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PCT/ GB97/ 01019 LI QUI D CRYSTAL DEVI CE This invention rel ates

to the alignnment and switching of nematic I%quid crystal devi ces.
Liquid crystal devices typically conprise of "a thin layer of a liquid
crystal material 5 contained between cell walls. Optically transparent

el ectrode st rUdUHRERYS T DRMIES allow an electric field to be

appl i ed acr oSyl bAisH refdtesd 1o e alibAneRCH Stching! i helmidliguid crystfIdksicat.
nol ecul es. There are three known types of [iquid crystal materia
nematic, cholesteric and 10 snectic each having different nol ecul ar

mmteria's, | DaGaEsAEFicE BBl GEHRse ot tTIEVEFE 4 T cRERT ferp

addr essabl es el gyiedibed bétween cell wali Optitaliptrarspardrii @ eztredt shdetaressoriths valie S
ot her col | wal HIOWGLEBoGIco S aRPISS o e, agar Causing A ar Gaei o taF B s
or pixels and érpstal mbet@dsnematic types of device are commonly

addressed using rnms. addressing nethods. Twi sted nemati c and phase
change devices are switched to an ON state by 20 application of a suitable

vol tage and al+Que sk e8 B ' ; 4 vol t age
falls below a Tome(rgr%/g‘rt age&fhefygl , fﬁae:d.':d ?ﬂg{ggm evi (I:égﬁgtr'% c#gl%(?)isé'{ 'g%ﬂg.
10  smectic each having different molecular ordering. The present invention concerns

devices Using nematic materials.

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

15 series of column electrodes on the other cell wall. These form e.g. an x,y matrix of
addressable elements or pixels and for twisted nematic types of device are commonly
addressed using rms. addressing methods. '

Twisted nematic and phase change devices are switched to an ON state by
20 application of a suitable voltage and aflowed to switch to an OFF state when the
applied voltage falls below a lower voltage level, i.e. these devices are monostable.
For a twisted nematic type of device (90° or 270° twist as in US 4,596,446) the
number of elements that can be rms. addressed is limited by the steepness of a
device transmission verses voltage curve (as described by Alt and Pleschko in IEEE
25 Trans ED vol ED 21, (1974) P.146 - 155).




For a twisted nematic type of device (90[err] or 270 twst as in US
4,596, 446) the nunber of elenments that can be rms. addressed is
limted byWMO#EB%epness of a devi ce transm ssion ver s@CTGBYHIIICur. ve
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One way of jnprovi the. n er of pixels. is.to incorporgte thin film
Crane, ot or DM way inbesind 18 Raber Bl AkeS Gncapaar s Grdritiskn act i ve
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di spl ays. 5. An advant age of nematic types of devices is the relatively
| ow voli t ageSWiERING YREELs such activermalrixdigplaysso nechani cal |y stable and have
a W de tenperature operating range. This allows construction of small

and portable battery powered displays. The mai n di sadvant ages of
t he abové@ dAniagvantage obrematiq types of[Yrvices|isthe| relalively daw voltagedaguirements. a
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st eepness of the 90[err] tw sted nematic can be’ i nproved by
increasing the twist angle to 180 - 270[err]. However this general ly

| eads t o noThemraindisadvantagesiof tiegbaveadevives ars s folloWs] The 9pPawistéd devi ce

al so 10 nematic has a poor viewing characteristic which leads to loss of contrast when the
device is viewed at high incident angles in certain azimuthal directions. Furthermore
greyscale inversion occurs in these orientations. The low steebness of the 90° twisted
nematic can be improved by increasing the twist angle to 180° - 270°. However this
generally leads to no improvement in viewing characteristic. Both types of device aiso

15 suffer from the fact that the large difference in the riematic tilt between the on and off
states leads to a chénge in pixel capacitance which can cause crosstalk problems
with other pixels.

According to this invention the above disadvantages are overcome using a surface

20 treatment on one cell wall which treatment consists of an azimuthal alignment
direction in a material or coated material which ordinarily induces a homeotropic
otientation of the nematic director together with an alignment treatment on the other
cell wall giving homogeneous alignment; the liquid crystal material has a negative
dielectric anisotropy. This device may be called a VCT (voltage controlled twist

25 device) configuration. It allows a steep optical response to be obtained with a greatly
improved viewing characteristic. Furthermore only a small change in pixel
capacitance occurs when the pixel is switched which leads to improved active matrix

addressing and alsc less crosstalk in rms. addressing.




15 suffer f rwongrbesstact that the |arge difference in the nemapce/geotn1019
bet ween' t he on and of f states leads to a change in pixel capacitance
whi ch can cause crosstal k probl ens wi Lh ot her pixels.

According to this invention the above di sadvant ages are overcone using a
surface 20 treatnent on one cell wall which treatnment consists of an

azi nut hal al i ghegsesding to this igvention;aJiauidicrysiabgeyiceroraprise§at ed -mat eri al whi ch
ordinarily induces a honeotropic orientation of the nematic director
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According to this invention a liquid crystal device conprises; a

nemal ¢ OF _Chi jalnd)fsFRistiiglibtih Betbisd'nab aferdRGbiLAISrdlbE! o0t 11 ¢ ani sot ropy,

5 two containing wa spaced apart and eac treated as to align the
liquid crys@al adj acent to themand carrying el ectrodes or other neans

to-inpose a figldpAb1diiSED BY:
an aligning surface treatment at one cell wall providing a substantially planar or}ilted
alignment of the liquid crystal with a defined azimuthal first alignment direction;
15 ' .
an aligning surface treatment on the second cell wall capable of separately providing
both a preferred, substantially homeotropic alignment of the adjacent liquid crystal,
and a defined azimuthal second alignment direction to the adjacent liquid crystal

dependant upon liquid crystal molecuiar arrangement;

the first and second azimuthal alignment directions being at a non zero angle to one

another.;

the arrangement being such that the quuid' crystal material may adopt a twisted and a
25 substantially non twisted molecular arrangement dependant upon applied electric
fields.




liquid crystal |ayer; means for distinguishing between two different
optical states; 10 CHARACTERI SED BY: . an aligning surface
treat ment WOA3&el | wal | providing a substantially planar eer/cBbeadre
alignment of the liquid crystal with a defined azinmuthal first alignment
direction: 15 an aligning surface trgatment on the second cell wall
capabl e of separately providing both"a preferred, substantially
honeot r opi c _al i gnnment of the adjacent liquid cry and a defi ned

| i . st al , )
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anot her.;  orthogonahcorawithimaaws 0° bebeing srtbhgenakt Additionally, thel two pelarsers
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'The alignment at said second cell wall may comprise an alignment treatment

ordinarily providing homeotropic alignment, in conjunction with a relief grating

structure. The grating may be symfnetric or asymmetric in profile, the groove depth

10 and or pitch may be constant or may vary between pixels or within one pixe!.
Furthermore the gratidg groove direction may be constant or may vary between
pixels or within one pixel. The grating surface may contain more than one

modulation.

15 The alignment at said second cell wall may comprise an alignment treatment
. ordinarily providing homeotropic alignment; in conjunction with a rubbed polymer, or
in conjunction with an evaporated inorganic layer such as MgF..

The defined azimuthal alignment direction at said second cell wall may be provided
20 by an anisotropic photoactive polymer layer.

The grating may be a profiled layer of a photopolymer formed by a photolithograbhic
process e.g. M C Hutley, Diffraction Gratings (Academic Press, London 1982) p 95-
'~ 125; and F Horn, Physics World, 33 (March 1993). Alternatively, the bigrating may
25 be formed by embossing; M T Gale, J Kane and K Knop, J App. Photo Eng, 4, 2, 41
(1978), or ruling; E G Loewen and R S Wiley, Proc SPIE, 88 (1987), or by transfer

from a carrier layer.




- 4 - Wio97139382t and second azi muthal alignnent directi orRCTHER 101019

substantially - perpendicular or wwthin 10[err] of perpendicular. The
pol ari sers optical axis may be - orthogapal , or within about 10[err] of
bei ng orthogonal. Additionally, the two polarisers may be rotated
relative to the cell to obtain maxi num contrast between the two states 5
of the device. The alignnment at said second cell wall may conprise

an al i gnment  trhegiamitsurface maly Gergrativg BF svmubeagpdmﬁaoarramrﬁsoﬁdpwmpnt in
conjunction with a relief ratln structure. The gratin
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be constant Oh,pRik i@%ﬁ&ﬁdﬁﬁﬁ‘éﬂl@bﬂ%éal@r 2 15’) Briém8atich the nematic director
Furthernore the grati roove direction may be constant or may vary

bet ween 5 withagespent W\I urfage withiagreferredeazimathahdjregtioh.ace may contain
nore than one nodul ati on. 15 The alignnment at said second cell wall
may conprise an alignnent treatnent ordinarily providing honeotropic
al i gnnment ,- i n Therglignmenton ane br both walie thaydte/foemed by the techhique ohpbliguei on
with an evaporated inor am&qkager such as MyF[err]. The defi ned
azi nut hal al i GNRBPRt 'H?PE%PI sai d second cell wall may be provided 20
by an ani sotropi c photoactive polyner |ayer. The grating may be a

profiled | ayer of a photopol r formed by a_photolithographic ess
6. g. M C HIl | Ge eisatiods may Becionmes s asesiae afiaw and salumaikriodes apndedss

125; and F Hordg, X, g harrixCot rWér Eédmgfalﬂé\/éléﬁénisgﬁealsplﬂ Eﬁé@% eleRlr¥de t he

bi grati ng may e ftorned Y nbossi ng Kane and K n(%_p
App. Photo En g\tezsecgonsa,j‘yplcal y the eiectrodes are zoopm wude spaced 20um apart. he

electrodes may be addressed by row and column driver circuits.

15 Altematively, the electrodes may be arranged in other display formats e.g. r-0 matrix
or 7 or 8 bar displays. '

The cell walls may be substantially rigid plates of glass. Alternatively, one or both
walls may be of a flexible material, e.g. a plastics material such as POLYOLEFIN,
20 PET. '

The pixels may be addressed by an array of active switching elements, e.g. active
matrix elements such as thin film transistors (TFT). In this case the TFT are formed
on the surface of one cell wall and switched by e.g. x, y electrodes on the same ceil

25 wall; the second cell wall has formed thereon a single sheet or common plate
electrode. One of these x,y electrodes is shaped into a pixel shape.
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The planar surface nay be a grating or a rubbed pol yner or an :

ani sotropical ly’ phot opol yneri sed phojf opol ynmer or any ot her. treatnent
whi ch induces a substantially parall®el (or a surface pretilt of
typically 2 to 15[ err]) orientation of the nematic director =~ wth respect
to the surface with a preferred azinuthal direction. The al i gnment

on one or both walls may be formed by the technique of oblique

evaporation of e.g. MgF2 etc. =~ 10 The el ectrodes may be forned as a seri es
of row and ddleuneans oF disaauishing between dwo different optical stetes imay bk pofasisers.
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Small amounts of a chiral dopant or cholesteric liquid crystal material, eg about 3% of
C15 (Merck)._ may be added to the nematic liquid crystal material to impart a
10 preferred twist direction.

The principle of operation is as follows. When a field is applied to the cell, the
negative nematic material is forced to reduce its tilt angle until virtually the entire cell
thickness is in a planar low tilt state with no twist. When the field is further increased,

15 the planar configuration is forced closer to the homeotropic surface until the liquid
ctystal begins to interact with the-'aiignment direction that is contained within the
homeotropic surface. If this alignment direction is non parallel to the alignment
direction of the opposite planar surface then this interaction will lead to twist. With
suitable arrangements of polarisers, this twisting is accompanied by a change in

20 optical transmission and hence the device acts as an optical switch.

TFhe planar non twisted (off) state will appear dark if crossed polarisers are oriented
parallel and perpendicular to the planar alignment directioﬁ. Furthermore this state
appears dark when viewed from any direction. The twisted (on) state will appear
bright. Therefore this display mode will possess a high contrast regardiess of viewing
direction. Also the 'off to ‘on’ switching event occurs with minimal change in liquid
crystal tilt angle therefore the capaéitance does not undergo a large change.



The cel| wal | WOPIPOM2 substantially rigid plates of glass. AltePEBGBYHNPIY

one or both walls may be of a flexible naterial, e.g. a plastics
mat eri al such as POLYOLEFIN, 20 PET. -7-The pixels may be addressed by
an array of active switching elenents. e.g. active matri x el ements

such as thin f‘h%)ef m&%@ﬂﬁ\é *Iq{dﬁl T&J bé@tﬁeml% %@é&rﬂg&l& o;w-(mﬁ'{ %{:«{rgﬁ Bthe

on the surfac on the
sane cell 25 mb}npahblmgsifawingsofEWhachall has forned thereon a si ngl e sheet

or conmon pl ate el ectrode. One of these x,y electrodes is shaped into

a pi xel shape. WO 97/ 39382

PCT/ GB97/ 0101%igure 1 is a plan view of a matrix multiplexed addressed liquid crystal dispfy:
The neans for d| stingui shing between two different optical states may be

pol ari sers. Alternatively the nmeans may be a small anmount, e.g 1 to 5%
of a dichroic ﬁg@rez;sme%és%emsrnohhedhgpwd?f@m@i al material together
with one or two“pol ari sers. Typi cal dyes are 2-4% of D102 (Merck), and

about 4% of D6 (Merck).
Figure 3 shows a schematic view of one cell wall carrying a matrix of thin film

transistors, and two sets orthogonal addressing electrodes, with pixels formed by

10 pixel electrodes;

Figure 4 is a schematic view of the second wall with a sheet electrode, for use with
the cell wall of Figure 3. )

15 Figure 5 shows the principle of the device operation;

Figure 6 shows the trans__l_n__ission (solid line) and capacitance (dotted line) as a
function of voitage for the device cell;

20 Figure 7 shows the transmission of the device. as a function of voitage for several

different grating groove depths.

Figure 8 shows the contrast ratic as a function of viewing orientation for a cell with

deep grating grooves.

Figure 9 shows the contrast ratio as a function of viewing orientation for a cell with

deep grating grooves.

Figure 10 shows the switching times as a function of liquid crystal material layer
30 thickness.




Smal | anounts of a chiral dopant or cholesteric liquid crystal material, eg
about 3% o&v 15 (Merck), may be added to the nematic |iquid crystal
mat eri al 9%33? a 10 preferred tw st direction. - TheCIGBIMO1pi9e of
operation is as follows. Wen a field is applied to the cell, the

negative nematic material is forced to regduce its tilt angle until
virtually the entire cell thickness is in a planar Iowtilt state with
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crystal toi It angle therefore the capacitance does not undergo a | arge
change. WO 97/ 39382

PCT/ GB97/ 018 %8w driver 8 supplies voltage to each row electrode 6. Similarly a column driver 9

The invention will now be descri bed, exanpl e only with reference
to the supplies voitages to each column electrode TyContr | of applied vo is from a
control logic 10 which receives power from a voltage source 11 and timing from a
clock 12.
15

.Either'side of the cell 1 are:polarisers 13, 13' arranged with their polarisation axis P
- substantially crossed with respect to one another and substantially parallel to the
alignment directions R, if any, on the adjacent wall 3, 4 as described later.
* * Additionally a compensation layer of e.q. stretched polymer may be added adjacent .
20 to the liquid crystal layer.

A.partly reflecting mirror 16 may be arranged behind the cell 1 together with a light
source 15. These allow the display to be seen in reflection and lit from behind in dull
ambient lighting. For a transmission device, the mirror may be omitted. '

Prior to assembly, one of the cell walls e.g. wall 3, is provide with a grating structure
17 to give both an alignment direction and a homeotropic orientation. The other ceil
wall 4 is surface treated to give a planar surface with a preferred alignment direction.

30 Finally the cell is filled with a nematic material which may be e.g. EN38 (Chisso) or
ZLi-4788 (Merck). " |



acconpanyi ng, WORZ3MES of whi ch, Figure 1 is a pl an POT&BII01G19

matrix nmul tiplexed addressed |iquid crystal display; Figure 2
is the cross section of the display of figurg. 1, Figure 3 shows
a schematic view of one cell wall carry| ng a matrix of thin film

ooeuby ! “Haese e A R0 b5 bl R 158 el ol D e an
view of the secppi ofghih nmrbnast&hezeﬁ e&dresdnheeted b Bhe BB sbliiddlline (row) electrddee
cell wall of F| ure 3. gulepﬁ%dshows the principle of the device

oper at i on; and a gate; '@er(eolemg & e3AR gptedinghas s e¢ension34 whieh
capaci tance ( dch&egfa 'dve% RBfm part of each TFfr%ctAggac?tea\mm &8st ToF istdIpixeievi ce
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a cell with g groo
a voltage along a gate electrode connects each pixel electrode 25 to its associated

source electrode thereby charging the material under the pixel electrode. The
second cell wall 27 carries a sheet like common electrode 28 which connects to earth

10 potential. The row and column drivers 8, 9 of Figure 1 connect to the source and
gate electrodes of Figure 3.

The device is caused to display information by switching selected pixels to an ON
state on a background of OFF pixels (or visa versa). A pixel is switched to ON by

15 switching a selected pixel TFT to a conducting condition. This causes a voltage to
appear dn the associated pixel electrode 25 which remains until the volitage is
discharged by switching the TFT to ON whilst connecting the source electrode 22 to
earth potential. When in the ON state the liquid crystal material, pixel electrode 25
and common electrode 28 form a capacitor which holds its charge untif discharge to

20 earth; hence a need for a liquid crysta_l material having a reasonably constant
capacitance in its switched and unswitched states.




Figure 9 shows the contrast ratio as a function of vi ewi ng

25

orientation for a cell with ' deep grating grooves.

Fi gure 10 WRPi8938e switching tines as a function of liquid p&y@ﬁ@lmm,

material |ayer - 30 thlckness [err] WO 97/ 39382
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Example 1;

10

15

The grating on wall 3 was fabricated into Shipley 1805 photoresist by contact
photolithography using a chrome on glass mask with a pitch of 1um (0.5um lines,
0.5um gaps). Adjustment of the exposure time allowed different groove depths to be

obtained. In this case a mercury lamp source was used with an intensity of

0.5mW/cm2. Development was carried out in Shipley MF319 for 10 seconds followed.
by a water rinse. Finally the grating was exposed to deep UV and baked at 160°C to
ensure insolubility in the liquid crystal. Prior to cell construction, the Qrating surface
was treated with a lecithin solution in order to induce a homeotropic surface.

The alignment on wall 4 consisted of a rubbed layer of P132 (Ciba Geigy) or a
polyimide. This rubbing gives both an alignment direction and a surface pretilt, e.g. of
21to 10°. '

“ The prificiple of operation is now describéd with reférence to Figure 5. . -

20

{9
(¥ 3

The top surface (A) (wall 4) can be any treatment which induces a pretiited planar
alignment (in the x direction) while the lower surface (B) (wall 3) is a grating surface -
coated with a surfactant to induce a homeotropic orientation. The grating grooves

poiﬁt .in the y direction. At voltage V=0, a hybrid director profile exists as shown in
Figure 3a. When the voltage is raised to V1, the tilt of the nematic (with Ae<0)

lowers throughout the thickness of the cell except close to the grating surface where
it remains high due to the homeotropic treatment Figure 3b. At a higher vo!tage Vo).

the nematic very close to (or even within) the grating grooves is driven into a pianar
orientation Figure 3c. Once this occurs, the director near the surface will encounter
the azimuthal anchoring force of the grating 17 and will twist around to follow the

groove direction (y axis). Thus a twisted structure is formed.



The display.wob/sp3ges 1, 2 conprises a liquid crystal cell 1 porrasd7/bwis

| ayer 2 of nematic or long pitch (e.g. -pitch greater than about four
time layer thickness) cholesteric liqujd crystal nmaterial contained
between glass walls 3. 4. A spacer ring 5 mai nt ains the vval I s

t cally 1-6m apart. Additio ro beads nsi ons
By L O P i Hatkn e T e Ao vEaa ths FOPasoREe srostedcrs

spaci ng. Stri ppihkgers QFighle8Ct 2)Qathéir &agsmiaénoﬁraszﬁs arongT ﬁraﬁdnyﬁrfé%doﬁl pne
wal | 3 and simlar columm el ectrodes are forned on the other wall 4.

W t h.m row andthis easieuthe C°"f|9U'éF'@tﬁt?tdﬁ’@saﬁ%\’tm"cﬁ%aah'aﬁ’k whiteet Vg adight state
addressabl e el enents or pixels. Each pixel is formed by the

i ntersection ofs ®SPH&%and col um el ectrode. 10 A row driver 8 supplies
voltage to each row electrode 6. Simlarly a colum driver 9 suppl i es
voltages to each columm electrode 7. Control of a I ed volta es is froma
control |ogic A8wWikhiconvediopaltNs WSM&W%WW%‘@@W%@%@# whep Ny
froma cl gfkntdger wHere: : Eitherside of the cell 1 are polarisers 13,
13" arranged wth their polarisation axis P substantially crossed with
respect to one another and substantially parallel to the al i gnnent
directions R if any, on the adjacent_wall 3.4 as described |later.
Additionally a conpensation |ayey = (aﬁde)%I-O.QSChed pol ymer may be added

adjacent 20 to the liquid crystal yer A partly reflecting mrror
16' may be apranged behind the cell 1 toget her with a Iight source 15.
These al |l ow t he dlsg ay. to b Er} in refl ehlon and 5‘ ombelndin
dul | ambi Wherq ‘bﬁttf‘ﬁ&emﬁﬁ? Iretfingancs; 4 it ﬁcﬂueg?rc‘,@"d HR e IRty be
omtted. 25  wayélehéth. Sﬂuﬁﬁ?ﬂmwauﬁl&%o&@@aﬁ% bbidiHedbyusthg péraliel3, i s
provide with a grating structure to give both an alignnent
direction and polatsers@langieither thexatidiectiohe ot her cel | wall 4-is

surface treated to give a planar surface with a preferred alignnent
direction. _ _
15 The optical contrast is obtained using voltages between V4 and V3. In this range the

nematic director is substantially planar and so the black and white states as well as
intermediate grey levels are obtained with improved and symmetric viewing angle
characteristics. Variation of the grating groove depth influences the voltage at which
the transition to a twisted state occurs. A higher transition voltage is preferred to

20 ensure a fully planar structure. Several experimenfs have been carried out as
described below.

One cell was made using a grating surface which was formed from a 100 seconds
exposure. This 10um thick cell was filled with EN38 (Chisso) and optical observation
25 confirmed that the zero volts state was splayed as in Figure 5. Eye response
transmission was then measured with the cell between crossed p'olérisers and
| capacitance data was also taken. '




30 Finally the cell is filled with a nematic material which may be e. g
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Figures 3, 4 show an active mat ri x type of display in which one cell wal |
20 carries an array of thin fllmtraﬁ,'snstors 21 each connected to one
of a souce fine (row) electrode 22 and a gate line (colum) 23

el ectrode; each gate |line has an extension 24 which extends over to

forma part GPUER fFofigtnelshonsdhat the S@nsmissios A IY=Prsiaws AtAbest 4V # begins

el ectrode 25¢ rRERbhickto®éddonas td thalthHsftioR béfveétn AWt ap, of source and
gate el ectrodes provide isolation between source and gat® el ectrodes.

The appl i catc¢arfigofations in Bigurel 5. e&‘gﬁhafmmg the gesuits elearly shole tien e caracRande

pi xel el ectrpde 25. t | at source el ect.rode .t hereby charging
the materi al (%Gﬁ?%ﬁ'"faﬁg %’(%f §§‘ﬁ'§§f"ﬁ‘5ﬂ8d b?F?ée the transgussion Pegins tp.Mis ey nce
carries assheedn bé Icenaod&mlmeireaha,ed@ o?&é%élﬂhlcméﬁ%%bl‘anbpbﬁaféthemtst
potential. The row and col S,gn%g..rlvers , of Figure connect to the

source and deformation qacuts; egreysaain o "33 Ve ma'ﬂ*ﬁé"@l&/? valtage caused to
di spl ay inf %d%ll@&‘tvhﬁ Ml §5°8gb8d srlvig &Qrﬁt@r@té v\meé‘BbG}‘ned The 3@l d’” a

background of OFF pixels (or visa versa). A pixel is swtched to

switching a %!‘@P@dhéﬁoﬁilciiﬁwmb’ﬂgt@@@Uhﬂ@t?ﬂ'ﬁl(j"@ﬂrﬁmammﬂ cana@tamases a
voltage to appear on the associ ated pi xel electrode 25 which renains
until the voltage is di scharged by switching the TFT to ON whil st
connect i hg tindhs oexicaxperiment seueral zellwere fabricatedusiog gratings formedwithn t he ON

SHate Lhe L Lo lnPihite P58l e or BB Al 8% e L PR
The cells had a gap of 5um and were filled with EN38. Figure 7 shows the optical
transmission of these cells as a function of voltage. The quoted groove depths were
measured using tapping mode AFM (atomic force microscopy). The curves clearly

15 show that the optical threshold is very sensitive to the grating groove depth with

- deeper grodves (longer exposures)‘-leadi'ﬁg'- fo a threshold at a lower voltage. in all -
cases, high contrast switching is obtained (>200:1). The curves with lower voltage
thresholds also show opt:cal responses which are steeper than typical 90° TN
devices. ’ '

20
Opération of the device can be considered as follows. The change in twist threshold
voltage cannot be attributed to the extent to which the grating grooves extend into the
cell as the groove depth in the above samples has only been varied between
0.085um and 0.54um, both of which are small compared to the cell gap (5um).

25 Instead, we need to consider the size and extent of the distortion of the nematic

above the grating surface.



20 earth; hepg9vaegeed for a liquid crystal material havi Ng a pPciASEP R0

const ant capacitance in its switched and unswi tched states.

WD 97/ 39382 :
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Exampl e 1; The grating on wall 3 was fabricated into Shipley 1805

phot or esi st byrhegrating surface iMppesRsSHAN azimthab BpchasingEnerahiiewiinh doraestheask

with a pitch of er 3 | BES A emsi . : | gt ment of
t he exposure tqer[}ié'glqﬁ%\%’é%d% §£elfraiéér‘1ﬁtt6 {g;{ri\eosa)r\‘?te'nsg> ﬁoot%f\é%"@{c{'?]e'g%m b’/g@f g? ned. In
this case a nmBertsnyar, Ma).CIystr big. Qryst. ¥5 28, Ri1B (2873)nNt ensity of

0.5mWcnR. Devel opnent was carried out in Shipley MF319 for 10 seconds

fol | oned by a water rinse. Finally the grating was exposed to deep W
and paked at 160C to ensure i‘psol ubility in the liquid crystal. Prior
to cell construction, the gratiMgestrface 10 ( was treated with a lecithin

solution in order to induce a homeo{#ropi c surface. The al i gnnment on

wal | 4 consisted of a rubbed |ayer of P132 (C ba Ceigy) or a
pol yi m de. This rubbing gives both an alignnment direction and a surface
pretilt, e.g. wiere ais the groove degthang L is ie grating pifthe W isrtbe ivtel exergy peruniton

s now descri hed, W L Nateq i 1He'Y Sirdctioh t& 1Rty The decay tength in the Z direction will be
proportional to the grating pitch and aimost indépendent of the grating groove depth.
10 Therefore separate adjustment 6f a and L allow independent adjustment of the
anchoring energy as well as its distribution.

Equation 1 was derived for a system with planar anchoring of the nematic on the
grating surface. In the VCT cell, the anchoring is homeotropic and so W4 is zero. A
15 non zero value for W only occurs when a field is applied to the cell as this forces
the director into a planar orientation near the grating surface. As the voltage is
increased the planar orientation is forced closer to the grating surface and so W¢

increases. The twist threshold will occur when;

20 wy(V)> W,

where W, is the twist threshold energy. It is clear from the above argument that

smaller groove depths or larger groove pitches are preferred to keep W4 small until
the nematic is planar throughout the majority of the cell thickness, thus leading to
25 wider viewing characteristics. |




The top surface (A) (wall 4) can be any treatnment which induces a pretilted

pl anar alignment (in the x direction) while the | ower surface (B)
(wal I 3) |§’°§7@P&2| ng surface 20 coated with a surfactant P@T)(ﬁﬂ%fmé
honeotropic orientation. The grating grooves point in th

direction. At voltage V=0, a hybrid di reff or profile exists as shown I n

Figure 3a. Wien the voltage is raised to V[err], the tilt of the nematic
(with [err]e<0) | owers throughout the thickness of the cell except
close to the grating surface where it remains high due to the

homeot r opi cCbhgiaériny the fpréstntedilata Ahe duiveS IEFiguRd 1 ke QdMirhdn capacitancd he
nemati c very close to (or even within) the grating grooves is driven into a

pl anar Curye (Egure §) A% tPFdEﬁ‘E'YWePGW@@tPﬁg@OMEGBP . Thusethgicellewh near t he
surface Wil inMB6Hgiahgs (0.085,inh End BI85 i ting
17 and will tw st grou?\s( f"m pirhet L ?boﬁmfbggigsg%%%ﬁ ona%gﬁu‘%ﬁe)
Thus a t i swhen mermnncaﬂeansmsmmbegms to nsaoTlgéy are3Barefore expected to have

PCT/ GB97/ 01 Th
two states g‘%‘ge' Yigying characteistics,than the cefls mags with degper %’@f'”gsng}‘ﬁéfbﬁ‘f’"?ﬁ osse
pol ari sers ¢lﬁrgcteaszc§ m@remadsutddefortworm‘s peliss one with ahalidwggovéeand onsl Y

di rections. this case, the configurations at V=0 and V[err] wll
appear bl acW'tMF?%g'éﬁw% a light state i s observed. As with
conventional TN structures, the maxi numtransm ssion is obtained when Nis

.

10 Figure 8 shows the contrast ratio as a function of viewing orientation for the cell with
deep grating grooves (0.4um). The two data sets used to calculate the contrast were
recorded at 15V and at the threshoid voitage. Good viewing characteristics are
observed in the vertical direction but the contrast falls off quickly in the horizontal
direction. indeed by about £20°, the contrast in iess than 10:1. A second set of

15 viewing data are shown in Figure 9 for a cell with shallow grating grooves (0.' tum). In
this case the viewing-characteristics are much better with.virtually the entire viewing
cone having a contrast of >10:1. Comparison of Figure 9 and Figure 8 confirms that
betfer viewing characteristics are obtained from VCT cells with shallower grooves.

20 The response times of the VCT switching were measured as a function of cell
thickness. The results are shown in Figure 10. The switching times were measured
for a O to 15 V switch. The switch-on time was fitted with an exponent of 1.494 while.

. the switch-off time has an exponent of 2.241. These are respectively less than and
greater than the quadratic power law which is measured for both the ON and OFF

235  times in a TN device. The fastest times recorded for the VCT at room temperature
were 29ms (fgn) and 18ms (ig¢f). These are similar to typical TN devices.



an i nteger. whwoe97/39382 [err] 10 where [err]n is the nemati Gecr/iGBYT/01019
bi refningence, dis the cell gap and [err] is the operating

wavel ength. Similarly a normally black node £an be obtained by using

par al | el pol ari sers al ong either the X or y direction. 15 The

opti cal contrast I S obt

et o™ " %l sty the Bt e e R VT el diferd a d e GonighD) ho”

and white stat egspsnyhith aow capadltﬂi\@sf ofshgat gocgmawing\mbﬁaovér&u@é)w ned with
i nproved and synmetric view ng characteristics. Variation of the

grati.ng groove G@ﬁ?fﬂﬁb’ﬁfsw&@ﬂ%%% Vé? ahexe calls @il shpw reverserwist digglinatipash bl
a twsted state %99‘&55 ead) tléﬁ{oviaa %d‘dir@rb Yhi 398uh f%ﬁ%lecforpgﬂt foqneO

ensure a fully p anar structure. erinents ave een carri ed out
as - deschi beembkd ovpy ensuring tt@isrqmneldnmbomammamm@otmg:wﬁmg iIsnetf ace

whi ch was forne S5 el
was filled wt hg@@%g?]‘ssgf‘ anig‘g%'rte Ft(':m] %@gyérgﬂrlsgﬁé%%g]#%@f@ ﬁ'éqcy
the zero volts béaptmisad ts ablag\@lthasteepelit gptrcal fesporyse witlsgeotsdewing properties
transm ssion was then asur ed th t bet ween craqossed polarisers and
capaci t ance dat gy &Esus‘ﬁr%@sygmvg groove pro% es or surfaces contaoamng sze than one
modulation. Tests have shown that a large asymmetry in the groove profile totally
10 inhibits the twist threshold despite the groove depth and pitch being similar to the

cells described above.

Typical values for the a and L are 0.3um and 1.0um in the range of about 0.05um to
5um and 0.10 to 10um respectively.

Example 2;

A VCT device can also be made in which the homeotropic surface is a rubbed
polymer overcoated with a surfactant. One such device was made as follows. The

20 polyimide material AL5417 (JSR) was spin coated onto ITO coated glass, baked for 1
hour at 180°C and rubbed. Next a lecithin solution (0.1% by weight in isopropanol)
was placed on the polyimide surface and left for 60 seconds before removal by
spinning. This surface was then constructed into a cell in which the opposite surface
was a rubbed polyimide (AL5417) without a lecithin treatment. The rubbing directions

(18]
W

were orthogonal to each other and the cell thickness was 6um. The cell was filled

with EN38 (Chisso) in its isotropic phase followed by cooling to room temperature.

The cell was positioned with crossed polarisers along the rubbihg directions. When a
voitage was applied, the transmission remained low until a voltage of 6.5 V was

30 reached. Above 6.5 V, the transmission increased and eventually saturated at about
15 V. This cell was found to have a good viewing angle and only exhibited a small

change in capacitance above 6.5 V.
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Figure 6 ( $he)-shows-that the trdndi§ SHegn =6 1]S ut_
4V it begins to rise which correspgnds tRE’bméqgﬁ’gEE&I’tiO#l gf\%’%@fhe i
V=V[err] and V=V2 M!lll ﬁﬂ Il wtﬂll'rs i TpsFrgtfe—S——Eurthérnore the results
clearly show that t el (blﬁo'ken line) has alnost fully
saturated befo the transm ssion begins to rise. Hence 5 it can be

concl uded t hat 'F’W’e majority of the cell thickness is planar before the

tw st deformati on occurs. Thus the greyscale in the VCT is mainly due
to a voltage ~controlled twi st and so a good viewi ng characteristic
will be obt di fhHquiqgE/St @avies SYMPrising:shows t hat optical switching can occur
with only small changes in capacitance. 10 in the next experinent several
cells were fabricated using gratings formed with di fferent exposure
time to tlesta lajer affneawtic of chjrab pematie abid crystdi having batdgative diiatse . The
cel'l s had aaglfs%trgé Slerrfmand were filled with EN38. Figure 7 shows the
opti cal Panshi ssion of these cells as a function of vol tage. The

guot ed groove depths were measur ed using tappi ng node AFM (atom c
force mcro COpéét’ . The cwrvesﬁeﬁl ear| 5 show thcﬁt t he optical threshold
is very sendf'Pi9aanNg Wa's, PRIGCHFPS e3rh SO rented as to aligndbp dauigicsysials

(I onger expagjiceny tolthddiang cafying lelsctrodes or athemeanEto MPdsaEChiell dndhe

cases, high contrast switching Is obtained (>200:1). The curves with | ower
vol tage 1" liquid/ceystalilakeral so show optical responses which are steeper than
typical 90[err] TN devi ces.. 20 Qperation of the device can be
considered as follows. The change in tw st threshold vol t age cannot be
attributed to the extent to which the grating grooves extend into the

cell as the Q0046 AeRiglishihgewadiPiio GftERKESpIaPstafsy Peen varied between

15 CHARACTERISED BY:
- an aligning surface treatment at one cell wall providing a substantially pianar or tilted
alighment of the liquid crystal with a defined azimuthal first alignment direction;

20 an aligning surface treatment on the second cell wall capable of separately providing
both a preferred, substantially homeotropic alignment Bf the adjacent liquid crystal,
and a defined azimuthal second alignment direction to the adjacent liquid crystal

- dependant upon liquid crystal molecular arrangement;

25 the first and second azimuthal alignment directions being at a non zero angle to one
another;

the arrangement being such that the liquid crystal material may adopt a twisted and a
substantially non twisted molecular arrangement dependant upon applied electric
30 fields.

This Sheet Has Been Re;ilaced .

WA



0.085[ err] m amb Sfdgzer r]m both of whi cH BHi§ SHERTI . coBEER4d [ ety
gap (5p[err]m. 25 Instead, we need to dgonsi d(glgpgm I ze gnd extent

distortion of the nematic above the : WO 97/ 39382
PCT/ GB97/ 01019 - 13 - The
grating surface inposes a chor i n D) ch forces the
nematic direct g 1h8 deyice E\F%I"Pguwp?fef eé‘?’%??'ﬁ'd" '&?Ei@gé’é‘g Qéﬁ"@ﬁh?%s Y By
(D. W Ber r@@@fpei Ipegéﬁatgm;*lq Cryst. V. 23, P.215 (1973)) [err]
where a is the groove depth and L is the grating pitch. W is the total
energy per unit area integrated in the z direction to infinity. The

decay |ength | 2.} tTlﬂﬁ éﬁvﬂb fEhaikA, \}[()hérlelrhﬁe al%niﬂé QBPsde t?é‘.ﬁ‘hnehfi%ﬁ ﬁ-% SHRhY e

pitch and al no ependent of’ ratin oove dept herefore
separ-at e adjustwalrioclofiessa grafing stilittore anm pemeéetnepia djignrnentnteatmhenthe
anchoring energy as well as its distribution. Equation 1 was derived
for a systemw th planar anchoring of the nematic on the grating

surface. In thej YRE devick of thim anwhaleirﬂge iafigriingreafacentreatmedt srothd]seicbhd cell

zero. A 15 non zero value for 8nll¥ occurs when a field is applied
to the cell as wali@ ygq%%gubbed po mer an omeotropic alignment treatment

10 5. The device of claim 1, wherein the aligning surface treatment on the second cell
wall includes an anisotropic photoactive polymer layer.

6. The device of claim 1, and further including an active matrix of switching elements

on one containing wall.

15
7. The device of claim 1, wherein the means for distinguishing between two different
optical states comprises two polarising films aligned such that their axes are
substantially crossed and parallel and/or perpendicular to the two azimuthal
alignment directions. | | |

20 '

8. The device of claim 1, wherein the means for distinguishing between two different

optical states includes a dichroic dye and one or more polarisers.

9. The device of claim 3, wherein the shape of the grating surface varies between
25 pixels or within one pixel.

10. The device of claim 3, wherein groove direction on the grating surface is constant

or varying between pixels or within one pixel.
30 11. The device of ¢laim 3, wherein the grating has an asymmetric groove profile.

12. The device of claim 3, where the grating contains more than one modulation.

AN O Th“ﬁtl.iemilmﬁul
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Gt

the director into a planar orientation near the grating surface. As the

vol tage is i ncreased the planar orientation is forced closer to the
grating suweeweasx so Werr] i ncreases. The twist thredVEBWMIoccur
when; [err] where W is the twist threshold energy. It is clear
fromthe above argunent that smal | €8 groove depths or |arger groove
pitches are preferred to keep Werr] small until the nematic is planar
t hroughout the majority of the cell thickness. thus |eading to 25 w der
vi ew ng characteristics. Flg 1 '
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PCT/ GB97/ 01019, - 14 -

Consi dering the presented data, the curves,Jn Figure 7 share a common
capaci tance curve (Figure 6) as thi i nly independent of groove
depth. Thus the cells with shal | ower gratings (0.085[err]m and
0.185[err]m consist of a substantially planar structure 5 when the
optical transm ssion begins to rise. Tth' t her ef ore expected to have
better view ng characteristics than the c&@j made with deeper gratings.
The vi ew ng characteristics were ne@sured for two VCPicells, one with
shal | ow grooves and one | ) : 10 Figufe 8 shows the
contrast ratio as a f : -G e oyl s slSSS ===
deep.grati ng grooves : 7 & )
contrast were 6

Vi ewi ng char act er "'\&/. L 4 _
the contrast fall - ; e e = ced by
about 20[err], thef | R 40 | ewi ng
data are shown i/ 4§k S : v

(0. 1[err]m. In SESE - SRS/ _
with virtually === yhy s Y/ >10: 1
Conmpari son of Vs _ : g

20

Fig.4.
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better view ng characteristics are obtained from VCT cells wth shall ower
gr ooves. 20 The response tines of the VCT switching were neasured as a
function oiyseldess2 t hi ckness. The results are shown i n PCDARB7/01019 The .
switching tinmes were measured for a 0 to 15 V switch. The sw tch-on
time was fitted wth an exponent of 1. whi | e the switch-off tine
has an exponent of 2.241. These are re Z ctively less than and
greater-than the quadratic power |aw which is nmeasured for both the ON and
OFF 25.times in a TF:F @rge fastest ti rrespmogﬂ}hor t he VCT at
roomtenperature @-\'5 (ton) and 18ns il ev \?re simlar
to typical TN devices. 7030382 =

PCT/ GB97/ 01019 [ - { —15 -

In summary the aBove resu™s show that the VCT m)dem ers a steep optical

response with a | ow capaNance change, good vi ewi nO™wharacteristics with
reasonabl e switching speads. The above cells did shesg everse tw st

di sclinations but t e can easily be renoved & adding a small anmount
of chiral dopant to the nematic or by ensuring thkgr oove direction on

t he honeotropic surface i § not ort hogonal to the anchoring direction
on the pl ana{ surBace. Th grating profile nma = opt| m sed to achi eve
t he st eepest o. ) gpod vie : by the use
of asymetric gnee aces Ceh dne

modul ation. Tests have shown that a | ar ge asyrmetry in the groove profile
totally 10 inhibits the twi st threshold despite the groove depth and

pitch being simlar to the cell s descri bed above.
Fig.5(a),.y,
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Typi cal val yesofodsgs he a and L are 0.3[err]m and 1. O[ err] m i rpdaeBsmng® of

about 0:O6[errfmto

Exanpl e 2;
surface is a rub

devi ce was made as follows. The 20 - polyi m de nateri al

A
bed

5pmand 0.10 to 10[err] mrespectively. 15

VCT device can al so be

de in which the honeotropic

pol ymer overcoat dd®wi th a surfactant. One such

AL5417

(JSR) was

spin coated onto | TO coated gl ass, baked for 1 ‘hour at 180C and
rubbed. Next a lecithin solution (0.1%RQy jght in isopropanol) was
pl aced on the polyimde surface and | gg\ggﬁo seconds before renoval by
spinning. This surface was then constructfed into a cell in which the
opposite surface was a rubbed pol yi mde (AL5417) wi thout4a80@&cithin
treatnent. The ruhBifng directions 25 were orthogong] _tQ.each]other and the
cell thickness was dpm The cell was f_ij_l.ed—""' th EN38 (Chisso) in its
i sotropi c phase f@Flfowed by cooling €0 room#€nperat ure. 7 e cell
was positi one%/viéyg [cr ossed pol,al"lsers al gpfig the rubbing diredtions, \Wen a
vol tage was ap@ i‘e®,[ the tran#nissio fai ned | ow until a volt § 6.5 V
was 30 reachedw 35)%\@ 6.5 V.7the transipfssion increased and elentua y
saturated at a$but} 157v. This cef1 was found to have a dood vi®wi ng
angl e and onl y%x@i&:ited alsmal | change in capacitance 4085@ @35 V.
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PCT/ GB97/ 01019 - anended 22. 04. 98 P2457 CLAI M5 : 1. Aliquid
crystal device conprising: 5 ~a layer (2) of nematic or chiral nematic
liquid cryswaesm@idang a negative dielectric ani sotr opy; PCT/GB97/01088 . , .
containing walls (3, 4, or 20, 27), spaced apart and each so treated as to
align 10 the liquid crystal adjacent to themand carrying el ectrodes (6,

7, or 22, 23, 24, .25, 28) or other $#fans to inpose a field on the
liquid crystal layer (2); - means (13, 13') for ‘distinguishing between
two different opti states; 15 CHARACTERI SED BY: an al igning
surface treatnent FZQ éone cel | vva90 (4) providing a su s‘ml ally pl anar
or tilted honpbgeneou ali gnNegd fined
azi.nut hal first al i gng bb%'@ng surface
treatment (17, B) oni38g ““Separately
provi ding both a prefe ) of the
adjacent liquid cryst _mnt di rection
(R) to t he adj ﬁ%uid crystal
mol ecul ar arrangene : QI i gnment
directions (R R)
60.00
180 50.00
40.00
30.00
20.00
10.00
20 0000
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t0 ane anot her the arrangerrent bei-ng such that l'iquid crystal

‘material may mlm I nd- 30 . .substantially no™tw sted nol.ecul ar

<[31rsr angenent d mlu “") ml ied electric fields. - lerr]
érr : -17

LTI 07/ 01010 - amended 22, 04. 98 16 2. The device of claim1

wherein the two azinuthal alignment directions (R R) are
within 10[er?ﬁT"i?P7’%%1Pngmﬁ‘é?dﬁ%%8? Faftar . 5 3. The device of
claim 1, wheCeAMShe aligning surface treatnment on the second cell
wal | (4) I ncludes a grating structure (17) and a honeotropic alignnent
treat ment.

1. A liquid crystal device compnsmg: _

a layer (2) of nematic or chiral nematic liquid crystal having a negative dielectric

anisotropy;

two containing walls (3, 4, or 20, 27), spaced apart and each so treated as to align
10 the Iiduid crystal adjacent to them and carrying electrodes 6,7, 0r 22, 23, 24, 25,
28) or other means to impose a field on the liquid crystal layer (2);

means (13, 13") for distinguishing between two different optical states;
15 CHARACTERISED BY:
an aligning surface treatment (A) at one cell wall (4) providing a substantially planar

or tited homogeneous alignment of the'liquid crystal with a defined azimuthal first

alignment direction (R);

20
an aligning surface treatment (17, B) on the second cell wall (3) capable of
separately providing both a preferred, substantially homeotropic alignment of the
adjacent liquid crystal, and a defined azimuthal second alignment direction (R’) to
the adjacent quuid crystal dependant upon liquid crystal molecular arrangement;
25

the first and second azimuthal alignment directions (R, R’) being at a non zero angle

to one another;

the arrangement being such that the liquid crystal material may adopt a twisted and
30 a substantially non twisted molecular arrangement dependant upon applied electric
fields. '

AMENDED SHEET



4} The device of claim1, wherein the al i gning surfaceyeat nent on the

’?t(;igg?rgg: Ic al i gnmmllmlllemm" || ) ngl udes @ rubbed ymeg a'rll'ﬁea'devi ce

of claim1, whereif the 'ali"gni*ng”surface eat ment on the second cell

wal | (4) |ncI udes an ani sotropi c photoacti've pol yner | ayer.

6. The device of claim1, and further including an active matrix of

swi t chi ng el REFSREULI0S - aménded 22086 (21) on one containing wall.

7. The devi c2 Tfe devicawficlaimhbrwhaneiniie twaazimuthal allgnmergtduehnwtﬁetm)wa t wo

di fferent o tic tates conprises two polarising films (13,
13') ali gnedwgrﬂfe 10 ﬁgpelpﬂét%f'peé%ecé‘ aAr e substantially crossed
and parall el and/ or perpendicular to the tvvo azi nut hal 20

al i gnrrent dif e device of claiml1l, wherein

the means®f of: ﬁ?%g?‘ﬁﬁt?fsq‘t?'ﬁ‘g" pereiBthe WEQTU‘Q‘ :thfeg;ettreatment on the sec°“€|c9?|' cal
states incl ugap® u‘iBI&st% §raing sﬁfﬁ&ufé‘ﬁménd‘ﬁ%n@tr@?lo%bﬁnkﬁ?’ﬂ'eatment

25 9. The devicé of claim 3, wherein e shape of the grating surface (17,

B) varies bet ween pixels or within one pixel.
10. The devi genf g&licd &F c'famt"’ﬂ%r%rétn%é’ﬁn’ urﬂjoéxf‘rféde%bd?rhefni‘& HePddcRfiq Bufi f ace
(17) is tdnt or vary et ween pi xe or wthin one

pi xel . wall (43@)1cludes a rubbed polymer anq‘ hdmeent@@mhgamnﬁrsatmm;r ein the
grating 447) has an asynmetric groove profile.

5. The device of claim 1, wherein the aligning surface treatment on the second cell

wall (4) includes an anisotropic photoactive polymer layer.

6. The device of claim 1, and further including an active matrix of switching elements
16  (21) on one containing wall. '

7. The device of claim 1, wherein the means for distinguishing between two different
optical states cbmprises two polarising films (13, 13’) aligned such that their axes are
substantially crossed and parallel and/or perpendicular to the two azimuthal

20 alignment directions. |

8. The device of claim.1, wherein the means for distinguishing between two different
optical states includes a dichroic dye and one or more polarisers (13).

25 9. The device of claim 3, wherein the shape of the gratlng surface (17, B) varies
between plxels or within one pixel.

10. The device of claim 3, wherein'.groove direction on the grating surface (17) is -
_ constant or varying between pixels or within one pixel.
30 o
11. The device of claim 3, wherein the grating (17) has an asymmetric groove profile.

12. The device of claim 3, where the grating (17) contains more than one

modulation.
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(57) Abstract '

A liquid crystal device comprises a layer ( a) ( b)
of nematic or long pitch cholesteric liquid V=0
crystal material contained between two cell [ - -
walls. One wall (A) carries a surface treat- A B 9
ment giving a first azimuthal alignment direc- \ ' -
| \ =
—
-—

tion with or without a surface pretilt to lig-

vid crystal molecules. The other wall (B) car-

ries a surface treatment (17) capable of sepa-

rately providing both a preferred, substantially

homeotropic alignment of the adjacent liquid B

crystal, and a defined azimuthat second align- 17
ment direction to the adjacent liquid crystal \E\/\/\/\’] .
dependent upon liquid crystal molecular ar- - :
rangement. The first and second alignment
directions arc approximately orthogonal. The
device is formed into an array of separately
addressable pixels, e.g. an x, y matrix array. ( a)
Each pixel may be addressed via an active ma- V=Vo
. trix e.g. thin film transistors, or in an mms. C —
multiplex manner via row and column elec- -
trodes. Polarisers may be arranged on either — Z
side of -the cell walls with their polarisation -

-

-«

[

axes parallel or perpendicular to the two az-

imuthal directions. Alternatively an amount of

dichroic dye may be incorporated in the liquid

crystal material, and the device operated with

one or two polarisers. The device operates be- D/'\_/'\_/\,|
tween two different voltage levels, one level : :

providing a non twisted liquid crystal molecu-

lar amangement, the other and higher voltage

providing a twisted molecular arrangement, The two polarisers, or dye plus polarisers, distinguishes between the two molecular arrange
ments in a manner similar to that of prior art twisted nematic devices.




