PCTI (3B98~03011 Sim lar to previous two geonetry's but
t.here is no chevron (and therefore no constraint on the director at the
cell centre) and the high angl e between the bistable sta@sMasckiZ@03 i sed
solely by the surfaces. 5 Application of a DC field to the smectic A (or
ot her orthogonal snectic) phase of a chiral material |eads to an induced
tilt of the i r and hence optical axis normal to ta, Hlﬁa Jied field.
In a (appr oxﬁ’%?fe&f‘ﬁ) planar aligned liquid crystal cell wt 9§@gctrodes on
t he substrate surfaces the el ectroclisi c effect induces a rotation of t he

optic axis Bye mw?ugaf@m s%‘&rbfr: anak ohdh £ 3@@9}&&%5&@4&5@ deVitdS,

optical shutte th fu ana ue anp e or phase no ation rra be

obt ai ned. tGSALEbithdh Ap%‘f% thagswﬂi éPldeEhY&é-eﬂs%lﬁP&l(kﬁgﬂ)g Iui tabl y
uni f or m andpl RiaL p) E\Aﬂa} Q%deturf&fes LBg §£§€5Mtf? pirﬂ)é%rsann%a:'aﬁé ?Fe'?eéﬁﬂom emis

that the induced tching may 1nvo sone ' rotation of rector away
from t he pr#izgamensdiredtions FBe devise iscaopled fromm antoerlydng Smestic Arhﬂss iM®9enent is

Subj ect § 0 RoRihbll afingtnd O Vet cCy dBbnd: TP Y ndkel) AL G Bierb ! T2 OF L e

device and also to certal n sur ec s. 20 Certaln materials
farm an antlﬁyqﬁeﬁﬂrﬂwd@éﬂw@%F&%E’a”ﬁﬁsembwéi/mb@hdéed in active matrix or
direct drive devices. Effectively these devices have a simlar appearance
to the 25 smectic A phase until sufficient DC voltage is applied) above
whi ch the dBripe erigigal;teackingfas deyicerused ap anpibedrop@teaiskércs wligmeenpol arity of

the appli efireitnﬂ:ﬂtaio)enSJ:Mchquthsﬁ?dﬂ?&Edﬁa' lids Prdr@&Hhigly ddCsubsiatiglly There is a
limted nunber of material h formthis phase(partlcularly over a 30

wi de t ebberratalieldo r‘%ﬁﬂﬁ)‘“&%@e é‘fl—'—tthés@c ﬁk‘flfﬁ?&l nargab g prafpeediipsstien i sotropic to

smecti c phagg then-ifpart@ @W@Jdnﬁkd’@;c%b&i@b& PRARAAIChEIAS Ge- laykh i@ th@ans that the
materials are m)re difficult to align) form ng batonnets (see Gay and

Goodby booR§aued fiFrstianebheilayers remained Tixpdyprssaojipgyinto theoSmek phase. 0B WO 99/ 18174

8 PCT1GBI8IG3 ererdy 1§ miRmbATO L § & thsm% miSimuR%herk) Rate Beedr whidray €T
structure nucleates in a limted 5 number of "cold spots” in the isotropic

i qui d. Thém%@%kﬁtﬂwltéﬁh‘?‘éela‘?%ﬁﬂdt his point to mnimse the bend and
splay ofs the | ayer normal. Were the |ayers neet the surface they becone
pi nned and dlffICU| to nove. Hence) it is difficult to obtain the desired

| ayer arrafly Rgynes, regfised that ’E‘BW%@‘F\) aligAment ‘Iﬁ’é“ﬁat%ﬁﬁ’é‘i‘ structure
has pre- forremwed @rhae@glalcmgn heéadic Nheghz&lélaﬁovram&mmtmxapmk pitdh wdsel d tends to
|nducetvv|stf10 %eﬁ to at the surf& ‘%vvhlc %geadsto
probl ens aSuficey ye‘aﬂ °f te ° Eﬁess'ﬂnc?‘i?ﬁl'“h“é‘“ e SPRYRRY 1By surface
menory eff daxtassigréficant temperature range above the transition. They also required that the
20 surface should be pre-treated to impart the preferred directions, often by use 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. 8=0) SmA sample is cooled into the SmC* phase, the
layers become tilted in a chevron type of configuration; 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



D. SnC* Optical Shutters: 15 Bradshaw arid Raynes al so described a type of
device in which the FLC is obtained fromcooling directly fromthe unwound
"Nt phase in a parallel rubbed device, preferably with in applied DC field
applied during the phase transition. The unwound N* phase2Bddatdte2002ect or
.in the rubbing directions and on cooling into the SnC* this orientation is
mai nt ai ned and the |ayer normal twi sts through the angle A. Degeneracy 20
of the directyggygieWhi ch the | ayer nornal is oriented is&LeABYeH0Y the
application of the DC field. This is a nonostabl e device, since |t al ways
rel axes back to the surface stabilisegd state (with n a s) once the field is
removed (it C I ei t her

t hrough AC st blﬁb?nscal@fpga %}?ﬂt =l‘rsou'ﬁh%?ﬁ%:kl %ﬁ;ﬁg&&%f&fﬁr&ﬁlﬁ & %H‘&? non |inear
el ectrical é’PéhFEﬁﬁbﬂVaPCEGMOvd%IPracmM@FS) it is fast (due to Ps).
Primarily switching occurs in the bulk of the cell and little or no

swi tching occurs at the surface. However, this neans that the director is
hi ghly tw stled ar?'&'fwéﬂﬁtibﬂlsﬁlmﬂm structure. This neans that the optical
appear ange | ”EIB'% sadnl a dye as
done in gar Iﬁél | taéﬁpﬁ&akﬁg gﬂgfe?ﬁl S | g%ﬁg%w&%é%geh igg)r é‘g swi t chi ng
i's requiredstatss Fmieg%thpéreleemnﬂm@; (priwnarily th|digdgeirisrhiaxialingité fricase over a

W de tenper geingle haRdé MEE RS a.h@m&wafmea}lg Es Stk 'maaﬁﬁuga?mt prany [ SMC
materials, |eading to a chevron structure associ a ects.

March 2002 Hs b9 Oémothmaeasbsh dzauencyAvalggnrimrequired| ¢ogstemilyctoy st al s on a
surface is gt @k Geqlird lﬂﬁh&bﬁa"mxs%&@! :?Hgﬁ Béwéjdlssfpﬁk?o%e?ﬂﬁéﬁ!é% types.

Several different neans are known %#/ ud O fluids may be
al i gned Bn £Pr somplax Eisplays yherc g apali frequnmcérhla#nd&eal&yetbv paghtngssisr ect i on at

| east 5 BOchﬁpmfgéaeoymsagasgxf:abtyhewwﬁmg’et Qt s Qe 480t 24t fipegUWhi ch al i gns
a nematlc Ilfygwd crystal in the plane of the substrate, along an axis

or t hogonal c ahgmedtis dseh ithsrr inodteed &3 suflf‘?‘ie SWiiehings nd hence jgur Wiggaporation is
conduct ed f mem@ effedtart nfiimBR bid e ABwaRGtehiddf ar #ROniifade doks AR Sffedtr OM t he
substrate, ‘Fh ﬁ resulting surface aligns a nematic liquid crystal along a
direction tiFEfE& rom the plane of the substrate by about 20 in to the
directiam of the evaporation source. Many commercial liquid crystal devices
are fabricated i npq g gbe l.pol ymer alignment | ayers, especially rubbed

pol yi mi de afign f 5 #a"®Typical Iy such layers arc deposited as an ami de
pr ecur sor p"ﬂh;/gnmcdnyhafspaipprodmmw;i)u}ieaamoéhea-osmwh&mmtﬂéﬂxeerctoiEt thenoval of the
sol vent, th atln ing at high t.enperature,

t hen uni di rég r|8’(1)}r%'a {““5 aqg’frpoq’elngkf% d’ltﬁcqmrr‘eglﬁrf‘fcﬁgt&sdmfgge al i gns

| i quid crysatdlie snﬁacens aahsnuah blu{a,ermhelarchtwetzngbrduofo thutdmpnglswffeus aftilt out of
the pl agg qtvmg*aﬁuélsa{@%enaﬁdmu@pm&&alegna.tmpruﬂ f¥edpd t ude of the
tilt angle s typicall , but specia |nue orrmlatlons and
treat nents &Hreé EQ%P‘F%CES Wls\éf#%&ﬁnﬂr%qﬂedé”?ﬂ"%&'fm%"H‘alyFﬁf &5 of pretilt.
Sorre pol yneswldcﬁugaranarﬂ%npmglm Pbrh G ipRBletnk GHich ﬁxv'aw) altorm;hgal al when
cross linked X exposure to linear polarised |ight (WO95/2207

GB9444. 402551‘8]? 8- This avoids the need for rubbing which is useful when
substrates carry thin filmtransistors for a part of active matrix

di spl ayzs E al Jj %n &yrrer may al so be used in conduction with gratings
as note QQ her nmeans to provide a surface alignnent for
liquid cr ysrxai mlmbdsrmzy Be ised av sdbhaelthelaferain ingle ai:dpb)séuyi increané tichi f f er ent

sur f act ant | s b te from of different
sur f act ant sdl?r’ayt[’%%‘m% ggre‘m%nﬁggn%%’d:gévt'tgranlgr §C§M%Qd O%sf'?isf)gﬁal kyl at ed

si |l azenes anagninaieia ohbusmgl anmlmlrﬂean@latlmsv}ucﬁnbeatawmhnm&agt loe csdlifgace usual |y

30 entails coa t.
sur f act ant )tgmﬁ%‘ tﬁgurgfclt raesgsu ts | n é%’lm%’;{nl § % ?ﬁ&t"ﬁ d’ﬁ%}s a5’1’;rcr yst al
ort hogosal spaxirtghe qoblargp Sxfchtardevxsuﬁbstsmlhe@dvammamdrﬂmmmgqsnc thel | gnnent .

Bi nucl ear ck@ihop@-h'f%o%lrlg(ua&%% es and ot her binucl ear

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



22 March 2002 WO 99/ 18474 PCT',~G B98103011 10 surfactants may provide
alignnment in the plane of the substrate without any preferred direction in
“this plane. Yet a further nmethod to achieve liquid crystal alignnent at a
surface involves 5 fabrication of a relief structure such2adVarelel20$2
grating on the surface. Such a structure may be obtai ned by

“phot ol i t hographi ¢ nmeans, by enbossing a conpliant surface | ayer such as a
pol ymer agai ster structure fabricated on) for ex t al
sheet, by negrstét?rg?lcﬂ?ly scribing the surface or by other %ﬁ@”’%"ﬁ%u ng
structure aligns a nematic liquid crystal along the direction of the
troughs and crests of the grating. to Mre conplex relief structures can
provide tilted or bistable alignment. The alignnent nethods of the known
art suffer Similaberprefioshot goonietgs hnrhitlml‘e prev elndvrdni Gd dhaefppet 8 devi ces

manuf act ur ed,_accor di to.these f.r.om. achi ei,. full potential
utility. 15 Kol raxg{r%r}t{ﬁgl%?ct(oé&ﬁﬁ’ﬁégﬁ %a‘tnd t}tc faﬁcg’geﬁgrs}s btﬁtaebl'laccordr ng to
known met hodsa}es isatapilisadi sdielydy shersiudmes.al | gnment treat ment on which the liquid
crystal ignnent is free to adopt any alignment direction in the plane of
the surfdce. A planar alignment nay be obtained by various nethods

i ncl udi ng e\BafElccirbichmic ofticalishutterst gani ¢ material from 20 substantially normal
i ncidence to the substrate) or by coating the substrate with a known

pol ymer material such as a polyimde material w thout nechanical rubbing.

I n these cas“@s)icatidneofaal DG ickdrto thefsmiette A i(aywildr athpgenal smestic)phasiaffaace i s not
fixed durin I .ghment of the
liquid cr ystg }5‘% ﬁﬁ%ﬁlﬁ%@ﬁo%?f@ﬁ{ ? :t'?ts? thg@ﬁ%ct&r Jécﬁ&dofﬁéal%ﬁgﬂ@g}eag@nes

i movabl B, the mhsiuﬁhlda Bu e f(appeoximuely) plgranestipnedi liquid jcxystal seldeitr i ned by
such, 1 2CE OF Sl b e BRARATOlec Bl HEE AR ubREPEERT U €
gradient or electric |qur cryst ase first

cont acts t heptiaaxisdyen aﬂgienr@ottt@sﬂr“aweppﬂled PR Thas, ansmrcrﬂaéétter wétht ment  whi ch
can al | ow t lagy Jnhigilietm ﬁ%&é@khﬁlﬁn@@ﬂﬁﬂhﬂﬂv@&bﬂu&@ to rotate freely and 3o
repeatedly in the sur ace plane, but this is not avail able from known
surface treatnents. 22 March 2002 WO 991 18474 PCT/ (B98I 03011 11 A second

shortcomsnngtomvmotreﬂ%rt scawat&bmatslw@rgs&@upmnmaﬁas @t the energy
required to chan he zenithal angle between the substrate and the liquid

e
crystal di r 8¢&8FD |°§&W|§E’ﬁ°t§r1@£tser‘* 't"ﬁ&’ri”?‘ﬂ%“ EI‘%?st*ied“ddff’%dtsé‘f“ﬂ"%méher gy of the
l'i quid crystnwblve ksl rBtabMiH ¢thihd direGoN WAt ffisth hypﬁemmtmmmxreamn\wl tages. This

means that in [i.qui st al evi ¢ces u nmen echni ques,
The i quia BEyUEdR s mbpisien B e SCE pUBiareaRy P ad RS b angl e a

t he cel | wabwischagtimi beths dévice andisoab cériaim sokéace memmiarcﬁbptqor ovi des an opti cal

ef f ect gﬁcurs only in the parts of the device which are separated fromthe
cel | s by sone drstance mhrch depends on the magnitude of the applied
field. 10 TheAntidsr pudnervstalsf(AtiaC): t hat t he above problens are
reduced by a surface al i gnrrent treatment which all ows novenent of liquid
crystal nolecules at or close to the cell walls, hence the |liquid crystal
di rector i nCexwpin meterialg form aativiestaelectsic phaseViipiongy keriseris FF4's BA%%nt at i on at

| ow val Ues ef drﬁ@p&ﬂv@(jc‘ftécg ! @{fcétQElmeé@ccﬁEav@Bmdtw af:rbd&}aﬂcc]é thd r engt hs of
t he order of |ess than volt per mcron for an applied eIectrrc field. The

benef i t 3 of STEEFERHAFDIE wt&éefﬁfreé%%ﬂtagmm'%|ah9ré % $39R%H ™M™ he operating

vol tage of EifiRr sHews fftesqBébestingPon the HolaBWITRI bpyliBd ibal)Similaefditg behavi our  of
t he device such as the electro-optic threshold steepness of the device
whi ch det er PRTRASCFECHABIAE: of i nformati on which may be witten on an

el ectro-optic display by neans of the known

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.



20 nethods of RMS nultiplex driving. Accordingly, in a first aspect the
invention provides a liquid crystal device conprising a layer of a liquid

- crystal material contained between two spaced cell wall carrying el ectrodes

structures and an alignment treatment on at |east one wal 22 MRagaé002i sed
by 25 nmeans for reducing anchoring energy at the surface alignnent on one
“or both cell walls. The anchoring energy reduced is one or nore of:

azi mut hal anch@sdipgs €NErgy, zcnithal anchoring energy, aq@rk&?ﬂé&ational
anchoring energy (novenment along the alignnment 30 treated surtace). The
significance of anchoring energies ingthe context of different device types
are di scussed further below Further aspects of the invention relevant to
specific device types are al so discussed further bel ow. 22 March 2002 WO
991 18474 PCT/ GB98/ 03011 12 Anchoring energy arises from surface topography
featwes such as grooves or gratings, and from chem cal bondi ng
interactions, The present .invention reduces anchoring enerqgy by changi ng

the cheni calfhpBKehapigm ok it iSoR% I the spersic dayer sEusture Pesdialep Y 2niilited| so be

changed) sf ohufiderBILA bdts" 85lie Botkdp®: IJulE TRE RP&s Mbn SrAOHARd Bis poidll at i ngs. The
means for reducl,n_g energ‘g may be an ol igonmer or_short chain polymer which
thibe hend gpg

is either sff the rthe, dpyeronqrgel [ Where Jli dpyers ymeetibeat er i al .
ghe_ si ze of s@{ahﬂlﬁﬁ}ed’ecéflﬁe ﬁﬁ:wta?d:mmcmtpstm!nymn{tcmyitlbﬁdiml%lh@fot&gjﬂ tlh_egih;/e a
esired anoyn referential deposition cell walls and slig

separ ati on ?SBFﬂo{a}‘FgaF?”éﬁ‘F’Ef“é?%/é‘?aéng%lfspﬁ ORersie batenphrugRILEfaS £ o1 r educi ng
anch?ri ng emrf@meﬂ&@ra b&liﬁg\@diﬁmc_pﬁﬁa,tm& i’l:ip[l@idﬁéld &h&,toﬁﬂh?t&istand/ g(rj g
acryl ate_non S an r ich . i ther spr on t.he, surface or added to
the Iiqdld 8&&}?9‘5‘!&&&& ‘3? F‘\é',?a.“sl‘gh'ahéma °?‘% ﬁ?‘rBWSﬁF‘Fé%?P & wg{\d“’??@%ms f or
reduci ng answichinggnck Beslawer sgryd, befape memetg dfférys, &c.doubl e | ayer treatnent, now
referred to as a substrate |ayer and a polyner |ayer. The substrate |ayer
may either be formed in the surface of the cell wall, e.g. by nechani cal
rubbi ng of Dh&mEHOphgeShutters( and preferably) be a coating on the cell wall.
This coating may include anisotropic features which act to align liquid
crystal phases 20 placed in contact with it or in close proximty to it.
Such f edf ur Bedsimy andRiynechoalsndeicribedl 7 obe ef deévieairuwidish thaFLOds nigtaiaedol ai n or

bl azed grat} . Di j el 4 { L l,ar array of
surface fea%ﬁ?é’g&fn c%%wngglgf}ﬁg ﬁg‘%&{{“?rﬁ t é%a@f c')r?gg%agarrlrlﬁfs)gubk{dl ?‘%& “col ums,

pl at el et s apreferably svith irt applisd RC field spphieddiripg the@hase iransitionbThepmwoundapor at i on of
| nor gani ¢ ngé gﬂakalﬁthela&&tarmmwbmgair&ﬁomnm%mgcmo RDEAG @ik O wor ki ng
of the 25 surtace. Such featu=es nmay also include a substantial anisotropy
in the subsericaietonfipmpipigined gd thedayepnamalsyistsdbrneghitbeanslsr Begentrery or rubbi ng
of the spbsidud fredtdY § witkh RY 126ef RO 8 oREntdd 6 redDS UyahLaphBdiGon &0 POl ari sed
actinic radiation. The polyner layer (fornmed on thé substrate |ayer) has
the charact®PSfitlds of having 30 inperfect solubility in the liquid crystal
material used in the device, of having a physical affinity for the surface

of the subsfrate, and of retaining a S&Jbsta tiagll Ii%g@j l.i ke surface at
Che. pol yrrer T 18 P BiEbie doyice, Haca it Aags o enlp 21 Hitss Sousie itga1 4

PCT/ GB98103®@dth nFiB s) onté e [fieldyisrmmonaly(ithRayetieplsedin dedicdshehedehel fivld isn var i ous
ways. I n_one apprqgach, the polyner is fornmed b nerisation of reactive
| ow nol é%m’a?‘“gﬁf‘gﬁf “’f?&?‘é?‘FéFaE‘){‘ﬁ%Sﬁ ‘B’PF%H“%F‘%P@%%&?IFB“@ §¥ral fluid. The
resul ting slneattcleotricaireletHente @t Sachpixell Hoveyere(t is fustl (dogitodPsr Painadlyi s t hen
filled into the cell,. an h ol r.tis allaowed to co the 5 substrate
Surfaces. pPFBnERRYS indfRch I s el SR ios B AR Re Gl e b 8sE, o1 ey
under go i nti¥sweeel] tisemqanothesthe dirktoe s Righly itlisted taihd fionounifoem stticfungyi Ng prior to
being filled.into the, displ cell..ln a further. oach. to. appl yi ng the
pol yrer o (Y RLEF RERwLder e FomeR gt 1§ B e iRl ol 2 ey be
di ssol ved iwdﬂ_mdyh_es dohqisnieeﬂ;dﬁiya_slhi_ado_rkl)/rahctdm this istalease whedelsethce swichinpe di spl ay

Cel | POl YSE AR ol B 2, G, AR, 3\l DY eat ne
initiator. téhpesturpoingmsacauseafayerrshtifdagpstillyoveurs irsmany IWHEC matehidls, use to and

coat the subab ol Lonb A Phcture and associated defects.



15 A still further approach to applying the polyner to the device is

provi ded by polynerisation of the reactive materials in the presence or
absence of an inert solvent. The solvent, if present) is renoved and the
resulting polynmer is dissolved in the liquid crystal and 22INMeacth 2002 t he
di splay cell. 20 A further approach to applying the polyner to the device
“"is to formthe polyner on the substrate by applying a thin | ayer of
reactive | owwgbgephar weight materials to the substrat e pbyckhds; means
such as by spinning a stoichionetric anount of each onto the substrate in
solution in a solvent. After renoval ¢of the solvent, polynerisation is
initiated by heating or by exposure to light in the presence of a 25
polynmerisation initiator. The treated substrates are then assenbled into a
cell and t heligngeatpf diayidenystals paeagsurtace i rikerefore wraggnificantapehlaR defrallsed in t hat
it is subst qidsé advick typRs)- Sev¥all Bitdrind Brerd atGoRh 65 MRS 1ihid kRSl sl d crystal)
and that it possesses a glass_transition tenperature bel ow the 30 operating
t enper at ur e M RGaliged ehasurfacs Bvaporation of glispranonpide foam a disectionatileastl y |inear in
i ts ol equl 3o fbh ikl pliR 0P fhelstibsHRY ploPiikbd /Sl GurRAEARGEL RYnDE BematidGiqiial Y TBr May

al so be crosslinked to a | ow degree in order to pronote phase separation
fromthe |i§usal &y spiane gf thedupate: plong emexs orkogenab e (thet @vapastionsuch

cr 0ss i nki Ngirkcioftin Suftsd if Y Shapbrdfn & condibteMoflla AARYRLIL L54" 4

PCT/ GB98103011 14 fluid, gumli lge, gel -1ike or elastic character is

retai ned, apPeBle pbabewt S nesriesg dem the subpirase; dhe respltngrsyridealigns opemadti d | i ke
character LGR LS i : i | erials

i ncl ude th?@{llﬁgrﬁ filoﬁ/ a@%@@ﬂﬁ%‘ﬂ% efpféggfggsggﬁﬂgxgﬁﬁﬁ%mati on of
known nofontheglireation hithpevapraation saafcean added t hi ol conpound which serves to
limt the nol ecul ar wei ght of the product through chain transfer reactions.
Details of suitable material are listed later. Inrelation to tw sted
nemat i ¢ devMapy  commercinl dingidt crysial edevises ateaabricatadn dsing avbbedhevolymer ont r ast
ratio of a ygn'%ﬁ ' i gh,g]r;),; : LS ddi ti onal
surface tregt ment Ci%éﬁc”ﬁbércgagg?&éa? ﬁgﬁ?ggﬁ a t%&%bﬁ*ﬁg‘%ﬁ%%ﬁf t he
surface and®eidapositsd ag|an amide Presienr ipalymeRbY spifvdapesiiontqfgrfolytion: %@ehear -surface

nemat i C 15 ayRimdval SEGE sdvenl, BRLOHAL: cadiing iftARidD 6y Rildedt RglvRAbaaEO0f | eading to
a |l owering glf th,g, t hreshol d vol t age. Lower vo{tage gperation is preferable

for both paeh yudirssiionally gikbedwath 3 eothsTheeresuiting syiace atigns digyid icpsidbyi ces as it
al l ows a di speAsls dishgQRedirbtidn Of fubbim WiEh\Etilt S0 WEhe SIS (R lsirfide inAecor di ngly, in
a second aspect the invention provides a tw sted nematj.c Ii(lui d crystal

devi ce capabirestion ofifuhbing. Tusimagnbe ot ORI 2p8lf siwirally At 0F ¢ Wt $PeRigh t wi st ed
state I20 COﬁHDfih:.fdenﬂli'mﬁIMnSth tié&inbriis aru:hmii)ung r\;atxidha?@r fﬁdﬂ@h@ c liquid
crysta terial; electrode structures on bo s r. i ng an

el )e/ct ri é fi‘@?%mﬁ%efc?gé’"t“hedﬁe%lﬁh? §F§f'a?’= IBR3RIF © ﬁk’g’ﬂ?q‘ g%“é‘?gﬁgfténngnt on both
cel |l wal | s mpstendl shihergcradsilighadbytexmbisure of krear fotaribdddightdVe095622815, @B-ecul es and

arranged sop4 Ny .st e L . LG e | Sk the liquid
crystal Ia;c/)ger a ngi)'t é?gvzogdrs gl%\ggﬁdtfg”gég‘%&}ggq{f B%glr] %%F%gg%{cg%%gns for 25

di sti ngui shhingfillretraneissorstibres papoof detive emagrin disgiays.c Ahe slisnedpolpertbay | i qui d
crystal nat‘ﬁgoiqulu's Wﬁﬁmﬁ%@gg%%bg@g_ reduci ng zeni thal anchoring
energy in the sur'.fdace al'T'gnnent on one or both cell walls. Additionally the
azi nut ha&t anchoring energy may al so be reduced. 30 The neans for reducing
azi mut hal am'\t}&em&nﬁgagﬁ&ydea@&m Iif3fner 6 QNid BYstORRAGM!s KRV ailkBlean ol i gonrer
containing esters, thiol nd/ or acryl ate nonomers either spread 22 March

a
2002 WO 99| iy the depopitiay géqﬁ'ggli jurfactant 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



15 on the surface or added to the liquid crystal material) e.g. the
materials N65 and MXMD35. The oligoners may mgrate preferentially to the
surface in order to mnimse the 5 surface free energy. This may dilute the
amount of Liquid crystal at the surface |eading to an effggnxeH gdootion
in the order paraneter, S which is defined by (P. G deGenltes, The Physics
“of Liquid Crystals) darendon Press, Oxford 1974): S =~ ~(3 cos' B -1~~
The order paranmeter is an indication of how well nolecules align in a cell.

| 0 Addi ti ona"Py*1¥8#é phase of the liquid crystal naterial PGHCORHEOYurface may
be changed by the oligoners, eg fromnematic or long pitch cholesteric to
isotropic. The treatnent may be used'% n conjunction with a surface which

i nduces noﬁég‘ﬁ%ﬁé“%ﬂé?‘ﬂqiqaé'@’ﬁ‘é‘mt%méﬂel%Wh@su‘a%?’lmﬁ@f By pyfeRedt | ayer nay
be a rubbecal,ggiowﬁpﬁus%%g_ace as described in S. Ishihara et al) Liq. Cryst.
vol .4, no. 6, p.669-67S (1989) or an obliquely evaporated inorganic
materi al as described in W Urbach, M Boix and E. Guyon, Appl. Phys.

Lett., vol.yelS) fub@er &Lm&?% G Gy ) AR ek U | AS RN fvBlved- I ane
ani sotrg{) i s. achieved 20 illum nation wth polarised Iight such as |ei.

Schadt 4eb ncgtﬁ)ﬁ of 3 rehp&)s&pctuxpﬁgpg asa vhefgghng, gn the s'g,rfacg 1&‘5&}( g_ggxgsure
Al ternativehdy teldstainkd Wﬁlﬁfbhthb@(ﬁﬁc rfms B?cxﬁbo%ﬂ{;g A6EmpIRRQEREIAYer W th an

asyrmetrlc roove profile as describ . Bryan-Brown and M J.

Tow er, j 4 2 PPLyTErABeIDs a&@&?‘é&“ﬁw&# Figatad on, fepeximpissa mglglsh 6@9402492 4) .
The al 11 gnmlwtmedn%@my Qﬂ&n@l{hetshﬂacbWDb)Sbthefra&Qnmgrbltﬁig%&b&ﬁr@%%@' L (<s%
per pendi cul ar e, ne u y ain anoun <

of a chi ralmaf)tﬁalfﬁmd(s‘ifyﬁ?éta@’t”ﬁé}ﬁe %regnon 9%1@’1'{ %‘Bi@] R?EW:R hﬂ@“&%l | walls may
be substeanMdaeé tomplex@elitf fan@tured bagPoviveitited albistable afip@ndril € e. g. pol yol efin.

22 March 2002 WO 99i 18474 16 PCTI GB98103011 The el ectrodes may be forned- as
a series of row and colum el ectrodes arranged and an x,y matrix of

addr essabl &'helabmmmahodﬂicﬁ'phamopzhml sifferTy purledr | of shérecominge whivles are 200m
wi de space ernat i t he,.el ect rodes e arranged in
ot her disp 1:%// r?] ?ﬁ'g Crysg‘ éuicei\ mmfl%gm%d accfrdmg 8 li"’sed tElra()aétyls% In relation
to bistabl Gcmmtthwfdémtwwuumye present inventors- have found that the to
pr obl er’qhof surface layer switching is reduced by using a surface treatnent
whi ch changes the liquid crystal properties in the vicinity of the surface
and so | eafge sehahirtoamingdn Gabit inprdin pesgletnetonting tot knpwhingptiieds,gpyst al  and t he
surface. i i ng ot her

devi ce par gﬁgidg%ém@%h%@&tﬁ Fﬂgﬂ%ﬁﬁﬂ{cﬁ@{rﬁg%%ﬁ@ﬁ J|ﬁn)‘{/pe§1t| on provides
a bi st abl eadnehemyiatignmegidirectionyn Plawfltbféumcﬁ Riwllgs@sntntamecell wal | s

encl osi ng guthindesy oinoﬂenmhb& inb1gdihd evabdraiod! of MRl iREkBlic nRleRAIAAGE Structures
on both walls; a _surface alignnent on both cell walls_ providing alignnent

directi®Bn FHpsEGHy 6°M§F§F“°ﬁﬂ? &hebstrate, Qralyscoptine H’ies‘E‘PW@iﬁl“é‘m fig bet ween
swi t ched Sha:l“ﬁﬁpo@fnei Retetid] Githds spaﬁfume nifteHelwithout rhddhAGTREBIGED: BY neans 2o

fo_r r educi |neI Iﬂfﬂ‘%z’l&gﬁhh llnfigrystal nafﬁnecshu(r:)framl aneQ%unng the surface

al i gnnment
su.rfacc prcparatlon, 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.



I deal ly the inelastic azinmuthal nmenory anchoring energy is reduced to zero.
Preferably the zenithal anchoring energy is also reduced. 25 The neans for
reduci ng energy may be an oligoner or short chain polynmer which is either
spread on the surface or added to the liquid crystal mateppalardt ebezably
the oligoner or short chain pol yner does not change the pretilt by a 30

" substantial amobunt, e.g. change the pretilt by nore than 5. The treatnment
is used in copjunction with a surface which induces bistable nematic
alignment  22°REPBEH 2002 wo 99118474 17 PCT/ GB98/ 03011 TGP e
surface may be a surface aligrunent bigrating on at |east one of the cell
walls that permts the liquid crystal nolecules tQ adopt two different

azi nut hat al‘iséﬁﬂ‘éirﬂ‘°ﬁ°f“€hg&?k?f§‘f“ Lguid; crysiphligament freriquss jsobet ths$798%1.990)

( PCT- 961024 6:3quireB®bcthingel the Gerfithal 23R 5eAGdeR thehwean inldehaliheasta di rections
may 90 or less than 90. The grating, may he a profiled | ayer of a

phot opol ymer T eeEPe sl extibabine elisisr Upieren angrey of diediauid gystahieeliyyt | ey,

Di ffraction viieis Q@ﬁra(eémagdsrmnenll}’%?ﬂﬁd vbIRB&O This¥dns RatIR L&k crgad F Horn,
Physics World, 33 (Maych 19%%‘. ter,natlveljjy,_ theﬁﬁﬁi rating gnasy/ be forned
by enboss] ngieViffsTusiag| Krown pignmenttechaiquss the Jiang crysiy] ofigselep Jemains 5 - 41
(1978]2, o][ rsubstangally Fixéd iani‘RVmgle?-,ﬂgﬂe f}énsvam% kRdthe Rﬁmﬁn§ﬁfﬁb d88ce(WHidh/) , or by
transfer froma cancer r. e bigrati na ve a s tric or
byt i ¢ QrbBeEap el ore e B i ok B9 eFBYe L o8 sFfRes born

al i gnnment arfdnpthetalll walla by dascdistiveel whith Geperd 4 Gi-riagnitine ofttetapplied may be
applied to ?ﬁfdh cell walls and may be the sanme or different shape 20 on
each wal | . € bistable surface could alternatively be forned by using an
obl i quel Y evaporated material as described in patent Application WO 9210054
(G Dur and, rberi) M 3 ocon d Mar tinot-Largarde, 1991). 25 The
el | el s e BerLmsebem B8 rr g g sbots BB e RO ER 87 = o809 i bl o . o
pol yol ef i n. alignmeat teatmentdaschailywbmotemented liggd erysd modsule$ atropwlosertd col um

el ectrodes r X @H'. . e r di splay

pi xel s. Typ?’f:cac {ﬂ%{?ﬁﬁg&g g@#@%’gé ar%&(eggi E’%ggtr?n&vﬁﬁﬁ ‘ﬁgi"’s‘ﬁg‘égﬁg g%gn?lgpart :

Al t er nat i velhange heondntation etlow vaiugs Io€ appliedifiglddfor mxaptpirent applpl fsidf ormats e. g.
r-B MatrisX QiengthObf 1B Hkr SF1e3PBY B volr per micron for an applied electric field. The

benefits of such a surface treatment may include reduction in the operating voltage of

the device and/or an improvement in the switching behaviour of the device such as the
electro-optic threshold steepness of the device which determines the amount of
information which may be written on an electro-optic display by means of the known

20 methods of RMS multiplex driving.

Accordingly, in a first aspect the invention provides a liquid crystal device comprising
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
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 translational 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.



22 March 2002 WO 99/ 18474 PCT/ (B98103011 18 In relation to snectic devices)
t he. present inventors have found that problens in such devices may be
reduced by use of a surfactant to lower the interaction between the
surfaces) of cell walls) and the liquid crystal in the sn2étMarqhthd@e2 or in
the 5 overlying nemati c phase fromwhich the cell is cooled into the
“snmectic phase for all operating tenperatures. This use of a surfactant may
be terned a j surface treatnment. Thus inproved al | nt, optical
properties, ?ﬁg?@ﬁ?lng speed and stability to shock of sng‘gpgg”@@ ices are
achi eved through slippery surface treatnent. to Accordingly, in a fourth
aspect the i,nvention provides a spectlc Iicbuifd crystsl devi ce which
conprises: A°TTOHUR §nEsY, 2P %’é’} Ismﬁﬁltﬁﬁfﬁﬁﬁh 2 RS S5P BnERYYeE T qui d
crystal nat emiimgds, adnfram rhanited thoamiiip inteeaciials] STHeg@éseMOinednded redo@s and surface
treated to gjye.both an al,ignment and. urface,tilt to |iquid crystal

nol ecul es; %ﬂé@ﬂ% e ﬂ? %chlaeg?}@ﬂqg é‘ﬂé’ﬂg?alﬁlﬁgd’%glétfaéfl at the
surface al i gppogzaphy may alsebexhaiped, foreairhpld toeduatd ths dimidnsiomsed g®ovedror r educi ng
anchoring eper be an_qli.goner contalini.ng esters, .thiols, and/or

acryl at egmﬁgéﬁ%%/'s@ynﬁc%sr %\Rﬁg‘éﬁ’\ TEY I °§b?h§§'8°ro°ﬁ s#?{lechgﬁrpf’ Tor added to
t he |iqui d whiylsisaithemegreadionlthe sBfack or addsd wwnbd ligaidomestd] alatetialr The kiee sur f act ant
provides a g | sur ich reduc inreract i bef ween t he
liquid cr ys?a‘%]g?r’gg%ocruﬁﬂce’é%gaﬁ’a%@%%rem%‘ Het %eccfscgﬁ? ce ao?‘&.r%‘fe)g%"eﬁ# %\Fwal | (or

al i gnment | pryferentiali démsigipn afl belk wallshandsdlightpeeparatoor frae sherbiguib erystabught  as

havi ng i ncrgaged, ffeedom for translational and rotational nmovenent of the
liquid 25 crystal nolecules closest to the surface. There are five surface
terms (A®f Int Ferroelectric Liquid Crystal Conf (FLC95), Canbridge, LJK,
23-27 July : . - = i e rel evant
and nmay be %*%%tﬁeragélll?dédrl%@m heéhgﬁ?%] gctgiﬁggsg%&?%ggbggc %éﬁ%%:zﬁgﬁ'c hori ng

ener gy. Hovhielisaniipr acrdateimerastersrand orr whiehds eithet speead) prothe Surieergdéed(i . e, a
rotational gaRNigYd crystaldatda ch 2002 WO 99i ! 8474 PCT~GB98I 03011 19 (2) p,
azi nut hal anchoring energy - case of changing surface tw st angle of
director (i.e. a rotational energy) (3) vy, related to the pretilt angle of
the direct Ofhedligdnitr FedhRE SdIndad) fol RYRinginERHAD edeffythay tdpioe@Ri | Y | ayers
may be noved across the surface (i.e. a translational enerqy). This is the
macr oscopi QYérdoule laysr treptmentnaw reterred 1938 8 substrashlapy and g pelymerliist-al ol ecul es
onto the surhtagksth@)er kR@¢Rich e foraiBs lid the Giice TB7URIRAL wall, dgheynol ecul es and

hence of the snectic.layers. 10 (5) Pol ar, surface ener - |
ferroel eet PReERACE} rupGE @F%?r‘%‘i%é’)(ﬂfeféﬁgwm%magﬂgrm%ﬁﬁfﬂ ‘F’%]P a particul ar
ori ent at i orTh&feoiting nfdy iraclude brdsomroié featares which hdt 3o digpdigbidefystahghags esent
i nventi of is..influ t . r ce of a
sli pperglbnsf??aﬂf;{dclg2 5%'%‘;%\?\%?}(‘:[5%};%12 {sc’§%%'§x§%lg%\lr°e{§§&?ﬁ°ea%gl x?% lécﬁléﬁls?%%?d crystal
relief features including a plain or blazed grating or bigrating structure, or a regular or

iregular array of surface features including but not limited to columns, tilted
columns, platelets and crystallites e.g. formed by normal or obligue 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 mechanical 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.



regi ons by the induced changes of liquid crystal order close to the
surface. For exanple) if nematic order exists close to the surface | ayer of
a snectic device) then layer pinning is greatly reduced. |If the cone angle
is lower surface switching is reduced as will the polar s@2 ¥Maech @002 2Q
Advant ages provi ded by this aspect of the present invention are as foll ows:
“(1' 7 Reduced | ayer pinning hence control of the snectic layers is easier;
(2) Reduced nematic-like surface energies, hence orientation changes of the
i5 director AOPAESurface are enhanced. (3) Reduced ads8FFGR¥MYT. (i quid
crystal nolecules at the surface, hence reduced surface nenory effects and
reduced surface viscosity; (4) Reduceba polarity of the surface, hence |ess
coupling to ThePolBsh Mak &6 7ePlis |t thesderics in ¥&ioRs Mayse Mt opappraash.fthe r o el ectri c

liquid cr ystpalmyﬁt@m&drt@%iﬁﬂeﬂﬁubmot @s&waf 1030m8feall# m%traiateﬁms impeci fic
enbodi nents of the invention w |l be described be|l ow way of exanple)

with ref ererfE’é‘t‘?’bmt‘lFfe‘“%!@cWP&éﬂW’nE‘edFs&mnﬁQ%l““an?r Wfﬂ’?fﬂ"“° PPRMRICh 2002 WO

99/ 18d74 20 i&dl @%wa@amxxa G heleeliSari @b POlMELW Nowdd AR LSt XheTul ti pl exed
ure2|sthe section of the

addressed |iquid crystal spl ros

di splay of fPRHpEsyracas. %a#@ @Xglmﬂ%%q#eolwﬁfw Eﬁwi aﬁwm dergo

phot ol i t hog mmemaﬁpmwes&uﬂemmmch Qr beneifh@igwior eNbedp filed sty ¥Rt ri C
nDnogratlng gful in twi sted nematic devices. Figure 4 shows the

transni ssi off voltage data for two twisted nematic cells, one |0 of
whi ch (dotted line) has been treated with an additive (Norland 65) to give

weak anchoring.on as tric gratings. Fi e, 5.sho he optical contrast
ratio versugn %Mg@g&'gﬁéo TPBP'%@ H"aﬁ"?f @dgec%f"f’%'}“ ﬁ#"ﬁ%%\ﬁf’@?lfrdotted 11 ne)
has beentotr mhsadatwiiauhn@nbadﬁkbtvéd/mot the gi;me cmalwmmbwcn I‘ﬂjlcd io thegur e 6 shows
transm ssi oré]{- volltgge curves [hf t e contr% st type cells,
one with a SERRUSH Y AVEralgn s hepim eﬂ MEANGRSS ?né' f'ﬁg" ener gy

treat ment. 2xpokireto shorf velvelenpti &pecammﬁangm matht: @resa‘noc opdoinoiaiot. Aikpr aphi ¢
exposure | egglkxqgns%tgongﬂee o.':f cm ll&eﬁ?o d:?fu toqan% e\%l;sgat?.ia&r? gonal grating

nodul ati ons ing CHar acteristics wo bi st abl e
cells, one with standard ali gnrrent the other wwth a weak surface anchoring

energy, 135 Kl f?uri%exs cﬁjitd"‘%?ﬂfl’};ﬂ%‘h* €J aato%H@%L\h& ls' SHdidedChy St @l

nol ecul e, and ow It ves Wt when swtched to 1ts bistable
stat es in aPdlwnersetionef theceaciivgumateriels insthepresenge| or alisengg pbanjigertsobigat. vari ation in

memor Y angl enagfefioi pRBRL el kidife Ll YRRl alobedth herigae! ectric

liquid crystal devices) one wth standard al i gnment, the other with a weak
surface ancfryFirligd Blirdrgip 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 cha.rac.tcn'sed 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 Jow 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



22 March 2002 WD 991 18474 PCT/ GB9810301 | 21 Figure 11 shows the
theoretical surface director tilt versus voltage far val ues of surface
extrapolation lengths L. Figure 12 shows the theoretical mdl ayer director
tilt versus voltage for values of L 5 Figure |3 shows thesyr Qﬁd'ﬁ 582N
versus voltage data for two cells) one of which (dotted Ilnel? as been
“treated with an addstive (Mi~2035) to give weak anchoring. G atings have
bcen used on both surfaces for alignnent. Cell gaps are 2.051tmto Figure
14 shows t heWMOr9%m&m ssi on versus voltage data for two cePCBGBBMAIOf whi ch
(dotted line) has been treated with an additive (IVD~1035) to give weak
anchoring. Gatings have been used on4both surfaces for alignnment. Cell
gaps are 4. 6pih gEn-{jke; gcltlBeesdimivstid trerdcten msieiaiisd, amd ke galgmerodoenget dat a for
two cells, h ed with an additive
(Mki VI 035) ?egm?aha%m%&ﬁy%rﬁgﬁoﬁeﬁgga Bﬁacg sa}g 1}’,‘&%}1 Ja{? ‘s have been used on
both surfaces for alignnment. Cell gaps are 4 6m F| gure 16 is a

di agrammat i I and 20

col unm dri Vg?g&rgérfvg&}%@r:é)h§ttc§£$ fhc uﬁ tlgol%hggslf'ﬁgrs ﬁe%meﬁ‘)ﬁy\’\f;;el %a&gwcross
section 6f pdipnetisatiphanf knewh mﬁorﬂrgun énelﬁescracncbf ﬁngasﬂdei thédlicompowndhenat i ¢ vi ew
of a | ayer I r 39 two

al i gnnent cgiufflg%r?éagttlgolﬁrg{ [lf[eCmAl Jf%ﬁ,ﬁ%@kpgat%g mn gl?aé%p cation of
aspects of repasiops: @steﬂﬂofﬁmiﬂblnma@naltaoehwwgd nerratl c, bistable nematic, and
srrecti c devices will now be described in separate groups of exanples. 30
"['wisted nematic devices The display in figures 1) 2 conprises a liquid
crystal celln wlation teetiisied aematiy devicesofhe rpassent iteveptors bavg fpindcthatchel esteri c

l'i qui d Cl5ys&ﬁ&as‘?%ﬁro'f%ltwfs&ﬁtr@fnﬁlﬁddebﬁpﬁ@?& FhRSed WS dsihg anZddilibi#h 2002 WO
991 18474 PCTI GH98 3) 4. acer ring 5'maintains the walls-
typically waéﬁﬁrﬁ“?&ﬁ%ﬁ“% Wh’A’dd’FdPF“érﬁ%ﬂ F‘Vm FRFEURE eRerRYsofohe E¥éce aA% di nensi ons

may be di spges@aive hua-lﬂd*as'edlre&iemdncrnraf%tealwtsqrfmda;nam peis. sgei ate wal |
spaci ng. Stl‘l%xﬂke row el ectrodes 6 e.g.. of Sn02 or I TO are fé)rrred on one

wal | 3 and ek Aise, S s 20ded cRYaBHES oF eaiies 100t irBLFriBR of FE DEF vl | 4. 5
Wth mrow wiidee) L6Reridtagd! Qfefatiotf RSpréfetable foH WHEh PabsiX MatfBd frdXactive addr essabl e
el ements_or pixels. Each |er ma& tf% the inte S;Ctl on of a row and
col urm &f ecPityavistpd ?W“‘d FXiRsT 358“5'{&%1 P4y P CRYEE MO @a8WEPOWCE| ect r ode 6.
Simlarly aogdumptien.driver 9 supplies voltages to each colum el ectrode 7.
Control of applied voltages is froma control |ogic 10 which receives power
froma voltage source 11 and timng to froma clock 12. Either side of the
cell 1 are Asbuiinglyeirs a s8ond 35pectr tharigpeotioni grividdsai twiged aematimtliquid axi s

subst ant i al ersta(f rdmc%%gpame ol? bglgf Bifched f?on?Q%mékQ@Ezﬂ‘é& to anq'g'tch'sﬁ@l opti cal

conpensat o
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



such as a stretched plastic filmnmay al so be added between the |iquid
crystal cell and 15 one of the polarisers. A partly reflecting mnor 16 may
be arranged behind the cell 1 together with a Iight source 15. These al I ow
the display to be seen in reflection and Iit from behind |2|}[%5I1: ?@5
lighting. For a transm ssion device, the mrror nmay be omt B rfor to
“assenbly) the cell walls 3, 4 are treated with alignnent treatnents to
provi de a nonostable pretilted alignnent. The alignnent directions R, RZ
are shown asWey®mdonal to give a 90 or 270 twi sted cel | PCTHEASHIN! be at
other angles, e.g. at 45. Finally the cell is filled with a nemat-c
materi al which may be e.g. E7, ZLI 2293 or M.C 6608 (Merck), and may include
a chiral adGPﬁhW%lffSCG@h added (i thesliquid Rysal mavgsial, Ve e.cley matarialsNEStand di spl ay nay
be nmul tipl expadesessed in a conventional manner by the application of a row
waveform applied to each row in tumwhilst applying wavefotns to all
colums. Such addressing is capable of applying two different nzs value 30
wavef or ms  atrpé afgdméns ¥nd nﬂm@a’i@f&fe%txalm% HAYShY M fas B miifsev@bue above a
SW t chi n% t hreshol d ang herefore switch the liquid crystal materi al
to an ON’st &trece ferocnstspier Thiv By e theavraquat pd Hawd srysighat basifécpel ow t he

swi tching t lb& @ lafl e fREvd RAIREOIMALORES pR@etd\S Whith!i§ Befinediby (. & Y St al

mat eri al . rch_2002 WO 99/ 18474 53 PCTI GB98/ 03011 The number of x,y
pi xel el eneﬁ‘tcse“'@%élfhegb)ﬁlcbéfrrlﬂ%d55@@55@%’634%1’{‘3%@?‘@@W}he st eepness of a
devi ce transm ssionjyerses | tage curve (as described by Alt and Pl eshko
in LEEE Trans ED S/B Eﬁmsﬁﬂ—\j 1974) P.146 - 155). Therefore inprovenents 5
to the steepness of the transm ssion - voltage curve are -highly desirable.
Addi ti onal | Yhe pfdempargmetdr ishan indicatianabf bew wedl swietwesedlignswi &ctellng t he

nmol ecul a N Mlede] t the layer
centre) qt6 heﬂhdggﬁngﬁ htgery%én%f?%slt ﬁ%ﬁy&aﬁ%ﬁ%} Etm?i&% rﬁ%{(d&%ﬁ%&f’%ﬂbe obt ai ned.
to These ~néppligomenegdiomaematiqordmgpiithnbplesieristo S¢EOPicAventi on contain the
treatnment or a precursor of the treatment which leads to a | owering of the
anchoring energy. In general, anchoring of a nematic liquid crystal on a
surface canTHera@spmyyhs used inrcPRENCHAR Wk 8 SisTage Which indkess nonpitabls | t) zeni t hal
anchoring enefi@y na@mdc Azneithal 15 anchoring energy. Consider a surface in
the x-y gl ane) parallel to the cell walls. The pretilt (6p) is defined as
the preflérred angle of inclination of the nematic director with respect to

the x-y pl ang. ang&eﬁhmgﬁa)tmmwea pSlmérerfaselislaReeibel ih SCIshihark Bl A t O an

arbitrary tjlt_A ner rea of Wpnust be supplied to the
Syt em wher Ha[ SOMRaI men RSO BARAF o0 ooty Stepatred pRRass 1 ' 15,
(1975)]: ZOmWsﬁABassienﬂﬁéi-xBMU(bh)hwgBosc anth 8. Quyon, tAlpal. Physchet,imly2&ner gy and
represents h e r e 4t surface

di rector by']i 98 E‘}I§f 1%& Oglglr%’ 8’?’ s eilgg g'%rc 4]@%}%&?]5%&% ar?g(a vghtB?l entation,
say al oRg tlﬂiemmatiimi“ét‘l polaased dightesuely ginrrSRbtdt ealsipppl- iAedl. Physt. fe3bystem t o
change t hi sn°o7r| e g % The energy is now given by W= W sini ~ (2) 30
where ~ is thé c I'n the in-plane orientation and W- i s the azi nut hal
anchorlng

Alternatively the alignment layer may be 2 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.



ener gy. 22 March 2002 WO 991 184' 4 PCT/ GB98/0301 | 24 Pretilt and zenit hal
anchoring can be achieved fromnost solid surfaces while azi rrut hal
anchoring usually requires sone extra tzeatnent in order

preferred in-plane direction such as an ani sotropic pol yn%g '& eh 28@%
evaporated filmor a surface grating. For nost surfaces W and W- are | arge
~and so reorientation of 5 the director at the surface only occurs at high
vol tages. Thevogbfied of the weak zenithal anchoring on aremGBis@shinematic
device is discussed below to The inprovenent in operation of a 90 tw sted
, nematic cell with weak surface anchéring was first analysed
theoretically. The static configuration of the cell was cal cul ated by

mi ni M ST NG {rheelbhls olsh € 1GRES B e rd Gokchil #gLagrange
equation in t ¢ %B?i a? e aatsl orfs v? 1 e% Eéaf aces. The

zeni t hal ané!h&.b’lm?g'l@féﬂ@’yss% emmrdlspbyamu mﬂlYths ct;str,mﬂrs wrarge val ue
and the 15 configuration was cal culated. fiigure 3
shows severa‘?du;%ﬁ‘&l\c}g a%:eglggﬁr?ﬁé%ﬁ for different surface extrapol ation

Lengt hs) SL where L = | W ~d . The paranmeters conmmon to all the curves

are ; k2211 4.0; l.I tw st = 90;
Sur face 20 ‘B‘?ggat’?fly’@%éﬁ%wesg% F@Bﬁ%@é‘“ cggp&aé'&? B r’teh“gﬁ\}’f)l tage which
has becn noenfdri8dertiisplays.ne Frederi skz threshol d voltage (=kl1 1 ~0 as ).
Figure 11 shows the surface tilt angle as a function of applied voltage.
For ittfirtite zenithal anchoring energy (L=0.0) the tilt 25 remains fixed
at the zer olnvislatiorptochipthhle \namjie deﬁmﬁeﬁ)erprtﬁsem ihveniorehayn dbupdithay the >0) al | the
- SUr veso shawibiak skiee skl Bae rse,ea\sa%d b;u',ﬁﬁals@mceqre%at%@noplIed field
and shows an 1 ncreasi ng is expected that this
vol t age i naehergss the|liquidj crystal eraxmqs uathsevncm@w Qféhﬂﬂuéfs‘te andsp deaflg fo aa t ypi cal
nor mal | y- Whishgr dnitofthehefi5 BRfwetn ﬂ@}falﬁ@cryéa afid ﬁ%urﬁa% h@u% a&edoGal cul ated with
the sane paraneters as figure 11 now shows the voltage dependent tilt
in the mi ddYOéta@ropsrh@nn‘eWa‘etucempra%mg othm dgvice paramgtggt-e i s the doni nant
paranmeter in dictating the optical transm ssion of the twi sted nematic 22
March 2002 WO 991 18474 PCTJG B98/ 03011 25 device. Therefaore it is clear to
see t hat® a AtFPIRTEE: Brathird srgechihe fpyprtion prayjdey 2 bigiakle penasic lghd Frvitd) t age)
st eeper el G&WZ:@WBIch@oﬁﬁﬁsﬁ@:ﬁ@calﬂhﬂfs%ﬂb@ng b tayarbsrviemaRdRivid Bgstilas s_howg t hat
c 0 emati c device

a surface treat Wil lead to a st ed
whi ch has ™t °?’\9‘6¥$af§1§°"frﬁr ?é’sl?fgfvg?]?s‘aas’fl“gaéf)éﬁg”gfcét(:?“r é)"\é\#bﬁt"cw?l sponse and a
hi gher contpreddinghlighment\tivactionltd iged Exysaiphelechled; Imeans 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.

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



An exanple o f a weak anchoring treatnent applied to a twisted nematic is
now, given. |0 The pretilted alignnent surface used in this exanple was an
asyn~unetric nonograting as described in GB 9402492. 4, C}+Av2 296, 466
WO 951 22078. The treatnent consists of adding a small % 4% 20f a
WV curing adhesive material to the nematic prior to ceII |ng anples
of suitable materials include is N65, N63, N60 or N123 (All manufactured by
Nor |l and Products I ncorporated, North Brunswi ck, NJ) USA). In this
particul ar exX¥#P¥ @4 one of these materials {N65) is usedPEEGEMBULItive to
the nematic E7 {Merck). This material contains a m xture of esters and
acryl ate nononers whi ch pol yneri se under UV radiation. 20 Before using the
N65 additive in a twisted nematic device a set of experinments were carried

out in or derThUBlS&'BEWQ:@ nﬁfyfbeﬁtsm@ice Elkg?xnm% i3 B leaRnd HBRL N T hal
anchori ng energy, . This uantlspi: can be tal cul ated by neasuring the

saturation \)Yﬂlfébaé pegits the diquid Orystah molesples e adopt WikG dHTerdme agimpBalt or tilt in
the cell is JAgin@ndiretbm! as @ daleft awna‘aa&e“fdmumogcwﬁozubs @gyess of the

cell. ThIS can be measured in cell's where the surfaces 25 have no preferred
al i gnnent® di#¥%%on. In this case flat surfaces of hardbaked phot oresi st
were used (Shipley 1805). This material was spin coated on I TO coated gl ass
to farma O_SSpmthick |ayer. Baking at 160C for 45 m nutes ensured ful

i nsol ubi | i t yPf pRedehetyers, the glignmpandiectiongrmay %07 p1les AR PRS- N63/ E7 mi xtures, these
cells show a random Schl erien texture. The saturation voltage was neasured
by observing,when 30 the transmtted intensity of the Schlerien texture

falls to ze&B € §RiNE MIRIAPTHHtd ROt A RhgRIy R Tarmed By & phojglitiograplien gi ven by
22 Mar chip20@zci®e @%@ﬂﬁﬂeyzﬁxfﬂ\ﬁtxb‘n @raﬁﬁgs”(ﬂ@aﬁkrhic Préé§ Lﬁﬂaonq of%yplgsB98/ 03011

where d is ui-d crysta uid crystal splay
el astic coné?siﬁf“ig }iy§°st‘k%‘q’|3ﬁ8‘f’ﬂ°}b}%?§)t élnerﬁgf"ﬁlyt ?‘F\‘?g{'a\}‘“&ﬁ? otropy. 5
Results ar ebskumeu byrenibakding; A4 T Ghie, JKune afd’K &abp, JTAppl P}%tdﬂxg$JleYV4ﬁ bl ack state

casos of t nEOE BOmiEE B ones = RS W Rl s8I )66% et uca <1 i oa

cell for LC&mmnuh&&dmhror to transferring the mxture to a separate
measurengnt cell. The exposure was carried out 10 using an unfiltered
mercury Tanp with an optical output of 2.OnWcnR at a raised tenperature of
65C. Cel | niTh¢ bigmtng-may Haye n eyrimdetddodr asyinrheficcgrbeva prafiid i the Tatled aasd

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 on each wall.

The bistable surface could altenatively 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 20pum apart.

Alternatively, the electrodes may be arranged in other display formats e.g. r-8 matrix

or 7 or 8 bar displays.



Surface withal anchoring energies nodified by the presence of N65. is The
above results clearly show that the N65 has reduced the value of W in a
cell with flat surfaces. The next step is to study the effect of this
additive on the operation of a tw sted nematic device. 2025ughr& o3t ed
nemati c device may enpl oy asymretric nonogratings to induce pretilted
“alignnent and be fabricated in the followi ng way as shown in Figure 3:

Shi pl ey 1805 photoresi st 20 was spin coated at 3000 rpmonto TTO coat ed
gl ass 21 for W08tionds. Next the photoresist |ayer 20 weSr'@zdegdiat 90C for
30 mnutes to renove the solvent. Exposure of the photoresist through a
mask 22 was carried out using off z5'xis hard contact photolithography.
The mask 22 consisted of a chrome on glass pattern with a pitch of 1 p.m
(O Spm gaps r ; : t to 540
seconds W|t %t@nrgﬁg':&{l dg%f\%g,?thé #rg%}'t ngﬁﬁf%ngpgﬁ%Hmﬁgtﬂn@ %ﬁtﬁ S;§':(12122 Mar ch
2002 wo 991d®ices mRCHE C@Q@MOEQOQWSW&#W tDlewet the rintaractiGasetteemthear ri ed out
i n Shipley 0, o] r re finally
baked at 16%4532'%%2 %ccri}l %é{(ggs&g% ??‘rcg}fs}g?qedg&ev%’ﬁl%ﬁc P ngphe e\gﬁosure to
prehar def t h‘eerlpmememémpbase(f@n@shlw berpelbis coetining. thessﬂmec a Wé’fpﬁocess

resulted ing 89 Wist it Rntlm hsda 286, QI"%C@ peak to

t rough grooﬁrﬁméﬁﬁﬁﬁ? e pro L‘se fssarz{?mretmeqfa pro% ﬁg?’ sawt oot h in
form whi chir¢atnens Thys anm@mahmntapmgﬂmmm swmémwmﬂuaed $t§>111rhder t he

i nfluence Of sfodRik kndcit EchEPd'tgébﬁxe(!éﬁE}ﬁo@ sﬁbp@y%@ﬁ'ac@%aunw 95/ 22078) . These
surfaces were constructed into cells in which the groove direction on one
surface was orthogonal to 10 the groove direction on the other. The cell
gap was jget Ab3rdn Fade £ E&E&Wﬂ%ﬂ%r&vﬂlé Qﬁné(c'tlE ﬁﬁm@@@@@l Rode Tarry

m ni nrum when use B hys Appl : . 1575 (1975)
). Filling Waigh fmse%rarhl@ui emﬁtalwgll rl@“l‘E‘?’Smlab’ﬂe"f sgveﬁcPwﬂ‘edﬁﬁa?é (65C)

f]g)l | OY\/|ed meiitEﬁEVc&Qﬁﬁdddpﬂtvk@n mo\wt NGFg;bggﬁiéékfﬁdeslﬁxd-Ehﬂ'a@ tRGded ngl%g L es pf)nse
of cells contai ni i f~'eren m xt ures s n.I ed by pl acing
the twisted %ﬁh‘i’iggmﬁrélaP d p aprieet orlissidsrsi ’I"S‘F‘?‘E%r QW% oriented
paral | el tOBYh&aﬁdbx&@@ﬁinggﬁ@bM’ggm&by grinesitfacd ialigrienOsiSone bt Beth BRI5Si on was
measureq us gg a phot odi ode with a photo-optic response during the

appl i cat'f on” a | kHz sinusoidal drive waveform Figure 4 shows the
transnission versus rns voltage 20 for rivo cells one of winch was treated
to give we anchor, The 0, 1l L of adding 2%
N65 to E7 Zﬁh Igﬁarnlg)rt; duc %g{'ﬁ %ﬁia}ngcug n:eeg %ﬁg@ﬁf%gng‘f erring the
mat eri al tdhiolrseantd@sacr:dsbtnonm aaiépawmlexamthyr sphrathen theawurfackier adéedk anchori ng
t reat ment I erating voltage. A transm ssion of 50% of the
zero vol t \r}gﬁhlfél ?9{? &Q: J&gt a voltage of 1.83 V for the weak anchored
surface?tnd 25 2.13 V for the strong anchored surface. The power

consunpt i oNnQfs ribstLSRenY f&ﬁﬁhpﬁuﬁaﬂﬁ ipfbRideds LifppQuiRs tvhihTRdueescase as the
power required to _charge and discharge a capacitar which ﬁl{gﬁ\;)roportlonal to

V2. Ther ef dP%’%eFPét’%é“&Rvﬁ?]@ﬁBﬂ%cwf”&!?é“l?sén thpssof thg spréegp el power saving

of roughly 3af4or 3gnitear ﬁ?&%ﬂadcﬂpflﬁﬁéﬁfﬂamlp@fy Maace/ve,ay banﬁ?di@ﬁtezd cell is the
i mproved optical, contr he weak

gu
anchored célRYingdeeresedy ieFl%I% °rrtéalnf 6“°8fq %’gé"‘Wﬁ“Fl "’FYF@“E't A%H‘& h&wghor ed cel |
has a cant reamtal mdlécle®lodSt toAthe SuifackheTdief frefivacarface exsn(ref: Int

Ferroelectric Liquid Crystal Conf (FLC95), Cambridge, UK, 23-27 July 1995, vol.178
No.1-4 J.C.Jones, pp155-165) which are relevant and may be controlled by the

surfactant:

30 (1) a, zenithal anchoring energy. How easily the director surface tilt angle is

changed (i.e. a rotational energy).



22 March 2002 WO 991 18474 PC Tl GB98103011 28 | arger (410 and 74
respectively). Therefore if a particular application demands a certain
contrast ratio then it can be reached at a nuch |lower voltage with a weak
anchored surface. The weak anchoring has also | ead to a shoqQUaréth@oe@se in
the steepness of the electrooptic response. For the weak anchored surface
Vg0 - V50 is 5 0.454 V while for the strong surface this quantity is 0.510
V; V90 and Vs~ being the voltage at transm ssions of 90% and 50% of the
zero vol tage YPaHS¥#ssi on val ue respectively. In sunmary RCREBBYE
experinmental results have shown qualitative agreenment with the |0

t heoretical analysis by denonstrati ngl hat a surface which has been treated
to give a | ofér A8 caiFiutheharsheing engie r casenfrBe A wvist3Rel? ®br ovenent s
include a | ogkttoV@b L2388l & d, a steeper electro optic response and a
hi gher optical contrast. Exanpl’e TN2 15 In this exanple MXM)35 (Merck) was
used as the weak anchoring treatnment. The alignnment surfaces were

asymet ri c ngnogr atdifgi ¥ feRGh DS AretPflBleSurfll - The MXMD35 consists of
two parts which were mxed’in equal quantities. This 20 m xture was then
added to £7 nematic to give a 4% solution which was cured in a fused silica

cel | 425 desyi bedl fofigumh e nbMoLah Rk o hBRBIRIEloRO Quic 81 cl| . A

measur enent o k 4% sol utionreveal ed a value o 85x10" ~J/m .
This is 16 ta‘Fasslatipnel|enengy): HEis is te masroseopistelipg 85 thec@artish) adeemtion of exanpl e

TN ). Ther efign@ chjal HEELEs ofkd thelshidik ﬁ%&tm&u’iﬂg&%ﬁﬁ&m hbveRRMEfand ar ger

effect on the opéerating behaviour of 25 a TN device. Cells were constructed
usi ng asymerditelenEddgnrcsof hgsmeetic BY$Hnment surfaces. The groove direction
on one suyjface was orthogonal to that on the other to ensure a tw sted
configuration with a liquid crystal twist of ro h,IgS 90. The cell gap was
set to 30 2.®5m PalHesvripsesenersy sdlh fa*ﬁ?FleFEH?(%ﬂ??‘?FrF%?‘P F BIRreVMd Bhows t he
transm ssi Onnidigfuffsr 4\PasticdRt srgRtidnQUT tHeWa atRé dufficeone of which was treated
with 4" MX.'~1:035 to give weak anchoring. In this case the weak anchoring
treatnment has lead to a very large 22 March 2002 WO 991 18474

PET/ CBgSlO???&ihiQ%pE&_@f%S@résﬁ(tj Q@aftiaﬁieﬁtth d[OEhE@?Ecéoré\iiv ihfﬂﬂéixﬁécﬁﬁ;ima (sz 50‘;{0 ofd
the zero volt value is reached at,a voltage . 8. t the weak anchore
surface FonmfXrese Pga l?@ﬁry\f“;}?ﬁmi HE‘%P?‘%W&&%@%S‘F@&“%W?‘%‘ “Bdtce the weak
anchor ed TNregonebpakd mduded changesodf] Yiqhid dryetal dride 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.

29
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

polarisation 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:



operating power of a conventional TN. 5 Wak anchoring treatnents can al so
|l ead to i nprovenents in perfornmance when the cell gap is Iarger

denonstrate this) data was taken fromtwo nore TN cells V\/? IOI ?
constructed with a cell gap of 4.6m which corresponds to ?é@%r‘?‘ %g]ooch
and Tarry mninmumfor E7. One of these was filled with pure E7 while the to
“other was filled with 4% MXMD35 in E? which had been precured as descri bed
above. Fi gur evasngdtows t he el ectrooptic response for thesercwmeswoalls. Once
agai n the weak anchored cell shows a response at a nuch | ower voltage. The
50% transm ssion occurs at 1.0? V for20t he weak anchored TN conpared to 2. 16
V for the conventi onal TN. The vveak anchoring treatments are expected to

change t he ons of .15 TN and opti cal sponse tinmes were
measur ed foss{ 1538 I%cwf man’%’“peéc I °s§§ﬁ@"€f %d’lf\’)e%ts shown in table
2. It can be seen that the addition of MXhl035 has |lead to a decrease in
swtch-on ti To" svmtch off time (toe). This

behavi our i§' 5%195"“’?9“81 0?&°(§5pat?'r? gureahchorl ng. Cell M xture"" (ns)a~~
(me)7 ? ¥ 4%XMD356.8 .515.5 4.0 20 Table 2 0 4 V optical switching tines
for second T I [ r Exanpl e TN3
Weak anchor:?'Ji ep?gg?u ﬁ}%séo?:lg attlaust‘E"rbgllpuoshgh con %%tff%g"%° ﬁéot her
surface ali @mtnmfamadympnmiamowgrmgﬁnﬁﬂrmtwstedlnmatmckweesanpl e the MXMD35
treatment is used in conjunction with a rubbed polynmer alignnent. 30 22
March 2002 VWO 99118474 PCT/ GB981(@B011 30 Rubbed alignnent surfaces were
prepared by F@ren‘v shoras the) tgangmissigreverss vq#mt;bm fortwa 2wigtell hematie palig)onent o | TO

coat ed 6loasse aith Rkid'nd) A RUPHLIANGR A adlA0CIR 88 h 3FRS,lr © then
rubbed i.n one ctiron Dy a ny oncot attache tating roller.
Finally cel n@hmn@mmﬂmmﬂ n which the rubbing direction on one
surface was orthogonal

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.

1§
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.



5 to that on the other. The cell gap was set to 4. 6pm usi ng nonodi spersed
spacer beads in the edge seal. Figure 10 shows a conparison of electrooptic
responses recorded fromtwo TN cells, one filled with E7 and the ot her
filled wwth E7+ 4% MXMD35. Once again the addition of the2padkran2b0Ri Ng
_treatnment has lead to a reduction in operating voltage. 10 Exanple TN4 One
particular type of twisted nematic device is the VCT device, which switches
froma substantially non-twi sted state to a twisted state when a voltage is
applied. In tWo®/1BH4exanpl e the operation of the VCT deviPE&GB88G3fHr oved by
the addition of a weak anchoring treatnent. The surface alignnment-in this
exanpl e was provided by asymetric rﬁt,i ng surfaces as described in exanple
TN . The a&uqﬁhbhﬁwmghqaﬂecmtwﬁn& AeesAifgioD 58 visisueHolpgo far oluss 8f part A and
90% of 20 pafffacBextfhybi@fiontiftgths Il Xt ure was added to nematic M.C 6608 which
has a negative dielectric anisotropy. The MICh~lI 035 was then cured by

pl aci ng the MXMD351 MLC6608 m xture in a glass cell and exposing to W

radi ation (gurd Nuhess @t m'e’ormwnqm&/airéc%r% vérsilsSORQE WrvhiBesfr L65C) . After
curing the mxture 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 tNgRtNET sholds !t trdrBmBRAS Vdriis VodeldiR 18F Bld Ells, Whe GRSWHEdHM f ace was
treated with a chrone conplex surfactant 1n order to induce a homeotropic

) | . Al !
boundary coffed 87) frbbesa ieried Wit pr Adfig APMEG5} ReBYar FkAFIOHEE) . The
grating on Gfingd ML berR ustdloh BAE suMSes! 6 i g, €81 Bhs e 2056@r to induce a
pl anar boundary condition. The cell gap was set to 5.3pm using spacer beads
in the edge seal. Figure 6 shows the el ectrooptic response of two VCT

devi ces)ip0ngigQfe 1ilels QRNEALRSsidnerE 3K1t30 GRR IFor Wrot e LoA® BF whithe VCT
cont ai ni ng g};&e hf LC6608 exhibits 50%transn ssion at a voltage of 2.91 V

22 March 208ette0ie) hasbesn tregted wighsarpaddiitys {MIMOURA) toBiYerraly@icheaRE: ai ni ng 4%

M?C1~1 035 i Grdihgs HaGOEeeR udkk Bh both RP¥bes TR RRFANRAL CA1 @ps @ ¥@ihage of 1.52 V..
Therefore the weak anchoring treatnment has lead to a dramati c decrease in

operating voltage. 5 The dynam c response tinmes of the VCT were neasured

for these Ceigh® fsOdhow¥VitHeChnissRAAt WRASE vElta¥e aitdl (o2 \twB el G¥dof BhitRbl e 3. |t
can be seen{d':?geac{,the ddition of MIQu] 03 haﬁ3lead,to decrease in

switch-dn t line) has been, freatadyithy RvE BrtP BVeHEE |PYINB11 M xt ur eon

(nb) of f ee (REYLBE p6IGRE&AGRAHvORAD sk I ADNYBE FacésTorTaighend (1adé 2ot i cal
swi tching tiaﬁs for VCT cells with strong or weak anchoring. The above

exanpl es sh&® ' Phat the addition of oli goneric materials (Norland 65,
M XMD35) into cells with either grating surfaces or rubbed polyner surfaces
\éme{/: Cleead 115ig1t1r% l% igg 'ijacg}'alm?nrAtié Qic\tvh: a%?s?arb?ct %elnrg] el\éghg %%S‘la? Imtﬁl révw ax?& ed ngmat e

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 application 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 pematic 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



Bi stabl e Nema ' ~C Devi ces These have substantially the sane basic
construction as shown in Figures 1 and 2, 20 with certain differences. The
i nput polarises is parallel to one alignnent state for the case where the
alignnment states differ in azinmuthal angle by 90. The nos22dvgrol ROARt
_practical difference is that at |east one of the cell walls 3, 4 are
treated with alignment gratings to provide a bistable alignment (rather

t han a nonost abl e aI ignnment as for the twi sted nematic case e

stabl e al i gnie? #i% ections shown as R R 45 apart) 25 bﬁ?wﬁﬁ%?’”ﬁ”éi 94. For
exanpl e the allgnrrent may be provided, by a bi gratl ng with symmetric and

asymetri c | es tQ ive both ment and equire nt of
pretilt. h‘ﬁ 'élf@%“’f GPE 5r BrBRing, %%Eﬁﬂpﬁég’ d v"g’a'& égﬂﬂf”@ Hemati c

devi ces ar anﬂﬁmﬁ b&a8€ofi the dalfe Ameens S, rﬂ@%e(d&ﬁsem&ﬁf e Bquid crastsl (097114990,
(PCT 96l 0246%%[ (GB95 21106 G%ﬁc cé rch 2002 WO 99| 18474 32

PCTI GB98/ 0BAAHIAR sccuiats wpll spacing Jirip fike 19y elegtrqdes § -2 RISnQR VTR Wi th a

bi grati ng) IEYedRE ohd £} £t f&dvytntunu 861&:5'1?&::&:09&%%fo%nga%riﬁé)&ﬁé?%ﬁ gronost abl e
surf ace. Convent | ona i gnment techniques provide pretilt (zenithal) and
al i gnment detme-r@na!(thmcnlumhaﬂe)ctwdes Fﬂnsubrmsamtmam meatdh of iaddressede gy. Thi s
means that cehb Bkl BRG] it ete eiEeek ] SNy Ba @it 11 C T el ds

results in novenen Iquid cryst ecul es nostly in the centre of
the |ayer, ectaqtiodeed sowdrivenispplies veltage madvewp!ectwéeﬁaﬂlmllm#%@n Both pretilt
and align Te) 0, mance. Wat
i's want ednﬁgwgﬁbe{uﬁr b%]fa%«ésgo gng%ﬁﬁ%ﬁﬁg‘?ﬂ%ﬁdc? Ogg}%ﬂger{fﬁﬁn%& u%gstr:l anchoring
energy so tfem 2 aentreblopied 0 athichrrecsivien pewnr flome? valiege sarced g timinge under t he
appl i caty oroef 2 ARl Vol tage | evel s. Enbodi nents of the present invention
provi des such a wanted pretilt and alignnent 15 together with | owered
surface anchoring energy. The invention does this, in one enmbodinent) by

i ncl usi on githa duﬁmﬁe SHNI 1t fre ipBlakifR 13, qsnadmfgwsmlthéuay&insznoa%sml ch
preferenti al I?/ grate tq the cell wal [ surfaces. Histable nematic
a8

swi t chi ng P8s %a"éiﬁméiff’f“é‘éécsa?q &?’Grm?‘éﬁr%ﬁqdéﬁ‘%}rf’l’&ﬁ’él CPRPHFUAT to 20
achi eve | O\Ahdhchkfa&@@c}ﬁ&\fptaﬁhlmﬁ nka?tahobheddz&mrmalmeamdm@@ysﬁmwahdanchorl ng

ener gi es. must duced. rthernore a ition I ast menory

T St Pl SRR TR A A SHUEE BTt i e B TGS brB8S BesFBY o) due to
M Cr oscopi ¢ogatheovifhtd lizht ofirct he These sMomemraisplﬁy tbaya:ren Eﬁrcﬂmxen ﬁxhiansur face nust
be renoved,. Thu ch y Jhave the effect of pining nol ecul es
b5 ot venesBtErd i Al 4 el FaRkk 18 it fefu TR mPRs PSR ont oh t hey
may returnomittedr renoval of a voltage. ldeally this nmenory should be
conpletely renoved so that the nolecules remain in their switched positions
after renoval of voltages. In practice, reduction rather than conplete

r enpval 20c aBrigreto gssemiyy.de asH yallgh 4org wteémtimhweo&r treatmenigdaRrosiide hor i ng

treat ment Qﬁmﬂoﬂgol%\grcﬁitéa' SHRRE e fiRfRerR dfeclW Ri, Vi€ are snéwn Mar ch 2002 VO

99/ 1847s Exanpl e
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. E7, ZLI2293 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 ms 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 rms value below the switching threshold

and therefore does not switch the liquid crystal material.



33 PCT/ GB98/ 03011 The treatnent consists of adding a small (1-10% anount
of a Wcuring adhesive material to the nematic prior to cell filling.
Exanptes of suitable materials include 5 N65) N63, N60 or N123 (All
manuf act ured by Norl and Products I ncorporated, North Brung®iMiscHN2008SA) .
In this particular exanple, one of these materials (N65) is used. In the
" fcrst experinent this material was added to nematic E7 in concentrations of
1% 10 2% 4& and 6% The m xture was then used to fill cells whose inside
walls were co %’&ﬂlwth flat polymer layers, wthout any ACFGHMEHP!
direction. The purpose of this experlgent was to confirnl a weakening of
the surface anchoring wth the additida of N65. Surfaces were prepared
using a layer of photoresist (Shipley 1805) which was hardbaked to 16QC to
ensur e i nsol THai mindbyr bfx.i psixel ietbttiefits alidt Sdamlbe rh® aéredsed \iuelmtsfaaige thESi ng these
surface with _a gap of I% m_Each was flllled WI% 4':1 b\ﬁég ‘E ncentration
of N65 i ncl VHiFRT* = i ATPG TSI YFsep (PR Furve (25| foR d out in
t he i sotr opiRlespkwiadEEES Trans BV @GR, (1974)| POMI6C 088)) ﬂ'ﬁer‘e‘ibrehﬁx@fﬁvérﬁéﬂmerature and

wi t hout expasyre s showe rand |.anar .20 al i gnnment
Ut DO Sk ek bbb S P42 i AR, Bt oL onrernt
pure E7, 1 % hofe afithe 2f¥tefil Tan bbawitched (svetchingitid melecules aﬂjnvadabvnllappl yi ng
textur e was TBRD SRR S A TS g d B S by
appl yi ng snedN amir@HFrstates obuld besigaited. Once t he donmain vval | s had been noved
they did not return to their original 25 position but instead remained in
the new position for |onger than several days. Therefore the 4% and 6%

m Xt ur estd edlicsemematicoszerzis imembodimenscdfahd ingentivk @etomtlie seatinkror @x per i ment
was carried ation after
filling but pgéd%(s)drrgféggg n%np‘?}g@rﬁg%%t %@’?’g}ﬁrﬁgqn 8“ gx%k'ase the 4% 6% 30
and al so the 2% m xtures showed room terrperature domsu n wall nobility. The
cont ai ns. Dot h e A G B R SR Heise b el e W
radi ation t dhrecoMaFreCPRi® rAafEmatalse Sretilti émtbqieaqcl}oonm epergetandrazimpthabr m | ar ger
pol yrrer _ ahaisfioridglenbeh: CRiider 83urbt Hn2R) BIalID, 2Nl RALHEISHIGBIRL 0301 1 34

solution is cured for a short tinme he reaction can be tenriinated

when only olprcslsmwéﬁﬁqeé ahta%refseedwmlmﬂﬁ’ahnawf&qrg@m@ree'erWtsh phase
separate from t the rat ef ntlallytothe
surface in B?E%P%t% g ﬁ %’i’é rtflgﬁyth ﬁ’é’f‘ FH%? h& the effect
of diluti ngafhhanARNTd a4 erﬁigypk%lt%eﬁﬁyﬁ’txﬁist ?ctsu@]@dﬁ)tﬁwygéﬁ%hm'[ﬁ.h leads to an
effective reduction in thé order paraneter I's defined by (P. G
deGennes, TRapippdMeRBapgplay J. EEYSd(PeFS)é@a‘F'é 196:(‘:9?%)ﬂ1d0n Press) Oxford 1974): S
= 2 ~(3 0s= 9 -1~~ 10 (3) The reduction in nematic order due to a oligomner
concentration has the twofold effect of screening the liquid crystal fTOm
the surface whi cH =nimif@s-& e memory anchoring as wél)l as reducing the

el astic anchoring energy, Wj. The uncured material also has this effect but
nmust be added in a greater concentration (>4% as the acrylate 15 nononer
does not prefeisand berlthal aAdhgFme enetedVnE deprisbs Hdl dn@igP reqlited elib@er mat eri al
contai ning 2% N65 was then renoved fromthe cell in which it was cured and
used to fil rhangeothbiilt oftht burfadehdisctorio?l. I dliel diredtardias b pvebeired ithplagel y nobi | e

5chl t ' due t
Che. add o1 vE G, SETHOR €% s00 Aot 0 WA b SRR P ST, o “Gunng

curing. change this orientation. The energy 1s now given by

ETLJ-

)

. W=W,sin’ ¢ ()

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

energy.



The next set of experinents were designed to show the effect of the N65
treatment on the zenithal anchoring energy, We. This quantity can be

cal cul ated by neasuring the saturation voltage, Vs as described in exanple
TN1. 25 Results are shown in Table 4. The pure E7 cell fai a
.black state before cell breakdown and so only a | ower I'mb?qglﬁp%si?g\r? be
given. In the cases of the E7 containing N65, the curing was perfornmed in a
fused silica cell I%rior to transferring the mxture to a se})arate

measur ement  cef I"47he exposure was carried out using an Z6TGRIYPHLr ed
mercury lanp with an optical output of 2.4nWcnR. 22 March 2002 WO
99118474 35 PCT/ GB981030I 1 Cell nixt¥re Cure tinme (ma ~m1l)ure E7Sx

10- 2N65 in EPretdt asd genghad Ngehoring Ean be . aghisd 3fen maest Eolid) srfess- 8BS i n E7+pure
E7 (1:1) 108,054 SnchaitleCustaffureb@ing 5m8! ddialreARERON BleCReEMligS modi fied by
the presence of N65. Greater cure tines are found to |ead to stronger
anchor i ng wireereddn-planecdiregtion suchiag pp aniretropiq poalyvesr. obHausty qvassiied fH® yer chai ns
whi ch tend top aRIARE R8I FéRost E&!%Jsfwe E&%nWb'a.Fe 1hRt bR sd ladrntaliiEss i ts surface
order paraneter. One set of data shows that the anchoring energy can al so
be adj ustsed timdimictbrus the gurfabeonl6écBits ad highiwokagess pure E7. In all cases the
percentage of N65 during the cure process was kept to 2% to ensure

consi stent reaction kinetics. |10 The above results confirmthat the N65
treat nent | helsfféco ofitht essk zrhithah anrhering ovemvistedaneotatie deviceds dismistedas | ower i ng
(by about ap l8{;",der of magnitude) the zenithal anchoring energy. The next
stage is to FE€Y% the effect of the treatment on the switchi ng of a bistable
nemati c device. 15 One exanple of a surface which can offer bistable

nemat i ¢ Al GAITAL-olchel AULEARS: BE 4!tk il AR50 REA ol GRRREOACT- A )
prepared in‘a manner Ssimlar to thdat shown 1'h F gure 7. ™ I'S case

sanpl es wer enaloritg Was Bpti analgeed tthearptidaBOSThzhasttiorcesfigutatiz® ob e aell #@s coat ed gl ass
21 at a spi . r LV coadd R (01 ¢ 20 O SSEurr.
The sanpl es@%&?@&fﬁ%#@%& tgﬁa@g]ci&glt ggeoge?ggr 9’%"’1 rlnsgrtlihctg1 ge(s&. gﬁﬁ% %;lagxfati ng was
exposed t hr bagringa equatin 2P the dulkgandydequesionai € aoAdRobt the sepfasgshybéi . e. nor nal
to the mask : j QU i i&al exposure
time of 2505%?%%;%8%/@%%)%% em?réaéﬂﬁidzzhgﬂgr{?a‘%%ael gb‘t;%%ﬁaltﬁng pattern of
0. 9phm c]tusorrer:t'a:quartm sm&pfmxagxediobyw@ diltmaﬁ&psigﬂua 3 sivlvs dievieedt tourves ?i ving a
pitch of 1.4x1 .4 vel o nt 25 was then carried out, jn, Shj pley M-319
for 10 sec f ‘f“lhé%re}]ar “&n‘vﬁg‘{}%F extrapalationdepgthse b whezey ﬁd‘r’b’ﬁil@‘éogbp

parameters common to all the curves are ;

k2a/ky] = 0.6; k33/ky1 = 1.5; €para = 14.0; eper = 4.0; Cell twist = 90°Surface

20 pretift=5°

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

i’redcriskz threshold voltage (=ky;/ &, A¢ ). Figure 11 shows the surface tilt angle
as a function of applied voltage. For infinite zenithal anchoring energy (L.=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 field 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



WO 991 18474 PCTI CB98103011 36 were finally baked at 160C for 45 m nutes
after first receiving a deep UV exposure to preharden the photoresist {3.36
J/cnm2 at 254nm). This process created a bigrating with two ident7cal

modul ati ons each of which had a symetric profile. The al bgnixgreh 9602
.nematic on this is therefore expected to consist of two non tilted

al i gnnment stat es 5 (alignnent, but no surface tilt} separated by an

azi nut hal e of 90. Such an alignnment is not normally of use in display
devi ces, but qﬁ%%”“ﬁ‘?’épar ed for test and conparison purpos@§T/GBE3YI having a
cell gap of 0.95pmwere then made with these (zero pretilt) bigratings to
on both inner surfaces arranged so thal the groove directions on one

surface coi néavisedrharefase it ieslegy 1o siechai p swrbace oifrsing a fipitel wilkhiead to ¥ilawes wer e
filled with $fa gggpb&l&gggpab%&gsevarl ous concentrations of N65 in its

i sotropic phase "On"cooling to roomtenperature all cells showed two
alignnent directions as expect ed As the states have no surface pretilt,
and hence nmmfaxthetabare%ddan qf‘ al stiffack REathb %R GG Wgcoupling in
15 splayed configurations) only one state can be sel egt ed using
appl i ed ef ecwilliledlto ptﬂvses ncxhhwelvﬁcc whadbmsmérohltm tivesholdem stedper St at es can
occur which was seen s chseDanda ndg gag BLN, novenment . Rectangul ar
nonopol ar pu7 56870 rious %’é TR ?‘151 We ppI ied to each cell. Each
20 pul se alternated |n sign fromthe previous pulse to maintain a do

bal ance. Pulgg ﬁﬂ’ Yef¢; Separ at ed by a tine interval 100 tinmes the pul se

| ength. For each pulse I ength a voltage existed above which domain wal |
movenment oc A exauiple B yweak a8chohingiseatrientapphiedds h ovisted/mentatigis nowigives time for

two cell . . £ i 1D . I filled with
a 2% pr ezure gﬁn?mﬁgd Jh#iﬁ\lg\gfam&ébfﬂﬁﬁ %g@ﬁg %%F’%r%@ é Wer ed t he
vol t age t hr &8 Hescxibed in GB 9402482.4{GBoA{2)296,465; WOrHSR20878a 10.8 ms pul se. In
contrast the pure E7 cell shows a nuch higher voltage switching (15.0 VI pm
and in fact suffered dielectric breakdown for |ow pulse | engths. The above
resul ts showhergttmercongts efraddingra small fatfde)tamonnt| of v W curingeadhsiveabl e 30

SwWi t chi ng Whiidal & tﬁ@ﬂéﬁa’ik%ﬂ&rw‘&h mldgomaéﬁ,&ktohahtaaemwaﬁqn&mergy conbi ned
wi th no in-plane menory. anchori ng ot the elastic W osed by the

bi eratiny. NNk NOR obhjb2s %f%&fiﬁmﬁbpwaeﬁ%ﬁmiowa%m er to obtain
ful : y Zel ef@rﬁﬁwbk&ﬂﬁbbﬁi)%ls%ﬁh&ﬂg@ﬂﬂnﬁ& %g@om thiteris d\%mﬁ@d bly tthe

appl i ed pul se S C e achj.eved, using do, cou exoel ectric
pol ari sati os 3‘{]4%’56?,\,8”8}3@{“53‘31176(1\’@{05} jé“sﬁ%ﬁ%‘a't'ﬁégﬁ ?‘B’btf"l'ea?f &P etilts. In
VO 921 0054, apd srylhtt merdmebawiidiipaiyiefseyidét SiVivadiatioh) quel y evaporated SiQO 5 A
nore control |l abl e nethod) described in GB2286467-A achi eves pretilt by

using a bigrating is which both nodul ati ons have asymmetric profiles. This
met hod a0l o\Before wringtthd N6Soddditiyp incatiwisyed higmhtir devioea et of twpelihgtsaidre st at es

while maint lBEng. &Eé?t:!{ %htow %éé%hhte s%ﬂﬁ L%}Ie‘%em{ﬁa‘l%&ofiﬁ%f aces wvere

tested in conjunction W f reat nent usi ng t Wi ng
f abri cati on cpirgi &es This qumhumm@ttuiawdbvgwmn% thwﬂﬁqﬁ#wﬂl"&%@?, V20' of i 805

phot or esi st Thatis %tﬁa voltz(L)grc]tat.o w}-xll--llzlq}x xr(’j"ec:tec'\u(':I til? maﬂsle ce 1sl pm’pcncij Shtat to ge surface

throughout the thickness of the cell. This can be measured in cells where the surfaces

25 have no preferred alignment direction. In this case flat surfaces of hardbaked
photoresist were used (Shipley 1805). This material was spin coated on ITO 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. Wg is then given by



above. After softbaking, the |layer 20" was exposed through the 1.4x1.4p, m
pitch mask 22' using an of faxis di agonal exposure geonetry as shown in
figure 7; i.e. exposure at 15 about 60 to the surface norngl, an 45
to the mask array of square pixels. The exposure tine masgg%V@thgﬁgﬂi
seconds (at 0.15 mWcnR). After devel opnent and processing the bigrating
"was constructed opposite a flat photoresist surface (i.e. no grating and
hence zero pr@loishigyrsusi ng | Oum cel | spacers to al | ow nmeaspges®ebsonf the
surface pretilt at the bigrating surface. 20 Table 5 shows the pretilt of
the tilted state neasured by the crystzal rotation nethod (T. J. Schef Fer
and J. Nehring) J. . . ) vol.48, no. 5, p. 1783 (1977) ) for cells
filled with vario i@@éﬁé&g%ﬁi, all cases the non-tij{shyed state had a
pretilt of less than 0.1 4 25 Mxture used to fill cellPretilt ( )Pure
E717.52r N65 in E7+ pure E7 (I: | )I7.12% N65 in E7+ pure E7 (2:1 )15.42%

N65 in E72.2 Table 5. Surface tﬁ)]_retilt nodi fi ed by the presence of N65. 22
March 2002 \WHhergd1sthy awe crveiel thiclmssss biaog theiqwid snF! Py Fiastc onstan preti | t

as expected ; I L VA ecured) lead to a catastrophic
| oss of pret %Aa&ﬁﬁgﬂ&@é%@ﬂpﬁ%ﬁ%ﬂ?é@gt ment is not suitable for a

fl exoel ectsri ¢ coupl ed device where a significant pretilt is required in

order to 5 aghj A HOMEN L r [ i f thhe 2%

m xture via g‘ggé‘ﬁ'{iﬁf)%‘%(@ %gﬁ"r’%‘ﬁ{’é’l"f%m t‘ﬁ@%ﬁ%ﬁ?% bf'!'l 81L %%teggfo{a% c\?%l ue cl ose
to the pure Bfpaksewh andosmerdy a dower dimitdert Woican beapiven. 4n ghedeasestdfdhé6sEZhows t hat

it is possible tq ain a mxture regi i.ch vi des weak zenit hal
anchori ng V\Ihfqnéa]%%ﬁésa}hﬁf'wg&ﬁ P“J@E“?S‘g%gﬁs%lg.nﬁl*f’ﬁéﬁ{ gr iQ)@E‘“HF PRI 1t for 2%
N65 in E7 camamdfringdemsikindo byephia® niddfukdieht dR.ae Ripgtgurd fva¥\éariddii cub al | ows t he
nematic to adopt a non tangential orientation with the lpcal surface. This
dest abi | i!8esustecanHingherpt werciy lanmwih ¢ epicleyput of 2-0mPHend ehve pised i 1t st ate.
Such states ghgesieRoEsPed in GB9502635.7, "liquid crystal device

alignment”, G P. Bryan-Brown, C. V. Browmn and D. G MDonnell. 15 The
above results have shown one exanple of how an oligoneric additive (N65)

can be m xed W @R caremRt TG (€0, &/ 10 i nprove the voltage
response of a bistable nematic devW@EﬁWQt)hout gonprom si ng ot her surface

paranmeters such WWW her exanple of a weak
anchori ng treatgnt was synt hesi sgd"usi ng bl ock pol ynerisation of a thiol

and a vinyl eth@eNeihB8m the strygs,upé A showp bel ow) the 25 subscript n
i S nunber OfTrb? ats in a chain d[S(CHz~sS CHECH=0(CHi ) pOCHzCH ] n -.... A
a

Surface zenithal anchoring energies modified by the presence of N6S.

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 lum (0.5um gaps and 0.5pm chrome strips). The exposure

time was set to 540 seconds with an incident power of 0.15 mW/cm?2 from a mercury



As in exanple BNl, the precursor materials were added to E7 and then cured
in a 30 fused silica pre-cell. The cured m xture was then transferred to a
second cell whose inner surfaces were coated with hardbaked photoresist.
Filling was carried out at 65C followed by slow cooling to2rgarh 2002
. tenperature. One particular cell was filled with a 22 March 2002 WO
99/t8474 PCT/ GB981 030t 1 39 m xture which had been cured froma 5% sol ution
of the precursor materials in E7. This cell showed a schlerien texture with
hi ghl'y nobi | YAe¥&#'h wal | s confirning that all in-plane REREBIBAHENOrI ng
had been lost. 5 A neasurenent of the _saturation voltage reveal ed that the
zeni thal anchoring energty had been Ioﬁered to a value of 1.2x10'3 N ml.

This is cvenldBuwBFelonmantiras theg| camed Snormhipleyt MBI 18 far ths &dlovedibr at es t hat

the ol i gOmer ywugi dr3e. IsRPlBhvird fihdly BakcBSP1 605C MBS Minkilel Sk ¥ retivihgyer i ng the
surface order paranmeter of the nematic phase. Once again dilution of the 5%

sol ution i nt deepUVeexfikureew praliaedin thepdororeaistgh3gla angs4umf aces in 10 which
weak zenithal anchoring was conmbined with high (>15) pretilt. Therefore the
structure A is another successful exanple of an otigomer which can be added
to a nemati cTHembgve grocess myultalia al snfacéGhdnagatingashanien pitchaaniiadifilm e nemati c

devi ce w t hout, conprom sin ther surf.ace paraneters ch as pretilt. 15
el o BNG. TS & Beb frohye S A p 2ble® BB R Tort el BB s s i ch
can al so be fose)dwvitich leadsad e dretikellaligmméno ifi thgndmsaismeddrshe BOudgb&ofa CH O CHz) 60
CH=CHzZ HDVE ne. - 1. 6-di ek disGYE Ry, € ) :%F)m BVE (Butyl
vi nyl et her)éﬁﬁ%gﬁf&%(%hgiw’ Siﬁagéfém(gt%%{%ﬁg g sy(% °

bi s(t hi ogl ycwhitatted intdeHShGHIChIBHrME dirbiinm pezor, s@rfate tWas ofthogonal toB 25 I n
previ ous ,gx Low. vol t age .hi st abl.e nemat | i t chi. h heen shown to
bcour “wndl WP pESye gt oh BBt ThECOLa BTt o P VbR ecBoRts

i nvest i gat edtottle fitstt@onh arel TamyiminigfufreebenanedAgith BD(IMPIyisuPedpmf Pykese

mat eri al s r = i L qul e final
Tt ur o v Vi B 37 BRPDCrRAE WAF kA el oo BlERERAE) RpuBabll®, | 0% 1

i nner sur f aclé§’C) folowddthychow200ihg\WDroR6 taBpeTagur#CT| G B98103011 40 as descri bed
in exanple BNl. Val ues of WA were then obtained using the nethod descri bed

in exanple BN1. OF the materials |isted, EGITG and NDT are nononers with
t hi al tefd nEeistnssoopis response of cells containing different N65/E7 mixtures was then

recorded by placing the twisted nematic cell between crossed polarisers which were
oriented parallel to the adjacent grating alignment directions. Transmission was
measured using a photodiode with a photo-optic response during the application of a
1kHz sinusoidal drive waveform. Figure 4 shows the transmission versus rms voltage
20 for two cells one of which was treated to give weak anchoring. 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



5 HDVE and BVE are difunctional and nonofunctional '-ene' materials
respectively. The ftrst set of m xtures studied are shown in table 6. In
each case a percentage of nonfunctional BVE has been added to the

bi functional 1iDVE in order to induce chain term nati on agd Mardro2602
~oligoners with smaller nolecular weights. In each case to the quoted
percentage is the nolar quantity of BVE with respect to HDVE. Furthernore
the quantity of NDT in each m xture was varied to nmaintain_an eqoual nunber
of thial grolf%*4%#d* ene groups. To each mixture was adde&VYCBEI| gracure
651 (| ~ierck) which acts as a phot oi ngati ator. For each material, ‘curing was

carried out under, a rcury | a .0-mWceny) for 10, m nutes. E7 (Merck)
was used as P& i@olﬁdﬂde%F?’g%' %B"’Wﬁ e °”%ﬂ(f86“°2%“o%e“@ﬁ Amat eri al
(bthei ght) . cethid dofitfdst Taﬁo kHeki irtcalglbe r&csémOM&B 6ﬁ1ﬁhhtloﬁrgke$édlt@§eubﬁﬂz agveaxeni}hal
anchoring ener Ve i.es int range 3.68.8x 10'3.J.ra 2., Therefore all
the m xt ures“E%ed(oé‘“%f’%sﬁ’aéYe@ﬁ ap@:oggg gﬁc@é‘éiﬂf’glm ianslighty fneterss ‘f’tfge anchori ng
from the valgipheas!oftkné electiduft résporise.Pot Chedvelk fafidhbed sinflick Vgp RMsg ieddi ti on of
nore BVE and hence shorter olieonmer chains is found to | ead 20 to weaker

anchorings Nht¥rY ahigfog theGtrong spifaBihis qQuamirE is 0.310:\BVES. BANT Yeinghe /| 5%
BVES. ONDT 1 UM & 20063 6 o5 v, MRS ULAWlgrOburellib dpenchor | ng

for thiolldiene systens wth ain termnation. e correlation of
anchoring arfespagivelyul ar |l ength for a given material type was further tested
using a set of m xtures containing EGTG HDVE and BVE. In this case GPC
analysis was carried out in qrder to neasure the nol ecul ar wei ghts of each
22 March 2002 sty theahovs exrermentd aespitfceye shawngtalifae agieemei 3G Ben t abl e 7;

Mh i's nupgerthqyRicAaalpls aeMotshaing) thdVl shifacd WRICABSs Meeh @BdtedaBIgivehai n, and Ve
is zenithal anchoring energt\(ﬁ, The snal | est_partion of ,B\{&é&é‘) i s indeed
found to | ed®™¥oVe FAZ IMBIYRE PWisied Reaiahc Aewisi Bﬁt‘g‘p’é’ﬁﬂnwsc‘éc g¥¢r1% of each

f th terlal : ; | ati f
G Lo, BRI kaCheng il desEopTae o€l 2 on ©

W 5 with nol I'ar wel a cons errors in the W
measurenent. Material MiMWe x 10" J m EGTG HDVE / 2% BE126402733010. 9EGTG
| HDVE | 5%@;@%&0&@1405. 3EGTE HDVE / 10% BE5000115506. 6EGTG HDVE | 20%
BE290062004. 4 Table 7. to Measurenent of w thal anchoring for thiol/diene
systens With chain ternmination. To summarise, in this exanple two sets of

material s hayenibe@mpRt »ﬁﬁ»ﬁﬂsmkﬁ@a&%_@wﬁ%é@bm%éﬁaﬁh%&shuﬁ&t.ameeducti onin
We. Furthermpre sanples of these naterials have also been_found to reduce

nmp : .
the swit chi riERPBANE siEfaces Were EYEYMERicanqragTalnes axfetrribein Sxag i splay cell 101
shown in.Figures 16) 17 conprises two glass walls 102, 103 spaced about 1-6

pm apart by 'l%e %%55 E:(Imrs]gts ]b(gl%wg r]‘:gxl'tso\rwhgﬁ S\'w}egci rlr)ﬁ':lcteg (?n 2 ua gtrla%titics. 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 3.85%10%)/m’. This is 16
times smaller than the value of measured for N65 (in example TN1). Thercfore the
M3XM 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% MXMO035 to give

weak anchoring. In this case the weak anchoring treatment has lead to a very large



20 El ectrode structures 105) 106 of transparent tin oxide are fornmed on the
i nner face of both walls. These el ectrodes are shown as row and col um
formng an X) Y matrix but nmay be of other forns. For exanple) radial and
curved shape for a polar coordinate display) or of segnmenys Misich 3002a

. digital seven bar display, or plain sheet 25 electrodes to forman opti cal
shutter. 22 March 2002 WO 99/ 1B474 PCTI GB98/ 03011 42 A | ayer 107 of
snectic liquid crystal material is contained between the walls 102, 103 and
spacer ring MAIRgHari sers 108, 109 are aaanged in frontPCoGB2aAd0Ibehi nd t he
cell 101. Row |l 10 and 5 columm 111 drivers apply voltage signals to the
cell. Two sets of waveforns are generdted for supplying the row and col um
drivers | t Odecteast i opefating raltage. atvapsmissiomaf158Yoat the zdre Fols vgyd is eschedw

waveforms, a t ener [ I [ F wavef or ns
to the col urr%qd’? }t%gro g"Wﬂ %/g]re%l“Pghggeﬁ#%%mg%ﬂ%%%gg@ﬁg%oa format is
control | ed banchorebsurfacel Henpgithe weak anchdred TNOis Bxpiected tto usesmbnbl% of thtie wal | s
102, 103 are . Fnning on a thin layer of polyneric

mat eri al suc?ﬁ%@%ﬁﬁﬁémﬁaﬁg‘%ﬁ%é yamide, drying and where appropriate
curing; then buffing with a soft cloth (e.g. rayon) in a single direction
R ) R~. Thi ' . ' j qui d
crystal nol m&%{&ﬁg{%@% %%%*ﬁ%ae{ﬁaﬂgﬁ%ﬁg@% gllr}%eggﬁ%gee%%a‘n i in the
absence of atellgpmisilager.clocdsmpnstratethis, datawas rristnefrom v mare TNecelyviigce wal | s
102) 103 ali e 0 i g L ~) i at a
pretilt angltggjcgkfg%‘g%%@eﬁg{ di% ggplgy'?ghr?%‘éﬂshufo%%?gads%em%ﬂ?‘gge al i gnnent
treat nent i sGeach amdyEaryt minprupy fod E7t Oaee pEiesevadl filled with pire FE7ewhiletthe~-. 20 For
exanpl e e [ it 49 . Q. ey r gives a
typi cal T|ﬁ1)6r1et| tq%afsq.lé”ﬁ%g{lmzd;vt e %j?t %allaf\%%éhghgg%eg%esa&t}ggﬁ #%%?]Ef&d crystal
mat eri al ancebeyee Figrisdéd shavrsghe g¢ctroontia irésperise for thesedwvg eelispBrice) agaigthen- 2, 286;

G- A 2, 286, Abki o Forb8 oo B espSEielr 222PBw B3 hagk e GO mailieto ey have

formed thereon grating structures which provid range of pretilt angles
and al i gnierfecs ptded7; o fps thepreak snshoredi TN sgapasssto B 6., cPRvenfitdtlor
asymet ri ¢ i¥N.PheWehiCancauilg FbAREHs 4rO ePeMBd RMNarZE Beld§rhnii@tedoned ofPreti It ~,
and azimuthal and zenithal anchoring energies (3, a resPect,l ely. The
devi ce mky dperHtdish optice} KFRORfestIPSFeV T meded (4T these geilfelor it for - ner
l'ight 30 passeiwign b T4 8V aé HBwH §h1€2 Gt €hn bE kde (afthé LHAGRRANMMIMAIS 115 i S
selectively transmtted or blocked to formthe desired display. In the

reflective rsdisaditordesrease inpRitehson fime-on) FIFN HITERIGAN SBHEI A Gem-ser 109 to
refl ect anmbigmdvehdvithh isRaeistchtwiderak hltficeBbiorid®1l and 22 March 2002 WO
99118474 PC f/(GB98103011 43 two pol arisers. By nmaking the mrror 116 partly
reflecting the device may be operated both in a transm ssive and refl ective
nmode. Pl eochroic dy¢EifayuRE added kQmiE natl et Amsf07. I n this case only
one polariser is 5 i pically be 4-10tm
If the smectic nmatefi’al 107 is a chffal smectilce.g. smektic C (S~*) then a
bi st abl e devi ce can[|ye svMIEMOSBICh apgdevice i s palpe surface stabilised

fermel ectric devi ce (SSELC) supporting two bidtable statles which are
opticallf}’di stinct. In a chiral to snmectic material nolecules tend to lie
and nove al amagletzhe surface of an (inmaginary) cone as shown in Figure 9.
When t he surf alignnent directions, R) R2 are . parallel the (z) axis of
t hese cones Oéfg’e??élfﬂI%wnﬁ“’igom?‘f‘?e@e“ﬁ?’ldg'ﬁﬁé?ﬂ“ aﬁrcélé{)fvgﬁg%{lﬁao "8 ol ecul es

i e either anecerind..the axis on the cane surface.

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



15 In one switched state DI the nolecules lie on one side of the cone, and
in the second bistable state D2 lie on the other side of the cone. The
switching is achieved by application of a voltage pul se of appropriate sign
and |l ength applied through the el ectrodes 1D6) 107 coupli g Matdh 2002

spont aneous pol arisation coefficient Ps of the material. The cone angle, 9
’ is a function of matenal paraneters. In devices the 20 nolecules in their
two switched 03|t|ons D1, D2, do not lie on the extremties of the cone
but some smaMO 8% 4nce away. This neans that the angl e BETBSMNhe
bi stabl e positions is sonewhat |ess than t he cone angle, and can be

i ncreased a bibé by.application of an & volta e signal to the material;
this is knowhehed EnBERSRIICEH IS FraRaRt 03Tl ceaag @ 1ayer ahprohomide 3ang| e

bet ween the g atcreh@?imﬁs @t@éoateagfésbﬁ%aﬁﬁgema RibstraAcs a(B60°E. Rl QWadZBXi MUM
contrast for the cell when arran etween crossed polarisers 18, 109

with the aX|‘S“bﬁ’e‘b'h‘ébf’é(wW|d§éqﬂ°agbﬁ§ﬂ@fh‘é°tbﬁﬁﬁcm§ ta pratesing ollst. Feslly ons.  Thi s
gi ves a dar kegd @erecbx@trmﬁ i Which RRCRRS ditetbn@Rne skikdb vasédogodal t he ot her
swi tched position. . The angul ar distance between the two state is
defined a5 théhahenthe Wﬁn’&?@cn gap'wasseldo Spniuging eonedispersqshspacyt beadp| . Phys.
31, L1089 (13%e) dée s}h% d%gw&%&ﬁv mtpexé&soqm&gga&pm&hwess in the

light state Is t erefore wever teria March 2002 WO

991 18474 PC@@Q@/W@QE%%@%@@@W&H@ with/E7t 4% MXMO3A. | ess than
45 and so sl hgadd @ELARERH dfhdWidthiRasRg uﬁuﬁﬁ@ha@l@mrd RauctibS B ment can be
added to a fetroel ectric to increase the nenory 5 angle and so i nprove the
di spl ay bri gREAESYOUIERi s treatment al so allows smal |l amounts of

transl at ygonal novenment of mcrolayers fornmed during cooling fromisotropic
phases to snectigc ases leading to inproved alignnent. Exanple of cell
prepar at i on.“X#g'P ’TNfnnent surfaces were prepared by spin coating a | ayer of
probom de 32 (G ba CGeigy) onto I TO coated gl ass and baki ng the substrates

at 300C. The surfaces wege.then rubped i i yecti n a nylon cloth
Lt ached 1 o QIS PUHENT AP PHLRE SRR e oe & Do L dsvise SO EMIEERAOPn whi ch ¢ he
rubbi ng di r agubsmatifRy non-twisted stite kg evivied sipawabd ebolfhge isaapplied! InRhison t he

other. The cell 0,1 .1.p. musi rsed spacer beads
"h the elo SumnBR ghfthidi GEYCT eteq i pibtrVad PR S AR FE aE

f err oei ect r ianchbtingpu trebteientSThd safgoe chiigarkdnt Smahik qeample wagmevidéd Mg5. Before
filling the S r dlna ar at 20 Figure 10 shows the nmenory
angl e measurai\I crnorﬁrfi%\lﬁ S RIC %%% ﬁﬁcgan@? ler pure ZLI 5014, or 4% N65 in
ZLl 5014 as a function of applied voltage (50kHz AC). The results clearly
show that thg %@.&'ﬁné}x@ﬁ%&féaﬂ&n{‘bﬁmﬁs HREd bﬁg@ow@aﬁu%afsb%ao@t i ncr ease

in menory ang e at all |'tages. Therefore t treatnent has inproved this
ferroel et r patt Befood tay mixtre ¥as pddgd tcheemsnc MLL: €508 rvdvicdinias 3inggativet ween

crossed 25 BQle@tﬁbS%ﬁx%troEW Earmkei088 Y, teh© cHRADLY YPudig h@s increased
toml7.1-.to which would |ead to a device which'is 3.7 times brighter.

Bi stabl e f eMWQﬁQé@@“@a FEe e slans ssllindexapsinede Liviypdigion4 IQmingtes ect i onal

pul se of appi DREWALS whilé @tcattbr%brat\ﬁrggfést"gﬂﬁzﬁeradﬁﬁné e eifture Szt QR4 Ul ses are
appl i ed sequentlally 30 down the rows, whilst one of two different data

pul ses are §H}3I Vi ddes fteach col um. Exarrpl es of addressing are described in
USP- 5, 49%, 173, GB-2 232,802; US Serial No.07/977,442, GB-2, 262, 831. 22
Mar ch 2002 %ﬁm PCT/ GB98 03 11 45 Several ot her SHCBC'[I c devi ces may
be made wit %1I hiveg fepsyeied & tah e graling ROV BN SHIAE ST e x anpl es

el ectro-cl i Bitlogsiabkitthase o the Othsr. Pmirrwccﬁtsahhm the pratingdneamk surfacelens ces

USP- 5, 061, Oétlrzgted wsxfl)m a dhr06mge c%rjixgp?ex Elct%ﬁtglr? zr’dczr 0 indgéjcl aohomegtpc%gpb Jra?th Ic

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 0f2.91 V



projection coils USP-5,189, 534, GB-2,236,403. The alignnent may produce a 5
chevron type C1 or C2 type of snectic mcro |layer arrangenent; or a tilted
" bookshel f arrangenent where rubbing directions on opposite walls are in the
sane direction) or real bookshelf alignnent. Reducing ancl2® Magcle 2008/
.allows small amounts of translational novenent to occur 1 o in mcro |layers
formed during cooling fromisotropic phases to smectic phases. Reduction of
anchoring ener can be applied to various snectic devices as follows: (i).
Bookshel f and“&873%*7%ookshel f with | ow surface viscosity BdCHE08Urface 1S
menory effects Most materials used in LC devi ces exhi bit Iayer shri nkage

on cooling thro ph ea | e between
t he nol ecul es” }é#i%‘ @EW‘%O%W@SH bk%ﬁ Eéﬁﬂicﬂ’:gmfswss’toﬂélgap wiing of
the snectic I\@qufatszwlemmfd‘ra&esvdahmhzmd gatent RastlBal foos daman Of a
chevron struéuree ] te\PHm' ng energy is sufficiently high to prevent
any transl ati SHatre & pf)rﬁér&eo ®t he layers (i.e. the energy cost associated
with layer slippage is nmuch greater than energies associated vvlth t he
chevron inte eI ast of the dj tor Lo t he, triangul ar
Girector pr oftF dmi ke et h e VR arers it bl Reiprt ot ity w1 b« ne
di rector bei r’ugtwme(bVendSJVhsﬁowmmtthtﬂcmﬂeéa&bé&dnmhummtﬂondmﬁmwﬁn) t he

| ayer shrinking requires t.hat yers tilt withr he surface
ot mal 1t bAEeRF AieE e B oy S g et s then e

| ayers nust tilt into a 30 chevron structure which is necessarily symetric

about the central pl Eor _typlc this degree of
| ayer shrinkage is sp€ HEE t he Iayé’n(’?ﬁ)lt anfire @s) s a fconstant fraction
of the snmectic cone 6608~ UsuUal 'y [ggout ST o %o S causes a

reduction in the ang| e between the tiw bistablp states ard hence opti cal
contrast in the 22 ch 2§8% wo sa~a PCT[!B98I 03011 46 cell. A hi gher
menory angle may be pahpewed by lowgring 8 in what is oftlen terned quasi
bookshel f geonetry. i ficiently weak
(for exanple a relatively high concentration of the surfactant is used) a
bookshel fipgegn®Eégy is obtained i.e. S = 0 If the azinmuthal angle ~3 is

al so nade suff.i nt.ly. low 5 t rmdlre rofllels possi ble in
whi ch t he twé Y ey “%ﬂ“&t‘%sgfgczt“ el 85?‘1%?&%“’;“ #8588 t A 1o the rubbi ng
direction. The resultl ng h| gh contrast and brightness of the display is

al so conbi ne the v reduced/ no f nory

ef fects (whi gplc ?8"38‘@ % s owai te% |aﬁgo%8£ OI%mﬁréch %"i"]l %rzaé’? 6ar"’m%d faster
response (dué'DtMMDhmtoobempi dgithey goting hefagag of ableddolmcxtmfacfes oill lelie sol i d
surface tQ t S E [ ; to that of the bulk).
(ii). Che]\?r o%eavxfi i 1éoﬁlﬁrlgtrhg\'?§°g&r§réwit ggmwgtegwa\s@%ﬁl\%ce uses the slippery
surfactant at sufficient concentration to | ower Layer tilt 15 angle in
chevron QGOWMF&BME_&C&‘di ng to a higher nmenory angle and inproved
brightness for nultiplexed devices. However, it may be possible to | ower
the orientational surface energies wthout a strong effect on the

translation emes Bive (shbsannduyy&rsaﬁb bAdid) EonstrubiidASas snm GlEpiEen) skd gict ure woul d
remalntoala]? eext remai ns uncp but the_orientation of

i
the direc®or Wik Sqiig dif ‘F‘é T’?ﬁdﬂﬂ“ﬂpﬂé"sﬁ‘i igpapllel vy Féﬁl’g‘t‘fﬁnbﬁ?ﬁf fordeac fiel d the

surface twW StasOwherdfe slighedt Ottey @ Efbrdn m&nme@dﬂy@b" Ofhelnit@t szgiﬂiclmnbl nterface.
Wou e

The optical unif of th| state contr

i mproved. I\/bP'é‘iﬁ\?gF%q%&“FSWear‘ gst Ot 9f @ﬁ@f&ys\ﬂ’id‘ieﬁe H%élé%‘@"‘fthe angl e of
E) he ﬂ| rector fgr@ﬁngﬁh@r@kﬂ’c%&.%&bhdgh%m&ﬁtl (ﬁﬁﬁhhﬁfhnﬂfﬁoﬁ:htﬁ& ﬂxgnﬂxﬂﬁlakgw&et h(e N
rightness of .an AC stabilise isplay w al so be e n 25 (iii

| mprovi ng i sBEFEeRaic a8 e St O sﬁ"%rﬂ'ﬁ%‘%‘ﬁ“%‘f’*éﬁ“&’n‘?qgﬁ g Pihyers to slip
easi |y ov@r buiena§we98€ erdrximylotRN@EiYent af Be proviBed by bfdting ayers) dictated
by orientational properties, of the surface, al oneo\%émgh, no 30 transl ational

restricti ons§ymusgiciane atyamelyic peadiies|to give Both pligamenta MM REst eri )

phase is usupgkdy m&i}mlﬁm%ﬁﬂbaucﬁﬂtmﬁhﬁﬂs toNgitd bl%blel%mmsae(vﬁegam FLC) wher e

stringent rraterlal renent s t he use of ()3
described m B A2286 467 (PCT-WO 95/27077) and W097/l4 9 PPC

96/02463, GB95 21106.6).

:h—




22 March 2002 WO 99/ 18474 PCT/ G B98/ 03011 47 (iv)..|l:nproved stability to
mechani cal, triennial or electrical damage of snectic devices. D sruption
of a well aligned snectic sanple through nechanical, electrical or thetinal
5 shock |l eads to pinning of the |ayers at the surface whigh march Poonlt to
renove, even though the disrupted state is not the | owest energy state. It'
the pinning is renoved then the system may relax back to this m ninum
energy state before the disruption. (v)..Inproved high tilt chevron devi ce.
|0 High surfak@%ss&4tilts are used to ensure that the sufCaE8%Bilent ation
of a FLC device in the chevron geonet r% approaches the cone angl e and hence
the menory angle is inproved (this is*2used by CANON and is in 3ones, Tow er
Hughes review). In the unwound N* phase the director has a | arge degree of
spl ay and bengh iofid QhEOSE nd Tk cEORbHIG Jiflf Luilang TGk Gedeiippe Lhi s bend
cannot be suptgorte due to the presence o  ayerS and the distortion

i s pushed t i ﬁéwm%b%cmP@OF%@bhlwfé@For is forced to lie away fromthe
desired pretilt. This may lead to variations in the alignnment aad hence
defects in the SnC* phase (until switched this geonetry often forns a
"sandy t ekt (raavenspna pligamentdenhpiques provisteparfidtr(yenithal} and pligarerat direstighst i ¢ change
of the pre-tiihuks) %H%%mﬂﬁaltaﬂ&oﬁﬁgbﬁé?ﬁ Fhit Tnafs MRORYiLRE beW@e This nmeans
t hat when cooled into SnC* phase the effective pretilt is | owered and

the resul ti rﬁg"‘ﬁ%‘l‘ﬂﬁ‘ﬂ/ﬂ‘hw&}'@cf of electrisclistfs sesrissin amovempynt f the auid Frypalr v

surfactant, hd&ulsmbaGan MRNRAYe biSthd RMICEH £RMndRBcRI € add ddfack@ BRI NS 25
unchanged. Note, this is an exanple Wwhere the slip per¥ surface technique is
Of'

used in t he Y&niiface JBete eretils and aignment dirgstion e esssapetor APLATEOf a smectic

device. (i )pcrféxmaa&vamaﬂseﬁatnteeq& preiile vaied aad biighelehoebdatet Witk rdd@feCl devi ces
30 1n both of these devices, director twi st is_inguced %Rmne DC electric

field there 3PEOHNE Ee% T2 $hat Tplepulfs 2k preadjacent the el waflscagmav fhepi nned at

t he surface apptRatiapl he@alfvoRigd 1dveleds to i nduce layer tilt) (although in
contradiction to the requirement that E ~ ~ Pi) which reduces optical
appear ance through defects, and may al so reduce view ng angl e 22 Mach
2002 WO 99/ Eibodimieid. thHﬁ&kdﬂBﬁ&dnndeptbivideesutﬂm wainted ptetlt amdpalighmért out of the

cel I bl afe. ekl WP RefdINIkoSHELARE ke, DRRDL DRt liorang the | avers

can nove eascl}g acro t e surface ace menory or viscosity
effects. 5 (embodlmedtrhyrmdmbnl\daf-ohmrdrem mehe Kabidertystejdayer agd whichr om reduced

tendency to S reduced surface nenory; faster
surface sw tptc%{r%&%@?&t{)h@?el& ﬂuce%g?endency formT state formation in
FLC Due to reduced polar surface interaction. This ensures the good opti cal

and el ect r o inGAherRfiORGEdhing Seifth oﬂrmrf&t dnmom&y&taqéqua dedel rpar ticul ar
t he chevron and bookshel f devi ces) & . I nproved alignnment of snectic
devi ces. 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 voitage. Ideally this memory should be completely
removed so that the molecules remain in their switched positions after removal of
voltages. In practice, reduction rather than complete removal can be satisfactory.
30
Three examples of the weak anchoring treatment applied to a bistable surface are now

given:



Treatment prevents defects (for exanple pitch lines in overlying N* phase,
or Cl statelzig-zags in SnC*) fi-om becone pinned at surface
irregularities. 20 The nononer naterials used in enbodi nents of the
invention may include the follow ng, which are given onlysbwi4esh bo2

_ exanpl e: nethyl acryl atepropane-|, 3-diol diacryl ateethyl

acryl at ebut ane- 1, 4-di ol di acryl at epropyl acryl at epent ane- 1, 5-di ol

di acryl at ebutyl acryl at ehexane-1, 6-di ol di acryl atepentyl

acryl at ehept aMe@918F74di ol di acryl at e2- net hyl butyl acryl at REFGRAR3L! 8- di ol

di acryl at ehexyl acryl at enonane-1, 9-di ol di acryl at eheptyl .

acryl at edecane- 1, 10-di ol di acryl at eoct3}l acryl at egl ycerol triacryl at enonyl
acryl at et ri mExpppleBplopane triacrylate 22 March 2002 WD 99! 184T4 decyl
acrylate ethyl hexyl acrylate nethyl nethacrylate ethyl nethacrylate propyl
met hacryl ate butyl methacrylate pentyl nethacrylate 2-nmethyl butyl

met hacr yl at e The frpatment tchaesistsyif adéing e pmgll (I haoropntafa Y¥ cptingnadhesider y| at e

nonyl net hac ; . et . tyrene
cthyl ene. gl year F‘gﬁﬁf{?‘ﬁ%ﬁ?ﬁ%&@&?@%ﬁ’éﬁggﬁ%‘f“é@%y A e 6 103011

49 bent acryt N6SN3, N6) 8N (234AH menwaciwed byNpiaoi Progystsreorporaied North

di - pent aer yt Brink@ick, "X AR Y It faidbCOGmIley 6! ofthé¥B tlddak! ’6S) is
|, 2- propyl enewal ycol di methacryl’ate pnpane-1, 3-di ol di net hacryl ate

but ane- 1, 4-d# di et hacryl at e pentane-1, 5-di ol dinethacrylate
hexane- 1, 6-di ol di net hacryl ate heptane-1, 7-di oL di net hacryl ate

octane- 1, 8-diol dinethacryl ate nonane-1, 9-di ol dinethacryl ate .
decane- 1, 10- & 'Bf fgt srRerHRrRt this agenalgyas added fto remafieF hincpyenifasions of 1%,
| ri met hyliol pewpanent R4 EhB atknde Ha€ tRANs@LoYRINEdE Mhoée Tl RAG! yérat €

entaerythritol .tetratnethacryl ate di-penptaeryfhrjtol, hexanethacrylate A
Purtherycl as o5 I@fr@‘ﬁg”‘?’ﬁ@’%ﬁdﬂg‘%‘i@?ﬁﬂ © 'dé"ﬁ‘émﬁo rRUPPgsef &S, - gd by the
copol yner i satiperimért wds toltonfirinaedakalidgeoi @t suifich atthbringotithahaddditibhef s under &ee
radi cal condjgtl Monof unct i.onal and/ qr  pol yfuact.ional.. al kenes andl or
Lhiol 5 may bioS UGS BraYaaeh ok hEve PHRRTYS Cheeh oL FErEes: “Fhe

pol yner, f ar hadnkslte 1609Ctethate inkdebiliep irctheliquid amgtaiht of t he polyner or to

i nt roduceisa controll ed degree of crosslinking in the polyner. The foll ow ng
mat eri al s gi ven by way of exanple only may be included in polyners suitable
for use in egQéRdveefiade Gingt thee isifaes With: gapRF hyumaEagh wisefilt yith aacr yl at e

DroPY! 20Ty e R RSl oAy el CELHALS 2 P, By o
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diacrylate tct%%crmc? ar.]ndzvgig'x%ut 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% N65, the texture could not be moved by applying finger
pressure to the cell walls whereas for the 4% and 6% mixtures, the 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 instead 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%
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53 22 March 2002 Cainms: 1, Aliquid crystal device conprising a |ayer of
a liquid crystal material contained between two spaced cell wall carzying
el ectrodes structures and an alignnent 5 treatnment on at |east one wall,
characterised by neans for reduci ng anchoring energy at tR& Maréa@©02

. alignment on one or both cell 10 walls, wherein the neans for reducing
energy is an oligoner or short chain polyner wwthin the liquid crystal
materi al at N> '

walls. 2. Aliquid crystal device cp(gp%éeg?}f)ﬂaﬂa l aycr

of aliquid crysté‘l mat czi al contai ned between tcvo space |
carrying el ectrodes structures and analignment ~s treatment on at | east

one wall) chara . ) } r at the
) fl Bi¥"8Re or both (@W"’?Bti% @,9 et ki n thg grgngans f or

surface alignne |
reduci ng energy pt-ai-Ri-Rg—esters—t-hials—pndl or acryl ate
monomer s wi t hi nf PAE liquid crystal material 541 cell walls. 3, The

% N3gE gy n the oligoner or sh 'XI%rgal n pol yper has inperfect

devi ce of cl ai

solubility in the liquid crystal terial. 2 . "The device of claim1l
wherein the ol i @gaNss iE7 short chaile pol ynmer hasc@-3physical| affinity for the
surface of the [cell wall. 5. The device of cllaim1l wherein the oligoner or

short chain pol §e¥65ie€%i ns a 30 $dbstanti al If7410quid 1ife surface at the

pol ymer and | i diy : ni interfac i.. .The~_devjice of claim1
wherein the oli gaﬁe@%@@é‘f‘ﬁe@"} bsubst ant i q'éﬁ}ogon crystjalline within the

liqctid cryqusk¢maters al . ZZ Narch 2002 54 7. The device of claiml
wherei n the olJd goner .or pol yner redyges the |iqui ystal material order
par amet er atgu'g‘f'cgé'ﬁ'j“é‘géﬁ‘fh‘”f’ ne'grer "’\ﬂ%ﬁf‘&y’%%@e’%ﬁgf%&/i ce of claim1 wherein
the oligonmer or polynmer changes the phase of the liquid crystal material at
or adjacent L£he cell. walls. 9. The device of. claim1l wherei he ol i goner
of ol yror - s Sge lnds Sinah 1306 olissr e hrof Bk Dl ceRBRBiub g
t enper at ur e formatipa offlorgbrepodiener ckrins which tend to phase separate 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.

10
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
encrgy. The next stage is to test the effect of the treatment on the switching of a
bistable nematic device.

15
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 rpm to give a coating thickness of

20  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/cmZ). The mask 22 contained a bigrating pattern of 0.9pm chrome squares

separated by 0.5um gaps in each direction giving a pitch of 1.4x1.4um. Development

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



10 10. The device of claim1 wherein the oligoner or polyner is
suhstantially linear or includes branch points, either with or w thout
erosslinking. 11. The device of clai~nn 1 wherein the oligonmer or polyner
has a number of repeat 15 units within the range of 4 to QBQHan&?zo 2msthod
.of making a liquid crystal device conprising the stEps of 7" providing a

| ayer of a liquid crystal material contained between two spaced cell wall
20 carrying el ectrodes struchues and an alignnment treatnent on at | east one
wal | , char acwens/med by the step of reduci ng anchoring ensmrmyssstsefihe surface
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polymer is formed by polynerisation ok reactive | ow nol ecul ar wei ght
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el ectric fipretitzasd deucemneplaygherg it py sepd |(likpethe figmelectric coupling in

15 splayed configurations) by which only one state can be selected using applied

—

electrical pulses. However random switching between the states can occur which was

seen by pulse-induced domain wall movement.

Rectangular monopolar pulses of various pulse lengths were applied to each cell. Each
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 with 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/um for a 10.8 ms pulse. In
contrast the pure E7 cell shows a much higher voltage switching (15.0 V/pm) 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.



a surface alignnent on both cell walls proxi,ding alignnent direction to

. liquid crystal nolecules and arranged sa that a tw sted nematic structre is
formed across the liquid crystal Layer; 30 neans for distinguishing between
the two different optical states of the liquid crystal ”BtZQZNEJr'hZO 2

- CHARACTERI SED H ~ 56 22 March 2002 neans for reducing zenit aF anc%ori ng

energy in the surface alignnent on one or both cell wahs) wherein the neans

for reducing and zenithal anchoring energy is an oligoner incorporated in

the liquid cHp474material . s 17. The device of clai m IBT#ERIBIH t he neans

for reducing zenithal anchoring energy is N6s, or ~~35. 18. The devi ce of
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adj acent thge%%)ﬂ %W?ﬁh@??e%@§g§¥9'ce of claim 16 including nmeans for

reduci ng%azi nt bal anchoring energy. 20 22. The device of claim 16 whereia

t he surface j ! . i > s LoF n both cell
wnl 1o 23" ATRod GERISE MU Sedbflath OrPAS BTG s D Tdhe 81 DO
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surface aligzunent layer i's a surface nono~aiing Wt asymmetric groove
pro~l c. 25. IoTitke ooy stete. Dieseurfrass werewsstedan ponjunction| Wity theN65 ttatraenti ons on t he

two Surflaceuﬁiﬁhégllmhﬂaﬁ?&g&lAré’&gsrdg%ﬂg&sﬁé!ﬂig&gm%ﬁ The' device of claim16

wherein the liquid crySta Irector twsts abort 90 throughout the
t bi cl cness of the cell. 57 22 March Z002

A thin layer 20" of 1805 photoresist was spun onto ITO coated glass 21' as described
above. After softbaking, the layer 20' was exposed through the 1.4x1.4pum pitch mask
22' using an off axis diagonal exposure geometry as shown in figure 7; i.e. exposure at

15  about 60° to the surface normal and about 45° to the mask array of square pixels. The

exposure time was set to 540 seconds (at 0.15 mW/cm2). After development and
processing the bigrating was constructed opposite a flat photoresist surface (i.e. no
grating and hence zero pretilt) using 10um cell spacers to allow measurement of the

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, J. 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 ( °)
| Pure E7 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 2.2
Table 5.

Surface pretilt modified by the presence of N65.



27. The device of elaixn 16 wherein the liquid crystal director twists is
greater than 130 and less than 360. 5 28. The device of claim 16 ~vhcrein
the ncmatic liquid crystal material contains a srnall anmoLnt (<S% of a
chuiral dopant material. 29. A bistable nematic |iqg~ud crz§gggﬁgfébﬁ

. capabl e of being switched into two different stable state é 10
two cell walls enclosing a |ayer of aematic liquid crystal material;

el ectrode structures on both walls; 15 a surface alignnent on one or both
cell walls pmavdsang two alignnent directions to |iquid stwpsbablsmnnl ecul es
wi th an anmount of surface ~retilt; neans for distinguishing between
switched states of the liquid crystalssmaterial; 20 C-L4RAC2ERI SED BY neans
fox reducing inelastic azinuthal nenDry anchoring eaergy in the surface
al i gnment on_one ar both cell wall wherein the nmeans f reduyci ng t_he
anchoring enéf @reitd &t phisgaraeit 3 xieHieH Putéh%ﬁ%twaqfi b Ngh(Retsied) of t her

spread on t he.dss/s EacRophic 165 oaﬁd@dwh@h fnb@s kHaﬂ&Hs(ﬁ'eSﬁdéﬁttxélhotm'taﬁrelf& wher ei n

the ol i gomer n amount .up to W ght in the ui stal

material. 3@ h*ﬂ%“&'écvf%‘éle%fdew% '29“0 tnF”t"Wé I%F?q(j’é‘ﬁi ﬁ‘ g a%mat eri al

SéflC:?Ct)eng we@%g@“hmﬂ ve 6 d )]?ﬁgﬂf G;‘Iﬁth ) &SThSQHZOZfCK/; _hCIZ-lOOZ
~Z i 0 Vv er rc

CHz =CHOC~- IP8F Ct@@%‘}‘( a@"ﬂ°ﬁ§(@g{2 él7 gifE (Butyl vinyl ether)

EGTG ( Et hyl ene ~ycot bls(thloglycollate)) 5 3 1. The device of claizzl 29
wherein the chain |length is. | han, 10Q repeat iuiits.. 32. The device
of claim29 %%PW&%@ "bf‘%(‘)‘rﬁ@? tagrqéséb%é?aél‘tés Ws%@b‘é“t%ﬁg’é’ffﬁ’atl on, chain
| engt h, ar eréyixﬁﬁﬂlgecbrﬁﬁdeﬁ edaucanittabarkchddinf ohild maihtaininglsti€ice prtikMieer at or adj
scent t h% C?oss o relxlt for 2% NG65 in E7 can be understood by the further weakening of

Wg which allows the nematic to adopt a non tangential orientation with the local
surface. This destabilises the high pretilt state with respect to the low pretilt state.
Such states are described in GB9502635.7, "liquid crystal device alignment", G. P.
Bryan-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,O(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



10 33. The device of claim29 wherein the ol ogoner's paratxaeters oftype,
concentration, chain length, are arranged to change the phase of the liquid
crystal material at or adjacent the cell wall. 1s 34. The device of claim
29 wherein the oligonmer is a material is a material that ggs,glbe n BQ cured
_prior to introduction beriveen the cell walls. 35. The de¢fcdatd éP2m 29
wherein the oligoner is a nmakerial that has been preccued after

i ntroduction between the cell walls. 20 36. The device of claim 29 wherein
the sc~zface W ¥g#ttent is provided by a bigrating surfacBT/GBBONISpct | c
liquid crystal device conprising: 25 a liquid crystal cell including a
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both cell plangyasraqTy ancheringdahecr st r educi ng energy is an ol i gomer or
short chain polynmer within the liquid erystai material at the cell walls. 5

38. A smectigc liquid crystal device conprising: a liquid crystal cell
includin,d o Magrarement of fhecsafueation ¥olipge reypled shat e eenithal) snchoRnB FIRERY bet ween two

l1s b i t i i t d
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r s, . . ! ;
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crystal rxiaterial. 20 4%.: device of clainn wherein the ol igomer or
short chaan pol yner has a

Therefore the structure A is another successful example of an oligomer which can be
added to a nematic (e.g. E7) improve the voltage response of a bistable nematic
device without compromising 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,)sO CH=CH;, HDVE (Hexane -1,6-diol di(vinyl ether) ..B
CH; =CHOCHy BVE (Butyl viny! ether) ..B
HSCH,CO,(CH,);OCOCH S;H EGTG (Ethylene glycol bis(thioglycollate)) B
HS(CH;)sSH NDT (Nonane-1,9-dithiol) weB
25

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

when Wq 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



physical affinity for the surface of the cell wall. 49. The device of claim
37 wherein the oligoner or short chain polynmer retains a substantially
liquid tike surface at the polynmer and liquid crystal material interface Z5
50. The device of claim 37 wherein the oligoner or polynepsigaidsbastially
- nonerystaLlizle within the liquid crystal material. 51. The device of
claitzi 37 or claim3 8 wherein the oligoner or polyner reduces the 30
liquid crystal material order paraneter at or adjacent the cell walls. 52.
The dcvi ca oWOIP/Hith 3? or claim 38 wherein the ol i goner BET/@EIBYWEr changes
the phase of the liquid crystal material at or adjacent the cell -walls.

60 22 March 2002 53. The device of cl*8im 37 or claim38 wherein the liquid
crystal nat & PesFrified in exampleaBNLxYrdessiof Weawerr ithen obtafned aping) fheemethadi r ect i ons on
the two cel he@lehish &afipeigigt antially parallel, and the device is a bistable
device. 5 54. Tho devi ce of claim37 or claim38 wherein the alignnent
directions on the t~va cell walls are non parallel 55. The device of claim

37 or clai nn?&emnsrsm&%dmmmﬁfmwmm%aﬂuoﬂtmaa wifllechi r al

snmectic materi al devi ce claim3? or claim3 erelnthellqwd
crystal rfmt BPVAand §V§ %@mt@na&%m@rqﬁapuon% 5y mwlsaespméelbf claim 37 or
claim 38 wherein the alignment is provided by a grating surface. 58. The
device of claim37 or claim38 wherein the alignnment is provided by a
rubbed pol yRes fiyset efcpixtues suied aresshews inctaple Guineaeh gase alpewentazeel conpr i si ng:

a li C]UI d cryshhctiodl BVERdsWdkd Sided k¥R i RhctiS iR HDVE lid SdbkoCGhngtal nmateri al
co~ot ai ned hetween two walls bearing el ectrodes and surface treated to give

both an al i RifermRstonang safwﬂlwwwhsweﬂwww VFights: &1 casbFase Ul es;

C~ARACTRRTSHA qitedBiftenthgd’ is' 8¢ Ukibing q@dﬁﬁ@oﬁf nyaemgyspaét foheDY, f ace
al i gnnment og‘g&fe or both .C wher ei n_ogne wal | has an

al i gnment t TROFR the Qpantify #&Dﬁg} Facw’fmrﬁagas feried/ Prﬂﬂ’ﬁ%‘l‘ 2l LAYh e nt
direction, mcbebatthmngbhpsvmh lete @msnoeaaaedumfe Wvab Bdied @RS Ifr@éuré €duci ng

onehor, 9, B gy BhiSidy b ibponbinnsfr Rov ARl 40 S by
E. AOF. AYY. Airderfa fercéty.lanpA&.0 mW/em?) for 10 minutes. E7 (Merck) was used as the
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 J m™).
Furthermore addition of more BVE and hence shorter oligomer chains is found to lead

20 to weaker anchoring.

Material We x10” I m™
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 analysis was carried out in order to measure the molecular weights of each
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column 111 drivers apply voltage signals to the cell. Two sets of waveforms are
generated for supplying the row and column drivers 110, 111. A strobe waveform
generator 112 supplies row waveforms, and a data waveform generator 113 supplies
ON and OFF waveforms to the column drivers 111. QOverall control of timing and

display format is controlled by a control logic unit 114.

Prior to assembly, the walls 102, 103 are surface treated by spinning on a thin layer
of polymeric material such as polyimide or polyamide, drying and where appropriate
curing; then buffing with a soft cloth (e.g. rayon) in a single direction R;, R;. This
known treatment provides a surface alignment for liquid crystal molecules. In the
nematic and cholesteric phases and in the absence of an applied electric field the
molecules at the surface walls 102, 103 align themselves along the rubbing direction

R, R and at a pretilt angle & of about e.g. 2° to 10° to the surface.

The surface alignment treatment is arranged to provide the required value of pretilt &.
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
gratings may be symmetric and/or asymmetric in profile, and shaped to give any

desired value of pretilt £ and azimuthal and zenithal anchoring energies B, a

respectively.

The device may operate in a transmissive or reflective mode. In the former light
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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Pleochroic dyes may be added to the material 107. In this case only one polariser is

5 needed and the layer thickness may typically be 4-10pm.

o 10'o

If the smectic material 107 is a chiral smectic e.g. smectic C (Sc*) then a bistable
device can be made. Such a device is the surface stabilised ferroelectric device
(SSFLC) supporting two bistable states which are optically distinct. In a chiral
10 smectic matcrial molecules tend to lie and move along the surface of an (imaginary)
cone as shown in Figure 9. When the surface alignment directions R1, R2 are parallel
the (z) axis of these cones are parallel to these alignment directions and the molecules

lie either side of the axis on the cone surface.

15 In one switched state D1 the molecules lie on one side of the cone, and in the second
bistable state D2 lie on the other side of the cone. The switching is achieved by
application of a voltage pulse of appropriate sign and length applied through the
electrodes 106, 107 coupling with a spontaneous polarisation coefficient Ps of the
material. The cone angle, 6., is a function of matenal parameters. In devices the

20 molecules in their two switched positions D1, D2, do not lie 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, 8, (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
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phases to smectic phases leading to improved alignment.

Example of cell preparation.
10
Alignment surfaces were prepared by spin coating a layer of probomide 32 (Ciba
Geigy) onto ITO coated glass and baking the substrates at 300°C. The surfaces were
then rubbed in one direction R by a nylon cloth attached to a rotating roller. Finally
cells were constructed in which the rubbing direction R, on one surface was parallel
15 to that R; on the other. The cell gap (d) was set to 1.1pm 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
ZL1 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.
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Reduction of anchoring energy can be applied to various smectic devices as follows:

(i). Bookshelf and Quasi-bookshelf with low surface viscosity and no surface

15  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 8 is
a constant fraction of the smectic cone angle 6 usually about 5/6 = 0.85. This causes a

reduction in the angle between the two bistable states and hence optical contrast in the
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(ii). Chevron with improved memory angle,

This device uses the slippery surfactant at sufficient concentration to lower layer tilt

15  angle in chevron geometry, thereby leading to a higher memory angle and improved
brightness for multiplexed devices. However, it may be possible to lower the
orientational surface energies without a strong effect on the translation energy (i.e.
layer pinning). Thus, the chevron structure would remain to a large extent (i.e. 6
remains unchanged) but the orientation of 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 uniformity 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 stringent

material requirements prevent the use of an N(*) phase.
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(v)..Improved high tilt chevron device.
10
High surface pre-tilts are used to ensure that the surface orientation of a FLC device in
the chevron geometry approaches the cone angle and hence the memory angle is
improved (this is used by CANON and is in Jones, Towler Hughes review), In the
unwound N* phase the director has a large degree of splay and bend distortion. On
15 cooling into the smectic A phase this bend cannot be supported, due to the presence of
the layers and the distortion is pushed to the surfaces where the director is 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 slippery 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 a
tendency for the smectic layers to shrink. If pinned at the surface the applied field
tends to induce layer tilt, (although in contradiction to the requirement that E H Pi)

which reduces optical appearance through defects, and may also reduce viewing angle
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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
buty! acrylate hexane-1,6-dio! diacrylate
pentyl acrylate heptane-1,7-diol diacrylate
2-methylbuty] acrylate octane-|,8-diol diacrylate
hexyl acrylate nonane-1,9-diol diacrylate
hepty! acrylate decane-1,10-diol diacrylate
octyl acrylate glycerol triacrylate

nonyl acrylate trimethylolpropane triacrylate
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pentyl mcthacrylatc butane-1,4-diol dimethacrylate
2-methylbuty] methacrylate pentane-1,5-diol dimethacrylate
hexyl methacrylate hexane-1,6-diol dimethacrylate
heptyl methacrylate heptane-1,7-dio! dimethacrylate
octyl methacrylate ‘ octane-1,8-diol dimethacrylate
nonyl methacrylate nonane-1,9-diol dimethacrylate
decyl methacrylate decane-1,10-diol dimethacrylate.
ethyl hexyl methacrylate glycerol trimethacrylate

styrene trimethylolpropane trimethacrylate
ethylene glycol diacrylate pentaerythritol trimethacrylate
1,2-propylene glycol diacrylate pentaerythritol tetramethacrylate

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 polymer, 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:

methyl 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
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hexyl acrylate hexane-1,6-diol diacrylate
heptyl acrylate heptane-1,7-diol diacrylate

octyl acrylate

nonyl acrylate

decyl acrylate

ethyl hexyl acrylate

methyl methacrylate

ethyl methacrylate

propyl methacrylate

buty! methacrylate

penty! methacrylate
2-methylbutyl methacrylate
hexyl methacrylate

heptyl methacrylate

octyl methacrylate

nonyl methacrylate

decyl methacrylate

ethyl hexyl methacrylate
ethylene glycol divinyl ether
1,2-propylene glycol divinyl ether
propane-1,3-diol divinyl ether
butane-1,4-diol divinyl ether
pentane-1,5-dio} divinyl ether
hexane-1,6-diol divinyl ether
heptane-1,7-diol divinyl ether
octane-1,8-diol divinyl ether
nonane-1,9-diol divinyl! ether
decane-1,10-diol divinyl ether
glycerol trivinyl ether
trimethylolpropane triviny! ether
divinyl benzene
butane-1,3-diene

pentane-1,4-diene

octane-1,8-diol diacrylate
nonane-1,9-diol diacrylate
decane-1,10-diol diacrylate
glycerol triacrylate
trimethylolpropane triacrylate
pentaerythritol triacrylate
pentaerythritol tetraacrylate
di-pentaerythritol hexaacrylate
ethylene glycol dimethacrylate
1,2-propylene glycol dimethacrylate
propane-1,3-diol dimethacrylate
butane-1,4-diol dimethacrylate
pentane-1,5-diol dimethacrylate
hexane-1,6-diol dimethacrylate
heptane-1,7-diol dimethacrylate
octane-1,8-diol dimethacrylate
nonane-1,9-diol dimethacrylate
decane-1,10-diol dimethacrylate
glycerol trimethacrylate
trimethylolpropane trimethacrylate
pentaerythritol trimethacrylate
pentaerythritol tetramethacrylate
di-pentaerythrito]l hexamethacrylate
ethylene glycol diallyl ether
1,2-propylene glycol diallyl ether
propane-1,3-diol diallyl ether
butane-1,4-diol dially! ether
pentane-1,5-diol diallyl ether
hexane-1,6-diol dialtyl ether
heptane-1,7-diol diallyl ether
octane-1,8-diol diallyl ether

S
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pentaerythntol trithioglycollate hexane-1,6-dio} di-3- mercaptopropxonate
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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 pentaerythrito] 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
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1. A liquid crystal device comprising 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

means for reducing anchoring energy at the surface alignment on one or both cell
walls, wherein the means for reducing epergy is an oligomer or short chain polymer

within the liquid crystal material at the cell walls.

2. A liquid crystal device comprising 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

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

3. The device of claim 1 wherein the oligomer or short chain polymer has imperfect
solubility in the liquid crystal material.

4, The device of claim 1 wherein the oligomer or short chain polymer has a physical
affinity for the surface of the cell wall,

5. The device of claim 1 wherein the oligomer or short chain polymer retains a

substantially liquid like surface at the polymer and liquid erystal material interface

6. The. device of claim 1 wherein the oligomer or polyreer is substantially non-
crystalline within the liquid crystal material.
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7. The device of claim 1 wherein the oligomer or polymer reduces the liquid crystal

material order parameter at or adjacent the cell walls.

8. The device of claim 1 wherein the oligomer or polymer changes the phase of the

Jiquid crystal material at or adjacent the cell walls.

9. The device of claim 1 wherein the oligomer or polymer has a glass transition

temperature below the operating temperature range of the device.

10. The device of claim 1 wherein the oligomer or polymer is substantially lincar or

includes branch points, either with or without crosslinking.

11. The device of claim 1 wherein the oligomer or polymer has a number of repeat

units within the range of 4 to 1000,
12. A method of making a liquid crystal device comprising the steps of:-

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

the step of reducing anchoring energy at the surface alignment on one or both cell
walls, wherein the oligomer or short chain polymer is formed by polymerisation of

reactive low molecular weight materials in solution in the liquid erystal material.

13. The method of claim 12 wherein the oligomer or short chain polymer is formed
by polymerisation of reactive low molecular weight materials i solution in the liquid

crystal material prior to its introduction between the cell walls.
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by polymerisation of reactive low molecular weight materials in solution in the liquid

crystal material after to its introduction between the cell walls.
5 15. A method of making a liquid crystal device comprising the steps of:-

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

10  characterised by

the step of reducing anchoring energy at the surface alignment on one or both cell
walls, wherein the oligomer or short chain polymer is formed by polymerisation of
reactive low molecular weight materials in the presence of an inert solvent which is

15 then removed and the resulting polymer dissolved in the liquid crystal material prior
to its introduction between the cell walls,

16. A twisted nematic liquid crystal device capable of being switched from a twisted
stated to a non twisted state comprising;

20
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;

25

a surface alignment on both cell walls providing alignment direction to liquid crystal
molecules and arranged so that a twisted n:ematic structure is formed across the liquid
crystal layer;

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

CHARACTERISED BY



109X 4& ()-'0, 109%4X 4& ()- 0ksV\74 . 109X 4& ()-'0, 109X 4& ()-
109X 48 () - 109X 48& () - 109X 4&' ()-'0>2Q kxX@ , 10%X

48 ()-'0, 109X 4& ()-'0, 10%1x 48" () - , 109%4X 4& ()-' Okl pX<4 , 109X
48 ()-'0, 109X 4& ()- o, 10%1x 48 ()-'0, 10%1x 48 ()-'0, 109X

A& ()-'0SW4 , 10%X 4& ( /i X 4& ()-'0, 10%X 4&2 March,200D%!X
48 ()-'0, 109X 4& ()- 1098X 48 (104X 4104x 4104X 4, 10%X

0 :
4& ()-'0. 109X 4& ()- o, 10%1x 4& ()-'0$0qt|[:1 _R ,@O0% & ()-X
LI@0% & ()- ,10% & ()- .S 10% & ()-- , 10% &() 110% & ()- vU4
109&&" () meais ﬂ&%c(n)g—zenitﬂd’l’e&&c c)rmg chefeRéh (He fuiface al(grm‘imt on opd Go%oth

& ()-Fu vud | | G 109%&& ( (119 09Y& 109&& , f
1098&" ( ; g cell suallrgavheyeimithe )WS or fe‘@fﬁ*ﬁ%ﬁ f’"dh %’%&e‘%gy 6 O
, @ GLOY&S! ( "1008& ()-! $xL|[:vU4 , ;-
L 0VRE! ()- O xéqgﬁ%ﬁ%@lﬁ Yre 11qu(}/§cr}9£fg§§fat@}xal. () | [:
5
17. The device of claim 16 wherein the means for reducing zenithal anchoring energy
is N65, or MMXMO3S.

18. The device of claima 16 whetein the means for reducing zenithal anchoring energy

10  isamaterial containing esters, thiols, and/or acrylate monomers.

19. The device of claim 16 wherein the means for reducing zenithal anchoring energy

reduces the liquid crystal material order parameter at or adjacent the cell walls.

15 20. The device of claim 16 wherein the means for reducing zenithal anchoring energy

changes the phase of the liquid crystal material at or adjacent the cell walls.
21. The device of claim 16 including means for reducing azimthal anchoring energy.

20 22. The device of claim 16 wherein the surface alignment provides a pretilted nematic
alighment on both cell walls.

23. The device of claim 16 wherein the surface alignment is provided by a rubbed
polymer, a photo-ordered polymer or an obliquely evaporated inorganic material.

25
24, The device of claim 16 wherein the surface aligmment layer is a surface
monograting with an asymmetric groove profile.

25. The device of claim 16 wherein the alignment directions on the two surface are

30  substantially perpendicular,

26. The'device of claim 16 wherein the liquid crystal director twists by about 50°
throughout the thickness of the cell.
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29. A bistable nematic liquid crystal device capable of being switched into two

different stable states comprising
10

two cell walls enclosing a layer of nematic liquid crystal material;
electrode structures on both walls;

15 a surface alignment on one or both cell waﬂs providing two alignment directions to
Jiquid crystal molecules with an amount of surface pretilt;

means for distinguishing between switched states of the liquid crystal matetial;

20 CHARACTERISED BY

means for reducing inelastic azimuthal memory anchoring energy in the surface
alignment on one or both cell walls, wherein the means for reducing the anchoring
energy is an oligomer or short chain polymer which is either spread on the surface or

25  added to the liquid crystal material, whereijn the oligomer is an amount up to 10.% by
weight in the liquid crystal material.

30. The device of claim 29 wherein the oligomer is a material selected from:

30 Norland N65
-[s(cH,),5 CH,CH,0(CH, ) ,0CH,CH, ] -
CH; = CH O(CH;)sO CH=CH, HDVE (Hexane -t,6-diol di(vinyl ether)



LI[:vU4 , ,1090#9& ()-, ,yl09%@#9& ()-, , s109@#9& ()- , T 109@#9& ()-

-T090#9& ()- 'S "1000#9& ()- LpTi|[: VU4 , 3+ 100049& ()-, ,'yl0W#9& ()-
. S$f100@#9& ()- , 91 100@#9&' ()- , Z'100@#9& ()- , YLOWH9& ()-

0?al [ : - 4109#9, , Y&<1000#9& ()- , ,|9T1090#9& ()-, ,8 10%0#9& ()-

" FA1090#9&' ()- ,;F.m'1099#9& ()-F ,8g- 1090#9& ()- bA4109#22 March 2002

F1006 4 & ()- ,10%# & ()- , 10%# & ()- ,y: 10%# & ()-

1 10% # & () - 3109#9109#9) 3BE| [ : A4109#9, , 10% #" & () - , élocg# gf%-Ahgg#g
g ) i1 - E .

ngifooﬁja i 8‘%’3‘2"3@% )6 4 &(%) %ﬁﬁg@wﬁ%{ﬁw% w& (- -

10% # & ()HSCH;G@;‘(EH;)&OCDCHBHH A4mmﬁthyﬁné@%ﬁ b%s(ﬂilovl collARfp # & () -,

Y. 10% # & +10(V# & ()- . f) 1006# & ()- . 100 # & ()- VU410 , Of

109%6& () - §§ CHybGEl ()- ,f109%& ()- 10°# 10 # 10°# , @L0% # & ()- . 93

10% # & ()-Te|[: vU410, L 1098& ()-, , 1098& ()-, ,3S 1098& ()- ¥S.

10988 ()- ,,mO%& ()- , s10%8& ()-Z |[:vU410 . , & 109%& ()- , ,"@

0 ~el [ vU4l0
B B . o e Ll T il
, (1098B& () -*vUu410 10%?‘&() , 9@ 109R & () - L 10%?‘&()

Eg ngW?$3§&If}))e d%%gk&? élg%l 29 “@%ﬁ (éh@%lvﬁ%} Lgé I%LO%J yptla %Légr)@atgn( )%
182{;1? O EE?i)ﬂIlEng&US%% a5 (%Qa tég%@c&{l(ﬂ)% A%qlgdéc%a@%}oﬁ&%ymm%et&ym g AR O ')
1109 & thecellwally - 109R & ()- 9, :
10
33. The device of claim 29 wherein the ologomer’s parameters of type, concentration,
chain length, are arranged to change the phase of the liquid crystal material at or

adjacent the cell wall.

15 34, The device of claim 29 wherein the oligomer is 2 material is a matetial that has

been precured prior to introduction between the cell walls.

35. The device of claim 29 wherein the oligomer is a material that has been precured
after introduction between the cell walls.

20
36. The device of claim 29 wherein the surface alignment is provided by a bigrating
surface.
37. A smectic liquid crystal device comprising;

25

a liquid crystal cell including a layer of smectic liquid crystal material contained
between two walls bearing electrodes and surface treated to give both an alignment
and a surface tilt to liquid crystal molecules;

30 CHARACTERISED BY
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a liquid crystal cell including a layer of smectic liquid crystal material contained
between two walls bearing electrodes and surface treated to give both an alignment
and a surface tilt to liquid crystal molecules;

10
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means for reducing anchoring energy at the surface alignment on one ar both cell
walls, wherein the means for reducing energy is an oligomer containing esters, thiols,

15 and/or acrylate monomers within the liquid crystal material at the cell walls.

47. The device of claim 37 wherein the oligomer or short chain polymer has
imperfect solubility in the liquid crystal material.

20 48, The device of claim 37 wherein the oligomer or short chain polymer has a
physical affinity for the surface of the cell wall.

49, The device of claim 37 wherein the oligomer or short chain polymer retains a
substantially liquid like surface at the polymer and liquid crystal material interface

25
50. The device of claim 37 wherein the oligomer or polymer is substantially non-
crystalline within the liquid crystal material,

51. The device of claim 37 or claim 38 wherein the oligomer or polymer reduces the
30  liquid crystal material order parameter at or adjacent the cell walls,

52. The device of claim 37 or claim 38 whercin the oligomer or polymer changes the
phase of the liquid crystal material at or adjacent the cell walls,
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53. The device of claim 37 or claim 38 wherein the liquid crystal material is a chiral
smectic material, the alignment directions on the two cell walls are substantially

patallel, and the dcvice is a bistable device.

54. The device of claim 37 or claim 38 wherein the alignment directions on the two

cell walls are non parallel.

55. The device of claim 37 or claim 38 wherein the liquid crystal material is a non-

chiral smectic material.

56. The device of claim 37 or claim 38 wherein the liquid crystal material is a

smectic A material.

57. The device of claim 37 or claim 38 wherein the alignment is provided by a
grating surface.

58. The device of claim 37 or claim 38 wherein the alignment is provided by a
rubbed polymer surface.

59. A smectic liquid crystal device comprising:

a liquid crystal cell including a layer of smectic liquid crystal material contained
between two walls bearing electrodes and surface treated to give both an alignment

and a surface tilt to liquid crystal molecules;
CHARACTERISED BY

means for reducing anchoring energy at the surface alignment on one or both cell
walls, wherein one cell wall has an alignment treatment, the other cell wall has no
azimuthal aligament direction, and both cell walls are treated with the means for

reducing anchoring energy.



