WO 02/ 03128 PCT/ CHO1/00412 1 Nematic liquid crystal electrooptical elenent
and device The invention relates to nematic liquid crystal electrooptical

el enent s vedd2/e3108 spl ay device using said elenents. 5 | n 1B80/CBet/v@mIAN
denonstrated tenporary bistability in twisted nematic LC cells. 15 years

| at er Tanaka showed a novel addressing schene which shortens the display
addressing and response tine. A corresponding tenporarily bistable tw sted
10 nematic (BTN) elenment is disclosed in EP O 579 247. Berreman's cells are
based on the potential of chirally doped nematic LC nolecules to align in
different tw st _confj tions, . when sandw, ched between two substrates
With suitabP8R3E+GrhhHd Shkis elegtroppEical element and dayige
configurations: an energetic ground state ('o characterised by the tw st
angle Cho; a first netastable state 0L with a twist of 01 = (Do - 180; and
a secoftf mbPueRahPR §eheEesDEOW RemaEicn ktawid 0prystaEb elegbroomt Ber¥ enan
focuse i n.ceak it IR S éag% = i the ground state,
wher e ﬁi&éﬁz}%t@gﬁ 3n%§§%%¥ g’?@%%g ?%\%ﬁ subst re%%glgng%é paral |l el aligned
and %exhibit parallel pretilt angles. Due to the parallel pretilt angles on

the t ni axjal,l L ubstrates, the ground . state (Do is_spla

def ormngld%j %\??h %@%’iﬁ%%%gq%%a Ozlslél‘%ggte i %aelmp nggy %ﬁsgg%&éﬁlt&edmt ot‘fiﬁ%t%%l |,
t he pasédiatvies dizet ecdelils .ani 5®t rogats | | Tkl crysiata nodiessd®s Al i gdvel
paral | el éo the electric field which |eads to an alnost _homeotropic

al i gnnetft .relfp%ﬁ’gapﬁFg}Fﬁﬁ PEER tTRATEeRE| ebhei HSPIRY sédgrepyindend el y

sWi t chirgsgidsd he ikrset apubserbbpshadig 3%?&;99&%\&11?0 hpebtipiet e dispy ay
rel axes either into the hi gh@r twsted state (fast switch-off), or into
t held oviRemati st EFYt slemens| w dhpetesed fin HePeddiong4dn the sign of the

chiral dopant

Berreman’'s cells are based on the potential of chirally doped
nematic LC molecules to align in different twist configurations,
when sandwiched between two substrates with suitable alignment

15 layers. Such «cells show three relevant configurations: an

energetic ground state ®y characterised by the twist angle ®g; a
first metastable state ®; with a twist of ®; = ®y - 180°; and a

second metastable state @, with a twist of ®, = ®y + 180°.

20 Berreman focused his work on cells with a twist of ®y = 180° in

the ground state, where the orientation layers at the two
substrates are parallel aligned and exhibit parallel pretilt
angles. Due to the parallel pretilt angles on the two uniaxially
aligned substrates, the ground state ®p is splay deformed. With
25 an adequate electrical reset pulse applied to the cell, the
positive dielectric anisotropic liquid crystal molecules align
parallel to the electric field which 1leads to an almost
homeotropic alignment. Upon applying an additional electrical
pulse or by adequately switching off the reset pulse (fast or
30 slow switch-off), the display relaxes either into the higher
twisted state (fast switch-off), or into the lower twisted state

(slow switch-off). Depending on the sign of the chiral dopant



WO 02/ 03128 PCT/ CHO1/ 00412 2 the lower twi sted state can be either 01 or
02. Inthe followng we will therefore designate the |lower tw sted state
by c- andwoohesiks gher twi sted state by (D+. The two net aspabCaosb@ties ( D+
and c_ can optically be distinguished, between two pol arizers which 5 are
properly aligned. Fig. 1 shows the prﬁ%ciple of a tenporarily bistable
twsted nematic (BTN) cell according to the prior art. There is a pixel
area 1, which is defined by the transparent el ectrode 3. The 10 area
outside the pixel 1, the non-pixel area is called frame or border area 2.
In both areas 1 and 2 there exist the same ground _state confi%uration ( Do,
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7 is a ‘consequence of the topological differences between the sel ect ed

met ast @pl e st aber3 211§ 3 dihe iHRURAS B wher Nt SOIdRiin Qhidh
net astabl e state the giound state ("o (4) slowy noves into 20 the pixel

ared 1 aard pidopardtasildmedst ate rel axes back into the ground state 4 again
as can be seen in the different representations along the tine axis 8. The
speed with which the ground state 4 returns is typically of the order of a

coupl e mafg. M CroRiLr sheehrSaeepde kF appldmRira@As yWHidt g enotwiggedre 25
| ong-term bistability the netastable states 5, 6 of such BTN- cells exi st
| ong erSUgFico BTHW ¢¢ke FRAWPINSKitRy e BrN-elaLt - Whareadequat 814821 vi ng

pul ses f5ee f;gvﬁgxﬂJafék@ethe§a&§n the ktRAHEpaYentPEREELrbie N@Urgn@nd S.
lino, Asia Display 259 (1995)). 3

10 area outside the pixel 1, the non-pixel area is called frame or

border area 2. In both areas 1 and 2 there exist the same ground
state configuration ®;, numeral 4. When a strong reset pulse is
applied to the cell the liquid crystal relaxes into one of the
two metastable states @, (5) and ®_ (6). As a consequence of the
15 adjacent different molecular configurations a disclination line
7 forms around the switched area. The disclination line 7 is a
consequence of the topological differences between the selected
metastable state 5 or 6 and the ground state 4. After formation
of a metastable state the ground state ®y (4) slowly moves into
20 the pixel area 1 and the metastable state relaxes back into the
ground state 4 again as can be seen in the different
representations along the time axis 8. The speed with which the
ground state 4 returns is typically of the order of a couple of
micrometers per second. For applications which do not require
25 long-term bistability the metastable states 5, 6 of such BTN-
cells exist long enough to allow time multiplexing of BTN-cells
with adequate driving pulses (see e.g. T. Tanaka, Y. Sato, A.
Inoue, Y. Momose, H. Nomura and 8. Iino, Asia Display 259
(1995)) .
30
A zenithal bistable display (ZBD) is disclosed in WO 97/14990.

ZBDs are made by sandwiching a nematic liquid crystal layer



A zenithal bistable display (ZBD) is disclosed in WO 97/14990. ZBDs are
made by sandwi ching a nematic liquid crystal |ayer WO 02/03128

PCT/ CHO1/ G@¥shA3128 bet ween two transparent, conducti ng subsigrat@s/oeiizwhi ch
one is honeotropically aligned in a conventional manner by using
honeotropi ¢ surfactants, whereas the other exhibits a surface grating
which is overcoated with a honeotropic surfactant. The 5 period of the
surface grating is of the order of 1 micrometer and the grating anplitude
is 2to 3 times the grating period. ZBDs enable to switch the liquid
crystal in the cell between a honeotropic- and a honeotro chplanar,hybrid
state. P8DeeaixhiwPt trgos8anethanicOBAUSERRS | ?PP.StK/ﬁHE‘FaE’FuP'ﬁH(j of°1%he*Thi n
surface | iNAs gpchy 1t eproduci Rlevand idghect mbhrrer al bgnnesin
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additive. Since switching of the display crucially depends_on the,._ .,
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25 performance of the display 1S very sensitive. The use of nematic
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WO 97/17632 discloses bistable nematic displays which switch
between a 0° and a 180° twist configuration. A typical display
15 comprises two opposite alignment layers with identical azimuthal
alignment directions but distinct and different pretilt angles
and anchoring energies. By applying proper electrical pulses it
is possible to switch the display between a parallel (0°) and a
180° twisted state. The bistability requires proper balance of
20 the elastic energies of the two states. This is done by doping
the liquid crystal with a chiral additive. Since switching of
the display crucially depends on the individual anchoring
strength of the two alignment layers and because the anchoring
strength changes under thermal and optical stress, the bistable

25 performance of the display is very sensitive.

The use of nematic molecular configurations have the advantage
that they can be reliably aligned at display boundaries. After
switching off the driving voltage of a nematic display, it's
30 electric field-induced on-state molecular configuration reliably
returns into the off-state alignment state - even after having
exposed the liquid crystal display (LCD) to temperature- or

mechanical shocks. However, this is also the cause for their



30 electric field-induced on-state nol ecul ar configuration reliably

returns into the off-state alignnment state - even after having exposed the
i quid cwaebvzd3ias splay (LCD) to tenperature- or nechani cRCT/SHOUK®E12
However, this is also the cause for their W 02/03128 PCT/ CHO1/ 00412 4
optical nono-stability which causes tHe displayed image to erase upon
swtching the driving voltage off. Mno-stability is a severe

di sadvantage. of nematic LCDs in applications which require very | ow power
consunption, and/or the reproduction of 5 inmages with high information
content without use of thin-film_ transistors %F%’i in display substrates.
Tur ni ngPtheadi BpRgy stabiagby oFhichorRustsibFee L FYSHUEIS 5% SRSt at e

ol ecuhggncogl&i@a;ﬂéfﬁ{;ortﬁeo Bekdxny| &Alasld CobeSt Mdig st ifigrgesiback into
the field-free off-state. Prerequisite to display an inage requires,
t her ef sewerre miimedivangagel eefri sematdd d BEPBssiachPRt kdafriond erfehich

(pi xel). of. . -stapl e Lspl i th i i I .
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el ectro-opti,cal effect on Lch the IS based such that the desired
i mage it ﬁéF&F@d.(%¥3)sﬂJP\\ll\gl%ﬁh}%yp?%gﬁ%&ﬁ%eégl'aborate TFTs are integrated
in high information content nematic LCDs into each pixel on one of the two

gl ass substrates of_a displ aﬁ. 20 The TFTs act as electronic storage, and
addr es fuFgisce vae iGNl VOdhaER PhedplRBPsSHRPLRLER spthyCaltssRatt’ s

tenpor afi_ly Qpt in%lhéc}ﬁlam St i@rurhai s 6QMINatd 1%k Wi dNEs5LOrP@€oring
capaci tance of eac pi xel, the TFT swi tches maintain the proper voltage
acrifss feacies pigelk dinteg the fFierdtinee amffsdbesst t REehpWetel e’ tePrel ax
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field across each picture element (pixel) of a mono-stable
display during the view time (frame time). Therefore, the
display has to be constantly addressed with driving voltages

15 which deform the off-state molecular configuration of the
electro-optical effect on which the LCD is based such that the
desired image is generated. To solve this problem, elaborate
TFTs are integrated in high informaj:ion content nematic LCDs
into each pixel on one of the two glass substrates of a display.w

20 The TFTs act as electronic storage and addressing elements which
render the pixels of the display at least temporarily optically
bistable. In combination with the storage capacitance of each
pixel, the TFT switches maintain the proper voltage across each
pixel during the frame time and prevent the molecules to relax

25 back into their off-state. Since manufacturing of TFTs is very
elaborate, high information content LCDs, such as for computer
monitors, are expensive and restricted to the most sophisticated
display applications. Moreover, TFT manufacturing requires high
temperature process steps which are not compatible with plastic

30 substrates. Therefore, integration of TFTs into plastic LCDs to
enable high information content plastic LCDs made by roll to

roll processes 1s unlikely to occur.



nonitors, are expensive and restricted to the nost sophisticated display
applications. Mreover, TFT manufacturing requires high tenperature
process wepxoubs ch are not conpatible with plastic 30 subeT/CaDEB0412
Therefore, integration of TFTs into plastic LCDs to enable high
information content plastic LCDs made by roll to roll processes is
unlikely to occur. WO 02/03128 PCT/CH01/00412 5 It is therefore an object
of the invention to provide a nematic liquid crystal electrooptical

el ement which is long-term bistable, i.e. to conbine the reliable

alignnment., of the pematic _e] enent ith the | ow power copsunption of
bi st abl ot BrEhtsetSrorRn (RMRT T T4 bt VRGO o PEORS ot BREREHE

accor dignify t BeyEPYENt LOBCHEESpt NeaThacachent Si Rildat s Dbnglabiml.
This el enent uses a new el ectro-optical_effect with inherent. 10 optical
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information 1s stored in one of the two ™ optical states of a bistable LCD
wi thout requiring electronic refreshing as |long as the displayed

i nfor ion_is_pot changed, he.-po n t f. bi . IS
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significantly enhanced bistability but also better electro- 20 optical
performance and nultiplexability. The proposed domain stabilisation in

D- BTN- LfgDss efefiiepicgnt | Vse S URPIRSE €81 EBErd MG &bl geeyadr Sttt andhakkaws
Ion&gtern1 bistability and | eads to excellent electro-optical perfornmance,

25 Fepropfikedt | PiptaRdlity e bEsee oPnbingmabie napheFelal sprafigutatirsst he

novel ?&ﬂﬁggg%gmﬁegﬂgtEﬁgéurable properties of these liquid crystals.
Because the optical information is stored in one of the two
optical states of a bistable LCD without requiring electronic
refreshing as long as the displayed information is not changed,

15 the power consumption of bistable LCDs is minimal.

The domain stabilised bistable twisted nematic (D-BTN) 1liguid
crystal element according to the invention does not only show a
significantly enhanced bistability but also better electro-

20 optical performance and multiplexability.

The proposed domain stabilisation in D-BTN-LCDs efficiently
suppresses the unwanted ground state and allows long-term
bistability and leads to excellent electro-optical performance,
25 reproducibility and life-time of bistable nematic displays due

to the novel alignment geometries.

Passive matrix addressed D-BTN-LCDs may exhibit short response
times, fast addressing speed and large multiplexing ratios.
30 Since no disclination lines have to be dislocated upon switching

D-BTN-LCDs only comparatively weak reset pulses are required.



Passive matri x addressed D-BTN-LCDs may exhi bit short response tines, fast
addressing speed and large nultiplexing ratios. 30 Since no disclination

| i nes haweObdwodies di sl ocat ed upon switching D BTN LCDs onP@T/ctinpensati vely
weak reset pul ses are required. WO 02/03128 PCT/ CHO1/ 00412 6 The

conbi nation of both cited advant ageous®properties allows the fabrication
of high information content displays with a fast update rate (video frane
rate). Because of the intrinsic bistability of a D-BTN display, only that
part of the display 5 i mage needs to be updated where the inmage has

changed. This _,partial display | e update | eads to hjgher dat e _rates.
Fopeci allg PATPHFCHEL ¥ 7' FOvieh R aE R 5o Py OPBAF poRePLLCE RS bt | on
resul t seggeausel dheodpdaten r ahGokBabobn a conkedr ePledisC piokess Buktcan
be done on demand any second, mnute, 1Q hour or day. |n-between these

refreshuegefes ¥#ete (S14RP povit™e corid@ipt i G1RCa¥RE | 85t hpfat BTALSHEGY

i mge ig5; alugys; Pf esent NAnaes. 0Ly Negeh ANYnAUr bhet @sectid Cak spowsri ng.
The liquid crystal display device according to the invention 15 uses’the
charact émagéngeledat utesbef wdatad4vhare 23heThisrgandast drangsdect $his

features_apd_advan he .1 ti i 1L _beco ar i.n
| i ght o?aFEéa?olzhiﬁ%§§ g&?é?lé%b%%ggrﬁ%%ﬁgk g g%ﬁ%%Fggggggg%ergg%?Sés
i |'lustraspdciall0ihhehaccemeanyi nglow anbnfysg inawhsch semsholwwi powkirg. 1
a schematic viewon a t orarily bi #able wi sted nematic _cell _accaqrding
to the PPREFMRFIOD FEGSY t|1??q%g§§a§ Bn W9k Siohafh SPabPPFséu fHdfat c

liquid pax‘éi@ay&gkoeeyé cgulceandiveg dond Men | ueaid oy Ecene, pahleened
substrate; Fig. an exanple of bottomand top alignnent |ayer of a domain
st ab? | | BeyrnekaGay -| ilguibeteepst fhegeyingfresh cycles there is no power

consumption. The last updated display image is always present

and does not need any further electrical powering.

The liquid crystal display device according to the invention

15 uses the characterising features of claim 24 and 25.

These and other objects, features and advantages of the
invention will become more apparent in light of the following
detailed description of embodiments thereof, as illustrated in

20 the accompanying drawings, in which is shown in:

Fig. 1 a schematic view on a temporarily bistable twisted
nematic cell according to the prior art;
Fig. 2 an illustration of a domain stabilised nematic ligquid
25 . crystal device according to the invention with one
patterned substrate;
Fig. 3 an example of bottom and top alignment layer of a
domain stabilised nematic 1liquid crystal device

according to the invention with one patterned substrate

30 and the resulting cell with the interface LC molecule
orientations;
Fig. 4 an example of bottom and top alignment layer of a

further embodiment of a domain stabilised nematic



according to the invention with one patterned substrate 30 and the
resulting cell with the interface LC nolecule orientations; Fig. 4 an
exanpl e o¥obwotiesn and top alignment |ayer of a further eprODdHOBM4ID] a
domai n stabilised nematic WO 02/ 03128 PCT/ CHO1/ 00412 7 liquid crystal

devi ce according to the invention with’ two patterned substrates and the
resulting cell with the interface LC nolecule orientations; Fig. 5 an
exanpl e of bottomand top alignment |ayer of a yet 5 another enbodi nent of
a domain stabilised nematic Iliquid crystal device according to the
invention with i.xel, to pixel stahilisation ,and the resulting cell wth
the interface LCHoreCulEYS 3 entIRY G 29605 2189hitgherhg dARKSDEIRR | Whish
(bright) twi sted siiatgapiotelsd dQoofrax &l dn@ceneding i sthe ddventi en,
observed through _a 490 nminterference filter; Fig. 7 an éxanple of bottom
and top al i gnnenttheaydtesfase Ff BoleghinariomedipBst of a domain
stabiliged. nemati Gy A | t i,hventio ith
15 two pg te?ned agnusﬁﬁl%sQéﬁ/nzgfdhteﬁfea{sﬁt%%%%ﬁh t éelni(ﬁitneérfg?:l\é\’1 LC
mol ezul e ori ent atanefderFi gnbgdamerkanpf e of domeiimculsgelbyldlsapednpnaeicon a

bottom alignment, .l r iew.: Fig..9 l.e of ,bottom and,top
ali gnment |ayer o 1q§%i|%] Ic(é Z%L f%(\%{lh{er gaecr%gﬁiqrrrlgri%@;ft c d%ﬁ%?ﬁtjs‘?rébw#ged
nemati ¢ |iquid grigeflal tdeyiicelaccoadiligataohhearndiventi ofes It ngt Weell

patterned substrat, d the resulting cell with, the interface LC nol ecul e
orientations; Fi d”%%o%ﬁ‘ﬁ é?gﬁﬁ‘f@c%fl'%gﬁ]cﬁﬁu&ﬁd FIFEPLRRERt | ayer of still
a Fig. 6 higher (dark) and lower (bright) twisted state pixels

10 of a cell according to the invention, observed through

a 490 nm interference filter;

Fig. 7 an example of bottom and top alignment layer of still a
further embodiment of a domain stabilised nematic
liquid crystal device according to the invention with

15 two patterned substrates and the resulting cell with
the interface LC molecule orientations;

Fig. 8 an example of a circularly shaped pixel on a bottom
alignment layer (top view);

Fig. 9 an example of bottom and top alignment layer of still a

20 further embodiment of a domain stabilised mnematic
liquid crystal device according to the invention with
two patterned substrates and the resulting cell with
the interface LC molecule orientations;

Fig. 10 an example of bottom and top alignment layer of still a

25 . further embodiment of a domain stabilised nematic
liquid crystal device according to the invention with
two patterned substrates and the resulting cell with
the interface LC molecule orientations;

Fig. 11 an example of bottom and top alignment layer of still a

30 further embodiment of a domain stabilised nematic
liquid -crystal device according to the invention with
two patterned substrates and the resulting cell with

the interface LC molecule orientations;



25 further enbodi nent of a domain stabilised nematic liquid crystal device
according to the invention with two patterned substrates and the resulting
cell wtwobthesiehterface LC nol ecul e orientations; Fig. 1RCEcHexempte of
bottom and top alignnent |ayer of still a 30 further enbodi nent of a
domai n stabilised nematic liquid -crystal device according to the
invention with two patterned substrates and the resulting cell with the
interface LC nol ecul e orientations; W 02/03128 PCT/CHO01/00412 8 Fig. 12
an exanpl e of bottom and top alignnent Iayer of still a further enbodi nment

of a domain_stabilised nemat| iquid_cr devi ce accordln t he
i nvent Féf-with IS HRITRER o Byt abae EARGELHEH Bl Y & | Bt s (e
interface LC nol gertigeOr i Sbeiinds bBiEQ. a13abmRini chiues: Dfed abidneatied
devi ces placed between a polarizer and an apal yzer, wherein the upper

picture illustrit®sidheruPtrer 8AV:ARCAGAPERINGT BBi ithey JMTeRCiPRLMICA ed
device with di ff&renpatyecseal dioeelaraddali (e | eueh1 B14S UEELENQUE AN

exanpl e of a device abrlcate two patterned alignment substrates
slightly nutual | ghehiftedtaemilsmdachlet heieneatishy: 14 an exanpl e of

Dot omeCLer 1) and L op aldguienbe | YL LEIONELL ALt TH A WiELey

enbodi sta Il ized nema |c | uid évice
accor di'ng tot hep<bra{ﬁmdaﬁn andt hard vemglaidear, nechsmé)m r ahes uppdrt Ipd ctasul ti ng
cell with the adlusted stabili zati pn. domai ns ornlng the pixel areas. 20

c

The current invehttdRt¥ate8edtsn & ]*ﬁﬁéngeﬁ grhoh ﬁ?ﬁbll&5ﬁflﬁﬁréilons
to achieve |ong-tghm shebs! beatenwetnbicsirdh@nt types of pixels and

10 the lower picture shows an example of a device
fabricated with two patterned alignment substrates

‘slightly mutually shifted against each other; and
Fig. 14 an example of bottom (left) and top alignment layer
(right) of still a further embodiment of a domain
15 stabilized nematic ligquid crystal device according to
the invention with two patterned substrates and the
resulting cell with the adjusted stabilization domains

forming the pixel areas.

20  The currént invention focuses on novel means and molecular
configurations to achieve long-term stabilisation of bistable

nematic liquid crystal displays.

All optical  Dbistable 1liquid crystal displays - smectic,
25 cholesteric, or nematic - reported so far are characterised by
global alignment layers; i.e. the alignment of the display
extends uniformly over the entire area of both display
substrates; where the alignment direction may differ on each
substrate.
30
In contrast, the present invention chooses a new approach to
achieve bistability in generally twisted nematic LCDs by using

non-global alignment geometries. This approach surprisingly



nematic liquid crystal displays. Al optical bistable Iiquid crystal
di splays - snectic, 25 cholesteric, or nematic - reported so far are
char act ew@ezlonys gl obal alignnent |ayers; i.e. the ali gnP€nCcHoi/0d4nE
di splay extends uniformly over the entire area of both display
substrates; where the alignnent directon nmay differ on each substrate. 30
In contrast, the present invention chooses a new approach to achieve
bistability in generally twi sted nematic LCDs by using non-global
al i gnnment geonetries. This approach surprisingly WO 02/03128 PCT/ CHO1/ 00412
9 enables |l ong termstable and reproduci bl e pistable operation of nepatic
LCDs. ﬁ&ﬁk&ﬁ%d’-%ﬂq grifeht SFaYEF s207 EFPﬁ%ﬁiu%fﬁl,e 21?1%‘1‘ SUBRETH R ofF 5
nemat i Gisplaysopnabl es to generate different LC-configurations which
coexi st simultaneously and which induce bistability in a pre-defined pixel
area (in contrast to the tenporary bistability of the nematic displays
known fs ] el of i o] f
nomat i o rA ] [y ne e G S D 71 e BT (B S 9F 11 be
desér i bexhatFiq.dizmleows engidespdet iganeragw ofiffedenti ACsrabifligsrdthenstic
liquid cgell 12 with 2x2 ith_on t sybstrat.e . and_ a
Cross- sé %?QﬂF?%%%%%hS%ﬂgiggggégé i X6 %ngé ?Egﬁgefﬁgﬁ%xﬁfglégééglZaare
r ef er enfed-dof el AR INayreas (im FaptrhstTypi cakl yeapbiresty Badsaability
confi gurfati gln gover.ns tgeﬁgixel reas 1, \gfneéeas the_are utsi de the
pi xel s 2F i F8e (Mo YerL8PLAYF arfeCiPea®2 Lagérinds 5lSe FORG nER%hi ch
i's govesmatkin LG didH etvd Dl egdd af GRAftaer ﬂi‘s@%%ilIH?? addbihi AABE
border ~ domain outside the pixel provides the target configuration in

10 domain stabilised BTN (D-BTN), will be described.

Fig. 2 shows a perspective view of a domain stabilised nematic
liquid cell 12 with 2x2 elements with one patterned substrate 10
and a cross-section through the device. Pixel Areas 1 and frame

15 areas 2 are referenced in the same way as in Fig. 1.

Typically a first domain configuration governs the pixel areas

1, whereas the area outside the pixels - 1i.e. the border or
frame area 2 - defines a second domain, which 1s governed by
20 different molecular configurations. This additional border

domain outside the pixel provides the target configuration in
the pixel area 1 the stability. As can be seen from the cross-
section, pixel area 1 and frame area 2 of the patterned
substrate 10 retain different azimuthal and pretilt orientation.
25 :
It is to be noted that the inventibn includes also the case,
where in the immediate neighbourhood of a pixel area 1 there are
other pixels dinstead of the border domain. The molecular
configuration of the neighbour pixels £for instance could
30 correspond, except for a symmetry operation (mirror, rotation or
combination), to the molecular configuration of the pixel

area 1.



the pixel area 1 the stability. As can be seen fromthe cross- section,

pi xel area 1 and franme area 2 of the patterned substrate 10 retain

di f f erentw@nt/muthal and pretilt orientation. 25 It is toPoORCHOt/@d11hat the
invention includes also the case, where in the inmediate nei ghbourhood of
a pixel area 1 there are other pixeld0instead of the border domain. The
nol ecul ar configuration of the nei ghbour pixels for instance could 30
correspond, except for a synmetry operation (mrror, rotation or

conbi nation), to the nolecular configuration of the pixel area 1. WO

02/ 03128 PCT/ /00412 _10 Since the border domains between the pixel 1
can be Sfﬁn&&eﬁgﬁbth?r%raﬁpwrﬁ gﬁﬁweﬁ’?e 6 ddalc o it R AR c"éhg}be

opti m sedcif ohabisdad] | it regpddh e88-8bnt NiFatoiidLabafr QREr &hesmi son
appl yi ng appropriate voltages to the pixels 1 of such domain 5 stabilised
BTN- di rayglft3 ROLEWFY cr e iEassdi PF ertdithi SPhbrel Srapestiegech PRl 1
exhi bi t figcl Aegr ee Lstakid i ow f J i pl exing
rat es a%&% rlr%l e%lsjiﬂg%l Iy geF’g’EEEF’%o%ﬁ c%l?{ei Er?ga{%h%t \(I)ir agg. @f%BAr%%I{é% ay

cel I5 1stmiddrigiedg RN tdisspIaent thay avitahFibgtween cdbfietentofbistilebst one
substrate 10 wi_th.dif.ferent al.i.gnmen i Lons .(regardirng. ei t.her. azi muth
or preﬁtlatte r t%tcﬁ’) pzi‘txetlnen‘L Su lg}lggtté—’l iSnFEafrng'%%gg ?%g% ?C%stglp%?%%iseie% {he
growt h'td tdeldo fHeounHighat evdtiplékhingi xehtas eaatdaod t beeetoieally
stabilises Ehe 15 two_netastable states (D+ 5 and (D_ 6. Therefore the cD+

and a? &t &s ORFé cpdt dFPSE £6°589Fhe bistable states 5 and 6 of the
D- BTN di splay 10, using the sane nunerals. The alignnment orientation in the

pi xel area 1 of a D-BTN display 20 10 corresponds with the gl obal
ori¥ht & i 8bsBiaxXofedat | bpalr®pyding to the invention, as in Fig. 2,

consists of at least one substrate 10 with different alignment

directions (regarding either azimuth or pretilt or both) at the
substrate interfaces 13 which suppresses the growth of the @
ground state 4 in the pixel area 1 and therefore stabilises the
15 two metastable states ®, 5 and O- 6. Therefore the ®; and O_

states are referred to as the bistable states 5 and 6 of the

D-BTN display 10, using the same numerals.

The alignment orientation in the pixel area 1 of a D-BTIN display
20 10 corresponds with the global orientation of conventional BTN
cells. In border areas 2 between pixels 1, or more generally, in
the areas adjacent the respective pixel 1 different alignment

directions are generated.

25 Fig. 3 shows a top view of the individual substrates 10 and 11
of Fig. 2 and their combination, together with the relevant LC
molecular orientations 14, 15 and 16 at the substrate interfaces
13. The configuration leads to two domains (frame area 2 and
pixel area 1), which are the result of the alignment pattern on

30 the bottom substrate 10 and a globally aligned upper substrate
11.



cells. In border areas 2 between pixels 1, or nore generally, in the areas
adj acent the respective pixel 1 different alignnent directions are
gener at etv0 85oHRYy. 3 shows a top view of the individual seOBCHat/es120 and
11 of Fig. 2 and their conbination, together with the relevant LC

mol ecul ar orientations 14, 15 and 16 a1 the substrate interfaces 13. The
configuration |leads to two donmains (franme area 2 and pixel area 1), which
are the result of the alignnent pattern on 30 the bottom substrate 10 and a
gl obally aligned upper substrate 11. WO 02/03128 PCT/CH01/ 00412 11 Fig. 4
shows anot her enbodi nent of a D-BTN-LCD consisting of a two donmain

al i gnneng | & eFheNshorRtEaEs EFRPESMORE aRf 21.D-BIibdCPataorzd sAddds yst & at e

21 comjcse RhbliReS sd3gnaanfNt &fer Zh rﬁﬁpc%%%E%at%t n26! fLggents.
al i gnnment directions. Ey usi ng substrates 20 and 21 to build a cell,
pi xel &vbsdritgr 2@r eatdedubgicrhtporili ormnmfiss rspeiped and 23, amser24s
frame as . t ed. t.hr i r i pes d .. 23 and 24
and 2:?>82r55(@a{ndr %%E?éciet.le‘%mer‘g}%ba ea%q{%n%ffs%rg{ﬁnr%atéeﬂgeoﬁ %&%TZO%gruiﬁng
conpr i seddthretals @oretd aztoralimgiid 4 heekhpl pEteltatrqes P3amndetfaled
Therefore_only the conmhinati,on of stri ¢%%22 nd 24 _contribute to the

exi st eNBEOfPPT 5P 8hs SETHREPe4S ¢ i sVBRTE2Df LOAESoPIFRE <t r?TRs 23

or 25 corldddiitthtsudu tiVRaD2.stiE pRePart issid a1,y Buidmpl: toehnpfue to
realise the require al i gnment configurations 14, 15 and 16 are
phot o- &9%gn&®nt 1 -fet HERRTSISUCRE neBRBES WSe FivHdialg oPrXkion - 20s @A | 31

pol ari rrilde@ht L POee Al | OnaR; iddd Ve ; ]
orient gﬁ%gﬁllé%g;r;ﬂ%pggt fromthe ad\}él%?&g% ‘lbl#é as\/dtl)almdl?enxgoét %"Sé%(?gér%b?%%s
i nhiér er?5 .i n Therafids nppnocéds, womhinhesenphofo-stripes 22 and 24

contribute to the existence of pixel areas 1 whereas the
existence of one of the stripes 23 or 25 contribute to frame

areas 2.

15 A particularly suitable technique to realise the required
alignment configurations 14, 15 and 16 are photo-alignment
methods. Such methods use irradiation with - usually polarised -
light to induce alignment capability in a corresponding
orientation layer. Apart £from the advantage of avoiding the

20 problems inherent in the rﬁbbing process, with these photo-
orientation methods it is possible to provide areas having
different orientation and thus to structure the orientation

layer.

25 A prerequisite for the applicability of a photo-alignment method
to the present invention ig their ability to generate not only

azimuthal orientation but also bias tilt (pretilt).

One such method, which will be advantageously used £for the
30 present invention, is the 1linear photopolymerization (LPP)
method, also sometimes referred to as photooriented polymer
network (PPN). It is described for instance in US 5,389,698, US
5,838,407 and EP 0 756 193. An overview of the method can also



orientation nethods it ,is possible to provide areas having different
orientation and thus to structure the orientation layer. 25 A prerequisite
for the appb2/eabs| ity of a photo-alignnment nethod to theP@T/€8enovodinventi on
is their ability to generate not only azinuthal orientation but also bias
tilt (pretilt). One such method, whicB2wi || be advantageously used for the
30 present invention, is the |linear photopol ynerization (LPP) nethod, also
sonetinmes referred to as photooriented polyner network (PPN) . It is
described for instance in US 5, 389, 698, US 5,838,407 and EP 0 756 193.

An overvi ew of the nethod can _al so W) 02/03128 PCT/ CHO1/ 00412 12 be found
in M Sehddfund insdhmiggbady. Igozér%\} End Y. XeRrgkPHoand YapChigtinay: Appl .

Phys. 3 215&1:&&@192); p®! pAyM SahadiyssH (1s€eez)berd>§ filﬂolmA SRR ery.
Nature 3 212 (1996). Those photo- -oriented g net wor ks can be used

wher evegrelé%erﬂ@t BRE B Sﬂéh‘&ﬁ?l%%?ucﬂﬁ?‘éﬁel P8l d Zéﬁys 96gr-i e'FhCmﬂ aphobger s
are requry %%tegioo 5%)6:& et NALe 5§k§“' fLi fﬁé 5NGLEQLIRL! Al Qf 1 SUEY o

phot ostructure tation ayers quI Crystals are for i nstance
desdkltnnbunudmnmédQthﬂﬂdQcamthP-¢r£ﬁﬁﬁ§ﬁﬁbn\Nayenﬁhexe tégqubnpdunds on
irradiation with linearly polarised light it is possible, in addition to
inducing the desired orientation, simultaneously to induce an angle of
tilt. ldolivenddiis pBSSI blegre t osPivable | @pers d1avi ngoshatiCodnr i BF | Nshggpect
of azimythal orientation and angle of tilt. 15 The _domain stabilised
di spl aﬁ%@%tﬁ%l%%tomrﬁf&rﬁqw% RAYRAS hetedddpify crUglrlE FHR of@F i gned
boundariffadie & ibed S hd-A-03l/188doWhhA ablRLhass¥e: Al e hese
techni ques. For instance with sophisticated_rubbing or evaporation
t ecl¥ni qﬁ@gpoqﬂﬁgy|g@d irradiation with 1linearly polarised light it is
possible, in addition to inducing the desired orientation,
simultaneously to induce an angle of tilt. It is thus possible
to produce layers having structuring in respect of azimuthal
orientation and angle of tilt.
15
The domain stabilised displays of thelpresent invention do not
necessarily require photo-aligned boundaries, they could also be
realised with alternative alignment techniques. For instance
with sophisticated rubbing or evaporation techniques, provided
20 two different alignment directions and the necessary pretilt
angle can be achieved. Photo-alignment is thus not a
prerequisite for fabricating D-BTN displays, however, it makes

the fabrication process much easier.

25 The proposed domain alignment layers can also be used to further
enhance the angle of wview of D-BTN displays by subdividing

pixels into sub-pixels.

The following description relates to examples of cells, starting
39 Wwith a D-BTN-LCD with photo-aligned domain orientation pattern
on one cell substrate switching between the two bistable twist

states +90° and -270° (Example 1), shown in Fig. 3.



20 two different alignnment directions and the necessary pretilt, angle can
be achi eved. Photo-alignnment is thus not a prerequisite for fabricating

D- BTN di sp0 ayezizrowever, it nmakes the fabrication procesBCrtinl/ess: er. 25
The proposed domain alignment |ayers can also be used to further enhance
the angle of view of D BTN displ ays byl3subdivi ding pixels into sub-pixels.
The followi ng description relates to exanples of cells, starting 30 with a
D-BTN-LCD wi th photo-aligned domain orientation pattern on one cell
substrate switching between the two bistable twist states +900 and -2700
(Exanple 1), shown in Fi % 3. WD 02/03128 PCT/ CHO1/ 00412 13 The D-BTN-LCD
cel I's niRe OsRINsECDorced lga fadey Ransist 19F afd Pasec SvbstEaket rdt e2nd . 2ot h

subst r at8e:0sapdrdde s €1l NpddRnNaN el reL1RC RIS 308 RROLQRLIRABAL
| ayers. The transparent 1 TO electrodes are uniformover an area of 8 x 8

me conptesirgdemnyang pphete-adficsmensr dieyers00 Fheootwpnspareent 63FOx
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substrate I nduces two orientations, one w

areas 1 pidelbecpt Bethan tdide the surooups? ngzh@rdenol@ avea gm?.The upper
substrate 34 is uniaxially photo-aligned in one direction over the entire
area. The photo-alignnent |ayers are typically 50 nmthin and the LPP

Phot OPOHEE L P25 10 THELPS- SDRGAALIL Y 19EHI Ca S gl 35S Y3elpne Lhaln e
form of a solution of 2% phot opol yner desdlved in cyclopentanon. The Tiquid
cryst al subgtuaeei 40a isweeswitsrce i Heansnitc ¥STorientatuiesy t bna within
birefri n of, O 9, .avai e der _t.he .na M.C 14000.from Mer.ck
Ltd. . Tgﬂgbl%%xﬁalt hae%gesilr ea%‘d! ?‘%{‘?i ﬁglﬁgrt vﬁlgsllgoﬁegu?léjflr%%n?h%gl HoXtur e

i s topedrait I2.t HEh@Ouppeat isubshaated 3ehi @l valdiid Moy STRo0H-Metgkedt dn. The

cell ga , . .
9 8ne direction over the entire area.

The photo-alignment layers are typically 50 nm thin and the LPP
photopolymer JP265 from Ciba Speciality Chemicals Ltd. is used,
15 in the form of a solution of 2% photopolymer desolved in
cyclopentanon. The liquid crystal mixture is a éupertwisted
nematic (STN) mixture with a birefringence of 0.129, available
under the name MLC 14000 from Merck Ltd.. To obtain the desired
intrinsic twist configuration the LC mixture is doped with the

20 negative handed chiral additive ST9 of Merck Ltd.. The cell gap

- is 5.1 pm and a chiral concentration of 0.58 %(wt) was chosen,
which results in a d/P ratio of 0.3 (d = cell gap, P = helical
pitch).

25 The LPP-photo-alignment material was applied by spin coating 30
seconds with 3000 rpm and then baked on a hot plate at 150 °C for
30 minutes. The LPP coated substrates were illuminated with a
Karl-Suess UV-exposure lamp equipped with a 350 W Mercury bulb
and a UV-polarizer. The UV-light intensity at 310mm is 0.8mW/cm®.
30 The substrates were exposed to linearly polarized UV light under
a polar angle of 35° with respect to the substrate normal for
all here described exposures. To generate the two-domain

alignment of Fig. 3 on the base (lower) substrate 10, the



is 5.1 pmand a chiral concentration of 0.58 o(wt) was chosen, which
results in a d/Pratio of 0.3 (d = cell gap, P = helical pitch). 25 The
LPP- phot ovabt/gnieent naterial was applied by spin coating BOT/CHevends with
3000 rpm and then baked on a hot plate at 150 C for 30 mnutes. The LPP
coated substrates were illumnated witl# a Karl-Suess UV-exposure | anp

equi pped with a 350 WMercury bulb and a UV-polarizer. The UV-I1ight
intensity at 310nmis 0.8mNcn2. 30 The substrates were exposed to linearly
pol arized UV Iight under a polar angle of 35 with respect to the substrate

normal for all here described _exposures. To generate_the two-domain
al i gneftPBFrErYy. 18 $ASt NE bdsd HEFGWETIEs RS 19, Whiﬁ%zﬁ%ﬁ@

PCT/ CHO44004d42, Wdisaibedsiatey 10nhaasrife dafdd Shich ep expenedmt gaM|ight for
135 seconds, while masking the frane area with a chrom um mask. The

azi nut hariBrFeat at POHFEHREIRR | iHfearthe pdii@eexrdy | PghErhESd paiahtel We6 one
of the gé%&i199“9936ﬁ§30§n@h99%&§89 Beufdal{ed Insesond,EXPYSUGE, stgp, the

mask waS renoved and the entir substrat e exposed for 15 seconds, again
undef aspobad amgieswie 385epundehet easki masharendige@ cind 8GheFr entodther

experinments, it is_esti d, .that the _re LN retilt | es re
bet vveensuésgﬁ%%ioef ééee%ﬁtfnéFallgl eﬁoﬁl%fshe% Fyéll %éll;&eegf f a%ccgl:pa 0 ?g\% ?6 (see
nuneral 358) mndehe theanzianehad. aHud e opf Subst r aFeomasthexpesedrinents0

seconds ,whi.ch leads tQ an_estipmated uniform pretilt angle of between 5 and
10 Ctheibor FosseaBRhE as FRaEnAPe SrsPatiag BEBLiLbe Raneralets pREvesn

conpari §6n zh@ hboantekd)numdhiis 14N tAecRbXghxalearkhe chifdl byowegapbve
doped LC together wth 15 the azinuthal orientation of the alignment |ayer
f avdlir s (geewimmergdg| ¥ )of ing(-hg Dbrame ggreat e gFBand ot ate)Stifier ewdst he

pretilt eQBSESé SgpoLtya ste\@o%tdsOf wﬁiéﬁeﬁeﬁﬁg Ao - %?10 éétﬁnéted uniform

pretilt angle of between 5° and 10°; the corresponding azimuthal
angle was +90° (see numeral 16 in comparison to 14 and 15) . Thus

in the pixel area the chirally negative doped LC together with

15 the azimuthal orientation of the alignment layer favours a twist
angle of -90° (®y = -90° = the ground state), whereas the
 pretilt angles support a twist of eithér +90° or -270° (i.e.,

[®g = -90°] + 180° are the two bistable states).

20 After filling the D-BTN cell with the §LC mixture in near
isotropic phase at 115 °C and cooling it to room temperature, a
major part of the cell is covered with disclinations. The two
following methods were applied to get to the wanted pixel
configurations.

25 ’

By applying an electrical sinusoidal pulse of 10 ms duration and
a voltage of 50 Vrms to the cell at room temperature, the pixels

go into the lower twisted bistable state (+90°).

30 By applying an electric sinusoidal AC field of 38 Vrms for two
seconds at 65 °C all ground-state pixels go into the +90°

bistable state and the disturbing disclination lines disappear.



[(Do = -90] 180 are the two bistable states). 20 After filling the D BTN
cell with the LC mxture in near isotropic phase at 115 C and cooling it
to room tveopmoxL8Ire, a nmajor part of the cell is coveredP@r/CH01/00412

di sclinations. The two follow ng nethods were applied to get to the wanted
pi xel configurations. 25 By applyinglan electrical sinusoidal pulse of 10
nms duration and a voltage of 50 Vrns to the cell at roomtenperature, the
pixels go into the |ower tw sted bistable state (+90). 30 By applying an
electric sinusoidal AC field of 38 Vrnms for two seconds at 65 C all

ground-state pixels go into fhe +90 i stable state and the di sturbin
di sclindti o PrREYTG afﬁﬁé%r]PeW%‘E/Bgﬁz OBEEF a1 MRE | £5) dhrBsuned

t hat beémret{;lﬁo@@ad%rta@@mém wWBksh rct | fuBst Sl B119r eHAAgSt ate and does
not substantially change its LC configuration while switching, and the

SWi t chatpns uaitigsmeiti. 1o oSWH sdingat idgi! |thfe Fethehabite Rixel | demab® |ine
| s | ocal eg; ghy brd iRy dgese O otie. PRALOWRALE ShaRICR! Xeheald, PRXANS dbe
ground state fromflowmng into the pixel area. Switching between the two
bi stiablghest adess caf haeaghichedanitehnedapized e prfveniisethe Toround

denonstrat.e histahi.lity here sinple. | se forns were chosen. Swi tching
into thsetaht-l’%heﬁoni \%113 we%lgsﬁé’t%g f@?ﬁb’f iRsé?rgeo‘—in'e with a 500 s sinusoidal pulse
of 21 Wns. An optical switching tine of 100 ns results. Switching into

the lower twsted state can be achieved with a sawtqoth pulse of .5V

(poak varL§HLRE, hatutthofhe, Foe BLac bie abbatcTogars 1 RELeves s

decay ty4®i&fs s 69 Mpu1SEEN @opyb&EnEEsatd ShiStaRi1 DR} | Bate S¥AHLSIE N

time of 230 ns. The |ower tw sted pixel state exhibits a green

i ntE} f epekrRe fomsurvererehgedt | dvigshangzépgo the higher twisted state
(-270°) is domne with a 500 ps sinusoidal pulse of 21 Vrms. An
optical switching time of 100 ms results. Switching into the

lower twisted state can be achieved with a saw-tooth pulse of
5 V (peak value), with a short rise time of about 100 ps or less
15 and a decay time of about 60 ms. Such a pulse results in an
optical switching time of 230 ms. The lower twisted pixel state
exhibits a green interference colour, for parallel polarizers
and with the alignment layer orientation of the D-BTN cell
parallel to the polarizers. The colour of the higher twisted

20 state appears red for the same polarizer configuration.

For a possible adjustment of the colours, various methods are
known to the skilled person. For instance, with a good choice of
the optical retardation And of the LC layer, with internal or
25 external ‘optical compensation films and proper orientation of
the polarizers the two interference colours can be modified such
that a black and white display results. Furthermore, using a
thinner LC layer a much faster response time results. Together
with the BTN’'s potential for fast high multiplexable addressing
30 schemes a high information content display can be fabricate with

the D-BTN concept which allows video-up-date rate.



and with the alignnment |ayer orientation of the DBTN cell parallel to the
pol ari zers. The col our of the higher twisted 20 state appears red for the
sanme pol avdame3ieonfi gurati on. For a possi bl e adjustnent oPCTh#Eovol4oLrS,

vari ous nethods are known to the skilled person. For instance, with a good
choice of the optical retardation Andéof the LC layer, with internal or 25
external 'optical conpensation filns and proper orientation of the

pol ari zers the two interference colours can be nodified such that a bl ack
and white display results. Furthernore, using a thinner LC |ayer a much
faster response time results. Together wth the BTN s potential for fast

hi gh nufanplexdsildsadaedssi ag tesatidass albRvgh haver madingeissdt ehbedrspl ay

can be i i t i C l:l . qws . i deo:. up= e te.
W0 021 03136 e OITH0aTS" L6 Sarl e R A TS e e auber ipadrab iy Rl o
mai nt ai Redetakimontist ability over the whol e observation period, which
usually was several nonths. 5 Fig. 4 shows a schematic view of Exanple 2,.
a DDBTN LCD with a photo-aligned orientation pattern on both cell
substratreg. 20 sR8ws2h wHewhitig hébweoaf tHxanple B,stald-e1w 5D skitiesa+90

and -270. It shows_the, t wo-domai n al :;‘F%llnmeni3 ggttern of the two substrates
(i n t hePhpperabatsd Rt taEon RAtEsaD RBd Pote SGhdt FUPESTRIFS t AR PBGer

part). "The fBINikED sethe&l BEXRMER 2pWRSaBLEPAWRILY NsBaBEll lafdoy WAW as
in Exanple 1. However, contrary to Exanple 1 both substrate surfaces 20

and 21 exRPbit I& t @bowsndihe pheeodemaighmaAionageE inrtisroheof othcof tyer i pes
22, 23 . h | | , d I ' 24,
?ggfgf}aﬁch ghggng‘ﬁg.&? g%(ﬂt) CO%%rSini)a 8L SLLLPe§ gpiARd

respect ui | e ea of 0 m and narrower sStripes 23
and1@5, subespeices vely, thdildwebuipkdta.frane area of 30 m with two

The D-BTN LCD cell of Example 2 was prepared in a similarly way
as in Example 1. However, contrary to Example 1 both substrate
surfaces 20 and 21 exhibit a two-domain photo-alignment layer in
15 the form of stripes 22, 23 and 24, 25. Each alignment Ilayer

covers broader stripes 22 and 24, respectively, which build a
pixel area of 100 pm, and narrower stripes 23 and 25,

respectively, which build a frame area of 30 pm, with two
different alignment directions in the two areas. The UV-exposure
20 time was 135 seconds for the pixel area and 15 seconds for the
frame area. Pretilt angles are estimated to be between 5° and
10° in the pixel area 1 (numeral 14 and 16) and about 70° in the
frame area 2 (with at least one LC orientation according numeral
17 or 18).
25
As in Example 1, in the pixel area 1 the chirally negative doped
LC together with the azimiuthal orientation of the alignment

layer favours a twist angle of -90° (ground state ®; = -90°),

whereas the pretilt angles support a twist of either +90° or

30 -270° (the two bistable states).



different alignnent directions in the two areas. The UV-exposure 20 tine
was 135 seconds for the pixel area and 15 seconds for the franme area.
Pretilt angbzedlase estimated to be between 5 and 10 in theT/oHRED4a2 ea 1
(numeral 14 and 16) and about 70 in the frane area 2 (with at |east one LC
orientation according nuneral 17 or 18). 25 As in Exanple 1, in the pixel
area 1 the chirally negative doped LC together wth the azinuthal
orientation of the alignnment |ayer favours a twi st angle of -90 (ground
state (Do = -90), whereas the pretilt angles support a twi st of either +90
or 30 -270_ (the two bistable states). WO 02/03128 PCT/CH01/00412 17 An

el ectrifn f eéeatxieafdeRd Sikdadgsns teatliagomse Hesthebeone reErifpsacd inis

perforrﬁgn&gre S: k e t nt i.St i xel
configurati or(las.laSl%egéﬁkﬁgﬂé(?n%%%?dg?- g%?gewglf O%%e\]ilr)rrtrsso steu@e%e‘fv%nge\ndt ch
the dilsipt@plientdxiel somifgberativwssed state. An optical switching tinme of
80 nms results. Switching into the ower twi sted state can be achieved with
a saw-tooth pulse of 6 V (peak value), with a short rise tinme and a decay

ting ofp 48088. sSUehnAsBYkES-2Q1 €SBt 29 Ry opbkcalsesiv tShikg tlhmergd 200
nms. The lower ,tw sted pixel state exhibits an interference col our ich
is |ightsmilae inder igarsl héghev| dvilsted asitht + hArheordlliqpinesvitthyey

oy ont s 8F b INERA ok dReitd RAoShel A4E. MBI OLRcTe
bi st abl earstlad esclofetdd swipdr td addvwy topwht phadef alfir beut éfedk spahye) s whon in
PO Ot Labeperty e ik agh 2 Blug, 49Q.am bpe gif qrencg, b Ter, The
10 results in an optical switching ;ime of 200 ms. The lower
.twisted pixel state exhibits an interference colour which is
light blue under parallel polarizers and with the alignment
layer orientation of the D-BTN cell at 45° with respect to the
polarizers. The colour of the higher twisted state is red.
15 |
An illustration of the two bistable states of this partially
switched fabricated display is shown in Fig. 6. It is observed
through a blue 490 nm interference filter. The pixel colour of
the lower twisted states 41 is light blue and pixel colour of
20 the higher twisted states 42 is black. Furthermore, one can
distinguish two different regions of the frame domain. At the
corner 43 of the pixel areas 1 (i.e. the intersection points of
the stripes 23 and 25 of the upper and lower substrate's
alignment layers building the frame area 2), there is a region
25 43 witﬁ high tilt (c.f. Fig. 4), which appears bright between
parallel polarizers. At the edges 44 (between two adjacent pixel
areas 1), there is a region with medium tilt, which appears
darker. Both regions 43 and 44 of the frame domain 2 have a very
stable state. Additionally, a skilled person can also see the
30 disclination lines separating the pixel areas 1 from the frame

domains 2.



the lower twisted states 41 is |light blue and pixel colour of 20 the higher
tw sted states 42 is black. Furthernore, one can distinguish two different
regi ons ofoovhesits ane dormain. At the corner 43 of the pixpCT/aHeas0412 (i. e.
the intersection points of the stripes 23 and 25 of the upper and | ower
substrate's alignnment |ayers buil di nglgthe frame area 2), there is a region
25 43 with high tilt (c.f. Fig. 4), which appears bright between parallel
pol ari zers. At the edges 44 (between two adjacent pixel areas 1), there is
a region with nmediumtilt, which appears darker. Both regions 43 and 44 of
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LC-fl ow_occuryed, . Unde ressure the state with the | ower energy appeared.
Thi s stScheBgnw%%éEo%{Jr%‘F ed By 48 g??lenfja{:ﬁe d/P ratio and the respective

pretilt angles. Only very intense flow or very high electrical 15 fields
causgd t he ground state to occur. again. This denonstrates the high degree

of <PabifPi Sx6fEn & tFRE bit aPtRP Lt ChgahasP-Bfiectblfat FhR SR\tifes
ground ghatep(itOuhRedOBRLBNStFRLdd SR difeh that 1.C-flow occurred. Under

pressure the state with the lower energy appeared. This state
can be controlled by adjusting the d/P ratio and the respective
pretilt angles. Only very intense flow or very high electrical
15 fields caused the ground state to occur again. This demonstrates

the high degree of stabilisation of the bistable states against
the formation of the ground state ®; in domain stabilised LC

cells according to the invention.

20 Fig. 5 shows an example of a further embodiment of the
invention. It is based on a pixel to pixel stabilisation in both
substrates 30 and 31, that is, instead of an explicit frame area
the configuration of the adjacent pixels 51, 52 is used to
stabilise the two bistable states. The azimuthal orientation in

25 the pixels is equal to the orientation of the pixel in Example 1
and results in a 90° / -270° type D-BTN cell. In order to
achieve the proper alignment in neighbouring pixels 51, 52 the
bottom and top substrates 30 and 31 are aligned with a single
photo-mask according to procedure explained in Example 1.

30 However in contrast to the Example 1 the two alignment layers
have to be aligned against each other in such a way that

adjacent pixel domains 51, 52 are positioned opposite to each



cells according to the invention.

20 Fig. 5 shows an exanple of a further

enbodi nent of the invention. It is based on a pixel to pixel stabilisation

in both wobyoyiag es 30 and 31, that is, instead of an expPCTICHof/0ENE ar ea
the configuration of the adjacent pixels 51, 52 is used to
two bistable states. The azinuthal oril®ntation in 25 the pixels is equal

stabilise the

to

the orientation of the pixel in Exanple 1 and results in a 900 / -270 type
D-BTN cell. In order to achieve the proper alignment in neighbouring

pi xel s
single

HoweverotetonbeasFigeo FheFREHD

2 are positioned opposite to each WD 02/ 03128 PCT/ 19 ot her
(see Fig. 5, nunerals 14 and 19, 16 and 29). A very high fill factor for
D- BTN L iesult wth h,. Sti,l ]l another,
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51, 52 the bottomand top substrates 30 and 31 are aligned with a

phot o- mask according to procedure explained in Exanple 1. 30
v
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substrates 60 and 61. Substrate 60 and substrate 61 conprise pixel

& 14t Radt 8, allibgrafsht2?)ayeb sveravbigs be
al i gned i th i c i kxel domai ns 51,
al T gnedgagn Pole £ACHL 0@ DY Eeauway Tha cad %%%’ff%lz

ar eas

62, 64 eomsdstsant ar cam-GRmads, alidnmnff dregretr abn ghokht sufbsteetieensd The

al i gnnent

substrates ar sted a

in such™a way
opposi teréaseezh ®f hend dhe€ramezi enichal candspy ewith aiE€aiehtonligninBatpi xe
areas are simlar to the_orientation in a_conventional BTN cell. By _using

such

15

20

25

30

STHEEFEt RS t heTRF eBHHETAAYE el PHCTHeChi KoE t¥RmfRPahdat®e pFetrAr 15

angl@ i fubbeafl hgaen donBhfh Cafnde £hosed i Ndgpen
t he enbodi nents shown in Figure 3 and Figure 4.

the two substrates are positioned opposite to each other. The
azimuthal and pretilt orientation in the pixel areas are similar
to the orientation in a conventional BTN cell. By using such
substrates the pretilt angle in the pixel domain and the pretilt
angle in the frame domain can be chosen independently. This in
contrast to the embodiments shown in Figure 3 and Figure 4. If
for the embodiment illustrated in Figure 3 a low pretilt in the
pixel area 1 of the lower substrate 10 and a low pretilt in the
uniaxially aligned upper substrate 11 and further a high pretilt
in the frame area 2 on the substrate 10 is chosen, an inter-
mediate average tilt angle results in the frame domain of the
cell. The same is true for the embodiment shown in Fig. 4. In
the embodiment shown in Figure 7, advantageously a low pretilt
angle in the pixel domain and a high pretilt angle in the frame

domain can be chosen.

The domain stabilised approach to achieve bistable nematic LCDs
according to the present invention may not only stabilise
switchable domains in BTN cells, but also enables to stabilise
cells which switch between a 0° and a 180° twist configuration,
such as those described in the introductory part of this

specification (the generalisation includes devices with twist

angles @y * 90°, with typically ®y < 180°). After switching a

ai.nst each ot her
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for the enbodinment illustrated in Figure 3 a low pretilt in the pixel area
1 of the | ower substrate 10 and a low pretilt in the wuniaxially aligned
upper sulveonz03a281 and further a high pretilt 20 in the framveHat/e®12 on the
substrate 10 is chosen, an inter- nediate average tilt angle results in the
frane domain of the cell. The same i 20true for the enbodi mrent shown in
Fig. 4. In the enbodi nent shown in Figure 7, advantageously a |ow pretilt
angle in the pixel domain and a high pretilt angle in the frame 25 domain
can be chosen. The domain stabilised approach to achi eve bistable nematic
LCDs according to the present invention may not only stabilise swtchable
donai nsCPRAVETRNE @R s0° but 189 Sot ekl e@lto SRabFritehsd dempinsnienadwit ch

bet weenggof) andrand8P LWhpk . CORfdiOUERd | BReseAHCR AR MERGSE Wescr bhedni the
introductory part of this  specification (the generalisation iIncludes

devi cesangaf t st bangblisaimed. o(han welilypifediiigatbon< mep) . baf t dpne
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i nveht i opiwetéd déii nedeh arceasayganthe ol aiched. piBhel celckaf atlie catgodredy be

d di to Ex | e, 1 byt the, bstrate i imuthally 5
or | ent ofOT h-SUER tP%ad SCRREE | 1™ HiePT arde R Fhadfr of CBRPFGARGL I on

resul t SpaFhfe6éZ Gridn tdes iYnsely it%iént%fﬁ@%ﬁ apd11gar ameter when designing
this type of cells. The invention includes bistable cells which contain

in-plane 10 electrode geonetries which allow to apply electric fields
which  apg pgiRendicul ap-iQakbe bilé'%bﬁ_lét eand {hekds Miﬁﬂiﬂqaglﬁl—plane

[
conponents parallel to the substrate planes. Such el ectrodes ow to
swi i1¢h thectebfs gacwatdiescvhoeh (gbloy Do orpply ¢ebeytrbe Ehebds hwhich

dlrectlggg (££§péhé£%alafﬁiﬁ¥a@9kp gggé&&£§é§|téﬁhtr¥3elds which have
components parallel to the substrate planes. Such electrodes

allow to switch the cells in on direction (®- = @, or @ < d,)

or in both directions (®-. & ®.). As example could be cited the

15 «cell according to Example 1 with one or both electrodes

partitioned.

The absolute value of the bias twist angle |®p| (ground state) in
the exampies was always 90°. Generally, an absolute wvalue of the
20 bias twist angle |®g] < 300° is preferred, but |®p] 2 300° could
also be used. The twist difference angles A® = * 180° mean, that
A® has a quantized size and is roughly * 180° (A® is @y - @, or

®y - ®_ respectively).

25 Advantageously, the pretilt angle difference between adjacent
areas of the pattern is in the range between 70° and 110°,
preferably in the range between 80° and 100°, more preferably
between 85° and 95°. The term "pretilt angle difference" means
the difference angle Dbetween the wvectors defined by the

30 interface 1liquid crystal molecules retaining the predefined
pretilt angle in adjacent areas of the pattern. As an example,

if in Figure 3 the pretilt angle were 10° in the pixel area 1



15 cell according to Exanple 1 with one or both electrodes partitioned.
The absol ute value of the bias twist angle 100i (ground state) in the
exanpl es was2/edizmys 90. Generally, an absolute value of theT/CROV/bI4ES tW St
angle 1001 < 300 is preferred, but 1001 > 300 could also be used. The

twi st difference angles MD _ 180 nmea®l that Ac has a quantized size and
is roughly 180 (Ais (Do - (D+ or (Do - (D_respectively) . 25

Advant ageously, the.pretilt angle difference between adjacent areas of the
pattern is in the range between 70 and 110, preferably in the range

bet ween and 100, r ef er abl tween 85 and_95. The term "pretilt
angl e dlgaerencéglﬁﬁg%s e af??e¥eng§eﬁnﬁgﬁ BEPhdl PRILre differg@dened
by the 86uildteeface. |iquid crystal nolecul es retaining the predefined

pretilt angle in adjacent areas of the pattern. As an exanple, if in
Figure 3 the pretilt angle were 10 in the pixel area 1 WO 02/03128
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bi as twlsrgengtian 'apoim 4%fe b180 coelldsalid be dniiat) y 1001 < 300 but 1001
> 300 could also be used. The tw st difference angle L1 90 nmean, that A)
has a quantized size and is roughly 90. The size of the pixels lis

ypi cal hieasheu dle Math@ dRMbhe 15330RLicAI LODE qépeI e ARl i QL4 My §Q 400

m but could be nuch snmaller as well as nuc
10 is typically |®g| < 300° but |Py] > 300° could also be used. The
twist difference angle A® = * 90° mean, that A® has a quantized

size and is roughly X 90°.

The size of the pixels 1 is typically a few 10 um, for many

15 applications preferably from 4 pum to 400 pm, but could be much

smaller as well as much larger.

It is possible that the domain stabilisation as oﬁtlined in this
description generates more than two stable states 5 and 6.
20
Domain stabilised cells according to the invention may in
addition contain  suitable internal or external optical
compensation layers in order to improve brightness and/or
contrast. These compensators can for instance comprise liquid
25 crystalline thin films (uniaxial or twisted layers), stretched

polymer films or of combinations of such films.

The present invention is applicable to transmissive and

reflective displays. As substrates, preferably glass, plastic or
30 CMOS may be used:



It is possible that the domain stabilisation as outlined in this
description generates nore than two stable states 5 and 6. 20 Domain
stabi |l i sadoombd1gs according to the invention may in addit POVCHONMOMILN
suitable internal or external optical conpensation |layers in order to

i nprove brightness and/or contrast.. 2¥hese conpensators can for instance
comprise liquid 25 crystalline thin filns (uniaxial or tw sted |ayers),
stretched polynmer films or of conbinations of such filnms. The present
invention is applicable to transm ssive and reflective displays. As

substrates, preferahly gl.ass, pl.astic or _30 may be used. WD 02/ 03128
BCT] CHORRBORLE0. FORhACH o eh faiat Fors GLARISYRamih S0 e BOSEFbI 6.
These ipelwge For iiRsiance ellRetrooptical shutters and shsddiall | 198kt
nodul ators. 5 An el ectrooptical shutter is usually used to switch on and
off a MPgREaHEEM A very high contrast and brightness can be achieved
when the |ight source to be processed retains a narrow spectral w dth.

Exanpl es are |asers or LEDs, which are typically used in teleconmunication
and Bt han apeticeepoical Sthulitexr gootsushiyaveedOtandwbtélyhomessd cahf be

achi eved, f light s | ader s tral w.dgh. pendin n the
b BTN qebrh AT ackinarrT el ubiRRd g BT Tosth bR PRLRCR FPPG « ne
stabi | i zheéxg bbe deighar eaubetweenbthprpexetsed t&chinspat hakrbighpesoddlat ors
(SLM each | d be a.D-BTN el enent. Afnng the various SLMs_are

i xel co
eIectriB#@Fg'aﬂﬁa%% TTaffy lﬁﬁ%?%s%%db%ﬁﬁ$,WQ HhsAFE sFYR Weﬁ?%%i??e,
and anptelsesmmneh cphase amdubehdNdaspiMoa thitisSLMwOUl iy r §p6&SEBAERaBENArY
SLM since each pixel is able to be in one of two states. A D-BTN
10 and brightness can be achieved for light sources with a broader
spectral width. Depending on the D-BTN design a black matrix is
required to suppress light tranémitting the stabilizing border

area between the pixels.

15 In spatial 1light modulators (SLM) each pixel could be a D-BTN
element. BAmong the various SLMs are electrically and optically
addressed SLMs, transmissive and reflective, and amplitude and
phase modulating SLMs. The SIM would represent a binary SLM
since each pixel is able to be in one of two states. A D-BTN

20 pixel could however be subdivided into sub-pixels as long as the
sub-pixel dimension is larger than the cell gap of the involved

LC element.

In most cases the electrode size is larger or nearly equal to

25 the size .of the photo-patterned pixel.

Since domain stabilised cells according to the invention in most
cases advantageously should have a stable pitch for the required
temperature range, it may be recommendable to use LC mixtures
30 that have a pitch that does not depend on temperature. A
possible approach for such an LC mixture is described in

EP 0 450 025 of Rolic Ltd.



20 pi xel could however be subdivided into sub-pixels as long as the
sub- pi xel dinension is larger than the cell gap of the involved LC

el enent. waomaa®8 cases the el ectrode size is |arger or nepetTHeguah2to 25
the size -of the photo-patterned pixel. Since domain stabilised cells
according to the invention in nost caSes advantageously shoul d have a
stable pitch for the required tenperature range, it may be reconmmendabl e
to use LC m xtures 30 that have a pitch that does not depend on
tenperature. A possible approach for such an LC m xture is described in
EP 0 450 025 oé Rol.ic Ltd. WO 02/03128 PCT/ CHO1/ 00412 23 The foll owi ng
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mul ti pl exabl e di splays, whereas the [atter pixel type (énhance mechani cal
st abbl i dgainst npresspp: oprdwtes ifldworig- ttéiemdeildt.afihe fdegi:cesfewhighof

requi re_pechani ¢al _robustness. ., ran se _pixel.s 10 with properties_that
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slightly hjgher state and mechani cal disturbance 15 is 1nitjiated, the
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size has switched to the energetically |ower state, the whole pfxel will
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are conceivable too.

It has been observed that once the pixels are prepared in the
energetically slightly higher state and a mechanical disturbance
15 is initiated, the wvarious sides of the pixel differ in their
strength to withstand the disturbance and remain in the original
state. Once a sub-area of a certain size has switched to the
enérgetically lower state, the whole pixel will switch to this
state. The sub-area the most easily to switch mechanically
20 limits the robustness of the pixels. This behaviour will be

illustrated with the example of a circularly shaped pixel.

Fig. 8 shows an example of a circularly shaped pixel on a bottom
alignment layer. Pixel Area 1 and frame area 2 are referenced in
25 the same.way as in Fig. 1. Within this top view of a circularly
shaped alignment pattern pixel the angle ¥ indicates the
location of the pixel border area B along the pixel border. The
reference angle (¥ = 0°) is <chosen to be the azimuthal
orientation of the pixel alignment orientation. Thus, the
30 angle ¥ represents the angle difference between the azimuthal
pixel orientatién and the border orientation. The switching
behavior into both states (lower twist to higher twist, and

higher twist to lower twist) and the mechanical strength of the



20 limts the robustness of the pixels. This behaviour will be illustrated
with the exanple of a circularly shaped pixel. Fig. 8 shows an exanple of a
ci rcul ariwoshegiesl pi xel on a bottom alignment |ayer. PixpCT/@HeHOM12ANd
frane area 2 are referenced in 25 the sane, way as in Fig. 1. Wthin this
top view of a circularly shaped alignmht pattern pixel the angle 'P
indicates the |location of the pixel border area B al ong the pixel border.
The reference angle (Lf' = 00) is chosen to be the azinmuthal orientation
of the pixel alignnent orientation. Thus, the 30 angle |1' represents the

angle difference hetween the _aziputhal pixel orientation and .t bor der
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hi gher tyket, as8ds Bi ghgsndM s iR Lewee twi st) and the mechani cal strength
of the 02/ 03128 PCT/CHO1/ 00412 24 1ower tw st state agai nst nechani cal

di sturbance in different pixel areas B depends on the angle T. The
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pi xel border sub-areas require nore electrical energy to switch_ than
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energy than the LT state, all pixel sub-areas ave to swtch because

ot héPwi yarifespipiedelgdeydsack did felve imortiyeial svltshine. beheasicvhe Somear ea
the rmsbigéﬁ_f beYhb ! Qub-areas require more electrical energy to switch

than others.

For the proper long-term switching of the pixels of a device
15 from the HT to the LT state, wherein the HT state retains a
slightly lower energy than the LT state, all pixel sub-areas
have to switch because otherwise the pixel goes back to the
original HT state. Thus the sub-area the most difficult to
switch limits the switching performance of the wholé pixel. In
20 the case of a circular pixel the properties thus depend on an

angle ¥ indicating the pixel border sub-area.

For devices with pixels defined on only one substrate there is
therefore a first degree of freedom in the shape of the pixel
25 geometry. For rectangularly patterned alignment pixels defined
on only. one substrate this means that the degree of freedom is
the angle between the pixel azimuthal orientation and the sides
of the rectangle pixels. The pixel geometry or in the case of
rectangularly shaped pixel patterns their orientation with
30 respect to the pixel alignment orientation represents this first
design parameter. A second and more efficient design freedom
arises with the use of pixel patterns on both alignment layers.

The crucial design possibility (opportunity) are the values of



switch limts the swtching performance of the whole pixel. In 20 the case
of a circular pixel the properties thus depend on an angle T indicating

t he pi xelw®or/eke8 sub- area. For devices with pixels defineBCoeHONDos1DNE
substrate there is therefore a first degree of freedomin the shape of the
pi xel 25 geonetry. For rectangularly Patterned alignment pixels defined on
only. one substrate this neans that the degree of freedomis the angle

bet ween the pixel azinmuthal orientation and the sides of the rectangle

pi xel s. The pixel geonetry or in the case of rectangularly shaped pi xel
patterns, their_orientation with 30 respect, to the pixel alignnment

r i ent abPBn PEDF cSEATETTRTS FTTESR dots oif {FEAit S ch SEEGRICEnERERE
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alignment layers. The crucial design possibility (opportunity) are the

val ues bvECcmgelanl2Baped/ CRFele0fxr IEstincanghe dnplesene DELwmedh,t he
azi nut hal _pj.xel orientation and the border orientation of the pixel
definin@ngigég'involved (for rectangul ar shaped pixels for instance the
anglgs 'ri, ''2, "1'3, and W) . 5 Fig. 9 to 14 show various enbodi nments
wi th alignment pixel patterns on both substrates. In these cases one free
par amet Big .-t 09 ofitd nilze slow headiipeet | @mbemidembwhi ehth heatdvmnpinee! pdekini ng

pattern_are shifted,agai ns ach aoth ((and the thus resulting 10 Ti-"'P4).
It can %%Eg%ﬁ%éi fs l.ll)éj% a S\}\l/;bf%trﬁgte sbagfirncaq'feifet he 595t 77 agFﬁep' REPTELEES do
contri bubecpeimhger esukthiendipiexelion Sndee thich gnedtwsi pEhidngabehavihgr of
the pixels |ow pretilt | es ,are required and since the stabilizing

domai nsPaFbEH £HE s&ifégggﬁgla&néthi%hpr%h% tanst ethe hEhHEsEPERAging
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preferable pixel sides do contribute to the resulting pixel.
Since for a good switching behavior of the pixels low pretilt
angles are required and since the stabilizing domains around the
pixels hold a high pretilt angle, the resulting switchable pixel
15 area is the area where both patterned substrates retain a low

pretilt angle.

Fig. 9 shows two patterned alignment substrates with their low
pretilt angle areas 62 and 64 and the resulting pixels 1. The
20 Dbottom pixel pattern border is shown as dotted line whereas the
top pixel pattern border is shown as straight line. The
resulting pixel 1 is limited by the two bottom border lines 73
and 74, and two top border lines 71 and 72. Here, the involved
alignment areas 64 and 62 on the two substrates have the same
25 size and the same shape. Starting from a perfect overlap of the
two pixel patterns the mutual shift of the two patterns against
each other is in the diagonal direction 80. The resulting pixel
area of the pixel 1 is glightly smaller than the areas 62 and 64

of the two alignment pattern.

Fig. 10 shows an example of a top and bottom alignment substrate
of a domain stabilized mnematic liquid crystal device with

alignment pattern on both sides and the resulting device pixels.



pretilt angle. Fig. 9 shows two patterned alignnent substrates with their
low pretilt angle areas 62 and 64 and the resulting pixels 1. The 20

bot t om piwe@b2/pxHeg ern border is shown as dotted |ine wher eR€TAHE1/0M@P2 pi Xe
pattern border is shown as straight line. The resulting pixel 1 is limted
by the two bottom border lines 73 and®74, and two top border lines 71 and
72. Here, the involved alignnment areas 64 and 62 on the two substrates
have the sane 25 size and the sanme shape. Starting froma perfect overlap
of the two pixel patterns the nutual shift of the two patterns against

each other s in iagonal direction 8Q. The result.ing. pixel, area of

t he pi x%a]iéjﬁlsg s‘fllig t%y ?r%]r@ & ?Ngﬁi?}%eogre 3 662'055381%‘2119“83 fhEIpREnt

al i gnnepdttpatder 82 Hhdi g4, 10csdowscansexaiteof aget ot At 180t ERAFted
alignment substrate of a domain stabilized nematic |liquid crystal device
with @A9YiHENtSHA t 8FHRebniBothesiiegonad CHeecedar: 89 TR EEns x8 s2 WO
02/ 03128 AT/ EHOA/ 004120 c26p SLAT 1 fld ghink it @ IR 19%ET bAD e BBt rom

contributing alignnment patterns 62 and 64, the two substrates are slightly
shi ft edcSubgfaiatst iEadiPddmsitsln wikd dieggentl tdi Ebet begesendeparalhgli noa

pi xel g § xel 'gﬁg@gg oLy i e 5 substrate is
hor i zo?]%‘g? ‘%a}%%l ‘raséis)%éésﬁ't @Jcl)ét e pa]geé%ln f)éafr gtp-llece)lntv%% p%)g\/\t/%‘)é%?%’(elrsss}%eéﬁeme
mut ual cppdsitd direecivipatomparsed switht hee dppoeirt exdimpdet ich Eioppap ed
witht f.of ey, ex l.e.of .Fig. 9. sik.de .t he, possi.bili f ashift_ in
di rect ih%eﬁS ({éksl%o%?’% é&la\%\ngyh,cf Vi %ﬁ%t‘gt ilB‘n)d,lrseé:ist&O&’i r%%t RBﬁsﬂﬁﬁraE\?go
have anvarlgl @ 480 diffesendn)froBudld, ddrgctdbn HMiet&lsdi Gavel aﬁrhoélﬁ?lé\ﬂ

pat.terned_al i gnment sub%trates with their pixel areas and the resulting
pi xe) sgﬁfrﬁaesreg‘&r %?ﬁbﬁ‘és 't &-Bhet0®, 30° etc.

Fig. 11 shows two patterned alignment substrates with their
pixel areas and the resulting pixels. This corresponds to the
situation shown in Fig. 10 but with pixel alignment directions

15 rotated by 45°.

Fig. 12 shows another embodiment having unequal alignment
patterns 62 and 64. The alignment substrates are adjusted in
such a way that the resulting pixels are defined by three sides
20 71, 72 and 74 from the lower alignment substrate and one side 73
from the wupper substrate. Thus, one alignment substrate
contributes to three pixel sides and the other alignment

substrate contributes to one pixel side.

25 Fig. 13 shows two pictures of fabricated devices placed between
a polarizer and an analyzer. The upper figure shows a device in
which both alignment substrates are patterned and shifted
against each other in such a way that four different pixels
result. After preparing them in the LT state and a};Splying a

30 strong mechanical force three of the four pixels make the
transition to the energetically slightly lower HT state. Because

of the stronger pixel border the forth pixel type "survived" the



situation shown in Fig. 10 but with pixel alignnment directions 15 rotated
by 45. Fig. 12 shows anot her enbodi nent havi ng unequal alignnment patterns
62 and 64v0oMhes1as i gnnent substrates are adjusted in suchrarmaylr/ohar the
resulting pixels are defined by three sides 20 71, 72 and 74 fromthe | ower
al i gnnment substrate and one side 73 fftomthe upper substrate. Thus, one

al i gnnment substrate contributes to three pixel sides and the other

al i gnnent substrate contributes to one pixel side. 25 Fig. 13 shows two

pi ctures of fabricated devices placed between a polarizer and an anal yzer.

The uppgLchhgiéLr ShAWsuabdakiCe (igbei-egnbOtl@1gnment suhstdat gsxarne
patterned and shifted against each other in’such a way that four~different
pi xel s rebsils . anferkergradpat mgnilam £a the e stldiustaedashpiny FAg-a930
strong mechanical force three of the four pixels nake the transition to
the energetically slightly I ower HT state. Because of the stronger pixel
border The floweh piztlhréypé Fsgrviideds sheeOnOl¢ 08128 PEVAECEOLLiON4421 27

hani cal disturb i ght pixel)._Th t pxel ., i
or | ont aPLBRS MPParaTee (he ohe pRPURPRAel PR o7 651eRhES) gikfLR BRere o
Fig. 13ihstne exasphte tind e edewptiRedk| abe pixalite ancediveg to the

geonetry of Fig. 9. Half the pixels are in the LT state and half the
pi xel s'are in the HT state. The upper picture of Fig. 13, Exanple 3,

il lustrahes thger diffanand mmchanical 151 abikddpynd n A fahnicatededevige With
10 different types of pixels. Both patterned alignnent substrates are
pr epar ediféesent ngne@hathiecadet IFd@didésyr i bed & n agef f gevicke Bothom

ot LB E RS F AT TR B D eV R DU FERIET RiiaBERE, Bl ER o 6
Ltd.) andetheepaned|ageddding to the methods described in Example 1 for
the bottom patterned alignment substrate. The cell thickness is
again 5 um and the same LPP photopolymer JP265 from Vantico
(former Ciba Speciality Chemicals Ltd.) and the same liquid
15 crystal MLC14000 from Merck is used. The alignment patterns of

the two substrates are shown in Fig. 9, upper half. The pixel

alignment patterns are 300 x 300 um®. In the final device the two
alignment substrates were shifted against each other in such a
way that above a bottom pixel area four top pixel areas resulted
20 in the four corners. A part of such a cell is shown in the upper

half of Fig. 13 where two such four fold pixel arrays are seen.

The pixels are first prepared in their LT state (as described in
the first examples). Next the device is exposed to a strong
25 mechanical disturbance which induces a flow in the cell. This
flow induces a transition from the LT to the HT state in all but
one pixel type namely the upper right pixel. The pixel types and
their resistance against mechanically  induced flow are

summarized in the following list of Pixel/LT Stability:
30

Pixels Upper right |Upper left Lower right |Lower left

LT Stability |strong medium medium weak




15 crystal M.C14000 from Merck is used. The alignnent patterns of the two
substrates are shown in Fig. 9, upper half. The pixel alignnment patterns
are 300 wa@0Do28 In the final device the two alignnment BODESHOHOES2 Wer e
shifted agai nst each other in such a %@y t hat above a bottom pi xel area
four top pixel areas resulted 20 in the four corners. A part of such a cel
is shown in the upper half of Fig. 13 where two such four fold pixel
arrays are seen. The pixels are first prepared in their LT state (as
described in the first exanples). Next the device is exposed to a strong

25 rrech%'ec%pes_»swgﬁen@%xmbcmhbndgﬁfél@eéd oW, d flné&%?rﬁeéb 1 JHUSirdd

induces a transition fromthe LT to the HI state In one plxe type
nanel y eReeappedagkgetpisen . aT@@lﬁrkéﬁtrt gpetyasd peliei ras eséen ahue tdgai nst

mechani iadyc f a |st of. Pi.xel /LT
St abiligl%bl%o %gﬁel%g L]%;)%%Ir ??ght%ﬂ%g% F‘?jr t%gg’f%%eﬁ?ﬁ PrFePf GbP

St abi | i €§ stamhg HEdi uhated unameakgMEbﬁZ/&&ﬁZS:EQEICHQtMQeﬂ12pa&&lﬁQﬂ
upper. ri_ght Eixels mg 'suryived ganlcal di st urbance appears dark
bet ween p§ BOM&FT 4R hRERT2e np&r“fie’és e&ﬁ RRCE hEheuper Rl OBt rBRE. of3.

The ori ghealpiket gr berenea wol-ore dwilthed hEmabtcHEsShataTHARE @Hieghand red
between parallel 5 polarizer/analyzer. In order to enhance the optical

cont r astofof5 Mmhevgsi xadded pastheeopdbeal V\PstledaﬁEﬁat ithec dlilquidt lerystal
t hi ckne £ 5 D3 the ptlcal th ter sta
i viSe TBgE&Bg?%ggggaL %F%%ar%ﬁﬁ%?l éi ﬁg!%ﬁég F¥ in

devi ce. “These conpensa plxe

the HT &taghta$n39he HN figte 1 ddbnThe Fﬁgerlplcture of Fig. 13, Exanple
4, illustrates an el enent which consists of the sanme two patterned
alldﬂnent substrates as

The lower picture of Fig. 13, Example 4, illustrates an element

which consists of the same two patterned alignment substrates as

used for Example 1 (pixel alignment patterns of 300 x 300 um®),
but the two substrates are adjusted against each other now in
15 such a way that only the right upper corner pixel type results.
The two corresponding alignment patterns and the resulting
pixels are as shown in Fig. 9. The distance one substrate is

moved against the other may for such an element preferably be

between 3 and 20 um. For the picture, the element fabricated
20 accordingly is prepared with pixels in the LT and in the HT
state. As can be seen, the non-overlapping area around the pixel
can be a small fraction of the total resulting pixel area.
Again, in order to enhance the optical contrast of the pixels, a
passive -90° twisted nematic ceil was added in the optical beam

25 path.

A further embodiment of the invention that may advantageously
use special values of the angle difference between the azimuthal
pixel orientation and the border orientation of the pixel
30 defining sides involved is shown in Fig. 14. The embodiment is
made with two patterned alignment substrates 60 and 61, which
are sketched in the upper part of the figure. In contrast to the

patterned substrates previously  described, the present



used for Exanple 1 (pixel alignnent patterns of 300 x 300 nR), but the two
substrates are adjusted agai nst each other nowin 15 such a way that only

t he ri ghtwappex2gorner pi xel type results. The two correBpDeaong4at i gnment
patterns and the resulting pixels arQﬁgs shown in Fig. 9. The distance one
substrate is noved agai nst the other y for such an el enent preferably be
between 3 and 20 pm For the picture, the elenent fabricated 20 accordi ngly
is prepared with pixels in the LT and in the HT state. As can be seen, the
non-overl appi ng area around the pixel <can be a small fraction of the total
resul ti ' r ks i n40f,d 0,e e tigal . I of
he pi el e e P e P L 8 S 88 et 25 b
beam 29opains Affamne hareasbdid Mot 66f inhehenskape orf tdmtlrmypare .

advant ageously use special values of the angle difference between the
azimut hal pixel orientation and the border orientation of the pixel 30

def i ni nghshdesei rwal ek esrrsfovsulist reitgs b dike €badé neshbifed M@y t h

two patterned, ali nt _substrates 6Q and,61, ich are sketched in the
Upper pAFE GIOTIREH gAPRIPh Ry StP% LRe SYRH ( Br MEAY s GBSEr & eRixel

previ ousky¥adesebiried ad heepiasant i 02/ 03%28 ReHLCHL/ Q4 12; 529 SUkgLr at es
are provided with only a small area of stabilization donmains (frane areas)
63 and B5*Fh tRePeRdFEeH! ban thes §habélipnbhor hdonabnpat3 ernddssubviriahes 60

and 61 L,oe e jUst h i way
fhat 2 orwels aroa T Toron BoE ey P THL Mo Tonro Py ARIEAES “The

pi xel i sohbrtlevees biyhe heppenbind zuitghin pdowedi iwré@rand 684 Whi whilesethep t he
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t he pi xehdav2the | ower and | eft border 71



and 72. WD 02/03128 PCT/CHO1/00412 30 dCdains: 1. Aliquid crysta

el ectrooptical elenent (12) conprising a pair of substrates (10, 11; 20,
21; 30, 3O o0BM1261), the 5 respective opposing inside sup€rcaEst/af41nhi ch
are provided with alignnent surfaces ogylayers, and a nematic |iquid
crystal sandw ched between said pair o? al i gnnment surfaces or |ayers,
characterised in that at | east one of the alignnent surfaces or layers is
patterned in such a way that the azinmuth or pretilt or 10 both alignment
directions (14 to 15, 14 to 17, 16 to 18, 14 to 19, 16 to 29) are

di f f er e®¥laiimsadj acent areas of the pattern thereby defining in at |east
sone donmains of the liquid crystal a ground state ((Do) and at |east two
bi- or nultistable states ((D+, (D). and suppressing the growth of the
ground st at e ,of; it 15 li.guid_crystal .. 2. .The el enent _according to claim
1, char%éterﬁéé&4%$%réky%iﬁg %?%¥?¥55%E&ﬁ%;cﬁ%?%?%%célﬁgt%E@R?%ﬁ%%&ﬂﬁ
areas obatilre pét teubstiatds t(he,range batween; 709 and1110Qg,2053)  Tha,e
el enent _accordi.ng to claim?2, characterised in that the pretilt angle

di f?gr eCEPHETREEN BEHCIIEH AUt GReeFat@ler vhick piet Rrovadgd bettkeen
80 and 300gndend. dhereteser aqeQedkng 409 Cclal Mo rGhar ?ﬁgﬂdse&}%sr{:atlhat

the pretilt angle difference between adjacent areas of t patter I's in
the ran§erpdtrbed Bstupen oswid paimhefeladimnmentcondiages connaysdrs) ai ms 1

to 4, chasastecissda 30 kMakhat thecdl ighment Javer corresponding Lo one

substrate (11) conprises a global orientation at¥F (11)
and inlewgrst A6 pRtganead imysuckozresporitingciio dfiemaithesr pHesiinat &r

10 both alignment directiomns (14 to 15, 14 to 17, 16 to 18, 14 to
19, 16 to 29) are different in adjacent areas of the pattern
thereby defining in at least some domains of the liquid crystal

a ground state (®g) and at least two bi- or multistable states

(®,, ®.). and suppressing the growth of the ground state of the
15 liquid crystal.

2. The element according to claim 1, characterised in that the
pretilt angle difference between adjacent  areas of the pattern

is in the range between 70° and 110°.

20
3. The element according to claim 2, characterised in that the
pretilt angle difference between adjacent areas of the pattern
is in the range between 80° and 100°.

25 4. The element according to claim 3, characterised in that the

pretilt angle difference between adjacent areas of the pattern

is in the range between 85° and 95°.

5. The element according to any of claims 1 to 4, characterised
30 in that the alignment layer corresponding to one substrate (11)
comprises a global orientation for the whole substrate (11) and
in that the alignment layer corresponding to the other substrate

(10) comprises first alignment directions (14) in first portions



(10) conprises first alignment directions (14) in first portions WO

02/ 03128 PCT/ CHO1/00412 31 (32) spaced apart one from anot her and second
al i gnnentwo d?/63es i ons (15) in second portions (33) provi dedriogwesmn t he
first portions (32), wherein the areas,pf the first portions (32) form

pi xel areas (1) . 5 6. The elenent according to claimb5, characterised in
that the pretilt angle in the first alignnent |ayer (34) is |less than 20-
(16), preferably less than 100, in that the pretilt angle in the second
alignment |ayer in areas (33) not contributing to said 10 pixel areas (1)

is more (3m@n SHacER) , paferabley abow 8hownd  idhd haleddify praﬁltiidglﬁm le
in the second ,alignpent |ayer in areas (32) contributing to said piXe
areas (BO1EEEHIO8S t hap 267 199condyr pPEFEBRY (833 threeviB8l bSt#eefheche

el enment @BGGEY | akBy 5 :ch terised | t -.t.he azi_nut hal
R i e R S e I S
(32) cont32)bformgprisesapdepsxél) areas (1) is about +90 and in that the
azi mut hal angle difference between the first alignnent |ayer (34) and the
areas (33) not 20 contributing to said pixel area is about -90. 8. The
el enent éccomiengleneahyactocithgstd ¢Tavh Thadlaotitics8ted Ant Mt K8

al i gnment_ | ayer cocrespondi ng,to one, substrate (21 conprises first
al i gnnérﬁre&ilﬁgctapgﬁlg ¢ Gf%en%FFFEta%W@b%ltZSlaé’@rﬁi (®)legsadd@drapfrt one

from anotusgr, ardreeapn¢ akbgneRah 164 f egtivns (4R ﬂfét%_qq’:o?:\glgﬁter iigxe_th

portions (25) provided between the first stripe portions ) an it hat

the ali GfFERE |3ligmmeady r baRINdiRg ar6ashd 380 harots upetuiku{2Q) tonmmaises

t hi rig ik@MeRtadi (et kangotd4rnih thér tri ti-ons,(22) .spaced 30

apart O%Je from aﬁot Ae? and ?ourt]ﬁ aI%an&@ ’dié%gecf?eﬁ{)ar?s}?’?f‘}’)gui%n 89 ! ands
in that the pretilt angle in the second alignment layer in areas
(32) contributing to said pixel areas (1) is less than 20° (14),

preferably less than 10°.

15 7. The element according to claim 5 or 6, characterised in that
the azimuthal angle difference between the first alignment layer
(34) and the areas (32) contributing to said pixel areas (1) is
about +90° and in that the azimuthal angle difference between
the first alignment layer (34) and the areas (33) not

20 contributing to said pixel area is about -90°.

8. The element according to any of claims 1 to 4, characterised
in that the aligmment layer corresponding to one substrate (21)
comprises first alignment directions (16) in first stripe
25 portions‘(24) spaced apart one from another and second alignment
directions (18) in second stripe portions (25) provided between
the first stripe portions (24) and in that the alignment layer
corresponding to the other substrate (20) comprises third
alignment directions (14) in third stripe portions (22) spaced
30 apart one from another and fourth alignment directions (17) in
fourth stripe portions (23) provided between the third stripe
portions (22), wherein the substrates (20 and 21) are mounted in

a way that the first and second stripe portions (24 and 25) are



fourth stripe portions (23) provided between the third stripe portions
(22), wherein the substrates (20 and 21) are nounted in a way that the
first andveeweeB stripe portions (24 and 25) are WO 02/ 03RCBCRCTH@EIHDL/ 00412
32 at an angle to the third and fourth Etripe portions (22 and 23),

wherein the sandw ched areas with firs? and third stripe rortions (22 and
24) formpixel areas (1). 5 9. The elenent according to claimS8,
characterised in that the pretilt angle in the first alignnment layer in
the first stripe -portions (24) is less than 200 (16), preferably |ess

than 1005¢ i g thafrd RS RAGRL idHsanghe B ' a%lapﬂg{] b elhd e
second stri pq%%ﬁti ons (25) ils nor e thg%{?goé%ﬁ%%ej ér’e era%l 2azyfﬁldlabrbo?’ t’ 80,
in that whrrqiret ithe asgndvilghede sseand wlilgnniitst ayerd i ntHinel t st ri pe
portion )y S h 2 prefera | ess than 100, and in that
the pr et‘lcflft%éjr#&se(b?ng{lﬁe%)seggﬁ'ﬁ%%}feglnr?%r?tgsl g%r in the fourth stripe
portions (23) is. nore than 50 (17), preferably about 80. 15 10. The

el enent accordi ng.to claim acterised in that the azi nuthal

r% q 8 8( 9,tchai .

ang| di%f e_rg Ce 38?1%8 n3ERETFTTPSL “St P por tFHRCH ) S d ot Fdathithe

stripe pafddians gk iin +ORe apdrin hhagnhdie: Bzjamt hal cangles Jif forange

between the first and second 20 alignnent |ayers (24, 25) and between the

third aRPHowEn (24)i gifrehess ajes €02, (28) .| preferabiypeéessvehgn ID°,The

el ement ;accoRgl ngnd 0p2BY i 0 Ghahes 11 Lt £ ohar ' {0 dhat th

alignment |ayer cor rgspondi ng To onle suestrlate ?%ilfé@%%:o%%(%%e%nat%e

chequer &¢9sat e34¥igfe fPesticls ghABht idi mewtel driwar( 169°i (1)1, s tpracietiams, ( 35)

and 19f sgcopd gld gnggn i,rectio in,second_portions (36), and in

that the aﬁjir{gnrren’t ngtetrh%tco%%sggﬁgf?ﬁ% E89¢t e 18t hebe s §55PPG @q( ent

conpri sésiyerchiggueredthird stripe portions (22) is less than 20° (14),
preferably less than 10°, and in that the pretilt angle in the
second alignment layer in the fourth stripe portions (23) is
more than 50° (17), preferably about 80°.

15
10. The element according to claim 8 or 9, characterised in that
the azimuthal angle difference between the first stripe portions
(24) and the third stripe portions (22) is +90° and in that the
azimuthal angle difference between the first and second
20 alignment layers (24, 25) and between the third and fourth

alignment layers (22, 23) is 180°, respectively.

11. The element according to any of claims 1 to 4, characterised
in that the alignment layer corresponding to one substrate (31)
25 comprises a chequered pattern of first alignment directions (16)
in first portions (35) and of second alignment directions (29)
in second portions (36) and in that the alignment layer
corresponding to the other substrate (30) comprises a chequered
pattern of third alignment directions (14) in third portions
30 (37) and of fourth alignment directions (19) din fourth portions
(38), wherein the substrates (30 and 31) are mounted in a way
that the first and second portions (35 and 36) are congruent

with the third and fourth portions (37 and 38), respectively,



pattern of third alignnment directions (14) in third portions 30 (37) and of
fourth alignment directions (19) in fourth portions (38), wherein the
substrat av0 (3®B12"d 31) are nounted in a way that the firBCT/andl/s@ennd
portions (35 and 36) are congruent w p the third and fourth portions (37
and 38), respectively, WO 02/03128 PCT/CHO1/ 00412 33 wherein each

sandw ched portion (51 out of 35 and 37,52 out of 36 and 38) forns a pixel
area (1). 12. The elenent according to claim1l1l, characterised in that the
5 pretilt angle in the first alignnent |layer and in the second alignnent

| ayer i $He0%S nt RaRMSWrdAchtl, ptetidd) :(543.cuthe el ?yﬁaﬁ?ag‘%%.@i Rt Qeclai m

11 or 12, characterised in that the azinuthal angle difference between the
first péetiddes3810LpBBY anei¥Ne as@sorid)portions (36) of the first alignnent
| ayer is 180, in that the azinuthal angle difference between the third
portions (37) and the fourth portions (38) of the second alignnent |ayer
is 180 d2d i Ahehalendrt szd¢oandialg daglcdaidi Lier enaeadetmiesnd fin sthaandtehi rd

porti.on 5.and 37) and 5 t ween_second .and fourth _portions (36 and 38)
i's 95. %E(E%H% eafneqf%eentl%cg%’?di V\St%o %ﬁ@g%‘feqﬁ a??%e’ilaflg TF tEfa sed
in that atlienhienhst lageeons, 144 rchaand ofoynkh 1ppridvonso) 35, 36, 37, 38) are
rectangul ar, preferably 20 quadratic, portions. 15. The el enent accordi ng

to any of claims 1 to 4, characterised in that the alignnent |ayer
y ( . . 9 y .

correspandi NGhtO QRAeBEDHIREE 16810 COMn SE6 &1 8h, aldhgRuRRt dLEgCtions

(16) in first portions (64) 25 spaced apart one from another and second

al i gnnmedtiedi rided | dabnutied) apokecohiigorndonketesyn ptbei ddd sbepeedniarise

firgsy partshons,g (84) . s8hshd Nud e g I CQR; [ to the

ot her gubs)t rate (60)Scorrpr ?%eé%ﬁggd(%)i gﬁgngg%led?rgg%%i %%Sl%?’%%?lgl g%yer
is 180°, in that the azimuthal angle difference between the
‘third portions (37) and the fourth portions (38) of the second
alignment layer is 180° and in that the azimuthal angle
difference between first and third portions (35 and 37) and

15 between second and fourth portions (36 and 38) is 90°.

14. The element according to any of «c¢laims 11 to 13,
characterised in that the first, second, third and fourth
portions (35, 36, 37, 38) are rectangular, preferably

20 guadratic, portions.

15. The element according to any of claims 1 to 4, characterised
in that the alignment layer corresponding to one substrate (61)
comprises first alignment directions (16) in first portions (64)
25 spaced apart one from another and second alignment directions
(18) in second portions (65) provided between the first portions
(64), and in that the alignment layer corresponding to the other
substrate (60) comprises third alignment directions (14) in
third portions (62) spaced apart one from another and fourth
30 alignment directions (17) in fourth portions (63) provided
between the third portions (62), wherein the substrates (60 and
61) are mounted in a way that the first and second portions (64

and 65) are congruent with the third and fourth portions (62 and



third portions (62) spaced apart one from another and fourth 30 alignnent
directions (17) in fourth portions (63) provided between the third

porti ons Wa@ayg3teherein the substrates (60 and 61) are noRaT/€HOI/M432 Way
that the first and second portions (64.4and 65) are congruent with the
third and fourth portions (62 and WO 0%703128 PCT/ CHO1/ 00412 34 63),
respectively, and wherein the areas of the first portions (64) and of the
third portions (62) formpixel areas (1). 16. The el enent according to
claim15, characterised in that the 5 pretilt angle in the first portions

(64) isd®ss tdepedBvelys ef @idbiNel€Bs thanatfs of thal fhedrsidiosngl e
in the ., . second portions,(65) is nore than 50, preferably about 80, in
that t hel§fle@% CinGPe FRIEHePPRFFINHOIG3)oOrMeP Xed PES3St hBh. 200,
preferably less than 10, and in that the pretilt angle in 10 the fourth
portions (63) is nore than 50, preferably about 80. 17. The el enent

accor di nef + o icaPAemsnbr a¢e0réhng ae? ctliadad 15n chhagctheiaed nin hdlaarghe
differe we esdir p L ans 4 ngd t ke ird portions (62) is
abou?§+ Oofggﬁa ?ﬁg%ﬁafl%hghf5qgg#ﬁ£tﬁg%égﬁﬁ?quﬁpfe%gngﬁa etéé%ﬂ t %;'
second poreficordli6Sleand thame 108 t Hnpothaiontheb3pravileondnglleut ing Higs said
pi xel area is. _about -90. _18., The el nt accordi to_any of clainms 1 to
4, char &3EHS&EY r(%iﬁnisn (tbﬁit thd" A1 3&%&? 9 ayéjrrerc]f%rrrag’éé’oﬁ@ioﬁﬁ 88 “oneln
subst r attthst619he qoretilsesahyIst inl tpamenirdi peetigns ((66) 1B fidsat $Ltions
(64) spaced apart one from another and second alignment directions (18)
in secorfd porﬁrlpe(;ﬁéfaéjég) 15s6vitded i wedndt Ke fibadt gfé’kﬁtnr(ﬂ'ﬁsllt( @agleanih i n

thatidt herp! ifgFRat pbay¥ebn§O0Y 585 PPOdidKE tdahhgget h t (
conprises third aIannen? d#reitions (14)ain Otﬁiggeggféygiéﬁg%gjzg%gbed

apart one from another and fourth alignnent directions (17) in fourth
portions A 63)mBr MRt according to claim 15 or 16, characterised in

that the azimuthal angle difference between the first portions
(64) and the third portions (62) is about +90°, and in that the

15 azimuthal angle difference between the second portions (65) and
the fourth portions (63) not contributing to said pixel area is
about -90°.

18. The element according to any of claims 1 to 4, characterised

20 in that the alignment layer corresponding to one substrate (61)
comprises first alignment directions (16) in first portions (64)
spaced apart one from another and second alignment directions
(18) in second portions (65) provided between the first portions
(64), and in that the alignment layer corresponding to the other

25 substratg (60) comprises third alignment .directions (14) in
third portions (62) spaced apart one from another and fourth
alignment directions (17) in fourth portions (63) provided
between the third portions (62),

wherein switching between the bi- or multistable states (®,,

30 ®.) needs different energy in different sub-areas along the

border of the "first portions (64) and third portions (62),

respectively,



between the third portions (62), wherein switching between the bi- or
multistable states ((D., 30 (D) needs different energy in different

sub- ar easv@bwomy2g8 he border of the 'first portions (64) abPdT/ACHOL/G4pDrtions
(62), respectively, WO 02/03128 PCT/ G01/00412 35 and wherein the
substrates (60 and 61) are nounted in a way that areas of the first
portions (64) and of the third portions (62) form pixel areas (1) such
that . the pixel areas (1) are limted by first selected sub-areas 5 (71,
72) along the border of the first portions (64) and second selected

sub-areas (Z8d ¥Aprakangntheubatdgteof <@dsleaﬁal @% aP@r hibARge§62) aWWaﬁh
selected first and second sub-areas (71, 72, 73, 74) need a) according to

one prefbffed 3888 mitfe dh%) THaEdr diwgtions1d64hot hed posf etthed dased ess

energy tersWhheh (khansthe & epm a g the border of the first
pOFtIOﬂ% 564 é ﬁlrd d%rtloggﬂ%%gqa) %ﬁaghgthenent according to claim

18, characté%?s@dxﬁﬁ tergest Ha) §5esabmutadeby(GﬁJHMKiéémeGMad|nmbﬂaméas1 a
way hatthe 55r§ﬁo§%dthigggﬁ%e %%%s “éﬁgﬁ%f§%f§22g ﬁ%%%%%xrgtg

t he h|rd and” " f our ortions
directi erle80pd ZQuBGarahe eFEﬁemM)acadegngth@ chord@d8 & khe third
characteri sed inég%gat the pretilt angle in the first portions (64) is |less

than 28°Tpr&Fer 'l ess than 10, in that the pretilt angle in the second

portions (6&QhitE m¥ledthdn HkstPreher abb¥ndbilh-8Qeakn (fhatyot hepretylt
angle in the third portions (62) is |less than 25 20, preferably I'ess than
10, andPPRdt Rt ACFETEHEE tO SRG Prederrpd Falet ROpSr Proks EEYPrisngor® t han

50, 1prebgrabby 2Pe¥k:8Qq case less energy to switch than the remaining

sub-areas along the border of the first portions (64) and third

portions (62).

19. The element according to claim 18, characterised in that the
15 substrates (60 and 61) are mounted in a way that the first and
second portions (64 and 65) are not congruent with the third and
fourth portions (62 and 63), respectively, but shifted in a

direction (80).

20 20. The element according to claim 18 or 19, characterised in
that the pretilt angle in the first portions (64) is less than
20°, preferably less than 10°, in that the pretilt angle in the
second portions (65) is more than 50°, preferably about 80°, in
that the pretilt angle in the third portions (62) is less than

25 20°, preferably less than 10°, and in that the pretilt angle in
the fourth portions (63) is more than 50°, preferably about 80°.

21. The element according to any one of claims 18 to 20,
characterised in that the azimuthal angle difference between the
30 first portions (64) and the third portions (62) is about +90°,
and in that the azimuthal angle difference between the second
portions (65) and the fourth portions (63) not contributing to

said pixel area is about -90°.



21. The el ement according to any one of clains 18 to 20, characterised in
that the azinmuthal angle difference between the 30 first portions (64) and
t he thiradveoroilehs (62) is about +90, and in that the. apCmiHaabodangl e

di fference between the second porti or?;s (65) and the fourth portions (63)
not contributing to said pixel area i°% about -90. WD 02/03128 V
PCT/ CHO1/ 00412 36 22. The el enent according to any one of clains 18 to 21,
characterised in that first portions (64) and third portions (62) are of
unequal shape, wherein parts of first portions (64) 5 are overl apping the
fourth portions (63) and parts of second portions (65) are overlapping the
third portions (62). 23. The el enent according to any preceding claim

char act2ri sethe | plementt hecabrdmpenttodi apgt ianrs off atlabast wnetef the 10

al i gnment_ | ayers arge creat.ed through phot,o-ali nt. .24.. A liquid,crystal
di !sgl ay” valléclteerilosr?pdﬁ %Pngt}%?qﬁ i ghF%*gchf?s'f% Onse: g%‘{fo@ﬁfli é‘?h”éi I(aﬂélﬁf:lQEl\s/s

def i ned(éx) aawe one ahetihel peRapd| Nghetéddh Pardd @6. FiArdt qpbd:Loxst aka)
di sgay devi ce erein a matrix is disposed (%y form ng each of the
el ect r RIS GVEEhEPPIREI FhG ySPArth ePOEELEBPt i (&8 ertreRBTES &F i Regord any

one of ghe phacedisg ard @v@lagg%g 8R8NPLDEE Y HGLIpHe (ghgup and a signal
el ectrode 20 group with pixels being fornmed by the Iinterséction of the

scanni ng el ectrode group and the signal electrode group. 26. An

el ectr ti ISl |j_qui I .ectr ical .el ement
as def io%g'd ?l%{ea%}%ré\eg{tof C aﬁd’rirg@% tt%oalfgppq:f? %@ESAC%%% i’afzgg%ﬁﬁgﬁ%ﬁﬁ at or
conpri simg that quilte crajstgamengl ediireopional &l ernt laasdef bned bf asjeone

of ﬁJajggﬁéaﬁéﬁéilayers are created through photo-alignment.

24. A liquid crystal display device comprising a liquid crystal
electrooptical element as defined in any one of the preceding
claims.
15
25. A liquid crystal display device wherein a matrix is disposed
by forming each of the electrodes of the 1liquid crystal
electrooptical element as defined in any one of the preceding
claims into a scanning electrode group and a signal electrode
20 group with pixels being formed by the intersection of the

scanning electrode group and the signal electrode group.

26. An electrooptical shutter comprising a 1liquid crystal

electrooptical element as defined in any one of claims 1 to 23.
25 )

27. A spatial 1light modulator comprising a 1liquid crystal

electrooptical element as defined in any one of claims 1 to 3.



