LI QJ'D CRYSTAL DI SPLAYS This invention relates to liquid crystal displays.
Pregent nematic liquid crystal displays are 5 prinariﬁlcﬁugﬂﬂpbﬁfapt
 dedi £es which |ack nenory, and thereby suffer fromstringent multiplexing

i tations inposed by refresh requirenments. A persistent electro- optic
response in such nematic type displays requiring no sustaining voltage is
desirable. 10 According to one aspect of the present invention
there is provided a nmechanically bistable Iiquid crystal display conprisingé
a Niguid crystal material having orientational directors disposed between a
first substrate surface of a first -substrate and a second substrate surface
15 of a second substrate, said substrate surfaces being substantially
pl anar and parallel to each other, said |liquid crystal material being

mainly in the nemati ¢ nesophase, said first substrate surface being
fabricated such that the orientational directors adjacent to it are 20
parallel aligned with at | east two adjacent regi ons having the property
that the director alignnments alternate froma positive angle to a negative
angle with respect to a nornal to the substrate surface, which normnal
points into said liquid crystal materiall, =said angl es being 25 between 22.5
and 67.5 degrees, the boundary provided by said first and second substrate °*
surfaces containing at_]east two singular points of. orientational alignnent

28 for detaching and reHRYERNCRESYALPIRRLASSS in said liquid -2-
crystal material. AwDsdimgehionorBehtasPedt 19iqulifte d¥eaall disEIdysSn
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imposed by refresh requirements. A persistent electro-

optic response in such nematic type displays requiring

no sustaining voitage is desirable.

10 . According to one aspect of the present invention
there is provided a mechanically bistable liquid crystal
display comprising a liquid crystal material having
orientational directors disposed between a first substrate
surface of a first substrate and a second substrate surface

15 of_a second substrate, said substrate surfaces being
substantially planar and parallel to each other, said
liquid crystal material being mainly in the nematic
mesophase, said first substrate surface being fabricated
such that the orientational directors adjacent to it are

20 parallel aligned with at least twe adjacent regions
having the property that the director alignments alternate
from a positive angle to a negative angle with respect
to a normal to the substrate surface, which normal points
into said liquid crystal material, said angles being *

25 between 22.5 and 67.5 degrees, the boundary provided by
said first and second substrate surfaces containing
at least two singular points of orientational alignment

28 for detaching and reattaching disclinations in said liquid



surfaces beingisubstantially planar and parallel to each other, said quu(E%éZ)
crystal material being mainly in the 10 nematic nesophase, said first -
substrate surface being fabricated such that the directors adjacent to said
first substrate surface are .parallel aliggned at a first angle which is
positive with respect: to a nornmal to said substrate surface, which normnal
points into $AVEYRgMeFemiakystal material, and said second substrate
sukface being fabri gricskdigh thaincttier digpadtoref aie@qanésdmt sai d second
substrate surface are rallel aligne t_a second * ichis
negative wit EPVER AR ¢ ef%@r%'eﬁlf‘fq’olcgea&aa ?@%@}, LGARtY a@éﬁ?gce,
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i ncl udi ng at ast” two surface Inurtires dispo acent to said
first and secorfirgihubatrate fsurtagerofic ativsly SHRSFRAES 204 gy second

diesclinati Onssdﬂkﬁsaht%?‘iéinlfé&g berydédtonBifivStrate, Heid o598t Ptand
other features of the present .inventjon wil] now be furtaf&ﬁfeﬁcr|b€g,
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-diagranmatic form untw sted and .
15 crystal material, and said second substrate surface
being fabricated such that said directors adjacent to said
sedohd substrate surface are parallel aligned at a second
angle which is negativé with:réspéct to a normal,to said
seéond substrate surface, which normal points into said
20 liquid crystal material, said first angle and said second
angle being between 22.5 and 67.5 degrees, the cell
further inclhding at least two surface discoﬁtinuities
-dispdsed adjacent to said first and second substrate
surfaces for detaching and reattaching disclinations in

25. said liquid crystal material.



, wi sted director alignnment configurations; FI'G .7 shows a diagrammatic »
ohss section of one enbodi nent of the present invention; FIG 8 shows in
agranmmatic forma top view of a cell element as appropriate for use in

t he enbodi nent 30 shown in FIG 7; RLG -9 shows, in diagrammtic form the

top view of several cells shown in G 8 taken together; FIGS. 10 and 11

show a di agrammatic cross section of a nodificati.on of the FIG 7 -

. enbodi ment; 35 " FIGS. 12 and 13 show di agranmati c cross -
sections of different embodi ments of the invention; FIGS..1+-17 show, in

di agrammatic.form a nodel 38 of the transition froma "vertical” stable

configuration to, a "horizontal" stable configuration for the enbodi nent

shown in FIG 12; FIGS. 18-21 show, in diagranmatic form .a nodel of the
transition froma "horizontal" stable configuration 5 to a "vertical"

stabl e configuration for the enbodi nent shown in FIG 12; FI GS. 22-26 show,

I n diagranmatic form a nodel of the transition froma "vertical" stable v

configuration to a hor| zontal" stable configuration for the enbodi nent 10

shown in FIG 7 ElLG 7 S I ngdi cro tion of

the FIG 12 enbodi %tm‘if?@?ﬁ‘anﬁéﬁ&f‘%g &t Ehs gngg t he "
"hori zont dlnventidm WiZ'E]: tmmlbesfwbthenodésgnihedgnraferdnepl bedng 15

FI G RG 7 enbodi nment
“incl uél ng Cr ossed%a%@%%ég%g % '&ﬁow “di agrammatical |y

el ectrode arrange Shaws i ot grapaleah £oBR, (AR PREEEYI on; 20

FI'GS. 32- @iagieith mﬁ.csh Mﬁmﬁeé Othé GoREEHE 6€CHisBaBilfty; 31;

FIG., 2 shows, in diagrammatic form, a liquid
crystal cell; | -

15 FIG. 3 shows, in diagrammatic form, the surface
of a substrate with regions of director alignment giving
rise to lines of singular points at the boundaries between
said.regions;

FiG, 4 shows, in diagramatic form, the
20 definition of positive and negative director a;.ignment;
FIG. 5 shows, in diagrammatic form, the surface of
a substrate with-regions of director alignment having
straight line boundaries;
FIG. 6 shows, in diagrammatic form, untwisted and

25 twisted director alignment configurations;

'FIG. 7 shows a diagrammatic cross section of one -
embodiment of the present invention;

FIG. 8 shows in diagrammatic form a top view of a
cell element as appropriate for use in the embodiment

30 shown in FIG. 7;-

FIG. 9 shows, in diagrammatic form, the top view .
" of several cells shown in FIG. 8 taken together; -
FIGS. 10 and 11 show a diagrammatic cross section |
of a modification of the FIG. 7 embodiment; _
35 FIGS. 12 and 1% show diagrammatic cross sections
' of different embodiments of the invention;
, FIGS. 14 <17 show, in diagrammatic.form, a model
38 of the transition from a "vertical" stable configuration to



FIGS. 35 and 86 show, in diagrammatic form the transition between stablf. '-
configurations in a different enbodiments; 25 FI G 37 shows,
di agrarmat ic form the rel ationshi p-betlwee-n the "horizontal" and "verti cal "

stabl € confi gury GO RSt r}{kaéry“h% lted -
director ali g'nrrgltr?ltrg%ﬁtél gﬁhg\%%e%)?\ge# QH resul j[(}gesc I nation
.vel oci ty andsiepmoinnfi&.sdi&schi ng ti me bet ween stabl e configurations for

t he- embodi ment shown i n Figs, - 13-21! Ghodd, sﬁp\@ﬁé n{n?dﬁtd Vi 19} Iapa.ioae1
transm ssion of the enbodi nent shown in FIG

shows the trQfsitthe thansdtion Irgm &, "ﬁ{j’r&fzqrﬁéléhtﬁiﬂ%tcﬁmqﬁuﬂlﬁ 7
FIGS. 41-532 0w dvéradcaltats tablied torfd@uration bt thd ieadsbdinast

produced by an el egﬁg% at]ﬁ_angenent suitable for switching between
stabl e conf| @ enbodi nent shown in FIG 12; and FIG 43

shows, in schemat i c di adtIG8.f c22aa26asm»3 fior ™l icagrsmact iax tfooanke, s meodgnent
for swi tchi ngqkeqghei'ia U AR5 (L | el abPOA

Devi ces fabricat e I n accor SJance W t present 1 nvention c?!E) r-se

liquid cryst &o Mt"mr@zoa!f@d%@ctmftmmrt doxr rﬁ;teerqna)@mqnihas

been di sqQ@veshdwmoWn' FIigRr Ml i quid crystal 10 cel | s in these devices which
have nechanical ly st abl %‘ comkygurat I ons, of -.al i gnnment, of the orientational

directors (e.g. the |iqfi§ec/siShoufy dadiae ar?eiq ARy & RXCHS

mat eri al . FOFsddﬁolmliﬁ’ﬂtthet FIG.bag dmhoen\rneaﬁgemm:lﬂ optied firelst Alimed | to
'gguﬁd\égl thmrret g'%b‘g?%s?%‘\“ﬁ rgat,&dﬁgil ¥ t e‘élgegst reggt\g;e h'dl zn t he
bot t om by thet&bﬂﬁa@@nﬁigumatGDMEmnnuﬂiﬂphaxedww>substrates. The sides of
-the vol ung; conpri ses SUWﬁRH”Qé“%nows in diagrammatic form a section of

' the FIG. 7‘embodiment including crossed polarizers;

FIG. 29,30 and 31 show, diagrammatically
electrode arrangements for various embodiments of the
invention; _ .

20 . FIGS. 32-34 show, in diagrammatic form, a cross
section of FIG. 31;

FIGS. 35 and 36 show, in diagrammatic form, the
transition between stable configurations in a different
embodiments;

25 FIG. 37 shows, in diagrammatic form, the -
relationship between the "horizontal" and "vertical stable
configurations in conjunction with a cell boundary having
tilted director alignments;

FIG. 38 shows experimental results of

30 disclination velocity and approximate switching time

. between stable configurations for the embodiment shown
in FIG. 12; '
) FIG. 39 shows the relative optical transmission
~ of the embodiment shown in FIG. 7; |
35 FIG. 40 shows the transit time for the switching
of the embodiment shown in FIG. 7; ’ _
'FIGS. 41-42 show a d1agrammatio cross seetion of
38 the field lines produced by an electrode arrangement
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(Eéé)id crystal material. Herinbelow w Il describe how 20 these individual

elf s.are conbined in devices but the present invention, which specifically

- addresses the structure which provides for mechanically stable
configurations, is best understood b considering the liquid crystal cel

descri bed herei nabove. Configurations of director alignnent
which are rﬂiﬂkﬁhlealfqr sﬂ%t@mz rbetwern t Stable ceorfigurabions fexcribed -
mat hemat i calfe/ divhd wne 4 Frre, Ha{ergnd sol utions of the -

equi li briumequatiq me hyS|caI u condi tions. For
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di sclination contlnwty |n t direction of the ‘orientational
di rect ors) hekwaam mpatrate materia crystal material or possibly on

thebfurfa0$_ of the wbﬁs awe;]n aisWT Yhow ﬁ?dﬁémoz.sq?mhci-vmmne
Ssta e conrti atjo to anpt . e venent o Cl | ONs causes
Tha’ s A0 el 1 ehisnd Mo vites Wit R TS mecnanfcal iy sBabISS e
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This fact Fhe ! I and fi nal
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configurati res ect, to ach ot rgl ationship

is illarMakeriaiwithin j¢he whichigP ‘Eie"s‘nt
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_surfaces bottom by the surface of the other one of the two.
substrates. The sides of the volume comprises surrounding
liquid crystal material. Herinbelow will describe how

20 these individual cells are combined in devices but the
present invention, which specifically addresses the
structure which provides for mechanically stable
configurations, is best understood by considering the
liquid crystal cell described hereinabove.

25 Configurations of director alignment which are
mechanically stable with respect to each other can bé
described mathematically by the existence of two different
solutions of the equilibrium equation for the same physical
boundary conditions. For example, a mechanically bistable

'30 1iquid crystal cell is one in which the liquid erystal
directors can assume either of two different ordered stable
configurations of equal or nearly equal energy. _
(Degeneracy in the sense of equivalent qurgy'is, however,
not a prerequisite to bistability.) o

35 An analysis of this problem has led to the
conclusion that one class of mechanically stable

" configurations is that in which movement of disclinatlons

38 (a discontinuity in the direction of the orientational



whi ch provide t opol ogi cal singular points thereon,- which singular points
serve_as ‘'sources of disclinations, or by providing nmeans for generating
ﬂdlsctlnatlons such as by specific electrode arrangenents which provide
1 nhonpbgeneous 20 electric fields. A &élgul ar point is defined as a point on’
t he surface encI05|ng the liquid cryst cel | at whi ch a director -alignnent
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which provide topological singular points thereon, which
singular points serve as sources of disclinations, or by
providing means for generating disclinations such as by
_ specific electrode arrangements which provide inhomogeneous
20 electric fields. A singular point is defined as a point
on the surface enclosing the liquid crystal cell at which
a director alignment ambiguity exists. This ambiguity means
that the director alignment at the particular point is not
 uniquely determinable from the giveh boundary conditions.
25 - FIG. 2 shows substrates (e.g. transparent glass
plates) 910 and 950 having a liquid crystal material
disposed therebetween. Volume 1010 shows, in most -
general form, an individual liquid crystal cell which is
bounded on top by section 951 made up of regions 901-906

e 30 on the surface of substrate 910, on the bottom by
section 1001 made up of regions 1021-1026 on the surface of
o . substrate 950 and on the sides by the surrounding volume of

liquid crystal material., Clearly then a device may
. comprise many liquid cells. . -
35 'FIG. 3 shows a portion of the surface of
substrate 910 which is disposed adjacent to the liquid
_crystal material. Regions 901-906 as well as regions
38 1021-1026 of thelsurfaces are configured or treated so that



.a

Syt ate surfaces have patterns so that boundaries 920-924, which conprise
ne of singular points, are straight |lines which are parallel to and
equi distant from each other. Twisted and untwisted confi gurations will now
be consi dered. For purposes of thi S7d€S-CI’I ptlon aliquid 20 crystal cell

w Il be consid gﬁ% t hat
directors 5? gﬁg }ﬂ&g:ﬁ?&&ecto 2)%{ e p%ai:aii iIh Igl{ﬁ'éeﬂreg%égn E.i\"
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axis of a. t é’tb(?l 5%“@5’%&’&% AFIh %lceéﬁiﬁfﬁlﬁw de
crystal cehﬂa'baﬂﬂalbe \Amms Qﬂa @nd 4 rdQDQ'We mudiwtmn r&€tion. The
arrows in S| t
e&’f ori erft at’i o %fpdf d:‘he d] recj%rgrs % ¢ Mgﬁps N

the direction

ori ented ometerigde aedei&ih ﬂ-@?iﬂ%ét%@%mjs%‘f?é'fé Cltfésé%ﬁﬁt h.
FIG 64ghown &oﬁﬁﬁ@lﬂcwmeﬁwt@t iintd idteetkts pliineaHritee i papem

boundary cGRRALHRE BHt | “(%ﬁéa%? 265 98 0%, et & ’y’aiaf%% to
t he surf acd:oofndﬂmlt m‘lsuﬂxan & ahoints voutl 0o the gplaneif

adj acent t tecg qIﬁ]tmb tom substrate are aligned parall eI 51to
a
each ot her% %ec%tl ése arfows are shown as full length to denote

the fact that theyAa ei-S shown A G shimkrak megions M n¥heuration 1101
s denqﬁzd stbstriate RirRited lilve Gt i s thatbourdaries 920-924,

configu tIOr}.ch comprise a line of singular points, are straight lines
which are parallel to and equidistant from each other.
Twisted and untwisted configurations will now be
considered. For purposes of this description a iiquid-
20 crYstal cell will be considered where the top substrate
surface has been treated so that directors at the surface
are aligned to be parallel to each other at an angle 6 at
the surface, where 9 is measured from the surface normal,
and the bottom substrate surface has been treated so that
25 directors at the surface are aligned parallel to each other
at an angle -6 at the surface. The illustrative figures
used discussing this point will all have reference to a
view of the cell obtained by slicing the cell with a plane
- perpendicular to the substrates. This plane will be defined
30 as the Z-X axis of a .three dimensional coordinate system.
The slice of the liquid crystal cell will be viewed by .
"looking into the positive Y direction. The arrows in
the region of the cell between the substrate surfaces
represent the direction of orientation of the directors.
35 When a director is oriemted out of the above-defined Z-X
plane we have shortened its length. -
FIG. 6 shows a schematic representation of three
38 director alignment configurations, 1100, 1101, 1102, that

p containing FIG 4. As is shown in FIG 5 typi-cal r'egi ons on the 15
3 r

-



10 Its 'noteworthy feature is that all the directors |lie in the Z-X plane @
and do not twi st out of it. Configurations 1100 and 1102 are denoted as
_three-di nensional configurations or tw sted configurations. The noteworthy

_feature is that the directars are not all 15 aligned in the Z-X pl ane..
Configuration 1100 is referred to as & right tw st configuration and

configuration referred, tp as e t W st ur at | t should
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s_ut)ﬁtrate stgkfmsimmahes.rel atlye al i gnLrent of Ehe su]E)st Latg s_urfacescI

W respect to eachsQ r. - ure o e devices an

t‘{:e met hod i n whi ch%ﬁ%ﬁgﬁvﬁﬁé s‘f?éé%f%ﬁv%rm understood if -
e two- d|rmdtmensﬂonalLnunﬁigunattnnaon;annuntuiaxbd/Ugntﬁguraminn.

di fferepki at f%ﬁf éaézﬁhr@t PELSt dtﬁé t he
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liquid cryst @m&f@f‘%ﬂ ok davisih AW o si%f liquid crystal cells
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where a subsim@s @ right twist configuration and configuration 1102 is .
referred to as a left twist configuration.” It should be
clear that, for illustrative purposes, a twist of 180
degrees is being considered. Each of the configurations
20 1100, 1101, and 1102 corresponds to a director "vertical
~ configuration, even though the directors of configurations
1100 and 1102 appear somewhat horizontal. The "horizontal®
configuration for twisted configurations is described
¢ hereinatter. It has been discovered that the formation
25 of the twisted or untwisted configurations is a function
of liquid crystal material parameters such as the moduli
of elasticity, magnitude of director alignment angles
at substrate surfaces and the relative alighment of
the substrate surfaces with respect to each other.

¢ 30 However, the structure of the devices and the method in
: which they operate is most straightforwardly understood if
. the two-dimensional or untwisted mode is considered. Any

pertinent differentiations in either fabrication or in
operation will be noted as the description proceeds. -

35 ° FIGS. 7,12 and 13 show the pattern of liquid
crystal directors forthref embodiments of liquid crystal
cells having at least two stable configurations. How.the

38 pattern of directors is generated is discussed hereinafter.



$ion of the directors are aligned along a direction which is -
antially parallel to arrow 101, i.e., the X direction, in FIG 7.

ge two configurations are both 10 stable and optically differentiable
v respect to one another. Alternatjing-Tilt CGeonetry Figure 7 shows a
cross section of a liquid crystal celTy which has been cut in a vertical
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3hOU| d, howa:ten, igesabatantgamwmuh&elthse l’a&&gﬂ:qfotﬁnql.@.f,betwen 2|2 5
egrees an egr ees wever ein e preferr angl e.

The reasong"l" ?.fllpg, gn &F‘éﬂ %ﬁﬁe[ q;a'r‘?gl @q#%%@gﬁne% '&%ert i cal"
and "h0i zebable andbbpticaﬂlgudiﬁemmhiabimammu'eapsdt etmarcg;el evel s.
FIG '8 sho%ﬁ grtron of the surface 24 of the 38 substrate 21. Arrows

310.and 31 shomrprorectrons of the drrectors onto t he substrate surface
In the regions 34 and 33. -~ cells FIG 8

al so shows three drfferent/cells 360, 365 and 366 each cell conprises a
nunber .of different regions, 5 e.g., the regrons 33 and 34 plus the

I mmedi at el y adj acent regions. -Each region is defined by a boundary I|ine,
e.g., Irne 360 on- the substrate surfaces and each cell is

Altgrnating-Tilt Geometgx
' Figure 7 shows a cross section of a liquid _
_crystal cell which Has been cut in a vertical plane, i.e.,
a plane defined by arrows 100 and 101 corresponding to .the
20 2 and X axes respectively. The liquid crystal cell’ .
' comprises substrates 21 and 22 and a nematic liquid crystal
‘material between the substrates.
‘Surfaces 23 and 24 of substrates 21 and 22 have
been fabricated as described hereinafter such that nematic
25 directors at a substrate surface are preferentially .
| aligned at a tilt angle 6| to a normal to the surface
which points into the liquid crystal material. Regions
25, 26, 27 and 28 on surface 23 of substrate 22 are areas
having alternating patterns of tilt directions of +6 and
30 -6. There is no specific requirement that the tilt angle .
have the same magnitude in alternate regions 9 should, o
however, be approximately within the range of angles
between 22.5 degrees and 67.5 degrees;. 45 degrees, however,
being the preferred angle. The reason for this is, with a
35 tilt angle of 45 degrees, the "vertical” and "horizontal"
" stable configurations are nearly at equal energy levels.
| FIG. 8 shows a portion of the surface 24 of the’
38 substrate 21. Arrows 310 and 311 show projections of the




isgl ated fromother cells by a surrounding isolati-on region, e.g., regi.;
315 and 370. The purpose of the 10 isolation regions is to permt Ny

..ndi vi dual and i ndependent addréssing of each cell. How the isolation
regions function is described hereinafsﬁy. Each cell can conprise different
nunbers of regions in various arrays, afid the cells can simlarly be

di sposed in dﬁrdétbﬁ#soﬁtbatﬁetﬁubéﬁﬂﬂﬁé_Bﬁ?fdeéiiﬁdthé-ﬁegiéﬁbi§ﬁ|,
effect. FI.GS, ﬁ ggd 9 show exanpl es of different region and cell patterns.
Pl

In FIG 9, &8 C conprises a pair of regions Rigrig and Rlerr] each
cel | being isol ated B¥Ga 8oalwo showatthneeedififierentf360, 365 aRdferring

again to Fl , aLLe ' tor J.i dj L.gns t hat
directors tgkggfnégshvéé?iﬁgﬁﬁpg§é§%egcgﬁ#?gﬁr§?1§2?¥§%§ﬁgr?é§gbgg’director
lines 30 Bhoew=ghe thecregbomnstBitandr 56t plust the immediatelyoadjacentabl e

configurat i opegipis; |Balhlfbgion’es &&kiﬁégfb9ﬁhtﬂéuﬁ§§£?iEﬁhé;SE@EL?

cconfiguratio shg In section, 31, %o t he horlzgghal st abl e

configuratioﬂinShééﬁ’iﬁns ¢ sybabrate surfaces,. apdceach gadl ps

{earranged tDsgD%ﬁé?Lﬂ?ggsbﬁhéﬂrcéblh}B§$a39uri?ﬁﬁdﬂﬁgeﬂﬁbl?ﬁiohhe di rector
nes is cause e nDyenen s S nat j,0ns. w thi.s,is

ntconpl | shod $ELORs FrBen TERLPHA! 910, spdosrdy; TR purphge’ 8r°ths

"al t er nat@ ngisolatiennregidnsnbsdtocpernithindividualr andsinhdependentver

each ot her i L r e ajglgn t hs ki G

The substrat%dgﬂéggggé ﬁ%n@%gﬁt?gngfatgggmﬁgﬁ %§§%§@§bﬁo£9k%§§ﬁ o {%Fié ong

the directiohsofeseribedohereimatter.provide bistable operation. FIG 10

shows, in 38 diagramaahieeirreanacsgpfiséeairgereﬁtaﬁuﬁaé&srastfegibhbt
geonetry." epbodingnt in a "vertical' st e configuration ere the .
Jibstrates hiRoVARLHuS, ARERYFeind | B LS. 60R BiLIaTLY Penalsnosetoin
shown i M4l Grarious! &rrdysstovproducdi theadeniredf oevg.3 optisalgcefdectt
the "alternqéiag: 8 and 9 show examples of different region and cell |
patterns. In FIG. 9, each cell C comprises a pair of
.reg:l.ons.R1 and R2, each cell being isolated by a common
isolation region I. | :
20 .. Referring again to FIG. 7, the arrows on director -

. lines 29 show the directions that directors take in a -
"vertical" stable configuration. The arrows on director
lines. 30 show the directions that directors take in a
"horizontal" ‘'stable configuration. Thus, in order to

25 switch from the "vertical stable configuration, shown in
section 31, to the Phorizontal" stable configuration,
shown in section 32, the director lines 29 must be
rearranged to form lines similar to lines 30. This

. movement of the director lines is caused by the-
. . 30 movement of disclinations. How this is accomplished is
_ described hereinafter. o - . '
. . FIG. 7 displays the "alternating-tilt geometry" .
* . embodiment with the substrates lined up over each other in
a specific manner. The alignment shewn is not critical.

35 .The substrate surfaces may be translated with respect to..
each other along the direction of arrow 101 and still
provide bistable operation. FIG. 10 shows, in .

38 - diagrammatic form, a cross section of an "alternating-tilt




i,It geonetry" tembodi ment of FIG 10 i-n a "horizontal " stable-: 7 ,
ohftguration. Points 400-403 in FIG 7 are singular points, i.e., points
which a director alignment anbiguity exists. Note that in the enbodi ment
shovvn in FIG 7 the 10 singul ar poi ntﬁaare al i gned over each other in such
a manner that the director alignnments''about the singular poi nts 400 and 402

Oln the top '\Eemhddimn'zl‘l iar @ thertiioal" isteblefcori o
al i gnnents t t ate
Surface 22 %%%% R i ele Hile? e ViprfEh Ol .#&M*‘eﬁ ik i
However, i othert rfam mmm.m S iiG.n H G EG. tHk shows:: or

al i gnnent s %‘x@ﬁmﬁ' oignt | &le:nd% | mage
of the dlréﬁl{bor |gn nt a (:)TII? sdlqrf= géo‘JT;ént 43%‘.’3?%” IGi@IZ

regi ons 525 tiit gevmetayib etsqus’é@emt/@ﬂ |IT Ganlfl dma QW%r regi ons -
34, 35, 26 ghah1éBc -M_Qiﬁ/. of negatlve tilt angle, whereas in FIG 10

and 11, regions of til a over re s of positive -
tilt angle. 25 Si régjﬂ%é‘ %M Eﬁr&t E’ee&'ﬁg %ﬁﬁfﬂ‘h F1G 12 of
the draw ndse.supodets % allcly spfdindcstorntals griinemtl aiﬂa:lgmtjoeen '

L?(ta)][ L?Zﬁ]??%&tﬁl fé’rﬁé %% %ﬁeor@ﬁ%%%ﬂt h respgtr:'?'to a ’

nor mal 100 Gd-ﬂslﬂm Mnm@m lalignad avexniieach Qthem Bursueh &7 of
substrate ig:dn% [ r‘l']’]tﬁg“dﬁ'éé%f ig1l1 g r?%Qfa‘ISBd‘I‘?GEKE Ssﬂig\ﬂazﬁace 56 of
IS -[er

substrate 5 The tilt angles for surfaces d not,  be

exactly eqPoin 03, ony i the: (AR, suRstrate, Q‘??t e the
respect tomm:e eato@ the diredtor raztigmaws tdtsoned vile esdrmglalawnd

orbod nent PO t M%%& s?’%faeb&*r?d'? é@%‘%c%g%&f%‘ge t% 62 and 63
etc. THesPodinhs i@4eand 405 vind &I fHt ang sﬁingulaﬂ'tpmm. whi ch :
disclinati ¢jever, in contrast with the embodiment shown in FIG. 7,

' .the director alignments about the singular point 404 in
FIG. 11 are not the mirror image of the director .
alignment about singular point 405. Thus, in FIG..7 .

20 regions_zs, 27, 33 and 36 of positive tilt angie are
aligned over regions 34, 35, 26 and 28, respectively of
negative tilt angle, whereas in FIG. 10 and 11, regions

' of positive tilt angle are aligned over regions of
- positive tilt angle. : o

25 Single-Tilt Geometgx .

- In the ceéll 55, shown in FIG. 12 of the drawings,
surfaces 56 and 57 of substrates 58 and 59 have been
fabricated such that all the directors at each substrate sursz
face are preferentially uniformly aligned at a tilt angle §

30 with respect to a normal to each surface. The tilt angle .
of directors on surface 57 of substrate 59 is +§ while the -
tilt angle of directors on surface 56 of substrate 58 is .

-d. The tilt angles for both surfaces need not be exactly
equal. Because all the difectors are uniformly tilted with
35 resﬁect-to each subsfrate, no singular points are thereby
created,. and other means must be provided for generating
such points. In this embodiment, as shown, such means
38 comprise electrodes 60, 61, 62 and 63 etc.. These electrodes



are forned. These disclinations are fornmed at the surface or in the bulk w
the li-qui'd crystal material in the vicinity of the surface. The surface S
.discontinuities 5 can take other forms, such as-ridges or the |like on-the
.substrate surfaces EHowever, the el ectrodes are
" conveni ent because they also serve asL;Pneans for prOV|d|ng stress centers

ebod: mont s WRETESF SREPRee (o EiSLEL o8 I MRPIR LB BRI B8R o7 ngut o

poi nts and eanztfummzd wiThés@pedischinatioharane forwedoat thecri bed

h ft trat t
s 64 Shotp Fecq 58, L 18 BUE ST Bod 1Ld0E EFsBL HErOR S S O
"vertical" stheelebnityehtthes. sqnéaeeromgh@nsurﬁéeeoﬂiseﬂeﬁissiﬁﬁea/the

directions e eaxecsﬂaért%ﬁmsn Sachndyi §i&§esh@f'ﬁﬂé’tﬂkeséﬁbbﬁe
configuration. rder tO swtch fron1the ‘vertical. stable

c.,onflguratldﬁu %ﬁraéﬂommr #CQ%ction 66, to a "horizontal " SHGWPEET,
confi gur at i othe éweti-odés e cénventent bocduse theyhelsocservy as

the Fro 7 Rt or afbele e KbOEs Pubrs Bot: 5%?%%?8%5”& e

acconpl i shedpinning these\dhsclindtions! i néNobesthsticindothernati ons are
produced gy dibéd ﬂ'@ésﬁ%ei“étﬁ %62&#&%%‘8&1&?' tﬁ@téié@{:rbaggced by

t opol ogi cal singular points at

within the eb@cZenRRa rsm:’pﬁ%opmﬁsoﬁn@rﬁl%%?ﬁ%esw

di sclinati onsePfEriY odi Pleréht | ANECTLEN S 08EsEF £Béd | Heféfhﬂfﬁéf?sﬁés set up
by the eIecHrodf‘q The artlc %af strucjure shown in FIG 12 has been

arranged so STPRUQ $ULRF8is the z-X plane for both the
top and botton1substThaeaxmwnﬂnaM@edifEbﬁaw binssaﬁhnghcwlthes t o consi der,

on each BIOUIA e he bide ol LAEL6FY 10c8%R af WabPleed! boQEETLal he’

forne he i n rsectlon e Ssu f
substrates skable snwawiqn.tcwhmeanrwuat@n director ines 65

show the directions that directors take in an :
untwisted "horizontal" stable configuration. Thus, in
order to switch from the "vertical" stable configuration,
20 shown in section 66, to a "horizontal" stable configuration,
shown in section 67, the directors in the vicinity of
section 66 on surface 57 must be turned around. In this
embodiment, as in the FIG. 7 embodiment, switching
between stable configurations is accomplished by the
25 movement of disclinations. Such disclinations are
produced by local stresses within the liquid crystal
material induced by topological singular points at the sub-
strate surfaces, e.g., notches within the electrodes or sharp
corners of the electrodes. .The disclinations are moved by
30 inhomogeneocus electric field stresses set up by the
electrcdes. _
. '~ ‘The particular structure shown in FIG. 12 has
been arranged so that the plane of the directors is the
- Z~X plane -for both the top and bottom suybstrates. Another
35 way of stating this is to consider, on each substrate,
the line, referred to as a "substrate alignment line",
formed by the intersection of the substrate plane, for
38 planar substrates, and a plane parallel to the director



o t

|gn nts at the substrate surface. In FIG 12, the substrate: allgnrrent
-ll-lb -pf the two substrates are parallel to each other. Tw sted

onf guratlons shown in FIG 6, are 5 also fornmed in this enbodi ment. The
.8t ed "vertical" stable configuration, (i.e., configuration 1100 and 1102
configuration 1101 bei ng untw st ed) &S a substanti al portion of the

di rector al Ui dk Cr teF i n the |
verti cal iah'g'&qﬁ%&gn tft %‘ﬁﬁ%s ér.éebgsgon |s&5| my%?]%domt e 34?1}%% sted = ¥
confi gur at |smbsm7b&/@rligm%ﬁh lae af thetwe Gulstrates @Q ors undergo a
180 degree?ta\ytait 11" -w)lelg}:ﬁ [g¥Rd¥e top substrate surface to the bottom

ace.

substrate i's |rrport nt to ote ve ransition
bet ween the "verti céqw'i nﬂrﬁ’r’? %hﬁ"g? r#i%‘u é YR requires
the novererh o foraedd riat ithis Eé”ﬂbodimemthl Srhe?qw:taatmdlt"vertﬂndbﬂ by the

Eg\?\gsgﬁy c%aq&ﬁgnsqﬁr%h roduc t'g’ﬁs W%%?nl‘{ ed conflgg?atlons :

are not 20 cm'x—:ﬂi@\mﬂidly ‘mcm shﬂin@nmtwisteﬂ) das a reubstantight twi st

configurati ?&&. f 1102 in

FI G 6, aré’%arat ed %{/e an un Jﬁéﬁﬁélgurﬁlgg@ 181 a‘Sf()?hsec ncl uded »
that it | s IQMdoImMB ngtaniadtin sthe %t%ﬂ-r%‘é?i"%aﬁ?‘ﬁ At wi st ed
or untw 8/ §dd 1§t§ﬂﬁéﬂn&dgw@tmibtawﬂ thonng the tilt

ol ast Sf nﬁéiq%ce%&frf 8 1GRT B AGRE AT O 6 é%‘c%sﬁ%%@ev%&égﬁa tilt
?Pngnglnfsm fa o180 iegreratwist ai.:stgmingtﬂ'anlurtMetonlJ mhstlrmt?emfaed to I
it would be*%® %&&Wf%m% e%fr%é)#l gﬁ: |:f(')éns:f'm I S anfﬁe%ﬁﬁﬁéﬁlg[ gf)ld
heuri st i calhoywd)&:aushha'& transition doetwnemthef'?mtiq@ab% andrmal is large
.'150' Zeg P t%ofid?ar%]'%éfﬂ&ﬁféb' SOt £LPFEN on® ré Q81 Fe s CERE mbPehhB! 8£ar Ound
isclinations and it is this requirement, provided by the
" boundary conditions, which produces the bistability.
| It can be seen, however, that the twisted .
configurations and the untwisted configurations are -not
20 separated by a disclination. In fact, that the right-
twist configuration, 110 in FIG. 6, and the left -
twist configuration, 1102 in FIG. 6, aré separated by an
untwisted configuration 1101. .
_ It is concluded that it is possible to
25 fabricaté a liquid crystal cell having a twisted or
untwisted "vertical® stable configuration by properly
adjusting the tilt angle of director alignment at the
substrate surfaces and the ratio of elastic moduli of the
liquid crystal material. For example, for small tilt
30 angles from the normal to a substrate surface it would be
expected to. find untwisted configurations whereas for
large tilt angles from the normal it would be expected v
to find twisted configurations. This can be understood
heuristically because if the angle of the tilt from the
35 ‘normal is large it is easier, i.e., requires less energy,
for the director to rotate around 180 degrees to change its
direction so as to point into the other snbstrate, see-
38 director 1093 amd 1090 in FIG. 6, than it would be for it




directiron so-as to point into the other substrate;, seée 38 director 1093/ :
and 1ﬁQ\90‘in FIG 6, than it would be for it to bend over a |arge angl e~
in the vertical direction, see.directors 1094 and 1091 in FIG 6.
Conversely, if the angle of tilt is small, "it is easier, i.e., requires

| ess energy, to bend in the vertical dijlection than ta rotate 5 around 180

degrees. dearl his illustrates that, el_ast,i popd i of, the 1iquid
crystar mat o Hend Svr & R Fhelel 1, S oA Wiser et 28K es

| ess ener gy diarecdiortse 109 amil  TPmithFEbo Ve diGanwextselys if theear that
for a 10 gi lJ Q4 Y Sited | gpfERter | | S8 £rd 11 Ca ‘ﬁﬂ% l£h

di vi des tho\ségiécle ﬁis# ilq'é%%hsgve ar}’ur#w%gt]:éﬁ%%‘rﬁt 'oés'e’ Sﬁ% V\A§| a%e

twi sted confEM@RNEHs i bensk i dhe vertisalordingation I ham R ityatsecified
becguf_e gt %@m r;ran :?etstJ.alt r?l@#ﬂi,@%f% iimaéﬁdtteétﬁiwfagéer ma:c
condi tions i .C € el astic noduyli an e orientation o

t,he subst raé?%m qfﬁ%‘a&%@é rﬁﬁfstﬁlﬁ- iyenial ape o pstrate

al Lgnmanft : :pmmemmla:miduée tﬂayfeaié'l;emiiﬁél&%éw o fﬁéq‘tﬂsre?s_ Gil.ea.t?3
substanti a urations w1, of necessity, be

tw sted confl w%oﬁglo%ehé}ﬁ%é‘?‘f the substrate alignnent |lines are
slightly nonparal | el Enes fthe ahowe |disenssiomdltuis clegr ithat for &thi eve
on a pr Cty s | g ftiads L\ ' I Cha A4 i st
state. ?#s%r%%%ﬁi@mrlﬂca éa*n e%ﬁ %gg\/&;eé}é%%éeasrunt i%(smt ed from
Cui sted conMBiFRdiOrden Ehpsaraeids MhiRh Beve an Juineisted i hpse

confi gurati qidHavilil thedtd wistied aiodﬂ?@aﬁm.ar oTHY §irdd Bde Ywellird ©
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in FIG 13 ganuo s . P
actual conditions of the cell, such as thermal conditions
15 which may affect the elastic moduli and the orientation of
the substrates themselves. o -
| . In the embodiment of FIG. 12, the substrate
alignment lines are parallel. Clearly if the alignment
_ lines are substantially nonparallel the configurations
20 will, of necessity,. be twisted configurations. Of course
if the substrate alignment lines are slightly nonparallel
_(perfect parallelism being quite difficult to achieve on a .
production basis) this tends to give a bias toward forming
‘a twist state. This means that the critical angle which
25 separates untwisted from twisted configurations has a
smaller value, i.e., to ensure untwisted configurations
the tilt alignments at the surface are preferrably quite
small, - = - :




37 of substrates 38 and 39 have been fabricated such that the nemati c

J_gect ors are preferentially aligned alternatively parallel or
per-pendi cul ar to the substrate 15 s% ace. Regions 40-43 on surface 37 of

substrate 39 are areas having alterngding directions of parallel and
perpendi cular alignnment. A simlar pattern is inpressed on surface 36 of:.
subst1Git ADEerddreingnParatedi PehpendioulargGeegetry provide the singular
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conf i gur egiens |previide dthe %ﬁﬂﬂﬁl@l’oﬂoﬂﬁﬁ-t h&her arTewss oval
Cont i 2y SHctor ised T SOV LAY ALASELIPHE MARLIRIPeckOL Y B R o
the subst3htWtwigted Pv?m%?&ggs‘gﬁhg?eﬁoﬁﬁém%Pﬁn iPoPrrﬁﬁgé-ﬁnand
novenment 1iké Ppe@mk 52, tiigeté m‘a aj.reeabraa?ggl pbefbmeh;t??gg.slyl g\éwcggse :
thoy. ar e StEAed periafitlas, B8 Fop ngHF R REST o TR ARERNE. Bne onal
figures. dirmector 1ins$10hﬁdsho.wn‘bheddinectﬂ.hnsdthamsordendt’atﬂmlnderI ying
physigal dBUIEHS LS 48 4 NEwSsEEA Wertical” stable
configuration in a region, like region 43, where the
direc'l:ors are preferentially aligned parallel to the
surface. The director alignments shown in FIG. 13 are-
merely a model of the-true physical picture because one can -
. 30 envision equivalent director alignments for the stable
configurations provided by these boundary conditions.
Physical Mechanism Producing Stabilitx _
' The following discussion outlines a model o:f.'
the manner in which the above-_disc_losed embodiments
35 produce multistable configurations. It should be
understood that the true physical manifestation of this
model may involve a combination of intermediate
38 configurations: some involving disclination movement




both tw sted-and untwi sted configurations. 10 : I n general, the
swi'tching fromone stable configuration to the other involves the
generation of disclinations and the novenent of the disclinations in such
“mannér - as to properly reconfigure the director pattern from one
~configuration to the other. 15 - \‘o FIGS. 14 to 17 show the

transition, f oy ' |G 12, of
duect or ali b‘ ngﬁt %k"?\gra svmtotfcﬁltlhr?g roﬁﬁ%t%ver%?‘ Eﬁ% t Q)Mg“}ig’r#:i uration to
a "hori zont gomplexhdd seddnadion: fermatdon amd mwememd:ei@r thet rblx%éﬁ/er se

electric figledypaojeqeda @ D_og,al-bgrgj&q_vm by arrow 200. The transverse
electric field s generat ed by _applyin appropr| at e vol tages to_el ectrodes
201-204 as will be fd® é@i@-ﬁ"ﬁ@& efenence did MMl¥Ent of the
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stresses in hé&% %@Wﬁhﬁ %éﬁ&c%#ﬁi@ i %D&rg?ue mf%ﬁﬂag &K be
used to gen@&hemtn&mdamm confdigyretions.cl ds. These
field-igduced el asti E'%?? e cmr% "éﬁ aﬁ@m?ﬁa A subsequent
nnverren?éof &sélé&engt h(xgig, di sc |%§1‘t&|ckons Siem, Hhe q{%& I n E?IaftG 16.
FIGS. 15 an igurgtd, (9575’9 &5 ween the
el ectrodes @9scginatdoniae ande tthel wn‘-’d oS thie dibeditiatdlon®tirons are 38

(FIG 16) toShiD RBPORBLAR 5 EFopbroe Focerdienre ie, Girectsl T the’
hor|zontalpasmabhefwonfDgerabmdﬁguﬁb@&on%&;ﬂjﬂmh@ﬁﬂﬁhﬁ tranS|E|on of
oo s BN ISR GT MR e e 5P kT
tilt" geometry of the type shown in FIG. 12, of director
alignments for switching from a "vertical® stable
configuration to a "horizontal® stable configuration under
the influence of a transverse electric field whose '

20 direction is shown by arrow 200. The transverse electric
field is genérated by applying appropriate voltages to
electrodes 201-204 as will be further described '
hereinbelow, In this embodiment of the invention the

*'siarp corners of the electrodes shown in cross section in

25 FIG., 15 are utilized to provide local regions of maximum
stress in the liquid crystal material at which disclinations
are generAted. The spaced apart electrodes on each '
substrate do not generate uniform transverse fields and
the resultant irregular field lines set up nonuniform

'+« 30 stresses in the bulk of the liquid crystal material.
' Other means can be used to generate the necessary
Y nonuniform electric fields. These field-induced

elastic stresses are eased by the detachment and
subsequent movement of strength one-half disclinations
35 such as 209 in FIG. 16. FIGS. 1§ and 16 also show the
propagation of the disclination between the electrodes to
relieve the field-induced. stresses., The disclinations are
38 ‘"reattached" when the disclination from one electrode has
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ver&ti-cal electric field whose direction is shown by arrow 211. FIGS. '22-26°
the transition of director 10 alignments for switching of the

"alternating-tilt georretry" enbodi ment _ﬁf FIG 7 froma "horizontal" stable
configuration to a "vertical" stable cb figuration under the influence of a

apart 15 cpicppgated (RRAAF 4d R bR ldGUNIF TR0, P17
pattern pr &houss thiengelds imu’qhs 'monmmgast ratiahle tcoanfiguratione
singul ar points thatprgigsclqignaty %h%vﬁrméﬁ:j!d?ﬂ |da.g/edhk@c?s51r esses

r

created by the electrlcfle The transition omt he

ds.
"hori zont afLlgnmends: Som ié’tqmﬁslﬂﬁﬁh% "ainglertidde Qﬂmﬂ'et achment
and noveneginboditients R m A2 ifrdnt A SthopiAonar* gawiyl 114 in FIG

24. Althou 2 G 0V th e dis |nat| sto e on the
substrate g&#&@é‘ 41'111‘? aﬁ’ﬁrﬁtﬁ‘? R@a "i ‘&ﬁl d
possi bl e odher ihﬁhjemqmmwmmaﬁclelmm ﬁtarhiagmam bul k of the--

liquid cry ri ©n of disclination novenent
t hr ough thea&gJelcliﬁtg?di?n e su f%ce h| s descrl ption:-is of idealized nodel

of 30 the switchi ng FiS$haR2nd 6 shew rheyitrensidiiom Livdineater descri bed as
bei ng 3¢f aghq ntﬁseﬁib%m f&p%emselﬁm 1-opd glevi ces,

e o ot 54 3, i AR 1 L o
whi ch pr ovistablieoconfiiguration & tmmmmm auuhfmmﬁmt he
eapect 1otedeR sCinfitencl be Vi SRS B LR Chi ng o
t he quuudfrnysaam&hﬂanm)zmﬂedllustrated) of spaced apart :

15 electrodes. Note that in this geometry the alternating
tilt pattern provides singular points on the substrate.

It is from these singular points that disclinations are
moved to relieve the stresses created by the electric
fields. - - - : - '

20 The transition from the "horizontal' stable
configuration shown in FIG. 22 proceeds by detachment and
movement of disclinations as indicated by arrows 113 and
114 in FIG. 24 Although FIG. 24 shows. the movement of the
disclinations to be on the substrate surfaces, the

25 <transition between the stable states could possible occur

" by the movement of disclinations through the bulk of the-
liquid crystal material or by a combination of
disclination movement through the bulk and on the
surface. This description is of idealized model of

30 the switching mechanism, and the disclinations which
are described as being attached at the substrate surfaces
may, in practical devices, actually exist in the liquid
crystal material in close proximity to the singular
points. However, it is the'existence of the singular

35 points which provides for the existence of the
disclinations and hence for the stability of the
"vertical® and "horizontal" stable configurations with

38 respect to each-other. . ~

c guration to a "vertical" stable configuration under ‘the influence-of a
Re

&



may be-acconplished by the 5 application of electric or magnetic fields t
the liguid crystal material. Swi.tching between stable configurations
requires the ability to apply.to the liquid crystal. .material electric
fields baving directions. which are per[??di cular or 10 horizontal to the
supstrate SYEd ARt sot el ¢ are perpendicular to the
substrate s 2 rte—pre z Fporrga Vol t age differences across

eI ectrodes di sposed dl‘he)mwk‘tateingmm’ réhesliquid scyystal reslll cbetpéant he
sane volta tEs & ®S t I C

fi el dswhi ng:ﬁé) subs?éa‘ﬁﬁlgl %ﬁnt%%#su%@rg%?aﬁ%ﬁes are
achi eved by & 3&1-?45 arasncks. arsorpl bshed royletheli sposed on the
same subsir ai 1io‘aaterdx{ of IRAERLE GO MU EEd OPfetld |+ &0t STHGIES

further 20 her bel Al t hough swit ng between s

cenfigurati cﬁggﬁ? Q‘i—f%’ces may be acconplished by the appl I cation of

magnetic fields, an esmdhmg e twedin Idtabild sd&m% if'@g on
f

H;g Etise lo:‘ qe. ect rt?ﬁ'?'t s%ﬁ%ﬁq %ﬁ%%{f&}‘%’eflel 1000 ence

ﬂ?aeff%? '\'e"-’%‘hat
the use of aiaidﬁ) ing ddimegtdions which tdre mrpﬁm:todlalgewretry

enbodi m:m Hors: olrﬁ')a 1 ey ectrodes
with the "al rnzatl nél '?'-i I t-‘-'liés s:il'“étyry enbodi ment (Fl%éé}%i??{‘gl i t chi ng
requires th arsc peIR Tofte Hhe sthstnate eﬁttt‘féqs}ﬁs @re o produce
swi t chi ng bawneweﬁm <i sing&rdltaid édiffértéiﬁ:éé acrid director

St ol i Sk iiRes, *ﬁs&éﬁh‘iép@rﬁe A4 ettt Gk e'.%S o
preferred to apply the same voltage to the electrodes on
15 the same substrate).” Electric fieldswhich are
substantially horizontal to the substrate surfaces are
achieved by imposing voltage differences across
electrodes disposed on the same substrate. Specific

electrode configurations will be discussed further
20 hereinbelow.

‘the twi sted or untwi sted "horizontal" and "vertical" stable configurati onD
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if aliq

ipt e smﬁtching FIG 27 shows electric field lines 700 generated to

he "single-tilt geonetry 20 enbodi nent froma "horizontal™
onfiguration to the "vertical" stable .configuration, and the

lines 702 of the "vertical "( c§table configuration. Note that in the
| osed by the dotted line 710, the field |ines 700 are roughly 25
cul ar to theAdithovgby siitehidg beme@meaa;:abd@ field lines 700 are
af abloglr 1Akt otle’ 96! helel AU ufp1ql eyl by dotted ™

.Thus, electric field |1 nes praoduce by thIS ar rangenment of
es Weth@n apRiladcagiion, ofdagpetin fdeldis.c@ol@atgitents within

it ﬁ' fﬁ.gﬂ.ltil ?ms 10ev@1tm}n Blag %eafj‘staj[niée @i{%%ﬁo]‘:orf *tﬁtér?]e' . 0 Thi's Cap
e abi l.ity_an |ne required to swtch f.romthe "horizonta
Pyer LA §1r§ tal] g@n §“é'l“l Figl6h 9L 0% oundary tilt

Iesgauﬁbushpncbl&heiQSBEGECedebmrdevEﬁﬁ&dhaWbﬂgSﬂﬂﬁdhin it

and sdo alternating-tilt geonmetry" enbodi nent.
18 E%P%9%;§§;?gef%%&§ﬁ%o acconpl i shed wi-th an electric field
ui d crystal t dbgsasehaf ed extrodes mequr;yihc:hmmct ric

'{S'r?]xa“SPe“*ﬁv“’ﬁ“’e"fSF”%uaﬁ“?fﬁ %T?&‘bﬁ%‘[ R

when [eVr]>b8s fnh8ranbackcompanede b °i edutﬁeyﬁ falelegtaades | i ne up :
paral | el towtibh &nplﬁgat@bggmﬁ Hiald gaieth ddﬂheﬂﬁmedlrectors l'i ne
up per pendi I|e ectric flel tlcal stabl e
confi gur ati g#&ginbﬁé %’6 ng Efqéﬁ}réseézgﬁ%c ect ed

per pendi cul directioa 9ﬁb$heaeéec3mdchiﬂelﬂ<abplﬁed wmepﬁmauckontal stabl e
conflguratl dges LAQASVErS fi,el d having a
conponent a gn§@§19§r§§|%% ﬁg%ggﬁeﬁ Sr%%pﬁ ?agPﬁﬁﬁ@'gi gﬁ? configuration
and ha¥Png final director conflguratlon lines. If the field . _

25

30

35

38

- lines are roughly parallel to the initial director
alignment then there is little torque operating to
promote switchi—ng PFIG. 27 shows electric field 1mes
700 generated to switch the "single-tilt geometry"
embodiment from a "horizontal" stable configuration .
to the "vertical" stable configuration, and the
director lines 702 of the "vertical” stable _
configuration. Note that in the areaienclosed by

. the dotted line 710, the'field lines 700 are roughly

perpendicular to the director alignments, whereas the
field lines 700 are nearly parallel to the director
alignments in the area enclosed by dotted line 715.
Thus, the electric field lines produced by this
arrangement of electrodes are not parallel to the
final director alignments within substantial portions -
(e.g. 710) of the active area of the cell. This

‘affects the ability and the time required to switch
from the "horizontal™ to the "vertical" stable
configuration, especially with large boundary tilt .
angles. This problem is reduced in devices having
smaller tilt angles, and does not accuwr in the
"alternating-tilt geometry" embodiment.

Switching may be also accomplished with an



15 f> flerr] Optical Differentiability Between Configurations Fo 1 .
unt'wi sted stable configurations optical differentiation is best a hi &

the ingl usi on of pleochroic dyes in the liquid crystal material. 0
““pl'eochtroi c dye has the property ‘tha bsorption is:mch stronger when the
electric field of incident radiafi s™parallel to the long axis of the

dye ”D'eC“'eﬁi@éﬁri@efléid'§fp§rﬂiaﬂiﬁuhf? b1 hatIPia1PEGPALLY 0N be uscd

t @ .enhance t-he transm ssion of ropagatlng t hrough the
I|qU|d crystBaviBgeri abWanEReanene®yi @é31§°Fﬁlﬁh€919§?FF€§I st abl e

configurati opeRgvEEPPaLcd. | DENR bhﬂbrzﬂ &hé@@(ccnfbﬁuféﬁ fFon. The
directors in the lthId cry étal mat er i ct, of. allgi ng the

pl eochroi ¢ 3¥ReTayE 5| ERE §eﬁ3?§FVeP Fh@PBEFﬁgtSieEBﬁ?PgGF
Consi der5a dmhnbaywh&nrm €2 Oi,nghe a&bébrbbes havithe diduidctirgystall

Be 7 a5 RRERieL,1iel U5, BT eIkt gC bR SHoW gL ow 101 11
a "hori zont afie3tdaend Uhahl Hier 4t Ognthechiznectbas shvenupn-section 32 in
FIG 7, and égﬁ?ghﬁ?kﬁiabstSBthetéggiﬁbhtbﬂ%c%ﬁlba?héihpn mhyghe directors

arelna I Ca confi rati on suc sownln section 31
i'n FIG 7. F&het\wsrtdcadlli s§abiei 6pfiguradienccoacbejestabddgbgfove with

Lﬁ?ii?a%°.L“E%'aﬁ°émeb$*%@2f231§.F?Qg@h@a'ﬁe*”@ﬁd%PEQF&“Q°'E‘“‘daffiitﬁhe
in that the F g?? gﬁﬁefgﬂ'gbeapai d ﬁﬁﬁ?ﬁﬁﬁiéiroﬁ éb &ars-to be
slightly |eseohraggrasibnecah_beghﬂdrbaaeahbw:eftrheswawwesbééct&ic
conf i gurat | ofs e1 Ak 8eCxPLALARREA K108k BnoRat*EcotRlR! N

- symmetry plane of the stable configuration and having

15 £ > SR

Optical Differentiability Between Configurations

For untwisted stable configurations optical
differentiation is best achieved by the inclusion of
pleochroic dyes in the liquid crystal material. " 4

20 pleochroic dye has the property that absorption is
much stronger when the electric field of incident
radiation is parallel to the long axis of the dye

- molecule than when it is perpendicular to it. This
" property can be used to enhance the transmission of

25 polarized light propagating through the liquid crystal
material when the device is in the "vertical" stable
configuration as compared to the "horizontal" stable
configuration. The directors in the liquid crystal '
material have the effect of aligning the pleochroic

' 30 dye molecules: parallel to the dlrector conflguratlon
lines. |

. ‘Consider a display using a single polarizer__
hgving a direction of'polarizatibn parallel to the
horizontal direction shown by arrow 404 in FIG. 7.

35 The display is absorbing to radiation if the direétoré
are in g "horlzontal" stable configuration such as that
shown in section 32 ‘in FIG. 7, and the dlsplay is

38  transmitting to radiation if the directors are in a

On | i nes.




j guration usually occurs with larger tilt angles of director aligrnment
ai—¥he substrate surfaces than the untwisted configurations, so that” on the
\ 'rage 15 the directors are nore horizontal, in the tw sted
configuration. Note that as a gepgral-feature of these embodi ments the
curvature of the director_Lines reduces both the Iight transm ssion and
absorpti on b¥&x%dcai] s ﬁ@@ealcpntfﬁé'uﬁ]a@é&% SuChsie dheds sy i gned
total ly al one geetdvrs 3ar ikh@Igt,hexr, in either of the stable configurati onsw

FIG 28 shows one porfio ui.d cr cell | i.zi ng crossed
pol ari zers. A cross Fj@ q’%’éﬁqﬁ ﬁ?fn%&&’ﬁ? %%WL‘W‘F t%?éﬂez-%étiﬁ%e shows a

di rector al idgmeadibedoabiove With de w e mﬂﬁ;g:ﬂa?ﬁ:ldm of an I 4
"alterntin il oIarlze.r 303, is place

on top tlog%u%ﬁ%"?ﬁ?éa secogdé{ge ‘?e tgﬂ%?cae]d beneat h
portion 3000b@letwe|§ol affheconlyt dlﬁﬁm Qﬁ:tsamlahla deeiang di sposed on the
out si de sur oidd q%]%% qi)x(gr{ fg tion of the
pol ari zers F;S'i’:ﬁﬁit%.ft v;%earrov%??) a eregmsﬂﬁjétf rom bel ow
portion 300%he adion: epPeRrs  todie iPigh veegfrti on 300.
In theory, Furahtsn:tlr@as:@ Ufed.l g:xidizewenﬁfaf %éhﬁi"ﬁv:@téﬁrow 310 should

"deal TRor i SOREIEE S@%%pdfé@%%sp% ol RaRt b A Beod gur atfon, but |
may be tranweist explelinedghereinabova)0 that dhe dmilsﬂeﬂ sted "vertical.’
“ertioar SeuEtEudReide nrdTlyL deodiY YU Latasr HikE RENRRIGU n
(wavegui de) °Ff| direcdoraplipmaent wli $hes sudstarated surfiagess dthanertical
stabl e conf ithdr ahitRAStedY cohrighdatildds, 2 That'¥h the average

15 the directors are more horizontal in the twisted
conflguratlan.

Note that as a general feature of these
embodiments the curvature of the director lines reduces
both the llght transmission and absorptlon because
20- not all the pleochroic molecules are aligned totally

along one axis or the other in either of the stable
conflguratlons._ :
FIG. 28 shows one portlon, 300, of a liquid
crystal cell utlllzlng crossed polarizers. A cross
25 section of portion 300 in the Z~X plane shows a
director alignment for the "horizontal' stable
configuration of an "alternating-tilt geometry"
embodiment. A first polarizer, 303, is placed on top
of portion 300 and a second polarizer, 304, is placed
30. beneath portion 300, (the polarizers, in an actual
structure, being disposed on the outside surfaces of
the substrates). The direction of polarization of
the polarizers is shown by arrows 302 and 305.
Light transmitted from below portion 300 is detected
35 by detector 311, positioned above portion 300. In
theory, llght transmitted along the direction shown by
arrow 310 should be totally extinguished during
38  transmission through portion 300 for an ideal "horizontal®



configuration becomes transmtting when the Maugui-n 10 bimt is viola(gézb

Thi's viol'ation occurs with lowtilt angles. Cell Fabrication In the
~following there is described nmethods of fabricating cells according to an
enbodi mrent of the 15 present i nvemypon. _In FIG 21 there is shown a cel

140 whi ch correspon s_to the "altern |t gequetry" .enbo nt shown
in FIG 7. TRE &Fiie@ﬂ'n BRGTs (M, é"& tﬁq'@é’& 0?11?3&5}"1%1? g’t‘ﬂgt + e are
ol ectrodes Sth a “‘-‘”“3?:?3 “’m‘mﬁ‘. B e ot &
Li nes 163 il ;*‘ﬁ?tsr r?%l%& n@ﬁ’t%rb}e %ﬂ@’&?q’ét AT, Eo1e o

substrates 1@dnmumsh&nce81he alternatlng tilt regions are produced 25 by
evaporatighg Ti Jerr] ah, plb AL .q,rg;:ltq_ Afr LERHL G gp_tg)“qt oibstrate
na

surface By el _ectron-beam deposition u3|ng approprlate

echni ques to

define the diligfagseho exliinetion n&emmhaq@@twmme@m és'l-md;/ al so be

used. Also, a3 geitien natie Yildadiddicd in WAL dlfbbapa' ned by

coating a known oneotroplc surfactant, onto the dep05|ted oxXl| ayer. The

substrat es arfbadleyfronfigunaliions, aving darge, Uit anghegondBor the cel |
are: (1) thee@xﬁtlmtlb%béb@mwrtﬁmﬂwl iwhdrertde Maulfid err] and

b
(2, 0 = g, Lo gl R R Do e

subst anti al | yitlte exxglms. and whet her or not the sane, 38 when the two

di stances ar e 'F'ﬂabr cq ion - The cell 130 shown in FlI G 30 corresponds to

t he "single- odi nrent shown in FIG 12.' d ass substrates

152 and 153 have | n203%dieudialdowing thare istiescnibed meihods of
fabricating cells according to an embodiment of the
15 present invention.

In FIG. 29 there is shown a cell 140 which
corresponds to the "altepnatlng-tllt geometry"
embodiment shown in FIG. 7. The alternating stripes
of tilted boundary alignment at + © are optimally set

20 at + @ = 45 degrees. Glass substrates 160 and 161
have electrodes such as 162 photolithographically
produced from In205 or Cr. Lines 163 illustrate the
alignment of directors at the surface of substrates
160 and 161. The. alternating tilt regions are produced
25 by evaporating TiO, at alternate angles of +5 degrees
from the substrate surface by electron-beam deposition
using appropriate masking techniques to define the
different regions. Other obliquely evaporated oxides
_ may also be used. Also, as generally known, small tilt
, 30 angles can be obtained by coating a known homeotropic
' surfactant onto the deposited oxide layer. The substrates
are aligned as shown in FIG. 29. Typical dimensions °
for the cell are: (1) the distance, 164, between
substrates'is = 10-100 p and (2) the distance, 165,
35 TDbetween electrodes is =10-100 um. We believe optimal
- performance is achieved when these two distances are -
substantially the same, and whethér or not the same,
38 when the two distances are small..



hot ol i t hographi cal |y produced. The single-tilt boundary condition is
dyced by an oblique el ectron- beam deposition of Tierr] or [err] at an
e of 5 degrees fromthe substrate surface., These el ectrodes provide
means, for both twi sted or untwisied 10 conflguratlons for generating
di sclinations and then detachin nd"novi ng them under the influence of

eI ectric fields wherThéec€ElL!130 §Mbmh£ﬂ DEGWeyo cupréspendsand
“horizontal bl,ec I ons al . di for.the cells are:

(1) the di s'?%n %1’(1)5{1%'8éj %%t%%% ‘étc?’&% ipent 1%3%6 £Brr] and (2) the
di stance, IBIG. b@?me@l&scsubdbﬁates[eﬁﬂ ahQ- 198 have] Ifhe. el ectrodes in

ed
Thtio of {rEouNnttine Rl eBerdadar BILULOG1ebRBARE] Bhe | O PRt O hgs
150 or 264,photokithkogvepaice Psodueeél-ecl‘hecsingld-bmét the bul k of the
l'iquid crysgg,_l‘n@g:ﬁ rﬁ:@ﬁdlti@ﬁ ﬂ% S&ubﬁdtﬂf Eheﬁﬁiigué' Eigc{:ggﬂ' red for

swi tching, .. and onger 1S
W have us&?%r‘?%@s}?hﬁd"gr%}%@gl OFi §1u9§sa§e%e€ﬁ83-ﬁe°§uﬁst rates. Sone

exanpl es ar@e J(‘éés ﬁﬁomobﬁé“ Q&ﬂsﬁf@ﬁé%ﬂ&@é@t 0Th6§e bDectroffsExecutive

Bl vd., El msford ~_angas at - Mer ck tadt, Germany which
is a cyanobf® ?19'&7? W%i? efof'sﬁlu thvxﬁ!:%ﬁed %p‘éﬂt\ﬁ-ﬁﬁ percent pl eochroic *

ant hr z}:ﬁuh nocenfigutationa) smnbgenwdtingndféb%ﬁhﬂtgbl\lﬁf i gﬁd) theh?) g (3)
cyanobi phe e a atorles an
cianophﬁny{%t LA Peng o e oidm BRARE"Pe LRRMIRREROBET o0 * L he
above- e%e@tmﬁmlds:r&emuame acelilQI;SpSULtcheddbemeenl c ani sot ropy,
[err] wgerd{leal®rang 2thopNsoh a1t s'éaﬁ?? ca_ﬁ'flfw %ﬁﬁ%yﬁa' materi al
t

' was |ntrod ed 38 _jinto Ihe device by c ary e the materi al

was in the 1E51¢3hi Limensions Her (ehe ceehhs %ﬁd he distance,
15 150, between substrates is = 10-100 um and (2) the

distance, 151, between electrodes is ~— 10-100 um.

The electrodes in FIGS. 2q and 30 are typlcally
1=-10 um wide.

In general, the greater the ratio of the

20 electrode spacings 151 or 165 to the substrate spaclngs
150 or 164, the more homogeneous is the electric
field over the bulk of the liquid crystal material, )
the greater is the electric field required for switching,,
and the longer is the switching transition time.

25 We have used various liquid crystal mixtures
between the substrates. Some examples are: (1) "E9"
obtained from EM Laboratories, Inc., 500 Executive Blvd.,
Elmsford, N. Y., an associate of E. Merck, Darmstadt,
Germany which is a cyanobiphenyl mixture. (This was

30 doped with 1 percent pleochroic anthraquinone dye
"D5", also obtained from EM Laboratories.); (2)
cyanobiphenyl mixtures "E7" and "E8" obtained from
EM Laboratories; and (3) cyanophenylcyclohexane
mixture "ZLI-1083", from EM Laboratories. 4ll the

35  above-mentioned mixtures have a large positive |
dielectric anisotropy, i.e.,A ¢~ +10, 'E,’M. ~ 20, and
€,~5-10. The liquid crystal material was 1ntroduced

38 1nto the device by capillary action while the material



a magnetic field directed parallel to the Ti Q2 deposition directions. eQO
material-is allowed to cool to the nematic state and then the device is

seal ed. 5 The foll owing m xtures have a two-frequency dielectric’
anisOtropy: (1) Eastman Kodak O gani ¢ Chemical s |n a diester m xture; one
part "EK 11650", one part "EK 153284 t wo parts ' "EK 14046 and a 1 per cent

pl eochroi ¢ dygs ﬂmoﬂMelﬂgoarbpmefpmﬂsencyTMEXdevﬁcenwasﬂﬂeld[nnr]>0 for f <

kﬁg)kkzné[?r ]ﬁigéﬁgg?h?%?ﬁ@qd%gé%%ﬁ%dégéiiii%BEQktﬁ? ééaueﬁci gfei?er

m xture wi t hdepesbtBontdinecPionsd [ﬁhe]matenlalaLSZQlketedThese diesters
will swtch bg, f-HFQEﬁé'ﬁeﬁétfée§££t§ L?%'ﬂhéﬁ th%ﬁ?gnf@grféeg éﬂe&he same

manner as a Singlé fr uenci wever IS Sfower for
these di2sters in theTBeefe l@WFPSIElxﬁﬁﬁeSohaFﬁe&cyﬁﬁuﬁrsﬁﬂﬁprn1xtures

because [errhféieﬂﬁfﬂcsaﬁibeﬁroﬁfnc 19rEaE€ﬁ§nnga§kreggaﬁQc _ I'n
order to utiljze, above- gesc f wo- ﬁuengé dj, terg ég a
fwo- f r equenc E?}EE St &P BnfhPS EH @bﬁ#PESPaP 8nB ﬁ cfA8a8" st ructure

fsuch as showonenpatt. "EK }1532%(,1!1:136 pgrtb antﬂl nacse’ andt acql péﬁebdtatflorvd
requency an Vv n ransvers ing fie
dbngonengs p§}§8§%?§§ ?9?0 fﬁéagéﬁﬁgtﬁy%BPaﬁae Pg¥§¥ ﬁ g ith

confi gult@ti odetOhfoh £réqBehckiHz LAgonS 5t059nHzBl&.ndl4bﬁ1<QefDrl t boundary
conditions o Sg e 38R0 2 e ry
condi ti ons P>'u5§tra% Qggz‘ goé &% 3én5§%§é OQQQBEHdQ%B?%a?ﬁHEQQ

el ectrodes. sPmEBOUBgd. §5L§h6Q5§"cﬁo§§°s§€§qﬁﬁn§7 dhestpecnisgure: Widhure of
FIG 31 takend s ohg 4tYq0baps. aﬁaaéour-el QC"a!:OQQSkHBQVmTEéBebe drl ven

w th sine wayes or squa&i g To obtain %he vert cal Ie% hﬁ field
and thus, th 1Q§EFFFCHF S§H¥ ﬁhcbﬂfﬁgﬂﬁﬁpﬁ hC QE € ﬁﬁQEFce odes 501
and- 504150get:hen operabtddand the hagetmannepdasdausinghe phegasncgs shown

in 38 FlCimggerlal. However, switching is slower for these diesters
'in the electric field than for the cyanobiphenyl
mixtures becauseA €is much smaller, hence are less
preferred. _ . .
20 : In order to utilize the above-described two-

frequenqy diesters in a two-frequency effect for
untwisted configurations an electrode structure such
as shown in FIG. 3| is required which applies a vertical
. field at low frequency and a mixture of vertical and
25 transverse fields having field components perpendicular
to the symmetry plane of the untwisted configuration
at high frequency. Arrows 510 and 511 show the tilt
boundary conditions on substrate 507, arrows 512 and 5ﬂ3
_ show the tilt boundary conditions on substrate 508,
. 30 and numerals 501-504 denote the electrodes.
FIGS. 52734—show a cross section of the
electrode structure of FIG. 3} taken in the 2-Y plane.
The four electrodes shown can be driven with sine
‘waves or square waves. To obtain the vertical electric
35 field and thus, the "vertical" stable configuration,
we connect electrodes 501 and.504 together and 503 '
, and. 502 together and adaust the phases,b , as shown in
38 FIG 52, : : '



G, 33, shows the sane el ectrode structure as shown in FIG 32, but a

' ure of vertical and transverse fields are generated by connecting

el e¢trodes 501 and 504 together and 502 and 503 together and 5 adj usti ng
tthe phases, [err] , to the val ues, wn_in FIG 33. For. the phase pattern
of the fields shown in FIG 32 we i i ze | ow frequency fields and for the
phase pattern of theFIGE|i§ SH@wﬁslﬂhEl§hm83elnetnbdé|serhcgtrérequency

field The el ect f d h Fl v
b ovi de ShoeRown Lo BI6r oage erb BoRSREvEE hFCyREEERETRA Lo L Thre

if the d|retransversepﬂlebddlanéagenerahedzwprQnaecting,ebacarDQBSto t he

| -axis.. Th| a S t t I i l'ecul es and
hence, §9ﬁ g%& ga%o?QQFEh%orn1§ gsahggﬁzgg?aﬁ9&é¥§%?ea§§nf|guratlon

Anot her5 anddpuabangytbeepbasea,a’r »atigeitbat valueso shewny ini Bilfe B3t he

el ectrode configurat{gp eﬁ ?ﬁgﬁ g E%g&n36f tﬁgefgggag aho@negtr ode 501 is
zero, 20 t he phase at e e 8 Is [err phase at el ectrode 3
503 is 3[erFIfz, 33nHetH51§H§§e oW Eregnensy 2 ﬁ§ Fgﬂr Or AXR€ he center of

the cell t hﬁh&bel ﬁat%e@ncﬁﬂt theogskldsochbWA] igi FIG, aa;;; wel ari zed el ectric
field inthe,Z

t 0t t N 4§
eII|pt|caII9tﬁ6F§E ﬁéghlﬁggh§%§c$ Eggﬁgr'Th IOﬂ&F 5 glghg%ncgy aLrokﬁ
550 i nl®l G pﬁéduébdaby thecarirangement! shewnZ inh&IG.e32, psrovddst ant |y

h b h h
chans o, beDuRe hechahd AT CoyeTa st APy g0 S S
perpendlculanersyt5§a2¥ pfaﬁbe dlwecﬁpﬁﬁdaﬂﬁsPeﬂﬁﬁaﬂécﬁﬂaé'ﬂ%ﬁéﬂﬁkceedlng

the diel ect girc 1Sie0n§eet' MBakrg 1321 §olRWRN KXl CC thils %%hs‘é@s alhat is,
t he nol ecul es ghoul i énce rns field ose avera e in the Z-Y
plane is’ |S§PF&BPctPorBE§$§nF os1igpia ﬁEW@@gae Pn%egﬁﬂ
paral | 25 t othBedir¥crbeaetol mo&dxdrbhjeor'rhbhﬁzrmw"n@thrb@ed must enconpass
' conflguratlon.
_ Another, and probably preferred arrangement,
is to apply fields to the electrode configuration as
: shown in FIG. 34. The phase.at electrode 501 is zero,
20 the phase at electrode 504 is m/2, the phase at
electrode 503 is 3®/2, and the phase at electrode
502 is n. At the center of the cell the field is a
continuously rotating circularly polarized electric
field in the 2-Y plane, whereas at other positions in
25 the cell it is elliptically polarized in the Z-Y plane.
This rotation is shown by arrow 550 in FIG. 34. At
any given location X, Y, Z the field is constantly
changing between Ey and Ez. Therefore, the average
torque is such as to align the liquid crystal molecules
20 in the X direction perpendicular to the ZY plane. The
field must rotate at a rate exceeding the dielectric -
response time to avoid unwanted molecular motion. That .
is, the molecules should experience a rms field whose
_ averége:value in the 2-Y plane is isotropic to prevent
35  the molecules_frbm ever becoming parallel to the 2-Y
plane. In addition the rotating field must encompass
as much of the space between substrates as possible.
38 This means that the electrode width must be small

(D




as nuch of the space between substrates as possible. 38 - This neans that _@9
the el ectrode width nust be snall conpared to their spacing. The '
..di scussi on above assunes that the enbodi nents have substantial untw sted

al i gnment configurations. However as a consequence of the fact 5 that

the elastic noduli, k22 < k [err]s3 r<R[er"r] in nmost liquid crystal

mat eri al s, Bﬁﬁ?aﬂﬁet@' LReAEL %ngg_nghe directors undergo twist, in lieu of
ORI N addi ti spl ay- bend ts. Therefor sted ali gnhment
configurations are |i R&ieydds %PN ﬁﬁ?tlgh of all the

.af or e]rrent [ On‘édxbb"[dnmﬁ‘bléohé&%r )g1mméh tmtul@r[]. ?hmmt eligtimentt s. The
specific circu ances .under ich twiste un i ons may
pr edom nat e g& Ia%é'(?nﬁdt ‘ﬁ?e' Iaﬁqlﬁ oc %\éééﬁa ifqgié %lr%géert ies 15
and by tbBe b(hhu:lar'l;héléltastnlm nrmm]l:rcpl tid most ¥oquied to the
substrate suréxy%egg\é%fe&tmﬂ qﬂﬁzneé éﬁ)é;sc[ ;{1@* r energy

content than nmat 1 ons an avor S

def or mat i ons ddregtaors JINdergq difﬂs'@netlgylmt%tol Heth @lﬂltﬂepn FYe twist

def ormati on. F$lal I St pdfdtd & bwhosdladVidhddnengl e
[err] above |£hh tw s&rlac:o:‘trr g%tgét;é)ls ég‘re stable @qrhqbel ovml%h untw st ed

confirgur ati GepfHEuEatHions aFe fikely kP Qosur iy embodiments Ty s

[err] darmendSopralirebmé aéﬂcu@em&cbnéﬁ ikt &b-bowrddry Waerditiond crystal
mat eri al For, & he k]# tég 2k2 approxi mati on that describes many
nenati c rraterqla’r%nm ’é r : ®tes. For the elastic paranmeters
presently avail abl e f@i?spn’odﬂtcesqi:fmma}tan@@s dagimsﬂhi@nmmti Thus,

tilt angles qﬂé% 2% | %%@é st
configurations in %I e angdf es ess t%%’o degr ees %)%V:

theoret i cal | Boeamed kol b e liauid caryshak wat ?Wp%ﬂ‘ tBﬁ’\?PeI‘tieS
consi dena i oNgn@rey i€ boundary tilt. In particular, a high tilt

from a normal to the substrate surface favors twist
deformations which have a lower energy content than
large bend deformations and a low tilt favors bend
deformations which involve a lower energy content than

20 a large twist deformation. In general, there exists
a critical boundary tilt angle @, above which twist
configurations are stable and below which untwisted
confirgurations are stable,- with the two states identical
at e . This 9 depends on the elastic moduli of the

25 partlcular llquld crystal material. For the k1 = k3
2k2 approximation thgt describes many nematic materials,
ec = 58.7 degrees. For the elastic parameters
presently available for E7 mixtures, 6, = 66 degrees
from normal. Thus, tilt angles exceeding 66 degrees

» 30 will promote stable twist configurations in E?, while
angles less than 66 degrees should theoretically favor
. '~ planar vertical states.

Several important considerations are noted.
First, it is important to recognize that the two states -
35 untwisted and twisted states - under discussion are
topologically equivalent to each other, but distinct
from the untwisted horizontal state. The arrows
38 signifying director lines point alternately into and



(st, it is inmportant to recognize that the two states - 35 untw sted
apd\tw sted states - under discussion are topologically equival ent to each
er, but distinct fromthe untw sted horizontal state. The arrows 38
g fying director lines point al4grnately into and away fromthe
opposite substrates in the forner tMo, while the almays point into (or
away fron dwayn Smiwmttleceppositie substrategeivnthe, faEMeBrFY¥O7 [err]in

ei-ther the Hﬂ&%s%ﬁgg%l%%%t 8disenhngyr %&oa%e?t PooR) bownst

configurations Wl come_nof e 1 ndi stingul sh a froma true vertical
(.untwi st ed) SUBAETYLSt A8n thehlatiteTess S4CORALTN #8r 57 of 0P cal

differenti th.'thbi' \&h@nualtﬁ%lt@al ord%ed sted bmigm@m@nfsqr thentrast. The
exl stence o

nall sall nt of 10 boundary .tilt. azimguths in
t he nod?nal&y aﬁ& g@i@r%ﬁgﬁmﬁbFﬁFﬁhﬁggé FOER L5 ced
ef fect on [ﬁ:‘b}n an&mbusertueadh{mmﬂ)t Icem?uguﬂmm@m‘.i ghdts on -
tw sted or yntw ' Ii ce [err], P
maki ng a twﬁ?te eg%&&n i%u&&%ﬁ%n i'nc eas ?BE&F%% %ﬁg&h a‘'fixed boundary
tilt. |ndeewhea plescbroicr dvema:edemqrmmdeimlmtmw ally
promotes twi sted noniangkiGtRice bt ie¥en @ dud197kl Jelq gi@htelorcy that

permts opposite tw st _donains to exis AU this point it is

not ed 1Bat bPorpAerYeidddi seimuths ﬂﬁetﬁ@b@@ﬁﬁ”ﬁﬂé@hﬁﬂﬂﬂ&ﬂﬁy be f-orned by
rotating onat%ctme%ua%heaﬁ%ar hlea@mmet mﬁsotahgroaﬂwcea REfEdt to the

substrate p e _st e} ons to include tw sts.
The stable 5% gcc;;E %ﬁ? cﬁﬁﬁ@ﬁ |Hh € he property of

requiring mmnﬁgﬂu@fb:.@msel bwdisbeds oxt Ium:mg.lstdm blﬂyem.tfnddlly,qw d crystal
oty R el S AERe ¥ Pt W o Pl
"vertital" eonfiguration 1ncrea51ngly probable at a flxe _
boundary tilt. Indeed, a twisted structure, described
hereinheiow, naturally promotes twisted nonplanar
configurations and breaks the degeneracy that permits
opp031te twist domains to exist. ;
20 At thls pant it is noted that further
embodiments of the present invention may be formed
by rotating one of the substrates relative to the other
about a normal to the substrate planes. This causes
the stable configurations to include twists. The_stable
25 configurations, however, still retain the property of
requiring movement of disclinations, through the bulk
of the liquid crystal material, along the substrate
surfaces, or by a combination of both movements in order
to switch. ' _
20 These embodiments also form "vertlcal" and ; _ .
"horizontal" stable conflguratlons._

It has been found that in some of these tw1sted
substrate embodiments, such as 90 degrees tW1st it is
preferred to add some 11qu1d crystal material in the

35 cholesteric mesophase to the nematic material in order
to properly bias the twist at the substrate boundary.

| The manufacture and optical differentiability

38 are similar to that_described above with respect to the



"horizontal " .stable configurations. It has been found that in sonme of thes@
twi sted substrate enbodi nents, such as 90 degrees twist, it is preferred tos~
.add "sone liquid crystal material in the.. 35 chol esterl c nmesophase to the
"nematic material in order 1o properly bias the tw'st at the substrate

* boundary. The manufacture and optt @é differentiability 38 are simlar to

t hat descrlbed ahove .wi.t h res t tothe sub antlallytwo di nensi onal
stquct ures. %P&%%aﬂé-ﬁ ﬁ% ®Ste cell, the boundary
whi ch consi st}eldf Eﬂel:mimwmtal rrat erial, see FIG 2 5 rrust have the
fol l ow ng property: tra t I guration
established in the in gf #’ﬁgl&&@# %% S;k ;e (i ’| gurat Ion %g’&:espondl ng
to the direcwhdchl |c@mm.|s:bsr efuildenido mta‘tatlh@maﬂat isee Fdenda,y
conditio ne di aEE\%\ otm is al so

i mportan ourtlzt':iil conarql‘ﬂéj1 tcr?ls{\g or bot tq? théJ "vertical"
and "hori zon @ﬁﬂa@ﬂe&ﬁ senfiguralilon wsbadddished @l ve t he

det achment Of'blﬂa' Sﬁiﬂéﬁfdzo%i‘ thie ¥l W enad doaddighadtildke 15 transition

of director alignnents .fromo of_ .t he stable configurati.ons, i,n the

interior bodf%g' {E&%ﬁ@ "g RAYIFSks ¥e e

W:'thout thef mwmmmmﬂmmamm d:dﬂa‘ﬁ.tzrmmdcmmﬁattsectﬁr .
al i gnne er ,st on the ce
woul d nobs g‘c?nt eﬁ‘lﬁ?&@' Wﬁfﬂ?&fﬁ% |ds asym%iss[ g&}stdﬂl%%%yt at one

" stable confi g:zmaa: itive \howindagya doaditices matiching fies datdy ofordfiggur at i on.

a0© DY oDl e/m Wi 00 BH MuorAUStAI M1 %ﬂﬁqqxl ldg ed in FIG

35, where 25 4 represent cross sect1ons, para to the Z-Y pl ane,
of a rectangdPa@ (-‘p@mtafh;,e Sevimeinval vesithe detgohmend, At ry" enbodi ment .

Pl ane 800 sh@¥sdiflstions. If this were not required, the
15 +transition of director alignments from one of the stable
"configurations in the interior body of the cell to the
boundary would be continuous, i.e., without the
existence of disclinations, and the transition of .
- director alignments from the other stable configuration 3 -
20 in the body of the cell would not be continuous. The
result of this asymmetry would be that one stable
- configuration would gradually destabilize the other
configuration. The problem with an asymmetric
boundary condition is illustrated in FIG. 35, where
25 800-804 represent cross sections, paréllel to the Z-Y
plane, of a rectangular cell for an untwisted "single-
tilt geometry" embodiment. Plane 800 shows a cross
section in the middle of the cell and plane 804 shows
a cross section at the boundary of the cell. Note ”

¢ 30  that the transition of the director alignment ,
: configuration in the "horizontal® stable configuration
L at the middle of the cell, shown in plane 800, to the

director alignment configuration at the cell boundary,
shown in plane 804, does not require formation of
35 disclinations. Plane 805 shows a cross section in the
middle of the cell and plane 809 shows a cross section
at the boundary of the cell. Note that the transition
38 of the director alignment configuration in the "“vertical®



e_boundary of the cell. Note 30 that the transition of the director

i gnirent configuration in the "horizontal" stable configuration at the

Lddl e of the cell, shown in plane 800, to the director alignnent
configuration at the cell bounda®%, stiown in plane 804, does not require

mddre of %&sﬁa eonentaras at, A Bidd o7 % Bk ST MERMIT iy o
the cell. Hiot plenet 80kg thoarshiet dawe:@&ocrf atﬂ:@xmenércto@mfms@amm

confi gur at i,@n e m ddl e of
t he cgl |, éﬁoﬁgl %Q%ﬁa%%’%% Shhe d| regq'or al | gﬁ'ment cone%hgurat I on at
the cel b@dsedipatinnsn i Fbwm dhordgomted "disdebilat i ons. Thus, the

hor i zgnt along ghleation HAN %&-‘hﬂh‘aQ.'lyW'dés&'b@l(ili&Hé hde Stralzitsicea 1t he

vertlcal i guration _for a oundary condi,t.i on which
produces tﬁgaﬁgﬁ|28 P £ o) Pgﬁﬁﬁﬁt?ongﬁﬁwy 04 and 809. A
siml arloarghmehi pfcoauae\serbhjecalolrldwomaf ddiriegrtoantaldignimemtee! | bolugdgry
again e ti t Qu e
not ed hom%&%ﬁ%%ﬁﬁfg% ;gagnr af c?ﬁ?l\/\%%d#ﬁ éexflos"%] &% these 3
: boundary c yeditticads dmtm@lb@mm iat. itthe stelintbimdanty tdgain ne for
conpl ¢ | 0 r oRy or der
of an our %ﬁ@}é é%tn &fae%g_n%% gz:%enﬁéﬁaﬁ%ldép?e ﬁé’r&r#natloﬁoundary
condi ti on Wiei @otied HoweFernd thadi metastishie aonfiigunafiions
vertical - digiogld0 s tAI110 RAEHES iF YHETE oiﬁmé&-y %o&iﬁﬁ?&éhﬁéﬁ a cross

ont | gur at FAR: BECHRAS i b ¢ SHITARAE B by iy (e o SRR e -and
pl ane 523 de@tabildzaticrcliong & dde on diripd wdwlld G aorguwles cell in
the " H_gri Z%Q}a_%&: °§I %9{ ioQﬁQf iguration. (This preferred cell term nation
FIG. 35 shows an embodiment of a cell '
termination bouhdary condition which is preferred over
the simple horizontal or vertical-director alignments
discussed above. Plane 520 shows a cross section of
20 the middle of a rectangular cell in the "vertical”
stable configuration for an untwisted "alternating-tilt
geometry" embodiment and plane 523 shows a cross section
 of the middle of the rectangular cell in the "horizontal®
stable configuration. (This preferred cell termination
25 boundary condition can be applied equally as well to the
"gsingle-tilt geometry" embodiment but we disclose its
application to the "alternating-tilt geometry"
embodiment for ease.of description.) Planes 521 and
522 show cross sections of the rectangular cell at the
30  boundary for the preferred cell termination director
alignment condition embodiment. FIG. 36 shows that
the transition of the director alignment configuration
for a stable configuration in the middle of the cell
to the director alignment configuration at the cell
35 boundary consists of disclination-pinned textures for
' both stable configurations. ' Thus, this particular tilt
boundary alignment condition embodiment is not likely
38  to favor one stable configuration more than the other.

tion in the middle of the cell and plane 804 'shows a cross section at
1€




25 boundary condition can be applued equally as mell to-the "single-tilt
geonetry™ enbodi ment but we disclose its application to the

~laltefnating-tilt geonetry" enbodi ment for ease of description. ) Pl anes 524
- and 522 show cross sections of the,rectangular cell at the 30 boundary
for the preferred cell termnation ector alignment condition enbodiment.

For a stabl e Bohachs RIGAHH, 16 dae oA SOl L contguration
al i gnnent cordonfliguraticns tdme amlilesly thoulertabibime sane inother.
di scli nati on-pi nned tgﬁi@r fgﬁo@gtgﬁgigg gﬁg&ﬁggg@%iags Thus, this

particular tilt boundary aI nnent I'S” not Ilkely 38

to favor one Bamdlbelohoithe aZf%ﬁPhﬁm%ath%henhﬁhbﬂﬁﬁh the middbet, because

it favorsgnei t r o, eh Bpilize
one anotﬁ%r %?gé %%&2%% éﬁ:j&?gﬂg$g%r€§g gﬁﬁﬁégzﬂgké& glﬁg%gﬂ?%e Z-X

a
pl ane, taken ZePmeEFY | nembe B. orDatted, ane$y§%§Té§§|rePB?S§a Cunt wi st ed
"singl e- t||t'ﬂ@9W©éIl teﬂﬁﬂﬂaﬂﬁﬂﬁ béﬁm&éﬂlésnﬁéraﬁﬂaﬁaé p&pPaEEent the cel

term nation b ar i | an ar a to,t Ia Pl anes 820
and 821 shom1 gfré? Rt gﬁ né§¢yan%n%€a ﬁ%ﬁ? ﬂ%ﬁ/?ﬁ% preferred
1 cell bouhdmmgle+tghhegeomehryveeﬂbb@ﬁménty howcthé preferereds which
are per dic 3 ching Ti me
Smntchlﬁgybet§ég%.é§h%§§?i %# €8HQ€QO%§E%§€§¥T%*£R£1£¥%. |scon%|nuous
change in di reeurdaniegnwiich anve tperrendiculant be the geldchnent and
movenent of dj n eous surface, such as is
deiéQ fhowﬁhﬁﬂ-ﬁﬂﬁnqsa

illustrated Eééh single-tilt geonmetty”enbodi nrent shown in FIG 12, this
can only occ ﬁﬁEH&ié&EEiZO boundari es or at |ocal surface defects
where the existence of SWitchingtibotwees soabléi ehfigarations requires
15 a discontinuous change in director alignment and thus
necessitates the detachment and movement of
disclinations. On a homogeneous surface, such as is
illustrated by the “singie-tilt geometry"embodiment
shown in FIG. 12, this can only occur at the cell
20 boundaries or at local surface defects where the
existence of dlscllnatlons is most likely to occur.
The detached disclination assumes the form of a line
separating the regions in the "vertical" and "horizontal®
stable configurations. The disclination moves under
25 the influence of a vertical or transverse field.
Switching is complete when the disclination has been
reattached at an adjacent pinning site.
 In FIG.‘BS there is disclosed experimental
results for transit times of a wall which encompasses

v 30 a disclination, The wall is defined, for an untwisted
B "single tilt geometry" embodiment, to be the volume
I contained between dotted lines 169 and 170. The wall

velocity was measured by using a transverse magnetic
field of up to 10K Gauss to switch to the "horizontal®
35 stable configuration and a vertical electric field to
switch to the "vertical" stable configuration.
Data taken for-the "horizontal" to "vertical"
58  transition for voltages up-te 150 volts-is shown in




he "vertical" and "horizontal" stable configurations. The discli'nation
s under 25 the influence of _a vertical er transverse field. Sw tching
|s conplete when t he dlscllnatlongﬂas been reattached at an adj acent

pinning site. In FIG 38 there is -disclosed experinmental results for
transit tiBEGef33. for|cehle havirgpastieickoess dqdrs20i Whei oRBe The wall is

def i ned, fOdrﬁia:&tﬂ%fé@droflfﬂéetfaﬁéleﬁeﬂeuybhsn&ﬂﬂfafeﬁcet@nbe the
vol une contai ned between. dotted |ines 169 and The malggveIOC|ty was

measur ed by® $¢EF%Pt@%ﬁ%%%?%#chﬁﬁﬂ%??c°?l%?Baﬁ%tﬁﬁc?ooﬁoﬁ? BEs to switch
to the "horgzaatetd tﬁé'waxlabﬁﬁlawnaiﬂﬂéﬁéneé ascreaxest inabrsbkgtric field

to switch to, t.he " table confl ur a ken or-the

" "horizont alWith & f éafiegé FRPEP ﬁm?%?fzo?gaﬁggnﬁ i150 volts-is
shown in m@ﬁ;fif? §8of02 seklsOﬁ nfgvelthseknuas ﬂoun&Ofbrrr]n1 The
driving for i S|t|on gﬁéf fference in effective dielectric ;
t ensor or cgb% &?éﬂ% ??ﬁ%?e hé wal |, which difference
decreases inversely Eheonetﬁcabbyseﬂhélewmtchinsappmexfnatal9eéénstant wal |
mobi lity [e ] o} e h ;
coherence Ie% %ﬁﬁ erET%tégﬁ ggé¥cg I‘Eﬁg ﬁ@ﬁe ﬁ ﬁﬁirgh k?f th IS . ’
approleatengbqtaltransﬁt alﬁtstﬁéﬁe]sﬁqulﬁhﬂtfﬁ Fh§/EE Whﬁﬁ?l to

transit a quLawcyd %hfieié st§%£gth]EtW061eaEe—vV /dmhﬁs he field
strength at _vol t@ge err

fast"s E g % ngg el ectrode
di stance S.fasf & h 08\ Fequires a._ spsg rp§ fisteansg Rsec at Vv |
[err] 70 vakrés egakple) withss. 15 = 25 um, FTlie 50t ngak Bits¥ t ene of an
as

1é|t$LP§tBB gg% eong#ngsghg EFE:GSE This fact is Shown in FIG
The optical rlse time of an "alternatlng-tllt
- geometry" cell is quite fast. This fact is shown in
' FIG.39. This optical rise time ‘shown in FIG.39,
however, reflects only the résponse time of molecular
rotation and not the movement of disclinations which
20  are required for making the configuration stable. 4
truer measure of the switchihg time for a cell is the
transit time tp of the disclinations. Since ty = dS/uV,
where 4 is the distance between the substrates, S is
the distance between the electrodes, p is the high
25 field wall mobility and V is the applied voltage, a
transit time of 0.1 sec should be theoretically possible
with 8 = d = 25 um and V =40 volts peak. FIG. 40
jllustrates the transit time for a cyanobiphenyl
mixture with =2 5 x 10~ cm?/v -sec across 25 pm

det ached di scl i nat i on assunes the formof a |ine separating -the regions

30 wide regions. i
Electrode Configuration .
In FIG. 41 there is shown the electric field .

lines and polarity of electrodes in a_conditioﬁ that
will switch a cell from the "vertical" to the "horizontal®
35 stable configuration. .
In FIG. 42Lthere is shown the electric field
lines and polarity of electrodes in a condition which
38 will switch a cell from the "horizontal" to the "vertical®



novenment “of disclinations which 20 are required for making the
.configuration stable. A truer neasure of the switching time for a cell is
“the transit time t[err] of the dis nations. Since tT - dS/[err] V, where
d i's the distance between the subst €s, S is the distance between the

el ectrodes, [err] is the high 25 " field wall nobility and Vis the applied
vel't age, a tggabile bbﬁrlghratigaee shoul d be theoretlcally possible with S

=d =25 [err] and V = | t ElLG .40 il nsit tinme
for a cyanobi phenyl gi a?ﬁ%?gFF]ls fhgw? i e % b@@bb@ ross 25
[err]m 30 wn&h.aegchnmatEbednagdamCoﬁfagcuabunm Ean@@ne&hﬁﬂuge is shown
the electric e d gl.n i on that

will switch a tﬁb %ﬁp#b@%ﬁeﬁg P§§r ﬁ?g s %g h% Ebhg?izont I%BQShi ‘stabl e
conf.gurﬁtuoﬁt should be| glene. t02thnsee skildiedwin: theckadt misc Ui el d | nes
and pol aritynel shaskr atesan 290¢0RM0kNOANITEN 48, geheratilel Ghea col |

fromthe horizonta ertic table do | yration. In FIG 43

to
there is shoﬂRPEPBGFFGGeP°SG€1¥Q§$M" n, app| it &PeyLaRCHAT circuit for
Qﬁne[gthng fh&lﬁﬂmtﬁﬁbdaﬁﬁ FFFaruBIeS%th@hbuua EbGﬁotéa fnan42 5 255
shou e cle to_those ille n,t arm pu e_stream ,
shown in FIGP%ggf 6§ﬁéﬁa?§5 gbppgp h%@?&PPt “. gnpggﬁﬁied to the
circuitlDIIuareaseaﬂﬁnsﬁn@mh4$o thes Ryerdilcalfoisddbilieatc opfiguratians215

switch to the "horizontal" and pul se 10 areas 216 switch to the
“vertical" stable configurations. - 33

however, refl.ects only the response time of nolecular rotation and not th%i%%)



S 1. A nechanically bistable I'iquid crystal di.splay conmprising a-
|@ d crystal material having orientational directors di sposed between a -
| St substrate surface of a 5 first sé?ftrate and
surface of a second substrate, said s rate surfemmmm '“wmmur‘ltlm ly
pl anar and parallel to each other, gﬂlg Quid crystial ‘matertals bei ng
sai |

mainly in the nematic nesophase, rst substrate surface being
fabricated such that t AemeGhaniasldy dristadi e disrul ddjerasal disnlay e o'

parallel ali ?Q'J.‘Q'J.h% A 1ieaSl sl P afiitleritll Ui | i dd¥a tIaner ty

that the direc %érrents alternate froma positive angle to a negative

“angle with AdTRELOTS, Ud Sposed bedwear &fdinsh Subticate swtacenhe

p0|OI ng 3 13 Bél oﬂissasﬁ?lstwt@b d@lh)ds'faﬁﬂsd&iﬁd ; Isﬁibsﬁ&ﬂ% g RfcddNh twédmb 22.5
an : e e bouyndar rovi de sai i rst sec substrate

surf aces co%f’g %Fr Ay Cat S TALE JuF &y cl%ejtﬂg d?"ﬁ?é%t ﬁ% ¥ al i gnment
for detachi pdaaad aasdt tpaa‘im]ﬂgeldlts:cleaﬁt |amren N seidd Bdiquidd ms:tg/]st al

mat eri al IsQyi re|n sai d
second subs{nraﬁteg‘lss‘ér ?gaeg'é}élsgﬁ#ng‘rys ﬁu%@fﬁ nt%eé\dorl ent aﬁ I'onal
directors adfigsénsubstnatsr @“p‘aﬁaﬂel é!eiélgi fahrigated such that Ahe quid

crystal 1@ SBB:&)én%itfib%'arIeQi'x%&'o%‘sma%i ARIEItD alt | B tpdMPL B acent
regi ons of sai,d second substrate surface have the pro ert% t hat. the

director al Pgh&REAs Wit Atadeastoh®e Askiagent Hirgien t$88 angl e

Wi th respecpropeatyoriat the [iE e Slipginaits ?aolwﬂaaw fdth ¢ nor mal
points into salg diquid.crystal mat r:.'val I d a. | es bei nﬂ bet ween 22.5
a6, 5 deBPRad v anBIE 12, % ARy andle s8R Feied® B A 5 wherei n

boundari es hetrwadn ts:altdheadaudncsamame@tmﬁam sdiiccl inoxmah paknts SHttmd

bst t t
Subst s WAl 1, A Wl 0 SUR g9 Sc iy S
line bounda2|26§ 39675 demness s tha haundany arovwkded hgteaidal |y

first and second substrate surfaces containing at least

two singular points of orientational alignment for
detaching and reattaching disclinations in said liquid

20 crystal material.

) 2. A liquid crystal display as claimed in clalm 1
wherein sald second substrate surface is fabricated such
that the orientational d1rectors adjacent to it are
parallel allgned.

25 3. A liquid crystal display as claimed in clalm 2,
wherein at least two adjacent regions of said second
substrate surface have the property that the director
alignments alternate from a positive angle to a negative

~angle with respect to a normal to the second substrate

30 surface, which normal points into said liquid crystal
material, -said angles being between 22,5 and 67.5 degrees;

-4, A liquid crystal display as claimed in claim 3
wherein boundaries between said adjacent regions on said
first and said second substrate surfaces are substantially

35 straight lines.’ | | |

5. A liquid crystal display as claimedzin claim
4, wherein said substantially straight line boundaries
38 on said first substrate surface are substantially



pd}ab+ef and said substantiaily straight line bouhdarles on said secon? - -
substrate surface are substantially parallel. j I splay [
as claimed in-claim5 5 wherein .sai d substanti aI I 'lll"ﬂll mmmnﬂlllﬁundarre

on said first substrate surf.ace are S antlally paraIIb Yo %ai'd f ,
substantlall h I|ne oun sec substrate surface.

i qui d cry%%ﬁéigég ¢ 3%1 IEP ﬁlﬁ 1¥I§ ﬁ?%ggﬁheFB?n Qypdaries

sub tantlalI9nssaadgaecbndeSbbshdateesunﬁaeeldrélsabssuhsiaaly surface are
substanti al Iy, ﬁgppgiallel to said substantially straight |ine boundaries on

sai d second ‘substrate surface. 8. Aliquid crystal display as clained in 15
claim6, wherein tHhé. didthhaeideenesbadatlisplayt aat cihipedt ini ghaimi ne

boundar i & o ﬁ@éﬁleiﬁréiia@éﬁéﬁéﬁtﬂ!iiﬁcstﬁaﬁﬁﬁﬂbiiﬁetb%é&a&?@ssamﬁ and

t he di stance bet n_sai d substantially strali | 1 ne boundari es on said
second subst?%t mi%r#%f%ta§% §EB§¥%n?PﬁfF9etﬁEGSEHBStEQtlallY 9. A

| kqui d crystparausalawoasaidaswﬁﬁgaﬂtghﬁiy1§trﬂh§h€lmihéf d'Et?pgfebgbrfgge
d bst trai ne boundar sai i rst subs

fglsugthn?p%kﬂ@&%ﬁi%ﬁ ? %ﬁﬁd§§?%ﬂﬂes é?gﬁﬁﬂesﬁPﬂfgﬁﬁstantlalIy st rai ght

| *ne boundaries on %aJdAsbr@mﬂdZGrssbslrdispqufasecléﬂmedAdhlqU|d crystal

display 'y ARG NELALTS Ssaciebay ant fa 1] oLy Al REOpRgoSUSI rates are

aligned such that said regions VIngG diTect positive angle
on said firdtoundaries on saidcfirat wxbsts@hetsurfycabare sai d regions

havi ng di r ecisst i€ HEDy aﬁo@péheﬂﬁiéyet@ngafdoguﬁétgn f&?i‘g §t'a§i$ﬁte

surface. 11., A liquid_cr dIS lay as clained in-claim ein' the
substrat es e&%?%ﬂékﬂﬂﬂﬁ %%.%n¢e§?B%§r%EQ|ﬁﬁrﬁﬂﬁéetors al i gned

at a positive . A llquld crystal display as claimed in
. 15 claim 6, wherein the distance between said substantially
' straight line ‘boundaries on said first substrate surface
are substantially the same and the distance between said
substantially straight line boundaries on said second
substrate surface are substantially the same.
20 9. A liquid crystal .display as claimed in
claim 8, wherein the distance between said substantially
straight line boundaries on said first substrate surtace
'is substantially equal to the distance between said
substantially straight line bdundaries on said second
25 substrate surface. .
10. A liquid crystal display as claimed in
claim 9, wherein said first and second substrates are
alighed such that said regions having directors aligned
at a positive angle on said first substrate surface lie

; 30 substantially above said regions having directors
aligned at-a negative angle on said second substrate
“surface.

11. A liquid crystal display as claimed in
~ claim q, wherein ‘the substrates are aligned such
35 that said regions having directors aligned at a positive
angle on said fifst substrate surface lie substantially
above said regions having directors aligned at a
38 positive angle on said second substrate'surface.'



angkq.on said first substrate surface lie subétantl
: directors aligned at a 38 positive angle on ﬁﬁﬂ“
; 12. A liquid crystal dlsdygy as cl ai ned |n alm

I|qU|d crystal material includes pleochr0|c dye. 13 Aliquid

glons
rate'

crystal display asl@kai fedipnid grystai dﬂﬁPWﬁWchssédalmﬁ@uﬂ@ crystal

material inghydmsoli 4Hi gneeuskaidmiguial chrysithe ®aee?shar indIReRRhase. 14.
A nechanlcallﬁébls able 1.iquid crystal displfay comprising a |iquid crystal

mat eri al ha®i

e8rhERLSt A8Fal directors di sposed between a first 10

substrate surface ©B.a hlESQuidb&&y&talaﬂds@l&gcaﬂdcﬂmhmbﬁahm.&umﬁﬂﬁe of a
second sgbstrate, —said substrate rfac u sLan Ian
par ol LerStoreath BRRGh SBIRLRRAR, CedEERL BptRrtal Pllan AT,
nemati c nesopyatal matdriadstinsdhbet chodestefrdce mesiopypate .f abri cat ed such
that the directorsy gdjage%hch i@hqlg Bikt§ﬂﬁ§t&§ %lapr adre paralle

al i gned at

a first angle itive spect to a nornal

and
t he

to said

substrate sfippiay ﬂﬁmﬁﬁlﬁéﬂﬁa? ééﬂ#ﬂg pﬁw§t§dI@aWﬁaG@d bayddg materia

and said sespﬂénﬁweibhaued&%E%QSZalh osedf detwedned FYeEtt hat said

dlrectoga

a secon

sai d flrst
degr ees,.

15. A I|qU| crysta
of a sti8jghabrigatedr ﬁﬁ&

20
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cent to said second sybstrate surface are paraIIeI al i gned at
LB RRLE pETEBER, Poot LR St o aHDaE TaY o 00, falbacontsl d seaand !
_ substrate ssﬁbscﬁatwhsubfaeénbtf posetcendnsabstradtlel, qlsladdcrsxﬁisaﬂrafaet erial,

B0EeRe8R pEaR FHRTARIS 319 BABRA0050E MRTAI TR N Ratl O,

di sposed adpahent seidaildqhidscrysdadecoeterdalsbeding mmdmdaednf¢medetach|ng
and reattachyp at%sa};gggh as salaakesirggq%h%s%&%teafuwa% Yei

as clained in cl

substrate surface are parallel aligned at a first angle

~which is p031t1ve with respect to a normal to said

substrate surface, which normal points into said 11quid
crystal materlal, and said second substrate surface
being fabricated such that said directors adjacent to
said second substrate surface are parallel aligned at a
second angle which is negative with respect to a normal
to said second substrate surface, which normal points ..
into said liquid crystal material, said first angle'and
said second angle being between 22.5 and 67.5 degrées,
the cell further including at least two surface
discontinuities disposed adjacent to said first and
second substrate surfaces for detaching and reattaching
disclinations in said liquid crystal material.

15. A iiquid crystal display as claimed in
¢laim 14, wherein the direction of a straight line

.forméd by the intersection of a plane parallel to the

director alignment at said first substrate surface

and said first substrate surface is substantially
parallel to the direction of a straight line formed by
the intersection of a plane parallel to the director
alignment at said second substrate surface and said
second substrate surface.

rein the direction

@ﬁethﬁt girestiozs @#J@Wné%mq dinsd t he

)



ditector alignment at said first substrate surface ' | bstrat
surface is substantially 35 parallel to the directi Elﬂmm“n“"mum| I ne @
fornmed by the intersection of a.plane parallel to the dfreetadr &lignnment

sai d second substrate surface and sai d 38 second substrate surface. 16.

A liquid crystal display as clainmed i n3&aim 15, in whidh said liquid

crystal material indifudest difludskianyatald display /s ichaimed yin al di spl ay
as “cl ai med i e1ainf!1d Mkt wha] @ldid Mo dlie Aoyt £f wh (858 0Nind uitfed Or Med

by the intersection of a plane parallel to the director alignnentat said
first substr& PLERABFE Q¥ Sai d first substrate surface.is substantially
nonparal lel to the di7.ectd Aiqifid Giystaghtdispiay algradl aihedyid he

i ntersecti.on of .a nlane,parallel to,the director .al.i t sai d second
subst r at e SsurFRdR Q‘rg 5'51%5%&3“’(? A§FRw s‘i#r)faacset.lgalm’ggﬁ‘n% fiti‘tﬁu d crystal
di spl ay as clfximmedl by dibe ninfarsectiorcioba plinpiphrallshitordtie i al -

| acl udes 15 |4.qu S VSt rdsaledsg t | 9. A
|l iquid cryst 51%%3%@51?0%%&5 Isydj’arhé %%%b%ﬁi%e%? \?ﬁ%
reference toSaid aémﬁ)@%ﬂfg‘%\ﬂumcqﬁes tsybstantimll®peci fi cati on has

béen reprodugRshdiraRRI0APWHY ditRAPIid Gl Hddighd IdResedimda |t may
contain g few anendnents which are diffcult to read.” The original
Cypescr i 40 O A1 G GETERE CHARIE % TREPD PATHIRRN dP oie RLERCHAS es of

the Patent Ogflighiment at said second substrate surface and said
second substrate surface. |

18. A liquid crystal display as claimed in
claim 17, in which said liquid crystal material includes

15 liquid crystal material in the cholesteric mesophase.

19. A liquid crystal display substantially as
hereinbefore described with reference to the accompanying
drawings.

" Dhe text of the specificetion has besi Teproduced .by photocopying the spplicants original T

typescript. It nay contain a few: amendments which are difficult %o read. The
typescript containing these. amendments msy be inspected on the premises of the Patent. Office
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