
EP 0 176 039 B1 In this manner, a liquid crystal device using a
conventional liquid crystal composition has a poor response time
characteristic and a low contrast. DE-A1 33 37 316 discloses a liquid
crystal composition for a projector apparatus. This known liquid crystal
composition can comprise compounds covered by general formulas 1. 11, VIII
and further VIl and or IV 5  as defined in the present specification. This
citation does not disclose mixtures containing compounds as represented by
general formula VI. While this citation is generally silent on the specific
mixing ratios, it does teach to use very small amounts of compounds
according to general formula VII, and to use these only in special cases.
Amounts of less than 20 % by weight should be used, since otherwise the
temperature range of the liquid crystal 10   material is impaired. On the
other hand, this known liquid crystal composition has as much as 70 % by
weight or more of compounds according to general formulas I and II. While
this composition would certainly provide a large value of An, melting point
and clearing point would be low and especially, the composition would have
a high viscosity. A low viscosity is highly 15  advantageous, since it
leads to a high response speed. The prior art composition falls to provide
large [err] values and low viscosities at the same time and discourages
using high amounts of compounds according to general formula VII, which are
necessary for obtaining low viscosity values. It is the object of the
present invention to provide a liquid crystal composition which has a fast
response 20 time and a high contrast, and which can be suitably used in a
TN-type liquid crystal device which is time- divisionally driven at a high
degree. In order to achieve the above object of the present invention.
there is provided a liquid crystal composition, constituted of: A first
liquid crystal material containing at least two liquid crystal compounds
selected from the group consisting of the compounds represented by general
formulas: 25 [err] 30 35 wherein each of [err] and [err] is independently a
normal alkyl group having 2 to 7 carbon atoms: a second liquid crystal
material containing at least one liquid crystal compound selected from the
group consisting of the compounds represented by general formulas: 40 



[err] 45           [err] wherein each of [err] and [err] is independently a
normal alkyl group having 1 to 5 carbon 50  atoms; and a third liquid
crystal material containing at least one liquid crystal compound
represented by general formula: [err] wherein each of [err] and [err] is
independently a normal alkyl group having 1 to 5 carbon atoms, and at least
one liquid crystal compound selected from the group consisting of the
compounds represented by general 3    EP 0 176 039 B1 formulas: [err] 10
wherein each of [err] and [err] is independently a normal alkyl group
having 1 to 5 carbon atoms; wherein said first liquid crystal material is
mixed in an amount of 30 wt % to 51 wt %, said second liquid crystal
material is mixed in an amount of 20 wt % to 40 wt %, the compound of
general formula (VII) included in said third liquid crystal material is
mixed in an amount of 15 wt % to 30 wt % based on total 15  amount of the
composition, and the compounds of general formulas (VIII), (IX) and (X)
included in said third liquid crystal material are mixed in a total amount
of 4 to 17 wt % based on total amount of the composition. It was found that
in order to achieve the above object, the liquid crystal composition must
be an Np- type ([err] > 0) nematic liquid crystal having a low viscosity
and a large [err]. In order to provide such a liquid 20  crystal
composition, the present inventors made extensive studies from which they
found that the desired effect can be obtained by mixing three specific
types of liquid crystal material, as described subsequently. More
specifically, the liquid crystal composition of the present invention
contains a liquid crystal compound which serves mainly for imparting
Np-type liquid crystal characteristics, has a large[err] (e.g. 10 to 30), a
low viscosity and a large An. This type of liquid crystal compound is
selected from liquid crystal compounds 25  represented by general formulas:
[err] 30              [err] 



[err] 35 (wherein each of [err] and[err] is independently a normal alkyl
group having 2 to 7 carbon atoms). These liquid crystal compounds can be
used in an admixture of two or more, the resultant liquid crystal material
being referred to as a first liquid crystal material. The first liquid
crystal material contains, preferably, compounds of general formulas (I)
and (II). Additionally, the liquid crystal composition of the present
invention contains a liquid crystal compound which serves primarily in
reducing the response time, which 40 has a low viscosity and a small
[err](e.g., [err] and whose gamma characteristics become steep when the
ratio [err] is small.). This type of liquid crystal compound is selected
from liquid crystal compounds represented by general formulas: 45 [err]
[err] 50 (wherein each of[err] and [err] is independently a normal alkyl
group having 1 to 5 carbon atoms). These compounds can be used singly or in
an admixture of two or more, the resultant liquid crystal material being
referred to as a second liquid crystal material. The second liquid crystal
material contains, preferably, a compound of general formula (IV). The
liquid crystal composition of the present invention 65  further contains a
liquid crystal compound which serves mainly to impart steeper gamma
characteristics (i.e., higher contrast) and to increase the
nematic-isotropic phase transition (N-I) point, and which has a [err].
(e.g.,[err] [err] 0.18), a high N-I point, and a low viscosity. This type
of liquid crystal compound is selected from liquid crystal compounds
represented by general formulas: 4    EP 0 176 039 B1 [err] [err] [err] 10
(wherein each of [err] and [err] is independently a normal alkyl group
having 1 to 5 carbon atoms). This liquid crystal material will be referred
to as a third liquid crystal material. The third liquid crystal material
contains a compound of general formula (VII) and at least one compound of
general 



formulas (VIII), (IX) and (X). The three liquid crystal materials described
above are mixed in a mixing ratio 15 such that the resultant composition
has a positive [err]. More specifically, based on the total weight of the
composition, the first liquid crystal material is contained in an amount of
30 to 51 % by weight, the second liquid crystal material is contained in an
amount of 20 to 40 % by weight. the compound of general formula (VII) is
Included in the third material in an amount of 15 to 30 % by weight and the
compound of general formula (VIII, IX) or (X) is included in the third
material in a total amount of 4 to 17 % by weight, all based 20  on total
amount of composition. Provided the above requirements are met, the
following conditions will preferably, be satisfied: the composition will
contain up to 25 % by weight of a liquid crystal compound represented by
general formula (I), up to 26 % by weight of a compound represented by
general formula (II), up to 5 % by weight of a compound represented by
general formula (III), up to 20 % by weight of a compound represented by 25
general formula (IV), up to 5 % by weight of a compound represented by
general formula (V), up to 28 % by weight of a compound represented by
general formula (VI), up to 30 % by weight of a compound represented by
general formula (VII), up to 5 % by weight of a compound represented by
general formula (VIII), up to 5 % by weight of a compound represented by
general formula (IX), and up to 12 % by weight of a compound represented by
general formula (X). The compounds to be used in the liquid crystal 30
composition of the present invention are themselves known. The present
invention will now be described by way of its examples. Examples 1 - 4, and
Comparative examples 1 - 4. Liquid crystal compounds shown in Table 1 were
mixed in the mixing ratios (parts by weight) shown therein to prepare the 4
types of liquid crystal compositions of the present invention. The
properties,characteristics 35  of the respective liquid crystal
compositions are also shown in Table 1. For the purpose of comparison.
mixing ratios and properties/characteristics of 4 conventional liquid
crystal compositions are shown in Table 2. 40 45 50    EP 0176 039 B1 [err]
[err] 



[err] [err] [err] [err] [err] [err] [err] [err] [err] [err]    EP 0176 039
B1 [err] [err] [err] [err] [err] [err] [err] [err] [err] 60    EP 0 170 039
B1 [err] [err] 10 [err] [err] 



[err]    EP 0 176 039 B1 [err] [err] [err] [err] [err] [err] [err] [err] As
described above, the liquid crystal composition of the present invention
consists mainly of a liquid crystal material of a type wherein a
cyclohexane ring is directly bonded with a benzene ring. Therefore, the 50
composition of the present invention has a low viscosity and a large An.
Even when the condition  [err] = 1 is satisfied, the thickness d of the
liquid crystal layer is not increased; thus a fast response time is
obtained. Furthermore, even if the thickness d of the liquid crystal layer
is reduced, the condition [err] 1 can be satisfied so that steep gamma
characteristics and a high contrast can be obtained. The liquid crystal
composition of the present invention can be used by sealing it between a
pair of substrates of a 55 matrix liquid crystal display device comprising
at least one transparent substrate, scanning electrodes (common electrodes)
and signal electrodes, (segment electrodes) being formed on the substrates.
The respective electrodes are driven by a time-divisional drive circuit. 9
EP 0 176 039 B1 *    C   L   M   S    * Claims 1. A liquid crystal
composition having positive dielectric anisotropy, constituted of: a first
liquid crystal material containing at least two liquid crystal compounds
selected from the group consisting of the compounds represented by general
formulas: 



[err] wherein each of [err] and [err] is independently a normal alkyl group
having 2 to 7 carbon atoms; a second liquid crystal material containing at
least one liquid crystal compound selected from the group 20     consisting
of the compounds represented by general formulas: 25
[err] 30 wherein each of [err] and [err] is independently a normal alkyl
group having 1 to 5 carbon atoms; and a third liquid crystal material
containing at least one liquid crystal compound represented by general
formula: 35 [err] 40     wherein each of [err] and [err] is independently a
normal alkyl group having 1 to 5 carbon atoms, and at least one liquid
crystal compound selected from the group consisting of the compounds
represented by general formulas: [err] 50 wherein each of [err] and [err]
is independently a normal alkyl group having 1 to 5 carbon 55     atoms;
wherein said first liquid crystal material is mixed in an amount of 30 wt %
to 51 wt %, said second liquid crystal material is mixed in an amount of 20
to 40 wt%, the compound of general formula (VII) included in said third
liquid crystal material is mixed in an amount of 15 to 30 wt % based on
total 10    EP 0 176 039 B1          *  C   L   M   S   * amount of the
composition, and the compounds of general formulas (VIII), (IX) and (X)
included in said third liquid crystal material are mixed in a total amount
of 4 to 17 wt % based on the total amount of the composition. 5  2. A
composition according to claim 1, characterized in that said first liquid
crystal material contains compounds represented by general formulas (I) and
(II), said second liquid crystal material contains compounds represented by
general formulas (IV) and (VI), and said third liquid crystal material
contains compounds represented by general formulas (VII) and (Vil). 



10  3. A composition according to claim 1, characterized in that said first
liquid crystal material contains compounds represented by general formulas
(I) and (II), said second liquid crystal material contains a compound
represented by general formula (IV), and said third liquid crystal material
contains com- 15  4. A composition according to claim 3, characterized in
that the composition contains up to 25 % by weight of the compound of
general formula (I), up to 26 % by weight of the compound of formula (II).
up to 20 % by weight of the compound of general formula (IV), up to 30 % by
weight of the compound of general formula (VII) and up to 5 % by weight of
the compound of general formula (VIII). 20  5. A composition according to
claim 1, characterized in that the composition contains up to 25 % by
weight of a liquid crystal compound represented by general formula (I), up
to 26 % by weight of a compound represented by general formula (II), up to
5 % by weight of a compound represented by general formula (III), up to 20
% by weight of a compound represented by general formula (IV). up to 5 % by
weight of a compound represented by general formula (V), up to 28 % by
weight of a compound 25     represented by general formula (VI), up to 30 %
by weight of a compound represented by general formula (VII), up to 5 % by
weight of a compound represented by general formula (VII), up to 5 % by
weight of a compound represented by general formula (IX), and up to 12 % by
weight of a compound represented by general formula (X). 30
Revendications 1. Composition de cristal liquide ayant une anisotropie
dielectrique positive, constituee par: une premiere matiere de cristal
liquide contenant au moins deux composes de cristal liquide choisis dans le
groupe constitue par les composes representes par les formules generales:
35 [err] [err] [err] [err] 45     dans lesquelles [err] et [err]
representent chacun independamment un groupe alkyle normal ayant 2 a 7
atomes de carbone; une deuxieme matiere de cristal liquide contenant au
moins un compose de cristal liquide choisi dans le groupe constitue par les
composes representes par les formules generales: 60 [err]   



EP 0 176 039 B1 *   C   L  M  S   * dans lesquelles [err] et [err]
representent chacun independamment un groupe alkyle normal ayant 1 a 5
atomes de carbone; et une troisieme matiere de cristal liquide contenant au
moins un compose de cristal liquide represente par la formule generale: 5
[err] 10 dans laquelle [err] et [err] representent chacun independamment un
groupe alkyle normal ayant 1 a 5 atomes de carbone; et au moins un compose
de cristal liquide choisi dans le groupe constitue par les composes
representes par les formules generales: 15 [err] [err] 25     dans
lesquelles [err] et [err] representent chacun independamment un groupe
alkyle normal ayant 1 a 5 atomes de carbone; dans laquelle ladite premiere
matiere de cristal liquide est incorporee dans une quantite de 30% en poids
a 51% en poids, ladite deuxieme matiere de cristal liquide est incorporee
dans une quantite de 20 a 40% en poids, le compose de formule generale
(VII) inclus dans ladite troisieme matiere de cristal 30    liquide est
incorpore dans une quantite de 15 a 30% en poids, sur la base de la
quantite totale de la composition, et les composes des formules generales
(VII), (IX) et (X) inclus dans ladite troisieme matiere de cristal liquide
sont incorpores dans une quantite totale de 4 a 17% en poids, sur la base
de la quantite totale de la composition. 35  2. Composition selon la
revendication 1, caracterisee par le fait que ladite premiere matitee de
cristal liquide contient des composes represen- tes par les formules
generales (I) et (II), ladite deuxieme matiere de cristal liquide contient
des composes representes par les formules generales (IV) et (VI), et ladite
troisieme matiere de cristal liquide contient des composes representes par
les formulas generales (VII) et (VIII). 40 3. Composition selon la
revendlcation 1, 



caracterisee par le fait que ladite premiere matiere de cristal liquide
contient des composes represen- tes par les formules generales (I) et (II),
ladite deuxieme matiere de cristal liquide contient un compose represente
par la formule generale (IV), et ladite troisieme matiere de cristal
liquide contient des 45     composes representes par les formules generales
(VII) et (VIII). 4. Composition selon la revendication 3, caracterisee par
le fait que la composition contient jusqu 'a 25% en poids du compose de
formula generale (I), jusqu'a 26% en poids du compose de formula generale
(II), jusqu'a 20% en poids du 50     compose de formula generale (IV),
jusqu'a 30% en poids  compose de formula generale (VII), et jusqu'a 5% en
poids du compose de formula generale (VII). 5. Composition selon la
revendication 1, caracterisee par la fait que la composition contient
jusqu'a 25% en poids d'un compose de cristal 55     liquide represente par
la formule generale (I), jusqu'a 26% en poids d'un compose represente par
la formule generale (II), jusqu'a 5% en poids d'un compose represente par
la formule generale (111), jusqu'a 20% en poids d'un compose represente par
la formule generale (IV), jusqu'a 5% en poids d'un compose represente par
la formule generale (V), jusqu'a 28% en poids d'un compose repesente  par
la 12    EP 0 176 039 B1 *   C  L  M  S  * formule generale (VI), jusqu'a
30% en poids d'un compose represente par la formule generale (VII). jusqu'a
5% en poids d'un compose represente par la formule generale (Vil), jusqu'a
5% en poids d'un compose represente par la formule generale (IX), et
jusqu'a 12% en poids d'un compose represente par la formule generale (X).
Anspruche 1. Flussigkristallzusammensetzung mit positiver dielektrischer
Anisotropie, bestehend aus: einem ersten Flussigkristallstoff, der
mindestens zwei Flussigkristallkomponenten enthalt, die ausge- 10     wahlt
sind aus der Gruppe, bestehend aus Komponenten, die reprasentiert sind
durch allgemeine Formeln: 15  [err] 20 wobei jedes der [err] und [err]
unabhangig eine normale Alkyl-Gruppe mit 2 bis 7 Kohlenstoffatomen 



25 ist; einem zweiten Flussigkristallstoff, der mindestens eine
Flussigkristallkomponente enthalt. die ausge- wahlt ist aus der Gruppe,
bestehend aus den Komponenten. die reprasentiert sind durch allgemeine
Formeln: 30 [err] [err] [err] wobei jedes der [err] und [err] unabhangig
eine normale Alkyl-Gruppe mit 1 bis 5 40 Kohlenstoffatomen ist; und einem
dritten Flussigkristallstoff, der mindestens eine FlUssigkristalokomponente
enthalt. die reprasen- tiert ist durch die algemeine Formel [err] 50
wobei jedes der [err] und [err] unabhangig eine normale Alkyl-Gruppe mit 1
bis 5 Kohlenstoffatomen ist. und mindestens einer
Flussigkristallkomponente, die ausgewahlt ist aus der Gruppe, bestehend aus
den Komponenten, die reprasentiert sind durch allgemeine Formeln: 55 13
EP 0 176 039 B1 [err] [err] wobei jedes der [err] und [err] unabhangig eine
normale Alkyl-Gruppe mit 1 bis 5 Kohlenstoffatomen ist; wobei der erste
FlUssigkristallstoff in einer Menge von 30 Gew.-% bis 51 Gew.-% vermischt
ist, der zweite Flussigkristallstoff in einer Menge von 20 bis 40 Gew.-%
vermischt ist, die im dritten Flussigkristallstoff enthaltene Komponente
der allgemeinen Formel (VII) in einer 15     Menge von 15 bis 30 Gew.-% auf
der Grundlage der Gesamtmenge der Zusammensetzung vermischt ist und die im
dritten Flussigkristallstoff enthaltenen Komponenten der allgemeinen
Formeln (VIII), (IX) und (X) in einer Gesamtmenge von 4 bis 17 Gew.-% auf
der Grundlage der Gesamtmenge der Zusammensetzung vermischt sind. 



20  2. Zusammensetzung nach Anspruch 1, dadurch gekennzeichnet, [err] der
erste Flussigkristallstoff durch die allgemeinen Formeln (I) und (II)
reprasentierte Komponenten enthalt, der zweite Flussigkristallstoff durch
allgemeine Formeln (IV) und (VI) reprasentierte Komponenten enthalt und der
dritte Flussigkristallstoff durch allgemeine Formeln (VII) und (VIII)
reprasentierte Komponenten enthalt. 25 3. Zusammensetzung nach Anspruch 1,
dadurch gekennzeichnet, [err] der erste Flussigkristallstoff durch die
allgemeinen Formeln (I) und (11) reprasentierte Komponenten enthalt, der
zweite Flussigkristallstoff eine durch die allgemeine Formel (IV)
reprasentierte Komponente enthalt und der dritte Flussigkristallstoff von
den allgemeinen Formeln 30     (VII) und (VIII) reprasentierte Komponenten
enthalt. 4. Zusammensetzung nach Anspruch 3, dadurch gekennzeichnet, [err]
die Zusammensetzung bis zu 25 Gew.-% der Komponente der allgemei- nen
Formel (I), bis zu 26 Gew.-% der Komponente der Formel (II), bis zu 20
Gew.-% der Komponente 35     der allgemeinen Formel (IV), bis zu 30 Gew.-%
der Komponente der allgemeinen Forrnel (VII) und bis zu 5 Gew.-% der
Komponente der allgemelnen Formel (VIII) enthalt. 5. Komposition nach
Anspruch 1, dadurch gekennzeichnet, [err] die Zusammensetzung bis zu 25
Gew.-% einer von der allgemeinen 40     Formel (I) representierten
Flussigkristallkomponente, bis zu 26 Gew.-% einer von der allgemeinen
Formel (II) reprisentierten Komponente, bis zu 5 Gew.-% einer von der
allgemeinen Formel (III) reprasentierten Komponente, bis zu 20 Gew.-% einer
von der aligemeinen Formel (IV) reprasentierten Komponente, bis zu 5 Gew.-%
elner von der allgemeinen Formel (V) reprasentierten Komponente, bis zu 28
Gew.-% einer von der allgemeinen Formel (VI) reprasentierten Komponente,
bis zu 30 Gew.-% 45     einer von der allgemeinen Formel (VII)
reprasentierten Komponente, bis zu 5 Gew.-% einer von der allgemeinen
Formel (VIII) reprasentierten Komponente, bis zu 5 Gew.-% einer von der
allgemeinen Formel (IX) reprasentierten Komponente und bis zu 12 Gew.-%
einer von der allgemeinen Formel (X) reprasentierten Komponente enthalt. 50
55 14    


