2142647 LI QU D CRYSTAL COVPOSITI ON The"present invention relates to a
liquid crystal conposition, and nore particularly ' to a liquid crystal 5 .
conposition suitable for liquid crystal display devices of the tw sted
nemati ¢ node in which the nultiplex drive schene is enployed. 10

Recently, the enlargenent of the information content of display devi ce has{r
been neeged in the field of liquid crystal display devices. Liquid crystal

di spl ay ices of the matrix display type are tending to be supplied nore
and nore because they are nore appropriate for the enlargenent of 15 the

I nformati on content than liquid crystal display devices g ﬂnent

di spl ay schene whi ch have prgviogsly been :

LIQUID CRYSTAL COMPOSITION

The present inventioﬁ relates to a liquid crystal
composition, and more particularly to a liquid crystal
~ 5 composition suitable for liquid crystal dilpliy devices of
the twisted nematic mode in which the multiplex drive scheme

is employed.

10 Recently, the enlargement éf the information content ofl
- display device has been needed in the field of liquid crystal
display devices. Liquid c:ystal'display_devices_o! the
matgix display type are tending to be supplied more and more

\_, because they are more appropriate for the enlargement of

¢

15 the information content than liquid crystal display devices ¢
of the segment di;play scheme which have previcusly been
used mainly. The increase in the number N of multiplexed
lines of the multiplex drive in the matrix display scheme is
also demanded in order to develop the diversification of
20 display further.

A matrix display is usually driven with the opﬁimized
ampiitude selectihg method. Then, liquid crystal materials
applicable to liquid crystal display devices of the matrix
display type with large display capacity should have sharp



useéd mainly. The increase in the number N of nultiplexed lines of the

mul tipkex drive in the matrix display scheme is also demanded in order to
devel op the diversification of 20 display further. A matrix display is
usual Ly drjven with the optinized anplitude sel ecting nmethod. Then, |iquid
crfstal materials applicable to liquid crystal display dEVIﬂED of the
matrfx display type with large display ca%aC|ty shoul d have arp 32
threshol d characteristics or good contrast characteristics for smal
voltage difference near the threshold voltage

threshold characteristxcs or good contrast characteristics
for small voltage difference near the threshold voltage.
This can easily be understood as for liquid crystal display
panels of the X-Y matrix displaj.as follows, if they are
5 driven with the optimized amplitude selecting method, the
ratio of the.efféctive voltagéhvims(on) in the selected
elements to the effective voltage Vrms(off) in the
unselected elements is known as expreséed in the folloﬁing
' &{ - equéficn: ;
" 10 |
% = Vo ms (00) } fF-ﬁ-' 1
Vs Of5) 1 /N -1 .

It is apparent in this equatidn that &« decreases to 1 when N

is increased up to infinity. In other words, the difference

15 between Vrﬁs(on) and Vrms(off) decreases with increase in N.
The contrast of liquid crystal display also depends on the
viewing angle at which a man views.at the display, and the

{ ‘ viewing angle dependence of the threshold characteristics
| should be weak for the display device with wide.viewing.

?0 ‘angle. Accotdingly, liquid crystal materials suitable for
large display capacity should §how sharp contrast for the
small difference in the'effeétivé-applied voltage or should
have sharp threshbld characteri;tigs against the effective

applied voltage.



This can easily be understood as for liquid crystal display panels of the

X-Y matrix display as foll ows.
anplitude sel ecting method,

If they are 5 driven with the optimzed -
the ratio of the effective voltage V5 (on) in

the sel ecte lements to the effective voltage Vrns(off)-in the unselected
el enents is own as expressed in the follow ng equation: 10 [err]
i ” £his equation that A dectegses to 1 when Nis increased up to
In other words, the difference 15 between VrMs(on) and Vrns -
(of f) decreases with increase in N. The contrast of |iquid crystal
al so depends cnlH¢u9w¢mmeEﬁGMQﬂétaliﬂniéhCaYﬁﬁnlvmemGréalﬁthdlsplay, and

appar ent
infinity.
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not have threshold characteristics good enough for
matrix drive with relatively large N, and this causes
troubles such as the_lpweting of the display contrast
and the narrowing of the effective viewing angle.

' The present inﬁenticn sets out to provide a new

~liquid crystal composition appropriate for the .

multiplex drive scheme espec1a11y Wlth a. high number
of multzplexed lines. | .
In accordance with the present invention, a new

~liquid crystal composition is provided which has a

positive dielectric anisotropy in the nematic phase,
comprising 3 wt % or more of a 2-(4-alkoxyphenyl)-
S-alkylpyrimidine compound and 3 wt % or more of a
cyanobiphenyl compound of the formula

wherein Z is Ci-c9 alkyl, C16C7 alkoxy,.

_ R50c2H4-0f wherein Ry is C,-Cg alkyl, or

is

'R6 —{C:}—— wherein R6 is Cl-c7 alkyl..

The pyrimidine compound is of the formula:

OO

wherein R, and Rz-ére each the same or different
C1 C12 alkyl group. Excluded from the present
invention are those compositions containing a
compound of thq formula '

It is -

di spl ay

7



vi ewi ng angl e dependence of the threshold characteristics should be weak
for the display device wi.th wide viewing 20 angle. Accordingly, liquid
grystal materials suitable for |arge display capacity should show sharp
contrast for the small difference in the effective applied vol t age_or
shgut d have sharp threshold characteristics against the effective<applied
vol¥age. - 3 - However, prior art liquidsgrystal materials dg have
t hreshol d characteristics good enough for matrix drive with rel ely

|l arge N, and this causes

wherein R is-cl-clo algyl. cl-c10 alkoxy,
carboxyl or cyano and R” is cl'clo alkyl,
Cl-c10 alkoxy or carboxyl.
_ Of course, more than one specific pyrimidine or
10 cyanobiphenyl compound may be used, in which case the
- total amount of each type of compound will not fall
below 3 wt %. In general at least 3% of each
compound is present.

The invention is further described by way of

15 example only with reference to the accompanying '
drawings, in which: .

Fig. 1(A) illustrates the construction of a
liquid crystal display cell and defines the viewing
angle O of the measuring direction W;

20 ' Fig. 1(B) is a graph of the transmission of
light plotted against the applied voltage; and
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. troubles such as the lowering of the display contrast 5 and the narrow ng
of the effective viewing angle. The present invention sets out to provide a
new liquid crystal conposition appropriate for the nultiplex drive scheme

especially wth a high nunber of nultiplexed |ines. 10 I'n
-’accordancggﬁéth the present invgntion, a new liquid crystal conp05|t|on is
provi ded h has a positive dielectric anisotropy in the nematic phase, N

conprising 3 w %or nore of a 2-(4-al koxyphenyl)- 5-al kyl pyri m di ne
conmpound and 3 wt % or nore of a 15 cyanobi phenyl conpound of the formula

[err]
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Fig.2 is a graph which shows the effect of the addition

of liquid crystals:with the dieleétfic"anisdtropy a4¢>0 on

the electro-optical characterstics such as ngt (V!.& and
r 15°,50%
45‘,90!'

As is well knowﬁ,'in-Order to give éhatp threshold
characteristics inlliqnid éfyéfgl aispiay devices in the
twisted nematic mbde, a liquid crystzl composition should
desirabl&"be'compdsed of materials which‘héve the elastic
constant ratio 833/311 as small as possible where. K 11 is the
splay elastic constant and K33 the bend elastic constant.
From this point of view,we have found to be particularly desirable
2- (4-alkoxyphenyl) -5-alkylpyrimidines, nf@ﬁ}@-bna ,
where Rl and R, are each the same or different Cl—clz' alle
groups. The ratios !<33/K11 of these materials are about

0.6 smaller than those of the materials used in the

conventional liquid crystals such as the phenylcyclohexane ';)

liquid crystals, biphenyl liquid crystals, cyanopyrimidine
liquid crystals, dioxane liquid crystals and ester liquid
crystals, The ratios of the materials of the
conventional liquid crystals usually fall in the range
between 0.9 and 2.0.

Table 1 shows electro-optical characteristics of a
pyrimidine mixed liquid crystal (hereinafter referred to as

Composition 1 or Comp. 1) whose main component is



ferr] : Fig.2 is a graph which shows the effect of the addition of liquid
crystal's wwth the dielectric anisotropy ao0 on the el ectro-opti cal
gharacterstics such as VOO (V),,K and 90 r 15,50% 45190%5 As is well

known, _in order to give sharp threshold _
=7 5
v | . 2k
Yz- (4-alkoxyphenyl) ~5-a lkylpyrimidine anZn;l'@g
OCnHoner1’ where n=4 and m=2 or 4, or n=6 and m=2, 4 or 6,
The counterparts of some commercial liquid crystal materials
for matrix drive are also éhown in Table 1. Among them,
5 2L1-1701(Merck) comprises mainly a phenylcyclohexane
liquid crystal, E-90 (BDH} ester liquid crystal, and
ROTN~403 (Rosche) a biphenyl 1liquid crystal and a
‘ cyanopyrimidine liquid crystal.
'iv, i
10
Table 1
Comﬁ. 1 ZLI-1701 E=90 _ RO’!'NOCOJ
o° .
vgo‘(V). '6.9 1.78 1,32 1.43
151 «0° 1.36 1.42 1.39 1.42
als® 1.23 1.33 1.28 1.28
- «30° 1.16 1.27 1.23 1.21
N .
h45° 1.12 1.24 1.20 1.18
.20 15°,50% '
¥ 45304 1.22 1.33 1.36 1.40

Fig. I(A). displays schematically the structure of a

25 1liquid crystal cell and the direction of the measurement of

thé electro-optical characteristics. A liquid crystal cell



characteristics in liquid crystal

‘node, a

" materi al
_possi bl e where Kl

liquid crystal conposition should 10 desirabl,y be conposed of
s which have the elastic constant ratio K33/Kl1l as snmall as

const ant romthis point of view, we have found to be particularlv

desi r abl

2- (4- al koxyphenyl ) - 5- akFk$l pyri m di nes, R 15 where P and P. are

each the sale or different Cl1-Cl2 al kyl groups. The ratios 33/K

these materials are about 0.6 smaller than those.of the materials used in
liquid crystals such as the phenyl cycl ohexane |iquid

Dy AL SEYRHR1 e BHRRRRY LR R B 7

t he conventional

crystal
dloxane

direceions of the rubbing on the cell substrate lurtaces.

‘Polarisers 1 are attached to the liquid crystal cell, and ‘P’

10

and A’ are the directions of the polarization axis of the
pola:ize:s'l;' In Fig. 1(A),the z axis is defined to be
perpendieﬁlafhﬁo'the liquid erystal'Cell'z, the y axis to
lie along the lbngitudinai direction of the liquid crystal
cell and the x axis to be perpendicilar to the y and z axes. The
incident light 3 enters perpendicularly in the liquid
crystal cell where the voltage_v is applied between the
liquid crystal material. The direction W alung which the

transmission of light is measured is changed in a plane

which lies in the measuring angle 0 which is defined as an

15

angle between z axis and W. |
Fig. 1(B) shows the transmission plotted against the
applied voltage at constant 6. Wg denotes the applied

~ voltage at which the transmission is measuted'ae the

'is defined as the ratio V

measuring anéle e . The'factoé x -(6 = 0°, 15°, 30’0: 45°)

e - 15°,50%
‘e 10% / v90%' while ¥ 45.'90‘ as the
0%’

& 9 and r ig.'gg: are an evaluation factor of the

ratio v ‘/ V9

contrast characteristics and of the viewing angle

characteristies, respectively. As is known to those skilled

25

in the art, it ;s better that both are smallet togethet.
From this standpoint. Composztxon 1 is much‘hefelsupe:;o: in

the contrast cha:actexistics and the viewing anqle

di splay devices in the tw sted nemati ¢

is the splay etastic constant and K33 the bend el astic

of

—

¥



cryStaIs The ratios of the materials of the conventional liquid crystals
usually fall in the range betieen 0.9 and 2.0. Table 1 shows
glectro-optical characteristics of a 25 pyrimidine nmixed |iquid crystal
(hereinafter referred to as Conposition 1 or Conp. 1) whose nain¢g§gponent
is¥™ 5- [err] The counterparts of sone commercial. liquid crysta ﬁarlals
for~atrix drive are also shown in Table 1. 7Am)ng them 5 ZLI- 1701(N@rck)
conprises mainly a phenylcycycloexane

characteristics to the commercial liquid crystéls, as
shown in Table 1, and is appreciated to be suitable as a

component of iiquid~crysta1 material for matrix display,

5 7Table 2

No. components At

No.1 ‘33“7<C:)>‘°°°‘.":N 27
el - CgH, 1-<(:)>-coo-<§>-cu

c3n.,cu

No.2 15

csancu
15 c38,<Cg >-@-cﬁ

No.3 ' ' 19

ey, o HOmow
c337-®coo-@-cu

20 | No.4 : ' 21

csun-@-coo-@-cn

c3u.,cn
No.S ¢, <O | 16

25 . .




*-liquid crystal, E-90 (BDH) ester liquid crystal, and ROTN- 403 (Rosche) é

" bi phenyl liquid crystal and a cyanopyrinidine lidquid.crystal. [err]

1(A). displays schematically the structure of a 25 liquid crystal ce
~-the dir

liquid
shows t

' tal cell -6- 2 containg liquid crystal material, and r

eifidnaof t he neasurenent of the electro-optical characteri st
he-di recti ons of the rubbing on the cell substrate surfaces.

Pol arisers 1. are attached to the liquid crystal cell, and P

However, the threshold voltage ng\ of Composition 1 is
higher than those of the conventional liquid crystals, as is
shown.appé:ently:in_rable;;;_because“its dielectric

anisotropy ag (»1.0) is small, where s € = €r- €s, and €,and ¢,

5 are the dielectric constants.measured, respectively, -

parallel and perpendicular to the longitudinal axis of the

liquid c:ystal_molecule. The threshold

voltage-vg;‘ of Composition 1 should be lowered much in

‘order for Composition 1 to be used_p:actiéally as a liquid
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crystal material. In order fét that, it is neceséa:y for
COmposition 1 to be mixed with 1iquid crystal compounds
having positive large at . |

We have tested mixtures No.l to No.5 having large
dielectric anisotropy a¢ , as listed in Table 2, which éan be
mixed effectively with pyrimidine compounds and can make the
dielectric anisotropy s&¢ of the resultant mixed liquid
crystal much larger than 0. They are mixtures of weight
ratio 1:1 of a compound having a C3H7 group to that having a
csaii group. We added 20 wt% of such a mixture to
Composition 1, and measured the threshold voltage, the
contrast characteristics and Giewing'angle'characteristics
of the resultant mixed liquid crystals.

As can be seen from the data shown in Fig. 2,
the th:esholdivoltage Vg;‘ of the mixed liquid étfst;lg
lowers down beloﬁ 3 V with the addition of nlitntea No.l to

; ‘ ad 30°¢ 45°
No.5. The contrast characteristics (x" ,« ) are good in

Fig.
[l and
ics. A
and r.
N

]



and t are the directions of the pol ari zation axis of the 5 polarizers 1.

In Fig. 1 (A),the z axis is defined to be perpendicular to the liquid
grystal cell 2, the y axis to lie along the longitudinal direction of the
l'iquie-.crystal cell and the x axis to be perpendicular to the y a _axes.
Th& i ncident light 3 enters perpendicularly in the liquid 10 crys Zcel |
where the voltage V is applied between thedigquwi d crystal material. "The
direction Wal ong which the transm ssion of light is neasured is changed in
a plane which lies in the nmeasuring angle G which is.defined as an angl e

bet t L ted
agai ot the [errjEne order of Nd.01<H. Y0¥ oigni:ioa,pmla

the viewzng angle characteristics (8450' 90%) are in the
order of No. 1<No. 2XNo. 3« No. 4>No. S. We have also

tested the following cyanobiphenyl compounds as compounds
5 to be mixed with Composition 1: CZHSOC2H4O4<:>~<:>PC31

e AOHOren, <D
cstty;0<OHO)c ana cs“uc"f.

N Thode compounds are found to show;.ésod characteristics
10 similar to the mixture No. 5 when mixed with Composition
l. In conclusion, cyanobipheny1 compounds are very
effective as a component to be mixed with a pyrimidine
liquid crystal in order to lower the threshold voltage.
Thus, a basic composition according to the pfesent
15 invention comprises a 2-(4-alkoxyphenyl)-5-alkylpyrimidine
and a cyanobiphenyl compound.
{Preferably) The cyanobiphenyl ctompound is:
4-a1kyl-4‘-cyanobipheny;, "R ‘CD

“wherein R3 is pﬁeiaxab;y C1 to c9 alkyl;

20 4-alkoxy-4'-cyanobiphenyl, R, 0

wherein Ry is preferabiy C; to Cq alkyl;
4-alkoxy-ethyleneoxy-4'-cyanobiphenyl,

250080400,
wherein Rg is preferably C, to Cg alkyl; or

25 4-cyano-4'4{4-alkyl)-cyclohexylbiphenyl,



-7- characteristics to the coommercial liquid crystals, as shown in Table 1,
and is appreciated to be suitable as a conponent of liquid crystal materi al
for matrix display. 5 Table 2 [err] However, the threshold voltage
V[err] of Conposition | is higher than those of the conventional |iquid
cryst aI@ as is shown apparently in Table 1, because its dielectric

—10 -
_ _RG.' @ CN , wherein Rg is
preferably C; to C, alkyl. o | N
Mixed liquid crystal compositions to be used
practically in liquid crystal display devices can be
5 prepared by mixing a basic composition men#ibned above
appropriately with phenylcyclohexane compbunds or
dioxane compounds. They have displéy cha:acteristics
much superiof £0'pribr'ones, while havihg a threshold
voltage low enough for practical use. The mesomorphic _ \Q
-10 range where they may exist in the liquid crystal state
is wide enough for practical use. -However; it is to
be noted that the amount of pyrimidine compound and of
cyancbiphenyl coﬁpound to be added to Composition 1
should be 3 wt% each or more because otherwise the:
15 effect of the addition cannot be observed at all.
| | EXAMPLE )

An embodiment of.the-liquid.crystalrcompo%%ion of
the present invention which comprises:the abovementioned
components is shown ig Table 3. Its electro-optical .

20 properties measured with a cell thickné§S'of about
5.5Fm at room temperature are compiled in Table 4 as
well as that of ZLI 1701 for_Comparisbn.

As is shown in iablé'4, bétﬁ the contrast and
viewing angle characteristics (« values and ¥ value)

25 have been improved remarkably when compared with the



ani sotropy. a (al.0) is small, where [err] 5 are the dielectric constants
measured, respectively, parallel and perpendicular to the |ongitudinal axis
Qf-the liquid crystal nolecule. The threshold voltage [err]of Conposition
1 should be | owered nmuch in order for Conposition 1 to be used actically
asTa liquid 10 crystal material. In order for that, it is neceé%%by fAr
Composition 1 to be mixed with liquid crystd <Tonpounds havi ng positivé

| arge [err]. We have tested mixtures No.1l to No.5 having large dielectric
ani sotropy as as listed in Table 2, which can be 15 m xed.effectively with
pyrim di ne conpossisistersh e ¢fkehé heomtheterd) i ZLB+1 70X J ofBheatvaliue he
resultant mxed liquid-crystal nuch |arger than 0. They are m xtures of

wei ght of the threshold voltage is low and both the response

time and the delay time are short enough to be used

practically.



.ratio 1:1 of a conmpound having a C3H7 group to that having a C5H11 group——

We added 20 wt % of such a mxture to 20 Conposition 1, and neasured the.

t hreshol d vol t age,
characteristics of the resultant mxed liquid crystals.

t he dat
~crystal
No. 5.

[err]

10

15

20

the contrast characteristics and view ng angle
As can be seen from
of the mxed |iquid.

own in Fig. 2, the threshold voltage V[err]
S | owers down below 3 Vawiih 4he addition of m xtures No.
The contrast characteristics (OLO , )45 are good in

Table 3

Nd; Cqmpdnéqts .wt ]

I Cef13<Qn >‘@'°C63;3 5.0

¢ Hg<on <O)-0c,8; 5 5.0

e O

H c41~19-©@-cu 9.0

c38,<B)-c00<C)-oc 1, 13.5

m CsHy  B)-C00<{O)-CeH, 13.5

IV | cs#<E-0resms 13.5

V cs“u@'@'@'cz’_‘s 9.0

V1 °5311C337 13.5

VI ¢4 EHC)rc00<0)-c;8, 6.3

-0-

to

ey

t

T e



[err] counterparts of the comercial ZLI-1701. The value of the
threshold voltage is | ow and both the response tine and the delay tinme are
short” enough to be used practically.

- .
- * e
= LA
¥ o Feet
s

(S
i

L E -13 -
Table 4
Invention Prior Art(2LI-1701)
g;‘ 2.60 V | 1.78 v
5 « 0° 1.41 1.42
«15° 1,27 1.33
& 30° 1.20 : 1.27
7 .| <45° 1.16 1.24
‘ 15°,50%
10 | Fy50° 308 1.23 _ 1,33
T, ? 9.4 msec 6.4 msec
711! 25 msec. 20 msec

15 % response time when the applied voltage rises from

o° .
O to 4 x V90%.
o°

**Jd: delay time when the applied voltage 4 x Voo is
taken off.



[err]

[err] - 13 - - 14 The invention

may be enbodied in other specific forms wthout departing fromthe

essential characteristics thereof. The present enbodinent is therefore to
be considered as illustrative and not limtative. 5 Liquid crystal
conposi s.according to the

-1 -

The invention may be embodied in other specific

forms without departing from the essential characteristics

thereof. The present embodiment is therefore to be

10

cénsiéered as illustrative and not limiﬁative.

Liquid crystal compositions accofding to éhe
present invention are very superior in display
characteristics as described above in detail. Thus, they
can be adapted well to increase the display capacity of
devices such as display devices and graphic display
devicesf Especially, they can be applied to liquid_l
crystal televisions where the effectiveneSé of half-

tone display can be ful]3 exploited.

(o



, .
present invention are very superior I n display characteristics as descri bed

above in detail. Thus, they can be adapted well to increase the display
capacity of deV|ces—sueh—as—d%spLay_devlces and graphi c display 1Q devices.
Especial Iy, they can be applied to I'itquid crystal televisions t he

ef ectiveness of half- tone display can be fully exploited. NS& 1.

A I¥quid crystal conposition having a 5 posl®ive dielectric anisotropy in
the nematic phase, conprising 3 w% or nore of a 2-(4-al koxyphenyl) -

CLAIMS:

1. A liquid crystal'composition having a
S positive dielectric anisotropy in the nematic phase,
comprising 3 wt% or more of a 2-(4-alkoxyphenyl)-
S-alkylpyrimidine compound of the formula:

r, -0 HO)ror,:

10
o -wherein R1 and R2 are each the same or different
~ CI-C12 alkyl group, and 3 wt% or more of a
cyanobiphenyl compound of the formula
15 ~
Z O /T
20

wherein'z is C C9 alkyl, C1 C7 alkoxy,
R5°c2H4 -0- where1n RS is C1 C5 alkyl, or
is y
R6 wherein R6 is Cl-C7 alkyl, the

L 25 liquid crystal composition not containing a compound

of the formula

30
wherein R} is C,-C.. alkyl, C.-C,, alkoxy,
1710 2 17~10
carboxyl or cyano and R” is C1 Clo alkyl,
C1 C10 alkoxy or carboxyl. .
35 2. A liquid crystal composition as claimed in

claim 1, wherein the 2-(4-alkoxyphenyl)-5-



5-al kyl pyrim di ne conpound of the formula: [err] [err] [err]

(T

®

alkylpyrimidine compound is represented as
-’ N .
R

wherein Rl-is C,s alkyl -and R2 is C2 or C4
alkyl, or Rl-is C6 alkyl_and”Ré is Cz; C4
or C6 alkyl.

10 3. A liquid crystal composition as claimed in
claim 1 or claim 2 wherein Z is Cy-Cq alkyl.

4. A liquid crystal composition as claimed in
claim 1 or claim 2 wherein Z is 61-07 alkoxy.
15 '
5. A liquid crystal composition as claimed in
claim 1 or claim 2 wherein Z is RSOC2H4—0-
wherein RS is Cl-c5 alkyl.

20 6. A liguid crystal composition as claimed in
claim 1 or claim 2 wherein Z is '

25  wherein R, is C,-C, alkyl. Y

7. A liquid crystal composition as claimed in
claim 1 wherein the cyanobiphenyl compound is oné of
the compounds exemplified hereinbefore or comprises

30 mixture S of Table 2. |

8. A liquid crystal composition as claimed in
claim 1 and substantially as hereinbefore described
in the Example. '

35 '
9. A diépl&y device comprising a liquid
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crystal composition as claimed in any one of claims 1
to 8.

10. A liquid crystal television comprising a
liquid crystal composition as claimed in any one of
claims 1 to 8.

11. A liquid crystal display of the twisted
nematic type comprising a liquid crystal composition
as claimed in any one of claims 1 to 8 charged in a
liquid crystal cell in the space between two parallel
substrates each of which has been subjected to
rubbing treatment in a direction perpendicular to
that of the other substrate to align the liquid
crystal composition in the directions of the rubbing
treatment. |




