EP 0 261 161 Bl Descri ption The invention relates to an el ectroopti cal
display el ement with a very narrow dependence of the contrast on the
vi.ewi ng angle and a particularly steep 5 el ectrooptical characteristic

| i ne_ The properties of nematic Qr%ﬁﬂéf @gl teric liquid crystal
materials are utilized for liquid t ot IBESS/ el enents for significant
nodi fication of their optical properties,1such as |light .transparency, |ight

10 scattering, birefringence, reflectance or colour, under the influence
of el ectrical Dessird®timmctioning of such display el ements is based here,
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el ectronic dagg REACeIYstal ﬁxfaftb&&aaut aw ueR11izbHl Eok“!‘:iﬂﬁ‘f& ,ctybearal ia,
el ectroni c word ‘procesSing - the video I ndustry and, .in the noé 00, di st ant

future, 25 SPSPlae Q:]a?m?lﬁ'tﬁjsf-?’;? sigpdzicants “tqﬁ’é-ifrlcﬁrtdﬁ& t9%stheifui d
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characteristic ne~of I splay 1's very, steep
phenomenon of dynamic scatter:.ng , deformation of aligned
phases, the Schadt-Helfrich effect in the twisted cell or
15  the SBE effect. o '
Amongst these customary types of liquid crystal
display elements, display elements with a large surface
area, thin construction and a low power consumption and
capable of presenting large quantities of information
20  have in particular f:edentl_y gained increasing importance.
Highly informative display elements of this type are
required in electronic data processing, office automation
- this includes, inter alia, electronic word processing -
the video industry and, in the not too distant future,
> 25 also the car industry. Because of their properties,
liquid crystal displays are predestined for these display
systems. Highly informative liquid crystal displays which
have a large surface area and use nematic liquid crystals
- are operated by the so-called time multiplex method. This
30 control results in displays with a good contrast which is
indépendent of the viewing angle only if the electro-
optical characteristic line of the display is very steep.
Until liquid crystals with an extremely small ratio of
the elastic constants for bending and spreading K,/K, are
35 available, there are: limits to the steepness of the
electroopticai_ characteristic line of a TN cell. As is
known.,' the contrast can be improved by increasing the
twist angle, which in the TN cell is 90° (EP—A-O,OSIS.,O70;



Until liquid crystals with an extrenely snmall ratio of the elastic
constants for bending and spreading [err] are 35 avai l abl e, there are
li.mits to the steepness of the electrooptical characteristic l[ine of a TN
cel I\~As is known, the contrast can be |n2roved by increasing the tw st
angle, which in the TN cell is [err] U, 098, 070 -2- CM Waters,
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There are therefore still considerable difficul-
ties in the practical application of supertwist cells (TN
cell with a twist angle > 90°, in particular values from
150 to 250°, preferably in accordance with the literature .

20 references described above). These include, above all,
the realization of a steep electrooptical characteristic
line and the associ'ated good contrast, which moreover
should as far as possible be J.ndependent of the v:.ew:l.ng
angle. . )

25 The invention is based on the object of providing

W ; electrooptical display elements with a high twist angle
in which the steepest possible electrooptical charac-
teristic line is guarénteed, together with a maximum
contrast and a minimum dependence on the viewing angle.

30 It has now been found that for a large surface.
tilt angle the ratio K,/K, must always be as large as
possible in order to achieve the steepést | possible
characteristic line and therefore optimum contrast.
However, large surface tilt angles can be realized only

. 35 with difficulty or with the aid of extravagant and
a therefore expensive materials. The only process known
from the'Literature consists in oblique sputtering of the
substrate surfaces with 8i0,. In contrast, the rubbing of
organic coatingé employed at préesent in production lines



.angle. 25 The invention is based on the object of providing

el ectrooptical display elenents with a high twi st angle in which the

st eepest- possi bl e el ectrooptical charac- teristic line is guaranteed,

t ogether with a maxi num contrast and a niginunmdependence on the view ng
angle. 30 3 It has now been .found”that for a large surface tilt
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of > 90 and a“surface tilt angle of not nore than [err] appears to be
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sui tabl e com angles and twist angles between 150° and 250° exclusively
' U by using a liquid crystal mixture with a suitable com-
' bination of material parameters, in particular with
15 suitable ratios of the elastic constants for bending and
twisting K,/K, or the elastic constants for bending and
spreading K,/K,.
The invention thus relates to a method of improv-
ing the contrast effect of an electrooptical display
20 element, which can be multiplexed, according to Claim 1.
The invention furthermore relates to a corresponding
electrooptical display element, which can be multiplexed,
accordz.ng to Claim 6. | |
The construction of the l:Lun.d crystal display
25 element according to the invention of polarizers, elec-
o - trode base plates and electrodes with a surface treatment
such that the preferred orientations (directors) of the.
liquid' crystal molecules in each case adjacent thereto
_ are twisted from one to the other electrode usually by
30 150° to 250° relative to one anbther, corresponds to the
customary design for such display elements. The inter-
pretation of the term ¢ustomary design is wide here and |
also includes all the changes and modifications of super-
twist cells known from the literature, in particular also
35 matrix display elements and the display elements contain-
ing additional magnets‘ in accordance with DE-A-2,748,738.
The surface tilt angles on the two support plates can be
identical or different. Identical tilt angles are
preferred.



bi nati on of material parameters, in particular with 15 suitable ratios
of the elastic constants for bending and twi sting K3/K2 or the elastic
constants for bending and spreading [err] The invention thus relates to a
nmet hgd of inprov- ing the contrast effect,of an el ectrooptical display 20
el ement, which can be nulti pl exed, accord‘f‘ng to daim1l. The i nventi on
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.Figure 1 is a schematic drawing which illustrates
the ranges in which K,/K, has a decisive influence on the
contrast effect of the display element. The ratio K;/K, is

15 plotted as a function of the twist angle (B) of the cell
for a surface tilt angle of less than 10°, for example
@, = 1°. The continuous line separates the regions A and

N

B. Whilst on the continuous line and in its immediate

vicinity the ratio K,;/K, has only a marginal influence on

20 the steepness of the characteristic line, the ratio K,;/K;

must be as high as poss:.ble in region A in order to

obtain a steep characteristic line, but on the other hand

must be as low as possible in region B. It must also be

remembered that the characteristic line is bistable in

25 region A, but stable in region B. In view of the avoid-

- ance of hysteresis effects, a stable characteristic line

of maximum steepness is the ideal solution. The ideal

combination of 1liquid crystal parameters and display
parameters is shown by the shaded region in Figure 1.

30 The newly discovered influence of K,/K, with K;/K,

| constant and a clearly defined twist angle and surface.

tilt angle of the cell was not to be seen from the prior

art. Furthermore, J.t could not be seen from the publ:Lshed

‘works on supertw.tst cells that bistability as a rule

35 occurs only over a certain deformation range. This is

J.llustrated in more detail in Figure 2. The t:th angle «y

in the middle of the liquid crystal layer is tilted as a

function of the effective voltage appln.ed divided by the

threshold voltage. The data relate to a twist angle of



nematic cell is, however, the choice of the liquid 5 crystal paraneters of
the liquid crystal layer. Liquid crystal phases in which the liquid crystal
paraneters [err] and [err] are chosen so that the steepest possible

el ectrooptical characteristic line is guaran- teed, together with a maxi num
contrast and a m ni mum 10 dependence Sn X fe view ng angle, are enployed

in the display,ghements._ agcording, to the ipvention. FEjgyre | S schemati c
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stabl e char act @@FiBive| {Heostange form Gi-cdfndsstherefore Rt the AU The

i deal . conbonatfep ®/K] oxi 4.6 Wekth DBsaeRadNs Wistablsed! fanger Bukt e | S
shown by the shaded re i(}g .n Figure 1.. 3 : . The newl y di gcovered
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deformati on raf@blowhng £igureastrated in nore detail in Figure 2. The tilt

angl.e [eris Figure 3 shows the definition of the polarizer
positions. Figure 4 shows the trénmission as a function
of the voltage for various wavelengths for a twist angle
of 220° and a certain polarizer arrangement. It can be
seen from Figure 4 that this display already switches
20 very well between dark and light for 550 nm. At other
wavelengths, there is always a residual transmission in
the on and off state, so that the display appears
coloured under white illumination. Figure 4 is intended
' to show that a very steep characteristic line can be
25 realized by a suitable choice of material parameters and
N display parameters. The curves relate to perpendicular
- ' incidence. However, the contrast as a function of the
viewing angle is decisive for the quality of a display.
This is illustrated in Figure ‘5. The transmission is
30 shown in each case as a function of the viewing angle 0
for various V/V, ratios in a polar coordinate diagram for
a twist angle of 220°, a surface tilt angle of 1° and a
wavelength of 550 nm, for an observation angle of 45°,
The polai:izer positions and the material parameters and
'35 cell parameters are identical in Figures 4 and 5. The
contrast is obtained by dividing the tranemission values
for V/V, = 0.95 for appropriate 0 angles by the trans-
mission values for the other V/V, conditions. The obser-
vation angles 0 and. p are defined in Figure 6. Good



in the mddle of the liquid crystal layer is tilted as a function of the
effective voltage applied divided by the threshold voltage. The data rel ate
to a twi st angle of -5- Jerr] a surface tilt angle of [err] and a [err]
of 21t can be seen fromFigure 2 that fﬁr a[err] of 1.6, bistability
occurs over arelatively small def ormatToR Tange. The definition of
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perpendi cul ar according to the invention in range B of Figure 1 advan-

~ . tageously cbnta:i_.n at least 15, preferably at least 30 and
15 in particular at least 95 per cent by weight of a mixture
of at least two, preferably three to 15 and in particular
four to ten liquid crystal compounds, each of which
contains at least one structural element selected from
series I to XI, it also being possible for structural
20 elements I to IV optionally to be substituted, for
example by F, C1, (!H3 and/or CN, or to be :Ln the form of
the correspond.mg N-oxides: C
N N -
{o) (o) -(r%d>- -( 0 )-
N N_N N N
(V1)
-y-  -SCN
«-N=N= ~N=N=- -CE=N- . ] s¢
o :
(IX) (X)

(VII) o{viil)



I nci dence. However, the contrast as a function of the viewing angle is
decisive for the quality of a diisplay. This is illustrated in Figure 5. The
transmssion is 30 shown in each case as a function of the view ng. angle
0 focvarious [err] ratios in a polar caordinate diagramfor a tw st angle
of 220, a surface tilt angl*:of 1 and a mavelength of 550 nm for an
observation angle of [err]/The pol arizer positions and the materi al
paranmeters and 35 cel Gf ranEbFrs are identical in Figures 4 and 5. The
contrast is obtained T i the transm ssion values for [err]= - 0.95
for appropriate 0 angle y the trans- m ssion values for the other [err]
conditions. The obser- mgtjon angles [err] and p are defined in Figure 6.
Good -6- contrast values quite evidently require relatively high [err]
val ues or, in other wothese[ digpidarzystadt nempogndsn preferabyaraddiiyure .
7). W gure 7 l51&@&Béﬁeéoﬁ£9ﬂhp&r1,4*§Héﬁf1§ﬂ@SQQQM§I'On of only the [err]
range fromf[err] to owever

essential inportance f%ketﬂﬁ°aﬁ ﬁ%?? é# ésﬁpnggﬁnglgﬁ@PPuﬂﬁPhﬁf;kﬁﬁﬁ
angle > [err] dsmnallrystpdssiblestin cgenérdl nat30% alpreferabist a7 0% t he
ranges accor di t o] b p r

custonaryQQlqu| fnr §f£$¥ﬁgége9ngsgrlgplg ﬁun@%%&égghﬁé%%ﬁ 4y“§51%§ea
known from t hetérminally cpolae chmpeonents svikte tHestivctticgd slepantnt s
according to theahdysptkPn in range B of Figure 1 advan- tageously contain

at least 15, preferably at least 3Q.and 15 in particular at |east 95 per
cent by weight of a mi her diglegtricssiused fBFef"@?%bﬂ}BPFn?ﬁe elements g in
particular  according to the invention in range A of Figure 1 prefer-

A 10 ahly contain the maximum possible proportion of assoclat-_ -

ing compounds. These dielectrics advantageously contain
at least 15, preferably at least 30 and in particular at -
least 60 per cent by weight of a mixture of at least two,
~ preferably three to 15 liquid crystal compounds, each of
15 which contains at least one structural element selected
from the series XII to XIV:.

| F
. (XII) (XI1I) (XIV)

_ These liquid crystal compounds preferably addi-~
tionally contain a 1,4-phenylene group. - '

Such dielectrics can additiohally contain the

20 customary amounts of dyéstuffs and/or doping substances

' if the liquid crystal parameters are not thereby brought

out of the ranges according to the invention.. :

The following examples are intended to illustrate

the invention without 1limiting it. Unless indicated

25 otherwise, perdentage data'are percentages by weight. All

| the temperature data are in degrees Celsius.
Example 1 :
A supertwist cell containing a dielectric



four to ten liquid crystal conmpounds, each of which contains at |east one
structural elenent selected fromseries | to Xl, it also being possible for
structural 20 "~ elenents | to IV optionally to be substituted, for
example by F, C, [err] and/or CN, or to be in the formof the
correspondi ng N-oxides: [err] -7- [é?r?'(XI) These liquid crysta
conmpounds preferabl .addi -_. tionally contain a 1,4-phenyl ene group. The
proportion of € d‘tni% fcorrpounds is kept as-small as. possible, in
general < 30%ﬂ63r@Ee@Hﬁqpnﬁé!?ﬁtﬁpylmy&Dahquﬁhenubmnttlmﬂ% This is best

achieved by u l ent ural elenents
X and/ or y ?ﬁg tfgteq]c &% (}épggé:gﬁflgﬂ%?&l 3‘3"%’?1 M’L&Oit é‘lég{:edordl ng to the
|nvent|on |n ﬂ&ﬁg@ﬂAﬁﬂaﬂ51inp?mbﬁ®0ﬂmmheﬂM1‘4ﬁﬂQQPY@GUpdpheBH@ewax|nun1

possi bl e gropqnig &F qfeﬁgﬁgcuau-efyﬁ L
advdﬁtageouslﬁ égntaln at Ieast(15 ngfera %&: eag?ugoﬁg?m '
particul ar at 10 ety A 133; ~gmpropyicyclohexyds) - 1Hh@&'§t1'two
preferably thrde oF ﬁdfl-wﬂsd-(amaﬁsm ldh%@dquf-blihen i,ch

_g(;){l/tal(;l(islflt Ie?.&t P%nei'%tr Citsu-r((i‘:lr(a/eglls\% eI ecﬁd&zé& tgﬁ“‘i‘%ﬁg nXII to.
pref erably addi3% nﬁm&ﬂﬂ&bhnmfetnaas&44ppbpwﬂbmuiqhaxxi){imiiubsbbt%r|cs
can addlﬁbonally con%ﬂégyhhe _
6% of 4~ (trans-4-pentylcyclohexyl)—4'-(trans-4-propy1—
cyclohexyl)-blphenyl and
4% of 4- (trans—4-pentylcyclohexy1)-4’—(trans-A-propyl-
cyclohexyl)~-fluorobiphenyl :
15 shows, at a twist angle of 220°, a steep electrooptlcal
~ characteristic line and a very low dependence of the
contrast on the viewing angle. |
Example 2
A supertwist cell containing a dlelectrlc con-
20 szstlng of
15% of p-trans-4-propylcyclohexylbenzonltrlle,
4% of 3-fluoro-4-cyanophenyl p-ethylbenzoate,
4% of 3-fluoro-4-cyanophenyl p-propylbenzoate,
'17% of trans trans-4-propyloxy-4'-propylcyclohexylcyclo-
25 hexane,
o 14% of trans trans-4-methoxy-4'—pentylcyclohexylcyclo-
| ' hexane, :
13% of trans trans-4—ethoxy-4’-pentylcyclohexylcyclo-
, hexane, _
30 5% of trans-4-propy1cyclohexy1 trans,trans-4-propyl-
_ cyclohexylcyclohexane-4-carboxylate;.
5% of trans-4-pentylcyclohéxyl trans,trans-4-propyl-
_ cyclohexylcyclphexane-4-carboxylate,
5% of trans-4-propylcyclohexyl -trans,trans-4-butylcyclo-
35 hexylcyclohexane-4-carboxylate,
5% of trans-4-pentylcyclohexyl trans,trans-4-buty1cyc104
hexylcyclohexane-4-carboxylate, |
4% of 4 4'-bls-(trans-4-propy1cyclohexyl)-2 fluorobl-
phenyl, '



20 . customary anounts of dyestuffs and/or doping substances if the liquid
crystal paraneters are not thereby brought out of the ranges according to

the invention. The followi ng exanples are intended to illustrate the
i nvextion without limting it. Unless |dmhcated 25 ot herw se,
percent age data are percentages by melght the tenperature data are in

degr ees CEIS|US4%E5§nnI 'Ly SLPEF S - -8-
‘consi sting of 16% of ?ra§§'4 m%ﬁg%cgcﬁgﬁ£¥§?ggﬁggﬁl }ﬂf?i%ﬁ%%éﬁﬁl

trans- 1- p- ethylphenyl heB¥dpy| cycl ohexane, 20% of
trans- 1- p- met hox§phetly -4{tpangyd yentybeydbohéxyl 4446 -of trans-4-propyl-

LTI L 1 T NS

4,4' -bis- (5r anghawgy op¥l ey dmilsdx pinglis wiferB20°,5% oiteep electrooptical

4, 4" i s-(t ra“éhérHéEEﬂQiﬁihorﬁ% ) aRaPhenyt 30{009J dependenc%eog;:'l t%% . of
0

4,4 -bis-(trans-4 E E | ohexyl ) -2-fluoro
4- (trans-4- pefieyFE oﬁéxyhf Y&ewlPHrﬁﬁglﬁ'propyl cycl ohexyl) - blphenyl
and 4% of 4-(tEﬁaﬁplepsntylcyclohexyl) 4' (trans 4- propyl -

ol cctroopt 1 cal char act B FaEeEtwing FR1L ofpbatBladeRe Hehas e R
contrast b thelstsngngfangle Exanmpl e 2 A supertw st cell containing a
dielectric con-5g0q¢ §L§ihggoga-cyanophenyl p-ethylbenzoate,
5% of 3-fluoro-4-cyanophenyl p-propylbenzoate,
9% of trané-1-p-propylphenyl-4-pentylcyclohexane,
21% of trans~l-p-methoxyphenyl-4-propylcyclohexane,

—

15 14% of trans~1-p-ethoxyphenyl-4-propylcyclohexane,
' 12% of 4-ethyl-4’-(trans-4-propylcyclohexyl)-biphenyl,
11% of 4-ethyl—4'-(transQ4-pentY1cyclohexyl)-biphenyl,
4% of 4,4’-bis-(trans-4¥propy1cyclohexyl)-biphenyl,
4% of 4,4’-bis-(trans~4-propylcyclohexyl)-2-fluorobi-
20 phenyl, ' .
. 5% of 4,4'-bis-(trans-44pentylcyclohexyl)-2-f1ﬁorobi-
phenyl, |
5% of 4- (trans-4-pentylcyclohexyl)-4'-(trans-4-propyl-
_ cyclohexyl~biphenyl and
25 5% of 4~ (trans-4-penty1cyclohexyl)-4'-(trans-4-propyl-
o cyclohexyl~-2-fluorobiphenyl
' | shows, at a twist angle of 220°, a steep_electrooptical
characteristic line and a very low dependence of the
contrast on the viewing angle.
30 Example 4 _
A supertw1st cell contalnlng a dlelectrlc con- -
'51st1ng of :
8% of p-trans-4-propylcyclohexylbenzonitrile,
4% of 4-ethyl-4‘-cyanobiphenyl,
35 13% of trans-1-p-ethylphenYl-4-pr6py1c7¢lohexane,
18% of trans-l-p—methoxyphenyl-4-propylcyclohegane,
- 9% of trans-~l-p-ethoxyphenyl-4-propylcyclohexane,
10% of 4~ethyl-4’-(trans-4-propylcyclohexyl)-biphenyl,
10% of 4-ethyl-4'-(trans-4-penty1cyclohexyl)4bipheny1,



15% of p-trans-4-propyl cycl ohexyl benzonitrile, 4% of 3-fluoro-4-cyanophenyl
p- et hyl benzoate, 4% of 3-fl uoro-4-cyanophenyl p-propyl benzoate, 17% of
trans, trans- 4- propyl oxy-4' - propyl cycl ohexyl cycl o- 25 hexane, 14%
of tkans, trans-4-nethoxy-4'-pentylcycl ohe | cycl o- hexane, 13% of

trans, trans-4- et hoxy-4'- pentylcyclohexylc§§lo- hexane, 30 5% of

trans-4-propyl cygl Qhexyl ,_ n
-cyclohexylcyclo%gxggel hca?% 3?r%ﬁ§ §/§ ?ﬁ? CIﬂhe %%blgy%
transtrans- 4- préfypPt &y4r oh@ayl(§yen§héxaqetxleﬁ¢bgh§xmh-bsphenyl,

trans-4-propyl cygl ghegyl Uﬁﬁﬁiéﬁfﬁﬁh‘hlb@ﬂffleyeloﬁéxyl) 2~-fluorobi=-
“hexyl cycl ohexane- 4-car ox ate, 5% of trans-4-pentylcycl ohexyl

trans, trans-4-butyl cy® sn exyl cycl ohexane- 4- car boxyl ate, 4% of
4,4 - bi s- (5rans4%- pfopyucydnﬁwwnﬂénék4+pmmp@1cypmeh¢kyl) -2 -f3:uo¥bnif-
4, 4' i s- (trans 4- penéﬁ ﬁé?th?xyl) 2-fl uorobi - phenyl 5% of
4- (trans-4-pentyl cycl ohexyly-4' - (trans-4-propyl -
cycl ohexyl) - 2- f PHoeEbdplisanpnss4 Rﬁnﬂ&ic¥§1QhQWWht‘%ﬁmﬂtraﬁsiiﬁprQE$¥eep
el ectroopti cal characgﬁelghégyhEgglﬁﬁgnglvgﬁa | ow dependence of the
contrast on theswgﬁn an = te].c cAioh ’?rltv!f,t_ctegnsc_o_taéom ]
dielectric con- Yoot & {tragssyt-pentylcy yl) ( propy
10 cyclohexyl)-z fluoroblphenyl
.shows, at a twist angle of 220°, a steep electrooptical
characteristic line and a very low dependence of the
contrast on the viewing angle.
Example 5
15 ' A supertw18t cell containing a dlelectrlc con-
sisting of
10% of p-trans-4-ethylcyclohexylbehzonitrile,
17% of p-trans-4-propylcyclohexylbenzonitrile,
9% of 2-p-cyanophenyl-5-propyl-1,3-dioxane,
20 6% of 2-p-eyanopheny145-buty1-1,3-dioxahe,
" 5% of 3-fluoro-4-cyanophenyl p-ethylbenzoate,
7% of 3-fluoro-4-cyanophenyl p-propylbenzoate,
4% of 4-cyanophenyl p-trans-4fethylcyclohexylbenzoate,
4% of 4-cyanophenyl p-trans-4-pentylcyclohexylbenzoate,
25 - 14% of trans,trans-4’-propyloxy-4-propylcyclohexylcyclo~
N, ' hexane, |
4% of 4-ethy1-4'—(trans-4-propylcyclohexyl)-blphenyl,
3% of 4-ethyl- 4'r(trans-4-penty1cyelohexyl)-blphenyl,
4% of 4,4’~bis-(trans-4-propylcyclohexyl)-biphenyl,
30 4% of 4,4’-bis-(trans-4~propylcyclohexyl)-2-fluorobi-
phenyl, :
5% of 4- (trans-4-pentylcyclohexy1)-4’-(trans-4-propyl-
cyclohexyl)-biphenyl and
4% of 4~ (trans-4—pentylcyclohexyl)-4'-(trans-4-propyl-
35 cyclohexyl)-2-fluorobiphenyl
shows, at a twist angle of 160°, a steep electreoptical
characteristic line and a very low dependence of the'
contrast on the viewing angle. '



5% of 3-fl uoro-4-cyanophenyl p-ethyl benzoate, 5% of 3-fluoro-4-cyanophenyl
p- propyl benzoate, 9% of trans-1-p-propyl phenyl -4-pentyl cycl ohexane, 21% of
trans- 1- p- net hoxyphenyl - 4- propyl-cycl ohexane, 15 14% of
tranayl-p et hoxyphenyl - 4- propylcyclohexa 12% of
4-ethyl -4'-(trans-4-propyl cycl ohexyl)-bip enyI 11% of
4 et hyl - (trﬁﬁgh émgnylcyclohexyl) bi phenyl , 4@60f'4,4

' -bis- (trans 4- propyl cl ohexyl ) - bi phenyl , 4% of
4,4 -bis-(trans-4- proH¥I§93?5 @k??)cflﬂhﬁﬂﬂﬂﬁln¥ﬂg a dielecpriqyEonsoy, of
4,4' bi s- (treugmshinqancyclohexyl) 2-fl uor obi.- phenyl 5% of -

4- (trans-4-pentyq c ex - (Gt rans- ro cycC h yl| - bi phenyl and 25
5% of 4-(trans- éli %%ﬁ’éﬁ#l} ﬁ’ ‘?kgﬁ@%m {trite,

cycl ohexyl5 2- leZbrcdb|gﬂiarqus-s4npmpplc3m1ahexy]a-rtg¢msz1ﬂmﬂrq, a steep - .
el ectoopti cal atd-Sa il ﬂ%%: v !&% SRgce of the
contrast on theé‘i\)?%f\j‘m g an % s %’ folfeq% upeatvm sré ‘cel | contai ning
a dielectric cdtk af sﬂﬁ#EFQE‘QﬁBQﬂtXiQYQ%ﬂheﬂxiTHgﬂ&gﬂﬂﬁﬂﬂieM benzonitrile,.
4% of 4-ethyl - Hg Cd@rmté 4 n

trans-1- p- et hyl ' oﬁgﬁggz Q@
trans- 1- B met%oéj%;pﬂ% ﬁ"%‘%p‘@'{ O(i'mlbenzoate,
ng?ﬁ I1 rlOaE P(r)mhmﬁ iu:tmnpcayz-;?yﬂ d;fylbenzoaette,
-(t raxs 4- pent 1y A# pl{r‘%+¥g4 h@ﬁ?’%r)s WW]’CJ& exy‘!l.) ﬂ%’ll]en@l,
1% of 4-ethyl- 4'-(trans-4-propy1cyclohexyl)-blphenyl,
9% of 4-ethyl-4’'~(trans-4-pentylcyclohexyl)~biphenyl,
9% of trans-~l-p-ethoxyphenyl-4-propylcyclohexane,
15 3% of 4,4’—bis—(trans-4-propylcyclohexyl)-bipheﬁyl,
3% of 4,4’'-bis-(trans-4-propylcyclohexyl)-2-fluorobi-
~ phenyl, | |
4% of 4~ (trans-4-pentylcyclohexyl)-4’~(trans-4-propyl-
. ' cyclohexyl)-blphenyl and - |
20 4% of 4-(trans- 4-penty1cyclohexy1)-4’-(trans-4-propy1—
| cyclohexyl)~2- fluoroblphenyl
shows, at a twist angle of 160°, a steep electrocptical
characteristic line and a very low dependence of the

\/‘.

contrast on the viewing angle.
25 Example 7 :
k’, _ A supertwist cell contarnlng a dlelectrlc con~
sisting of
22% of p-trans-4-propylcyclohexylbenzonitrile,
: 19% of p-trans-4-butylcyclohexylbenzonitrile,
30 30% of p-trans-4-pentylcycloherylbenzonitrile,
" 15% of 4-cyano-4'-(trans-4-pentylcyclohexyl)-b1phenyl and
14% of 4-p-cyanophenyl-4’-pentylbiphenyl
shows, at a twist angle of 220°, a steep electrocpticall
characteristic line and a very low dependence of the
35 contrast on the v1ew1ng angle.
Examples 1 to -6 relate to region B and Example 7
to region A in Figure 1.



4% of 4,4' -bis- (trans-4-propyl cycl ohexyl)-bi phenyl, 4% of 4,4
-bis-(trans-4-pentyl-cycl ohexyl)-bi phenyl, 4% of

4.4" -bi s-(trans-4-pentyl cycl ohexyl)-2-fluorobi- phenyl, 5 4% of

4, 4' ¢ bi s- (trans-4-propylcycl ohexyl )-2-fl obi - phenyl, 6% of

4- (trans-4-pentyl cycl ohexyl)-4' - (trans-4-ptopyl - cyclohexyl) bi phenyl and

6% of 4-(tran Xgbph ¥|f1 a é;rans 4- propyl - 10
cycl ohexyl ) - 2iFé%Uf%%%ﬁ%enzg—gﬁvwsJéa%—a twi st angle of [err] a steep
el ectroopti calE:a@reclerRatie of heymlashis ycouma@épeﬁecnbendinghéKs)

contrast on the view ng gpgl %w;.@ea.mgl A6)1%./K, as a fuRdeEsh VbR G|
containing a dielectric con-_sjst

p-trans-4- ethylcyclohexyF%Eﬂ&oﬁV%?FlEB)lﬂﬁﬁtke cell

p-trans- 4-prom@iguce mex'yibeniﬁdjléri.hetha%tﬂﬁdle of the cell «a m as a
2- p-'eyanophenyl - 5- propyl z 1. 3: di oxa

e
2- p- cyanophenyl - 5- but yl - {u§°5+%§aﬂ tgﬁﬁfﬁd%E?%d%?%tﬁgﬁy%ﬁ%ﬁhenyl
p- et hyl benzoate, 7% of STétabrbwﬂstyahophbﬁQT .p- propyl benzoate, 4% of

4- cyanophenyl p-trans-4- ﬁ_%%ﬁlﬁg&ogﬁggbgﬁﬁf mé‘f/&&’il cxﬁngﬁge%b:_

p-trans-4-pentyl cycl ohex nzoat e
trans, trans-4' - propyl oxy®® r%?%p§$€§%¢%he%y?c7clo- hexane, 4% of

4-ethyl - 410(trans 4- propxaeysl@hazhé )eltum@bbns%%&fs for bending (K,)
j ithﬁl -(trans-4- pent% éyg %ﬂ s?yk 4W.
i s- (trans-4-propyl 292 W6 of
4, 4" -bi s- (trans 4- propyleqtioheﬁ(wme a-z:iellecrturhc- aphsayrcpﬁ%bé) and the
4 (trans-4-pentyl cycl Ohe&ﬂeieé‘triéraEénétQﬁ{?By' pefpeh@ityyht Pihenge and
~ director (el): Ae/el = 0.33 '
15 Cell thickness d = 8 pm
Figure 3: Schematic representatlon of the twisted 11qu1d
' crystal cell with polarizer and analyzer '
B = total twist of the liquid crystal layer
_ ¢ = angle between the director at the lst
20 substrate surface and the direction of
passage through the polarizer. ,
¥’ = angle between the director at the first
substrate surface and the direction of
. - passage through the analyzer
25 a) p = 160°
W ' b) B = 220°
Figure 4: Transmission as a function of the reduced
o voltage V/Vo
Cell data:
30 | Total twist: p = 220°
|  Polarizer: § = -45°
Analyzer: ¢’ = =15°¢ _
Alignment angle of the molecules on the sub-
. strate surface « o = 1° _ '
35 - Ratio of the dielastic ([sic] constants for
bending (K,;)' and twisting (K;): K3/K, = 2.67
Ratio of the elastic constants for bendlng (Ks)
' and spreading: K,/K, = 0.4 |
Ratio of the dielectric anlsotropy (Ae) and the



4% of 4-(trans-4-pentyl cycl ohexyl )-4' -(trans-4-propyl - 35

cycl ohexyl ) -2-fl uorobi phenyl shows, at a tw st angle of [err] a steep

el ectrooptical characteristic line and a very | ow dependence of the

contyast on the view ng angl e. Examl A supertwi st cell containing a
dielectric con- sisting of 5% of p-trans- " et hyl cycl ohexyl - benzonitrile, 5
12% of p-trans-4-propyl cygepbeKyie be@éﬂ&&ﬁtée1pe§p/%ﬁalcular to the
p-trans-4-butyl cycl ohexyl -benzonitrjle,

p-t rans- 4- pent yl cycl ohex34xet0Bn( ¢ He“@’io"f 0«33 hyl - 4' - cyanobi phenyl , 6%
of 3-fluoro-4-cyanophenytell etiidibesgat eq =’LQ; pm 8% of -

3-fl uor o- 4- cyanophenyl Iben at
4-cyano-4' - (trans- 4- pen%ﬁ%@‘@ %‘ ﬁﬂ/l°f B o’fn"ldent light
4- et hyl - 4'5 (trans-4-prophy eydlE@hmyl) bi phenyl, 9% of

4- ethwl-4' (trans-4- pen4ylgygl | ) - bi phenyl, 9% of

trans-i-p- ethoxyphenyl %wop ohexane, 15-.' 3% of

4, 4" -bi s- (trans propyl ymg bi phenyl , 3% of

4,4' -bis- (tra pé:iéﬂléﬁ%’é)oﬁ {helOF A emPNPTIt .ot %18 angle :
4-(trans-4-pentylcycl ohe trans- 4-propyl - cycl ohexyl)-bi phenyl and
20 - 4% of 4-(trans-4- bhexyl )-4' - (trans- 4- propyl -

cycl ohexyll() 2-f1 uor obi plesydl stveist : o =6122/0‘St angle of 160, a steep
el ectrooptical charact erég% % il ne a gy | ow dependence of the
contrast on the view ng ‘an anpl

Analyzer. ¢’ = -15°

_ Alignment angle of the molecules on the sub- .
— strate surface a« o = 1° | -
15 Ratio of the dielastic [sic] constants for )
| " bending (K,;) and twisting (K,): K,/K;, = 2.67
Ratio of the elastic constants for bending (K;)
and'spreading: Kg/K1 = 0.4 _
Ratio of the dielectric anisotropy (Ae) and the
20 dielectric constants perpendicular to the
| directpr'(el): Ae/e] = 0.33
Cell thickness: d = 8um
Parameter: Reduced voltage: V/Vo = 0.95 ____
: _ _ V/Vo = 1.05 ===
25 . . . V/Vo = 1,15 =.-.-
< - V/IVo = 1.4 aeeee
Fiqure 6: Schematic representatlon to lllustrate the
observation angles 0 and ¢
X = d1rectlon of the director at the flrst
30 . ' substrate surface
' B = total twist of the cell
-0 = angle to the cell perpendlcular
. @ = azimuth
Figure 7: Tilt angle « m in the middle of the cell as a
35 o function of the reduced voltage V/Vo
Total twiste: B = 220°
Alignment angle of the molecules on the sub-
strate surface: ¢« o = 1°
Ratio of the elastic constants for bending (K;)



A supertwi st cell contai n'i ng a dielectric con- sisting of 22% of
p-trans-4-propyl cycl ohexyl benzonitrile, 19% of
p-trans-4-butyl cycl ohexyl benzonitrile, 30 . 30% of
p-traps-4-pentyl cycl ohexyl benzonitrile,_  15% of
4-cyano-4' - (trans-4-pentyl cycl ohexyl)-bi phenyl and 14% of _
4|— p-fyanoPhen?/l ;]1 - pe?t YArD:% PEWIQ‘&l . i,ﬁ]oypz,) ,ak’spgﬁt\u' Q’é@nglje of []tcar[]h' a3£s_)t eep
el ectrooptical characterjstjc and ‘a yer 0 epdence e
contrast on the view ng éﬁlﬁ}%.o%P ?‘sleoéﬁanPng Eﬁr%‘iﬁ%ﬁ‘% Hfrd
Exanple 7 to region A irmnd apeedding (K,3: KfKj end.dnder the Figures
Figure 1: Ratio of the i t Ak . hendi ] d | ghing
(K2) K3/ K2 as a functi oﬁﬁ%‘?}"% %g?g%aﬁﬁé%eéﬁf%g) o#’éj‘?#égéilﬁ% atﬁ\—ﬂl %Il}ree 2
Tilt angl & in the niddl difleskrieiconstandsperpendiruhasite the ddyesd .
vol fage V/ Vo Total tw stgodefd]): [@;AIIOALi(g_ry@nt ‘angl e of the nolecules on
the sub- strate surface:éelrr o=1 _ - Ratio of the elastic
constants for bending [ &%} akfhessng ¢ 12)8¥Berr] = 2.67 Ratio of the
dielectric anisotropy [erhe]|tibt alaglaiselechr iforcalsd anéduped poaditagear to
the director [err] = 0. 15 ' |1 .t hickness = 8 Ehaure 3:
Schemati c representati .or?;%u?%ev{‘\{\?staé:d "I'lf dtgﬁys‘fezﬁe%‘fdeﬁ%cﬁ tﬁppg‘;h rizer
and anal ifer transmission on the angle shown in Figure 5

have been calculated are plotted.



= total twist of the liquid crystal layer [err] = angle between the -

g: rgﬁ ?(r)n grE ngsaézttﬁ?ough t he pol ari zersugsgrlgfg Eg'[ I/\ggﬁ mwf‘““u““) “u”“\

t he flrst substrate surface and th ]passage t hroughcthe ™
analyzer 25 . a) [err] = err] 'Z err]—[err] Figure 4: :
Transm ssi on as a function of the reducéd voltage V/Vo Cell data: 30
Total tw st: %% Pol r|zer = [err] Analyzer: [err] = -15 Alignnent
angl e of the nBP BFeg 8iMehe sub- strate surface [err] 35

Ratio of the ditel asti cMekhiod] eHNSPREGGLAG" thendidigtdst aﬂﬂew Yf ngn (K2):

K3/ K2 = 2.67 R f f d
. spreadi ng: [er%}egtgogbggfagaghEg*g@g?%&@%ﬁ; § hﬁﬁgﬁ%ggﬂé ?}ﬁigﬁFQhe
-13- diel ectri c whishagostpénpenbetween twothepnorecpbateswwﬂlchyOWBtheII

EQ:’ STl(ﬂeZ Z 05ng1 [an???bfﬁé gf%ﬁxqﬂ a\@%ﬂ e Oh%gqﬁftlkhflhﬂﬁadgﬂ'sééﬂrHlatSerJ.al
- g h' positive dleleatrie anisotropy and at least one

- chiral additive,
- and which has a twist angle with a value between 150°
and 250°, and a small surface tilt angle, the tilt angle
10 to at least one support plate being not more than 10°,
'~ characterised in that ' _
for display elements operated in region A of Fig. 1, the
liquid crystal material is chosen such that the ratio of
the elastic constants for bending and spreading K,/K; is
15 high enough for a bistable, steep electrooptical charac- -
teristic line to be obtalned,
or in that, for display elements operated in region B of
Fig. 1, the liquid crystal material is chosen such that
the ratio of the elastic constants for bending and
20 spreading I.<3/K1 is low enough for a steep, stable electro-
optical characteristic line to be obtained.
2. Method according to Claim 1, characterised in
that for display elements operated in region B of Fig. 1,
the liquid crystal material is chosen such that the ratio
o 25 of the elastic constants for bending and spreading K,;/K,
- is less than 1l.6. '
3. "~ Method according to one of Claims 1-2, charac-
terised in that the liquid crystal material ofidisplay_
elements operated in region B of Fig. 1 is choseéen such
30 that it contains at least 15% by weight of a mixture of
at least two liquid crystal compounds, each of which
contains at least one structural element selected from
series I-XI, it also being possible for the structural
elements I-IV to be substltuted by F, €1, CH; and/or CN,
35 or to be in the form of ‘the corresponding N-oxides:



Fi—gure 5: Dependence of the transm ssion on the angle

Total twist: [err] = 220 Polarizer: [err] Analyzer: [err] Tm"ljmu“" lu”“m
Al-i gnment angl e of the nol ecul es on the sub- strate surface [

Ratig of the -dielastic [sic] constants for bending [err] and tw sting

[err] = 2.67 Ratio of the elastic const s for bending [err] and

spreading: [err] = 0.4 Ratio of the dielectric anisotropy [err] and the 20

dielectric constants perpendicular to the director [err] = 0. 33 Cell
t hi ckness: .d = 8pm Pararreﬁ er: Reduced voltage: V/Vo = 0.95 V/ Vo = 1 05

25 o V/ Vo N15
Figure 6: Schematic rep estp}\tatron 1909 'Ustrate" servat-r rOa Ies
[err] and [err] x = direcCtion of the M ector at t'ﬁ irst 30

substrate surface [err] otal tws t he cell = angle to the cel l.
perpendi cular [err] = azr)trruth Fi guré 12; Tilt an ][exe;)rm in the(l Hdl e of
the cell as a 35 functron of the reduced voltage V/ Vo Tot al

twist:. [err] _:220 Ali nt ang f the nolecules on the sub- strate
surface: [err] o - Fia(rg—oiﬁf_ the eI t c_constants for- bending [err]

(v) (vi)
© -N=N- -N=N- - ~CH=N- '~SCN
. Cy . .
o
(VII) (VIII) (1x) (x)
{X1)

4. Method according to one of Claims 1-3, charac-
U terised in that the liguid crystal material of display

elements operated in region B of Fig. 1 is chosen such
that it contains less than 30% by weight of associating
5 compounds. -
5. - Method accord:.ng to ClaJ.m 1, characterised in
that the liquid crystal material of display elements
operated in region A of Fig. 1 is chosen such that it
contains at least 15% by weight of a mixture of at least
10 2 liquid crystal compounds, each of which contains at
least one structural element selected from series XII-
XIV:



-14- and twisting [err] = 2.67 Ratio of the elastic constant '
[err] and spreading [err] = 0.4 Ratio of the dielectric ani SE ﬂwwi, ﬁiﬂmulm
and the 5 di el ectric constant perpendicular to th s |k
(el)g[err] =0.33 Cell thickness: d = &yn_The tilt angles [err] mf or

t he reduced voltage values V/ Vo at whi ch the dependences of the 10

transm ssion on the angle shown in Figure 5 have been calcul ated are

pl otted. - 15 - Patent Clains 1. -~ Method of inproving the contrast
effect of an el ectrooptical display elenment which can be multipl exed, -

whi ch contains, between two support plates which, wtig5 an edging, form

a cell, anemtic liquid crystal material with positiye dielectric

ani sotropy and at | east one raI addi t j~8 and h has a tw st angle
with a value between [errrr] ( ‘ i1t angle, the
tiltiangle 10 to at | east \ané€ support et e being nmore than [err]
characterised in that for display el ements operated in region A of Fig. 1,

the liquid crystal materiafXi&)chosen $dEmIvhat the(xawijo of the elastic
constants for bending and spreading [err] is 15 hi gh enough for a

bi stabl e, steep el ectrooptical charac- :

6. ' El_ectroopticall display element which can be
multiplexed and has an improved contrast effect, o '
- which contains, between two support plates which, with
an edging, form a cell, a nematic liquid crystal material
5 with pos:.t:.ve dJ.electn.c anlsotropy and at least one
chiral additive, _
- and has a twist angle with a value between 150° and
- 250°, and a small surface tilt angle, the tilt angle to
at least one support plate being not more than 10°, |
10 characterised in that _
the liquid crystal material of display elements operated
in region A of Fig. 1 has a value for the ratio of the
elastic constants for bending and spreading K,/K, which is
high enough for the display element to have a bistable,
15 steep electrooptlcal characteristic line,
or in that the liquid crystal material of dlsplay
" : elements operated in region B of Fig. 1 has a value for
the ratio of the elastic constants for bending and
spreading K,/K, which is low enough for the display
20 element to have a stable, steep electrooptical charac-
teristic line. | ' . '
7. ) Display element according to Claim 6, charac-
~terised in that the liquid crystal material of display
elements operated in region B of Fig. 1 has a value for
25 the ratio of the elastic constants for bending and
spreading K,/K, which is less than 1.6.
8. - Display element according to Claim 6 or 7,
characterised in that the liquid crystal material of
display elements operated in reg:.on B of Fig. 1 conta:.ns
30 at least 15% by weight of a. mixture of at least two



teristic line to be obtained, or in that, for display elenents operated in :
region B of Fig. 1, the liquid crystal material is chosen sucﬂw ]"I”m"m,”m
ratio of the elastic constants for bending and 20  spreading 4
enoygh for a steep, stable electro- op[jég Characteristic line to be o
obt ai ned. 2. Met hod according to ddam1, characterised in that for
di spl ay el enenty I JiN ' 0 el | ALY r I

material is crr}ol?e‘%}guc t aa]’t c{oﬁ@o‘r&gﬁ@d %ggh ?)jf: l‘jtﬁl!f\té&gIéadsr%:l?ch'q}:é(:)naxs{":tS tf}%ta g tf or
bendi ng and s dBRIUFERFRL selement hgeleckeds from spriksd Brkbr dilfg to
gne ?f CJ?Jrm;ﬁbﬂhgc§w§§%P1éefbﬁeﬂhénstha%;ahellémehﬁnﬁéyitavha%gerE?L ?f_t

i splay el enents operated in region_ B o i g. is osen _su at i
contai ns at Ig’fsts%}ébv‘%ﬁ?gw %f ‘éPm &Fﬂr%#pﬁth%ag{ f'ﬂog?i ol &B&rystal
conpounds,5 eadiomi athittie coortrzesormding dbtoxaindesst r uct ural el enent sel ected |

from series I-Xl, it also being possible for the structural elenents I-1V
to be substituted by F, d, CH3 and/or CN, 35 or to be in the formof the
correspondi ng N-oxi des: [err] 4. . Met hod according to one of C ains
1-3, charac- terised in_that the liquid crystal | rial of display

el enents oper at ed i_n_reg n B of Ei(gﬁ.s_i s chosghgsuch that i/t 4c8nt ai ns

| ess than 30% by weig ﬁf associ atlyng’d conp dg. 5. hod

according to Claim1l, characterised in that the-liquid crystal material of
di spl ay el ements oper at(_qq in regionrayof Fig. 1(mighosen sughvhhat it
contains at |east 15% Dy weight of -a mxture of at least = .

G e S

{VI)

~N=N- -N=N-  =-CH=N- ~SCN
N
o .
(VII) (vrzmy  (1X) x)
: F
; (x1)
N~/
° Display element according to one of Claims 6-8,

characterised in that the liquid crystal material of
displlay.elements operated in region B of Fig. 1 contains
less than 30% by weight of associating compounds.

.10 10. Display element according to Claim 6, charac-
terised in that the iiquid crystal material of display
elements operated in region A of Fig. 1 contains at least
15 percent by weight of a mixture of at least 2 liquid
crystal compounds, each of which cont‘ains at least one

15  structural element selected from series XII-XIV:



10 2 liquid crystal conmpounds, each of which contains at IeaST’“~’f_-—~——f——_

one
structural elenent selected fromseries Xll- X V: - 17 - (X \
(X1 . (XI'V) 6. El ectrooptical - display elenent ﬁ“\mmm“\“
ul ti pl exed and has an inproved contrast ;ffect, - which conta e ns *
twd—$upport plates which, with an edgihgt? forma cell, a nematic |iquid

‘crystal material 5 wth positive dielectric anisotropy and at |east one
chiral additive, - and has a twist angle with a value between 150 and 250,
and. a small surface tilt angle, the tilt angle to at IFPast one support

pl ate being not nore than 10,10 characierised in tHat the liquid crystal
material of display el emen rat ed i" on A of . 1 has a val ue for
the ratio of the elastic congtaghts for by ng and’s Tng [err] which is

hi gh enough for the display elenment. to have a bistabl&,” 15 st eep

el ectrooptical characteri stixg) ne, or (.4 hat the _J].iguid crystal
material of display'elenentg)operateéﬁq¥#%gion Bﬁﬁ£¢ig. 1 has a val ue
for the ratio of  the elastic constants for bending and spreading [err]
which is | ow enough for the display 20 el ement to have a stable, steep

. el ectrooptical charac- teristic line. 7. Di spl.ay el enent according to
C.aim6, charac- terised in that the liquid crystal material of display

el ements operated in region B of Fig. 1 has a value for 25 the ratio of

the elastic constants for bendi ng and

Y



spreading [err] which is less than 1.6. 8. D spl ay el enent accordi ng
to Cdaim 6 or 7, characterised in that the |iquid. crystal nat "nw

di splay elenents operated in region B of Fig. 1 contains 30 M'%‘#ﬂ””m
by wei ght of a nmixture of at |east two - 18 - liquid crystal otin
each~of which contains at |east one struc@ral elenent sel ect ed fron1ser|es
I-XI, it being possible for the stré%tduéball sql nments I-1V also to be
substituted by F, d, [err] and/or 1% in the 5 formof the
correspondi ng N-oxides: [err] (XI) 9. "~ Display el enent according to one
of Clainms 6-8, characterised in that the liquid crystal material of display
el enents operated in region B of Fig. 1 contains |ess -than 30% by wei ght of
associ ating conpounds. 10 10. Di splay elenent according to C aim6,
charac- terised in that the liquid crystal material of display' elenents
opeﬁv;ed inregion Aof Fig. 1 contains at |east 15 percent by weight of a
m xtlre of at least 2 liquid crystal compounds, each of which contains at

| east one 15 structural elenent selected fromseries XlI-XIV: (X11)
(XI11) (XI'V)

o

-

(As pr 1nted)
Claims '

1. Method of improving the contrast effect of an electrooptical display element which can be multiplexed.
= which contains, between two support plates which, with an edging, form a cell, a nematic liquid
crystal material with positive dielectric anisotropy and at least one chiral additive,
- and which has a twist angle with a value between 150° and 250°, and a small surface tilt angle,
the tiit angle to at least one support plate being not more than 10°, characterised in that
for display elements operated in region A of Fig. 1, the liquid crystal material is chosen such that the



. —
= 20 - EP O 261 161 Bl (As printed) Clains 1. Method of inprovin

contrast effect of an el ectrooptical display el enent whi Chv\m“mﬁm\ M\“““\
mul ti pl exed. - which contains, between two support plates

édging, forma cell, a nematic liquid crystal material with p03|t|ve .
di ctric ani sotropy and at |east one chiral additive, - and which has a

twi st angle with a.value between [err] “add Ferr] and a small surface tilt
angle. the tilt angle to at | east EP@ 2uppoBd pl ate being not nore than

[err] characterised in that for display el ements operated in regi 'on A of

Fig. 1, the liquid crystal material is chosen such that

th
0 261 161 Blrajoaelj e gipstc ransianigsies Een8'5%§t“?iﬁ‘?r§adF’8rK’ Berfd“'%e%?ﬁ%f‘ ?bﬁebaséﬁbﬁgs‘fe@r r]
is high enoﬁ?t’?‘tﬁf'cahc'ﬁiagtf'éb? !éne e p % qggu geteri sti | ne

be obt ai ned, 9 g "¢t f°’t‘H aye éhe A\ cryﬁa'rm rig) s
1, (e qui PIREieA E Caril q%% gl o el ) ‘S%cs*’?.c
con%‘l’ants f ot e BFRY @a?ﬁ "ga?:h%g K is | ow enough for a steep, stabl e

- el ectroopbi cgly, %@%Eo% %'c? H%eﬁd& Eﬁn&b&%s%ﬁels@ems%&@e&' e GG BlbiGg. s O
Claimi, Chapag i S50 ot} chitbo ShAPhANELBITEN S GRRE 8t Nor @BkRY 2 Of
Fig. 1. the L} aphdeCkYsh @fmma ierial 1s chosen such that the ratio of the

elastic constants for bending and spreading [err] is less than 1.6. 3.

Met hod ac@or fingl 5@o@ing tbneQtadiams I 22 chafddRiis6 irethitsBsl idurt érjadl miaedallof qispial

crystal mat e§|¢,agntsoépedteam @y.oelaem S i9eBdsad @dh ithat it eqritadns aBleast 16¥eghy vieight of a

chosen such' inkfte dftat I6R0IWAIQSd & sthieaspoutdsVedey olverichltontaifs a leastiohestaictortal egment

| east two | i spicid Gbiyikads | € BITP@lso deing pesshiedér thehstrodturelatamenta d - Bt to be aubstiteerbby

st ructural eF.cNEnt askedrd@dt edo be rihesiem efghd corresgpnding tN -#Kides: bei ng possi bl e for

e structural elements | - IV to be substituted by F. . [err] and or CN,
Lt’o be in-the formof the correspondl ng N -oxides: [err] -SCN (XI) 4.
I\/bt hod according to/on¥, of dains char act |Nsed in tha e liquid
. crystal material of~ gpay el enEtQ r at ed =i{n ion Bk B~ 1 is-

chosen such that it contains less” 30% by wéﬁ t of - N
' (1) (Lr) ' (I11) (IV)
(VI)
-N=N- Lo _N=N- -CH:.'N- "SCN
: . N _
o - |
(VIT) (VIIT) (IX) X
F
(X1)

t 152
1 ns chosen such that it contains at leas!
of which contains at least one structural element selected from

. 8. Method accordmg to
operated in region A of Fig.
least 2 luquud crystal compounds each



associ ati ng conpounds. 5. Met hod accor di ng to aim1, characterised in

that the liquid crystal material of display elenents opera ﬂ 1 1 m
of Fig 1 is chosen such that it contains at |east 15% by Wem “”M"m""m I||
m xtuyre of at least 2 liquid crystal conpounds. each of which cbntlaids & *

| ea3t one structural elenent selected from- - 22 - EP 0 261 161 Bl
series XIl - XIV: 6. Electrooptical gpigpdiapgiedenent which can be
multi pl exed wries HasXan i nproved contrast effect. - which contains, between

two support plates which, with an edging, forma cell a nematic liquid
crystal material with positive dielectric anisotropy and at | east one

chiral additive, - and has a twist angle with a val ueFbetween 150 and [err]
and a small surface tilt angle. the tilt angle to at [east one support

pl ate being not nore than-[e characte Rd in th e liquid crystal -
material of display el enen ted i @ bn A - 1. has a value for
the Fatio of the elastic con ts for bemding and s ading [err] which:

i s high enough for the displa | enent ve a bist e, steep
el ectroopti cal characteristf%yffne. or {gtﬁﬁﬁt the I |H.crystal mat eri al
of display elenments operated in fegion B of Fig. 1 has a value for the

ratio of the elastic constants for bending and spreading [err] which is | ow

enough f 0B, téeteboned a¥pif SMRRE wHich cBANEM@tiphkédng hasn GRflovel Bsntrawemict cal
characteri sti c- lwhigr contains Dhebidlem YwoCduBport Hiatad Gahi2h, Chith Gin leBygidd, AkriNaQell, @hRMat QLI Sed
in that the |i quiystaiGiaesibiadith positeé tiatbetf anRotiopy ahd aClbasioralcsiradpaitiag,ed i n regi on
B of Fig. 1 hasa@i healaueistaagie iea vakiel btwaén tS0C asd 259t .aad 8 emnalk saridcs tift @figid) dadit NQ
and spreadi ng [ engld towahipashoriesuppes plateibaing dot Groredhan 10 DicBjpdceyiseallirehant accor di ng
t OE‘g‘ ai m 6 che Mquidodnesfahmatenial efatisplan eleinerts ¢deated inragiah A pfyFig, & lhaseatasseifeltheorhtio of
di 3pl ay el ertbnelastiogenstants dor ibendinggind sprédding Ki-Kigwhich i tjgh eniovgh fertthd display ekFiptly
wei ght of a hevea bistabiefstepn elpatroeptical-ohgracteripli¢ frecr yst al conpounds, each of which
contai ns at 9" dmtet tnliquidiqrysia) matgrial ef display elementeenewmtedfin waips Bof Eig. 1 has ayyplue for
bei ng possi Hherefig et theelasdic constapte Ar bendingand spreading Kaiaphich ig lgwigaough i thetdisply by
F. O, CH3 difesttobare astablegstene ejeptraopticalichiprtassiclitfe cor r espondi ng N - oxi des:
--23- 7. Display element according to Claim 8, characterised in that the liquid crystal material of display
elements operated in region B of Fig. 1 has a value for the ratio of the elastic constants for bending and
spreading K3.Ky which is less than 1.8. :

8. Display element according to Claim & or 7, characterised in that the liquid crystal material of display
elements operated in region B of Fig. 1 contains at least 15% by weight of a mixture of at least two
liquid crystal compounds, each of which contains at least one structural element selected from series
I=Xl, it being possible for the structural elements 1-1V also to be substituted by F, Cl, CH; and or CN,
or to be in the form of the corresponding N - oxides:



‘EP 0 261 161 Bl [err] (V). - (M) 9. Display elenent accordln
to one of lainms 6:8, characterised in that the I|qU| d crysta”“[ﬂ“ﬁuml“lﬁullll
di splay el enments operated in region B of Fig. 1 contains |ess

Wwej ght of associating conpounds. 10. Display el enent according to daimé
characterised in that the liquid crystap3material of display el enents

operated in region A of Fig. 1 contains at |east 15 percent by weight of a

m xture of at least 2 liquid crystEPO2tpél®ds, each of which contains at

| east one structural el enent selected'fron1ser|es X1 - XV - 24 - EP
0 261 161 B 1 (As printed) Revendications 1. Procdd4 pour |'anelioration de

| "effet de contraste 6l 6rent d_affi chage di ectro-optique apte au
mul ti pl exage, .- qui.ng:ﬁﬁznt entre qgu plaquessﬁé upport, I,\ avec une
bordure. .fornment une egfau de ty _Jﬁlstal | P uPd “nemat i que
a ani sotropie dielectrique p05|t|ve et au nD|ns un additif chrNal, - qu
preésente un angle de t@rpion, qui- e€styconpris eptg 150 et Zgth et un

petit. angle d'inclinaison de |la surface, |'angle d |ncI|na|s excedant
pas 10. sur au noi ns une pl aque de support. caracterise en ce que pour des
el ements d' affi chage ti onnant la zone A de la figure 1. le

mat dri au de type cri ui d isi de maniere que | e rapport des
const ant es elasthues “la cour et |l e decal age K3iKi soit

suf fi samment el evd pour | obtentlon d' une courbe el ectro-optique
caracteristique bistaklhg, A forte. . Ou en ce que. pour des 6l dnents
d' affichage fonctionnant dans |la zone B de |la figure 1, |le materiau de type
cristal |.iqui-de est choisi de maniere quo |e rapport des constantes
e%g}tiques pour |a courbure et |e d4cal age K3 K, soit suf fisanmment faible
pour |'obtention K> _yz=N- d' upeyLour be el ecgeR-- Opt i qUSCN

caracteristique stable, a forte peate. 2. Procede selon | a revendi cation 1
caracterise en ce que, pour des 6loents d' affichage fonctionnant '

(VII) (VIII) (IX) (x)
F

O )—CN
{XI)
9. Display element according 'to one of Claims 6-8, characterised in that the fiquid crystal material of

display elements operated in region B of Fig. 1 contains less than 30% by weight of associating
compounds.

- 10. Display element according to Claim 6, characterised in that the liquid crystal material of display
(7 elements operated in region A of Fig. 1 contains at least 15 percent by weight of a mixture of at least 2

liquid crystal compounds, each of which contains at least one structural element selected from series
X=X

& O ©

(XIT) (XTII)} O (XIV)



dans |a zone B de |a figure 1, e materiau de type cristal |IC]UI de es ‘\
choi si "de maniere que | e rapport des constantes 6l astiques po ‘“\“\‘\“ ‘

et le decalage K3 Ks soit inferieur a 1.6. 3 Proc6de selon |’

revendi cations 1 -2. caractdrisd en co gge |l e materi au de type Crl Stal

i quide d' 6l enents d' affichage fonctionfiant dans la zone B de la figure 1
est choisi de maniere a contenir aePERenIsiB1% en poids d' un ndl ange d' au
noi ns 2 conposes. de type cristal liquide, qui contiennent chacun au noins
un el enent (&% rRickifed) choi si dans-les series | a Xl. les el ements

St ruct ur alkevéndicatidchgoouvant Atre substitues par F, d. CH3 et ou CN ou
pouvant so trouver sous fornme des N oxydes correspondants '

i \C/:I- i NN 1: :ﬁtt:;?eex :godu'\rlz&Nného}auan de Kefrbt de n)o'r_alul\?ste d'lfn éléleenl d'Mvchag\Q ﬁ&g% ( wﬁye apte au
tyVLiii - qui contiepl ¥nlre deux plaques de suppel, qui- aV¥e un&Molstife) ¢

S 25 matétidul de type cristal liquide nématique 3 anisotrbbhd Hél’eéﬂn&e%sﬁnéaaa f%‘; sBx 4.

Procddd sel on | edstitdésl, r evendi cations 1 A 3, caractdrise en ce que

mat eri au de t ypeuigdsaitellunl inglei 6ke tdilsieN, QOB Bt Scothpad bhthagie of 4Lt icORA KRt alRRS
la zone B de | adftigaised db |£8drface) Cinge dleclinghsdh @lefédant F3MOE i audHoif8Dind Blagéd §& en
poi ds de conposespst.associ ant. 5. Procede selon la revendication 1.
caracteri se ®@nciEise pacre| gpe padrdies diémeats Diafiichage iapttahnahi dpns thezods N dimarfigsre 1, le
d' af fi chage matdtiey o tyne pristatiinuisie lest cheisiale Avaiére| e i rgepod dés emmbtamésodastiqude pour la
mani ere a coAWEYP et igifceatage KiKE salt swffisgmmant élevé pounitsbiantipe diine gountisi §iestre - optique
conposds de @ippiérisiquedistable) 3 iqua pRote. eHLAN cecHe.iPeyrdenélérentacdatfichageriericiiranaphdans la
fem ot M%R;’*saﬁé% kel e
( | ) u ™ ion
rruX\IJtll pl exagée ”"&C‘é‘ftfeeet'ec ?PB?fPrcééft%"s&WﬂlsPB'P'eé 'g"e ‘Eﬂme cont | ent entre deux

pl aques d g-f rév aveCcm 1, car n !ﬂ h on nna
de'type o RHH bl e Bier iR et Yo o Bt ok et e
au noi ns des constantes elasthues pour la courbure et le décalage K3 K: soit inférieur 4 1.6.

3. Procédé selon l'une des revendications 1 -2, caractérisé en ce que le matériau de type cristal liquide

' d'éléments d'affichage fonctionnant dans la zone B de la figure 1 est choisi de manidre 2 contenir au
moins 1S % en poids d'un mélange d'au moins 2 composés de type cristal liquide, qui contiennent
chacun au moins un élément structural choisi dans les séries | & Xl. les éléments structuraux | 3 {V
pouvant étre substitués par F, Cl, CH; etou CN ou pouvant se trouver sous forme des N-oxydes

correspondants
_ " y .
G @ G @
=N NN N N
[ (L) {II) (IIry) (IV)
\—
(v) (V1)
-N=N- : .
- -N=N- | -
A ~CH=N- -seN
o .
(vir) (VI |
A I

F
‘@—cu

(xr)



additif chiral. - qui prdsente un angle de torsion, qui est’

150 e 250, e un dets el o Tt son et rtece | THRHLANT iy

car?( terise en ce quo |e matdriau de Lypﬁ Gristal .liquide d el enent s

I chage fonctionnant dans |a zone |a.figure 1 presente une val our
suffi samment el-evee du rapport des E%ﬁsztsé 161 gé 6l asti ques pour | a courbure
et le decalage K3:K , pour quo |'dldnent d' affichage prdsente une courbe.

el ect r o- opti %{Pée‘??efF'aﬁf‘é‘P ides '°Wé'°ﬁ'i°%sc hd Pecaragléfisgrancse gu teanatédseu dntyoecrgtabighige
mat dri au de t mﬂ? ? PO ‘Prplipngant genn g gengtBsdeyladiperp d iealyehoisiciecanBrmd mentedia as

| a zone B de To&*fT §Anee SB?%’g@ﬂTeésﬂ?Féc'%l eur suffisament faible du rapport

des consta%pt ch asg,g'j‘g%’en 5"*'%3[ ure et Iea(tje%cal a&e K3: K., pour

| ' | enent a crista} 'éi’t':'ldéldle§t“|9'ljlﬁe

tabl e, %o € it ne Nl éﬁ'&f AiRNsds
ia?g({'?dr ?s é‘}&ngﬁn e eﬁr g’:ﬁé}&a & % %G%S g:? clnstF h&ﬂnd% Hcogpwtcgacun au

d' af fi chage fonctionnant dans a zone igure 1 presente une val eur
du rapport des constantes el astiques pour |la courbureFet |e decal age K3. Kt
qui est inferieure a 1,6. 8. Elenent d' affichage selorf | a revendication 6

ou 7. caracterise en ce guo teriau pe cris | i qui de d' dl enents
d' af fi chage fonctionnant dan one B figur tient au noins 15
% en poids d' un nelange d'au DI ns 2 conposds de type istal liquide qu

conti ennent chacun au moins 4p; le 6ment e&sgﬁbural mgl si dans les series |
& Xi: les elenents structuraux a |V pou 6gal e tVhtre substitues par
F, O, CH3 ettou CN ou pouvant se trouver sous forme des N - oxydes

c%espondant S: *C L R S- 26 - EPO 261 161 Bl iF>-
N 8. Elément d'affithdye slectro - optique apte au mbltiplexage. 4 effet de contrasfelBridiidre, ) (1)
~~~(11%lqui contiedt(entd dé¥)plaques de support, qui, dvd4 Jine- BSFdire; fdeiBriNune celtute- CN
0o - matériau de type cristal liquide nématique 2 anisotropie diélectrique positive. et au moins un
additif chiral,

- qui présente un angle de torsion, qui est compris entre 150 et 250°, et un petit angle
d'inclinaison de la surface, 'angle d'mclmanson n‘excédant pas 10° sur au moins une plaque de
support,

caractérisé en ce que

le matériau de type cristal liquide d elements d'affichage fonctionnant dans la zone A de la ﬁgure 1
présente une valeur suffisamment élevée du rapport des constantes élastiques pour la courbure et le
décalage Ki:Ki, pour que i'éiément d'affichage présente une c0urbe électro -~ optique caractéristique
bistable, & forte pente,

ou en ce que le matériau de type cristal liquide d'éléments d'affichage fonctionnant dans fa zone B de
“la figure 1 présente une “valeur suffisamment faible du rapport des constantes éfastiques pour la
courbure et le décalage Ki:K:, pour que l'élément d'affichage présente une courbe electro optique
caractéristique stable, a forte pente.

o 7. Elément d'affichage selon la revendication 6, caractérisé en ce que le matériau de type cristal liquide
vy d'éléments d'affichage fonctionnant dans la zone B de la figure 1 présente une valeur du rapport des
' constantes élastiques pour 1a courbure et le décalage Ka.Ks qui est inférieure & 1.,6.

8. Elément d'affichage selon la revendication 6 ou 7, caractérisé en ce que le matériau de type cristal
liquide d'éléments d'affichage fonctionnant dans la zone B de la figure 1 contient au moins 15 % en
poids d'un mélange d'au moins 2 composés de type cristal liquide qui contiennent chacun au moins un -
8lément structural choisi dans les séries | & X), les éléments structuraux 1 2 IV pouvant également éire
substitués par F, Cl, CH; et'ou CN ou pouvant se trouver sous forme des N ~ oxydes correspondants:



cvil) (M 11) (rx (%9 W-CN (XI)_ 9.

El dnent d' af fi chage selon |'une des revendications 6 a 8. cauw“ﬂﬁllmuﬁugjﬁlll
que le mat~riau de type cristal |iquide d' el6ments d' afficha .
danQJIa zone B de la figure 1 contient peins de 30 % en poids de conposds

s' associant. 10. Eldment ‘d' affi.chage_selon | a revendication 6, caracterise

en ce que le materiau de type cristah 9%84JEUEId el ements d' af fi chage
foncti onnant dans |la zone A de la figure 1 contient au noins 15 % en poids

d' un nel ange dau noins 2 conposes de type cristal |iquide qui contiennent
au noi ns un el 6nent stsugtural choigr—dans |es %éTF s Xl a ; '
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9. Elément d'affichage selon I'une des revendications 6 A 8, caractérisé en ce que le matériau de type
cristal liquide d'éiéments d'affichage fonctionnant dans la zone B de la figure 1 contient moins de 30 %
en poids de composés s'associant.:

10. Elément d'affichage selon la revendication 6, caractérisé en ce que le matériau de type cristal liquide

o d'éléments d'affichage fonctionnant dans la zone A de la figure 1 contient au moins 15 % en poids d'un

\/ mélange d'au moins 2 composés de type cristal liquide qui contiennent au moins un élément structural
choisi dans les séries Xll 3 XIV: :



