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37 ABSTRACT

The invention generally relates to an electro-optical liquid-
crystal display having a re-alignment layer, for re-aligning
the liquid crystals, whose field has a component parallel to
the liquid-crystal layer which is desirable for the re-align-
ment, including a liquid-crystalline medium of positive
dielectric anisotropy, where the medium can include one or
more compounds of the formula I and one or more com-
pounds selected from the group of compounds of the for-
mulae II and III

Rl@COO C=N

I

-continued

Yoo

IT

I

in which

R', R* and R* are each, independent of one another,
alkyl or alkoxy having 1 to 7 carbon atoms or
alkenyl, alkenyloxy or alkoxyalkyl having 2 to 7
carbon atoms,

Y, Y, Y, Y*2, Y?! and Y?* are each, indepen-

dent of one another, H or F,
" 6

are each, independent of one another,
—‘ ’—, —( : >— or

and

Q-X is F, Cl, —OCF,H or —OCF,,.
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ELECTRO-OPTICAL LIQUID-CRYSTAL DISPLAY

FIELD OF THE INVENTION

[0001] The invention relates to electro-optical liquid-crys-
tal displays, and more particularly, mediums for such dis-

plays.
BACKGROUND OF THE INVENTION

[0002] In conventional liquid-crystal displays (TN, STN,
OMI AMD-TN), the electric fields for the re-alignment are
generated essentially perpendicular to the liquid-crystal
layer.

[0003] International Patent Application WO 91/10936 dis-
closes a liquid-crystal display in which the electric fields
have a significant component parallel to the liquid-crystal
layer (IPS, in-plane switching). The principles of operation
of a display of this type are described, for example, by R. A.
Soref in Journal of Applied Physics, Vol. 45, No. 12, pp.
5466-5468 (1974).

[0004] For example, EP 0 588 568 discloses various
possibilities for designing the electrodes and for addressing
a display of this type.

[0005] Compounds of the formula
F
[0006] in which R=alkyl are disclosed in EP 0019 665 and

U.S. Pat. No. 4,455,261.

[0007] However, there is no indication therein that the
properties of IPS displays can be improved with the aid of
these substances.

[0008] IPS displays containing liquid-crystal medig
including a compound of the formula v

Y12

[0009] and compounds of the formula
- 1
-G
Y22
[0010] have already been mentioned in DE 198 48 181.

However, the liquid-crystal media achieved therein have
only inadequate dielectric anisotropy values and excessively
low clearing point values.
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[0011] These IPS displays can be operated with liquid-
crystalline materials of either positive or negative dielectric
anisotropy (Ae=0). However, the materials disclosed hith-
erto generally give not only poor low-temperature storage
stabilities and long response times in IPS displays, but in
addition the liquid-crystalline materials have excessively
high birefringence values, inadequate voltage holding ratios
and, in particular, excessively low clearing point values and
very particularly excessively low dielectric anisotropy val-
ues.

[0012] In particular the combination of high dielectric
anisotropy, for achieving a relatively low threshold, with a
high clearing point was desirably needed without severe
impact on the voltage holding ratio, the low-temperature
stability and the response time.

SUMMARY OF THE INVENTION

[0013] Asused herein, the terms “include” or “have” mean
to take in, enfold, or comprise as a discrete or subordinate
part or item of a larger aggregate, group or principle.

[0014] Surprisingly, this feature has been achieved by
using liquid-crystalline materials which can include at least
two compounds of the formula I, at least one compound of
the formula IT and/or at least one compound of the formula
III and/or IV.

[0015] The IPS mixtures according to the invention can
improve over the prior art by their relatively high clearing
points and low rotational viscosity values and their increased
stability to crystallization at low temperatures.

[0016] The invention thus generally relates to an electro-
optical liquid-crystal display having a re-alignment layer, for
re-aligning the liquid crystals, including a field having a
significant component parallel to the liquid-crystal layer,
including a liquid-crystalline medium of positive dielectric
anisotropy, where the medium includes one or more com-
pounds of the formula I and one or more compounds
selected from the group of compounds of the formulae IT and
I

Yll
R1—©—coo C=N
Yoo
i
Y21
OG-
Y2
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Y31
Y32

[0017] in which

[0018] R!, R? and R® are each, independent of one
another, alkyl or alkoxy having 1 to 7 carbon atoms or
alkenyl, alkenyloxy or alkoxyalkyl having 2 to 7 car-
bon atoms,

[0019] Y, Y", Y*, Y?, Y* and Y*? are each, inde-
pendent of one another, H or F,

[0020] are each, independent of one another,

[0021] and
[0022] Q-X is F, Cl, —OCF,H or —OCF,.

[0023] R'is particularly preferably ethyl, n-propyl and/
or n-butyl.

[0024] The liquid-crystalline medium preferably includes
two or more, particularly preferably three, four or more,
most preferably three, compounds of the formula [a

RIQCOO N

[0025] in which R* is as defined under the formula I and
is preferably ethyl, n-propyl, n-butyl or n-pentyl, particu-
larly preferably ethyl, n-propyl or n-pentyl.

Ia

[0026] 1In addition to the compounds of the formula Ia, the
medium preferably includes one or more compounds
selected from the group of compounds of the formulae Ia to
Ilc
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Ila

b

[lc

[0027] particularly preferably one or more compounds of
the formula Ila, very particularly preferably one or more
compounds of the formula Ilc,

[0028] in which R” is as defined above under the for-
mula II, and

[0029] particularly preferably in each case one or more
compounds of the formulae I1a and Ilc and/or

[0030] one or more compounds from the group of the
formulae IIla to III1

MIa

b

F

IMe

F
RS%COO@F
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[0031] in which R> is as defined above for R' under the
formula I and is preferably ethyl, n-propyl, n-butyl or
n-pentyl, particularly preferably ethyl, n-propyl or n-pentyl.

[0032] Preference is given to liquid-crystal displays hav-
ing liquid-crystalline media including one or more com-
pounds of the formula IV

v

Y41
R4Z41Z42Z43 .
ng Ny
Y42

[0033]

[0034] R*is H, an alkyl or alkenyl radical having 1 to
15 carbon atoms which is monosubstituted by CN or
CF, or at least monosubstituted by halogen, preferably
by F, where, in addition, one or more CH,groups in
these radicals may each, independently of one another,
be replaced by —O—, —S—,

-

[0o3s] —CO—, —CO—0—, —0—CO0—,
—0—CO—0O— or —C=C— in such a way that O
atoms are not linked directly to one another,

[0036] A*, A** and A*? are each, independent of one
another,

[0037] (a) a trans-1,4-cyclohexylene radical, in
which, in addition, one or more non-adjacent CH,
groups may be replaced by —O— and/or —S—,

[0038] (b) a 1,4-phenylene radical, in which, in addi-
tion, one or two CH groups may be replaced by N,

[0039] (c) a radical from the group consisting of
1,4-cyclohexenylene,  1,4-bicyclo[2.2.2]octylene,
piperidine-1,4-diyl, naphthalene-2,6-diyl, decahy-
dronaphthalene-2,6-diyl and 1,2,3,4-tetrahydro-
naphthalene-2,6-diyl,

[0040] where the radicals (a) and (b) may be substituted by
one or two fluorine atoms,

[0041] Z*',Z* and Z** are each, independent of one
another, —CO—0—, —0—CO—, —CH,0—,
—OCH,—, —CH,CH,—,  —CH=CH—,
—C=C—or a single bond, or one of the radicals Z**
and  Z*¥ is  alternatively —(CH,),— or
—CH=CH—CH,CH,—,

[0042] X*isF, —OCF,H or —OCF,, preferably F or
—OCF,,

in which

[0043] Y*' and Y* are each, independent of one
another, H or F, and n, and n, are each, independent
of one another, 0 or 1.
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[0044] 1In a preferred embodiment, the liquid-crystal dis-
plays include liquid-crystalline media having three or more
compounds of the formula I, particularly preferably in which
R* is ethyl, n-propyl or n-butyl, and one or more compounds
of the formula ['Va and one or more, preferably two or more,
compounds of the formula IVb

IVa
IVb
3
F

[0045] in which R* is in each case as defined above under
the formula IV, but is preferably ethyl, n-propyl, n-butyl or
n-pentyl, particularly preferably ethyl or n-propyl.

[0046] Inanother preferred embodiment, the liquid-crystal
display can include a liquid-crystal medium which predomi-
nantly, virtually exclusively or exclusively includes, as
dielectrically positive compounds, i.e. as compounds having
a At of greater than about +1.5, determined by extrapolation
from the data of a mixture of about 15% of the substance in
the mixture ZLI-4792 from Merck KGaA, compounds of the
formulae I, IT and IIL. In this application, “predominantly”
means that the proportion of corresponding other com-
pounds (here, for example, other compounds having Ae>
about +1.5) in the mixture as a whole is less than about 10%,
“virtually exclusively” means that this proportion is less
than about 5%, and “exclusively” means that this proportion
is less than about 1%. The liquid-crystal displays very
particularly preferably can include absolutely no compounds
having Ae> about 1.5 other than those of the formulae I, II
and III.

[0047] In this embodiment, the liquid-crystal mixtures can
include
[0048] preferably two, three or four, particularly pref-

erably three, compounds of the formula I, particu-
larly preferably of the formula Ia, and

[0049] two, three or four, particularly preferably two
or three, compounds of the formula II, preferably one
or more compounds of the formula Ila and one or
more compounds of the formula IIc and

one or more, preferably two or more, com-
0050 preferably
pounds of the formula 1 ml, particularly preferably
of the formula Ila.

[0051] Preference is furthermore given to liquid-crystal
displays in which the liquid-crystalline medium can include
one or more compounds of the formula V
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v
I Iy

[0052]

[0053] R®' and R>? are each, independent of one
another, having the meaning of R* as described above
in formula IV,

[0054] A" A% A® and A each, independent from
one another, has the meaning of A** under formula IV
above,

in which

[0055] Z°%, Z°% and Z>* each, independent from one
another, has the meaning of Z*' under formula IV
above

[0056]
[0057]

[0058] 1In a preferred embodiment, the liquid-crystal dis-
plays generally include liquid-crystal mixtures including
one or more compounds of the formula IId

[0059] in which R? is as defined above under the formula
I and is preferably n-alkyl having 2 to 5 carbon atoms, in
particular ethyl, propyl and/or butyl.

[0060] The liquid-crystal displays preferably include lig-
uid-crystal mixtures having

[0061] one or more compounds of the formula Ila in
which Y*'=Y?*=H,

[0062] one or more compounds of the formula Ila in
which Y**=Y?*=F,

[0063] both one or more compounds of the formula
11a in which Y**=Y**=F and one or more compounds
of the formula ITa in which Y*'=Y?*=H,

0064] one or more compounds of the formula IIb in
P
which Y**=H and Y?**=F,

[0065] one or more compounds of the formula IITA in
which Y*'=Y**=H and X=0CF,,

[0066] one or more compounds of the formula ITIb in
which Y*'=H, Y*?is H or F, and Y=F.

1, and 1, are each O or 1, and preferably

L+l is 0 or 1.

IId

[0067] Preferred embodiments are furthermore IPS dis-
plays in which

[0068] the medium can additionally include one or
more compounds selected from the group consisting
of the compounds of the formulae Va and Vb
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Vb

R R32

[0069]

in which

[0070] R®and R*?are each, independent of one another,
alkyl or alkoxy having 1 to 7 carbon atoms or alkenyl,
alkenyloxy or alkoxyalkyl having 2 to 7 carbon atoms,
R preferably being alkyl, particularly preferably hav-
ing 1 to 5 carbon atoms, R>? preferably being alkyl or
alkoxy, preferably alkoxy having 1 to 3 carbon atoms,

[0071]

[0072]

0073] R>' and R*?, independent of one another, are as
p
defined above for R and R>® respectively under the
formula Va,

and/or from the group of the formula Ve

Ve

in which

[0074] R>? preferably being n-alkyl having 3 to 5 car-
bon atoms, and R>! preferably being 1E-alkenyl.

[0075] The liquid-crystal displays preferably have liquid-
crystal mixtures including

[0076] one or more, particularly preferably two or
more, compounds of the formula Va

[0077] in which, preferably, at least one of the groups
R>* and R*? is alkenyl, preferably 1E-alkenyl, par-
ticularly preferably vinyl or 1E-propenyl,

[0078]
[0079]

one or more compounds of the formula Vb
in which, preferably,

[0080] R’!is n-alkyl having 3 to 5 carbon atoms,
particularly preferably having 3 or 5 carbon
atoms, in particular having 3 carbon atoms, and

[0081] R’Zis alkoxy having 1 to 3 carbon atoms,
particularly preferably having 2 carbon atoms, and

[0082] one or more, preferably two or more, com-
pounds of the formula V¢ in which

[0083] R’?is n-alkyl having 1 to 5 carbon atoms,
preferably having 1 to 3 carbon atoms, and

[0084] R' is 1E-alkenyl having 2 to 5 carbon
atoms, preferably having 2 to 3 carbon atoms.
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[0085] Preference can be furthermore given to an IPS
display in which the pixels are addressed by means of an
active matrix.

[0086] The invention furthermore can relate to a liquid-
crystalline medium of positive dielectric anisotropy which
can include at least one, particularly preferably at least three,
compounds of the formula I and at least one compound
selected from the group of compounds of the formulae Ia to
IMIb, and at least one compound selected from the group of
compounds of the formulae IVa and IVb, and at least one
compound selected from the group of compounds of the
formulae Va to Ve, in particular which includes

[0087] from about 5-about 30, preferably from about
8-about 20, in particular from about 11-about 17, or
alternatively, about 3-about 35% by weight of at least
one compound of the formula I,

[0088] from about 5-about 40, preferably from about
15-about 30, or alternatively, about 2-about 45% by
weight of at least one compound of the formula IT,
preferably of the formulae Ia to Ilc,

[0089] from O-about 20, preferably from about
5-about 15, or alternatively, 0-about 25% by weight
of at least one compound of the formula III, prefer-
ably of the formula Ila,

[0090] from O to about 30, preferably from 0-about
25, or alternatively, 0-about 35% by weight of at
least one compound of the formula IV, preferably
selected from the group of compounds of the for-
mulae IVa and IVb,

[0091] from about 10 to about 70, preferably from
about 30-about 60, or alternatively about 7-about
75% by weight of at least one compound of the
formula V, preferably selected from the group of
compounds of the formulaec Va to Vc, of these
preferably from about 30-about 60% by weight,
particularly preferably from about 30-about 55% by
weight, based on the mixture as a whole, of com-
pounds selected from the group of compounds of the
formulae Va and Vb.

[0092] In particular here, but also throughout the applica-
tion, all sub-combinations of the preferred ranges are desir-
able.

[0093] The liquid-crystal displays according to the inven-
tion preferably include a liquid-crystalline medium having:

[0094] at least two, preferably three, compounds of
the preferred formula Ia

Rl©—coo N

[0095]

[0096] R!is as defined above under the formula I,
preferably n-alkyl.

Ia

in which
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[0097] 1In a further preferred embodiment, the displays
according to the invention include media having one or more
compounds of the formula Ia and one or more compounds of
the formula ITa and one or more compounds of the formula
Ilc.

[0098] The liquid-crystalline media used in accordance
with the invention generally have a birefringence (An)
of<about 0. 12, preferably in the range from about 0.05 to
about 0.111, in particular in the range from about 0.07 to
about 0.10, very particularly in the range from about 0.08 to
about 0.095.

[0099] The flow viscosity (at 20° C.) of the mixtures used
in accordance with the invention is generally less than about
30 mm®. s~ in particular from about 15 to about 25 mm®s ™.

[0100] The specific resistance of the materials according
to the invention at 20° C. is generally from about 5x10'° to
about 5%10" Q-cm, particularly preferably from about
5%10 to about 5x10'* Q-cm. The rotational viscosity of the
mixtures according to the invention at 20° C. is generally
less than about 100 mPa-s, in particular from about 50 to
about 85 mPas.

[0101] Media having clearing points of from about 70 to
about 80° C. used in accordance with the invention have
rotational viscosities of about 120 mPas or less, preferably
from about 80 to about 110 mPa-s.

[0102] The clearing point of the media used in accordance
with the invention is above about 60° C., preferably at least
about 70° C. and particularly preferably above about 70° C.
and up to about 90° C. In particular, the clearing point is in
the range from about 70° C. to about 80° C. The storage
stability in test cells, determined as described below, is about
1000 hours or more at about —30° C., preferably about 500
hours or more at about —40° C. and very particularly
preferably about 1000 hours or more at about -40° C.

[0103] The liquid-crystal media according to the invention
have dielectric anisotropy values of greater than about 6.5.
Ae is preferably in the range from about 7 to about 25,
particularly preferably in the range from about 9 to about 12,
especially preferably in the range from about 10 to about 20,
very particularly in the range from about 11 to about 13.

[0104] The media used in accordance with the invention
can include of from about 5 to about 40 compounds,
preferably from about 6 to about 20 compounds, particularly
preferably from about 9 to about 16 compounds, and most
preferably from about 11 to about 14 compounds.

[0105] It has been found that even a relatively small
proportion of compounds of the formula I mixed with
conventional liquid-crystal materials, but in particular with
one or more compounds selected from the group of com-
pounds of the formulae Ia to IIIb and/or from the group of
compounds of the formulae IVa to Vb, results in a significant
reduction in the threshold voltage, in favorable values for the
rotational viscosity y; and in fast response times and, in
particular broad nematic phases having generally low smec-
tic-nematic transition temperatures. The compounds of the
formulae I to IV are generally colorless, stable and readily
miscible with one another and with other liquid-crystal
materials.

[0106] The term “alkyl” can include straight-chain and
branched alkyl groups having 1-7 carbon atoms, in particu-
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lar the straight-chain groups methyl, ethyl, propyl, butyl,
pentyl, hexyl and heptyl. Groups having 2-5 carbon atoms
are preferred, unless explicitly stated otherwise.

[0107] The term “alkenyl” can include straight-chain and
branched alkenyl groups having 2-7 carbon atoms, in par-
ticular the straight-chain groups. Particularly preferred alk-
enyl groups are C,-C,-1E-alkenyl, C,-C,-3E-alkenyl,
Cs-C,-4-alkenyl, C,-C,-5-alkenyl and C,-6-alkenyl, in par-
ticular C,-C,-1E-alkenyl, C,-C,-3E-alkenyl and C5-C,-4-
alkenyl. Examples of very particularly preferred alkenyl
groups are vinyl, 1E-propenyl, 1E-butenyl, 1E-pentenyl,
1E-hexenyl, 1E-heptenyl, 3E-butenyl, 3E-pentenyl, 3E-hex-
enyl, 3E-heptenyl, 4-pentenyl, 4Z-hexenyl, 4E-hexenyl,
47-heptenyl, 5-hexenyl, 6-heptenyl and the like. Groups
having up to 5 carbon atoms are preferred, unless explicitly
stated otherwise.

[0108] The term “fluoroalkyl” preferably covers straight-
chain groups having a terminal fluorine, i.e. fluoromethyl,
2-fluoroethyl, 3-fluoropropyl, 4-fluorobutyl, 5-fluoropentyl,
6-fluorohexyl and 7-fluoroheptyl. However, other positions
of the fluorine are not excluded.

[0109] The term “alkoxyalkyl” preferably covers straight-
chain radicals of the formula CH,,,,—O—(CH,),,, in
which n and m are each, independent of one another, from
1 to 6. m is preferably 1 and n is preferably from 1 to 4.

[0110] Through a suitable choice of the meanings of R* to
R*?, the addressing times, the threshold voltage, the steep-
ness of the transmission characteristic lines, etc., can be
modified in the desired manner. For example, 1E-alkenyl
radicals, 3E-alkenyl radicals, 2E-alkenyloxy radicals and the
like generally result in short addressing times, improved
nematic tendencies and a higher ratio of the elastic constants
k45 (bend) and k,; (splay) compared with alkyl or alkoxy
radicals. 4-Alkenyl radicals, 3-alkenyl radicals and the like
generally give lower threshold voltages and smaller values
of ks5/k;, compared with alkyl and alkoxy radicals.

[0111] The optimum mixing ratio of the compounds of the
formulae T and II+III+IV+V depends substantially on the
desired properties, on the choice of the components of the
formulae I, I1, T[T, IV and/or V, and on the choice of any other
components which may be present. Suitable mixing ratios
within the range given above can easily be determined from
case to case.

[0112] The total amount of compounds of the formulae I
to Vin the mixtures according to the invention is not crucial.
The mixtures preferably include 50-90% by weight of
compounds of the formulae T to V. The mixtures may also
include one or more further components in order to optimize
various properties. However, the observed effect, particu-
larly on the level of the dielectric anisotropy, is generally
greater the higher the total concentration of compounds of
the formulae I to V, in particular of the formula I.

[0113] In a particularly preferred embodiment, the media
according to the invention includes compounds of the for-
mula III in which X> is OCF,. A favorable synergistic effect
with the compounds of the formulae T and II can result in
particularly advantageous properties.

[0114] In addition to one or more compounds of the
formula I, the liquid-crystalline media according to the
invention preferably include from about 2 to about 35, in
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particular from about 4 to about 20, very particularly from
about 5 to about 9, compounds as further constituents, not
counting additives such as, for example, dyes and dopants.
These media very particularly preferably include from about
7 to about 15 compounds in addition to one or more
compounds of the formula I. These further constituents are
preferably selected from nematic or nematogenic (monotro-
pic or isotropic) substances, in particular substances from
the classes of the azoxybenzenes, benzylideneanilines,
biphenyls, terphenyls, phenyl or cyclohexyl benzoates, phe-
nyl or cyclohexyl esters of cyclohexanecarboxylic acid,
phenyl or cyclohexyl esters of cyclohexylbenzoic acid,
phenyl or cyclohexyl esters of cyclohexylcyclohexanecar-
boxylic acid, cyclohexylphenyl esters of benzoic acid, of
cyclohexanecarboxylic acid and of cyclohexylcyclohexan-
ecarboxylic acid, phenylcyclohexanes, cyclohexylbiphe-
nyls, phenylcyclohexyleyclohexanes, cyclohexyleyclohex-
anes, cyclohexylcyclohexylcyclohexenes, 1,4-bis-
cyclohexylbenzenes, 4,4'-bis-cyclohexylbiphenyls, phenyl-
or cyclohexylpyrimidines, phenyl- or cyclohexylpyridines,
phenyl- or cyclohexyldioxanes, phenyl- or cyclohexyl-1,3-
dithianes, 1,2-diphenylethanes, 1,2-dicyclohexylethanes,
1-phenyl-2-cyclohexylethanes, 1-cyclohexyl-2-(4-phenyl-
cyclohexyl)ethanes, 1-cyclohexyl-2-biphenylylethanes,
1-phenyl-2-cyclohexylphenylethanes, optionally haloge-
nated stilbenes, benzyl phenyl ethers, tolans and substituted
cinnamic acids. The 1,4-phenylene groups in these com-
pounds may also be fluorinated.

[0115] The most desirable compounds suitable as further
constituents of media according to the invention can be
characterized by the formulae 1, 2, 3, 4 and 5:

R-L-E-R" 1
R-L-COO-ER" 2
R-L-OOC-ER" 3
R-L-CH,CH,-E-R" 4
R-L-C=C-E-R" 5

[0116] Inthe formulae 1,2, 3, 4 and 5, L and E, which may
be identical or different, are in each case, independent of one
another, a bivalent radical from the group formed by -Phe-,
-Cyc-, -Phe-Phe-, -Phe-Cyc-, -Cyc-Cyc-, -Pyr-, -Dio-, -G-
Phe- and -G-Cyc- and their mirror images, where Phe is
unsubstituted or fluorine-substituted 1,4-phenylene, Cyc is
trans-1,4-cyclohexylene or 1,4-cyclohexylene, Pyr is pyri-
midine-2,5-diyl or pyridine-2,5-diyl, Dio is 1,3-dioxane-2,
5-diyl and G is 2-(trans-1,4-cyclohexyl)ethyl, pyrimidine-2,
5-diyl, pyridine-2,5-diyl or 1,3-dioxane-2,5-diyl.

[0117] One of the radicals L and E is preferably Cyc, Phe
or Pyr. E is preferably Cyc, Phe or Phe-Cyc. The media
according to the invention preferably include one or more
components selected from the compounds of the formulae 1,
2,3, 4 and 5 in which L and E are selected from the group
of Cyc, Phe or Pyr and simultaneously one or more TS5
components selected from the compounds of the formulae 1,
2,3, 4 and 5 in which one of the radicals L and E is selected
from the group of Cyc, Phe or Pyr and the other radical is
selected from the group of -Phe-Phe-, -Phe-Cyc-, -Cyc-
Cyc-, -G-Phe- or -G-Cyc-, and optionally one or more
components selected from the compounds of the formulae 1,
2,3, 4 and 5 in which the radicals L and E are selected from
the group of 20-Phe-Cyc-, -Cyc-Cyc-, -G-Phe- or -G-Cyec-.
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[0118] In a smaller sub-group of the compounds of the
formulae 1, 2, 3,4 and 5, R' and R" are each, independent
of one another, alkyl, alkenyl, alkoxy, alkoxyalkyl, alkeny-
loxy or alkanoyloxy having up to 8 carbon atoms. This
smaller sub-group is called group A below, and the com-
pounds are denoted by the sub-formulae Ia, 2a, 32, 4a and
Sa. In most of these compounds, R' and R" are different from
one another, one of these radicals usually being alkyl,
alkenyl, alkoxy or alkoxyalkyl.

[0119] In another smaller sub-group of the compounds of
the formulae 1, 2, 3, 4 and 5 which is called group B, R" is
desirably —F, —C1,—NCS or —(O0);CH;_, yF Cl;, where
iis Oor 1, and k+1 is 1, 2 or 3; the compounds in which R"
has this meaning are denoted by the sub-formulae 1b, 2b, 3b,
4b and 5b. Particular preference is given to compounds of
the sub-formulae 1b, 2b, 3b, 4b and 5b in which R" is —F,
—Cl, —NCS, —CF,, —OCHEF, or —OCF;.

[0120] 1In the compounds of the sub-formulae 1b, 2b, 3b,
4b and 5b, R' is as defined for the compounds of the
sub-formulae la-5a and is preferably alkyl, alkenyl, alkoxy
or alkoxyalkyl.

[0121] In a farther smaller sub-group of the compounds of
the formulae 1, 2, 3, 4 and 5, R" is desirably —CN; this
sub-group is called group C below, and the compounds of
this sub-group are correspondingly described by sub-formu-
lae 1c, 2¢, 3¢, 4c and 5c. In the compounds of the sub-
formulae 1c, 2c, 3c, 4¢ and 5¢, R' is as defined for the
compounds of the sub-formulac 1a-5a and is preferably
alkyl, alkoxy or alkenyl.

[0122] In addition to the preferred compounds from
groups A, B and C, other compounds of the formulae 1, 2,
3, 4 and 5 having other variants of the proposed substituents
may also be used. All these substances can be obtained by
methods which are known from the literature or analogously
thereto.

[0123] In addition to the compounds of the formula I, the
media according to the invention preferably include one or
more compounds selected from group A and/or group B
and/or group C. The proportions by weight of the com-
pounds from these groups in the media according to the
invention are preferably

[0124] Group A: from O to about 90%, preferably from
about 20 to about 90%, in particular from about 30 to
about 90%

[0125] Group B: from 0 to about 80%, preferably from
about 10 to about 80%, in particular from about 10 to
about 65%

[0126] Group C: from O to about 80%, preferably from
about 5 to about 80%, in particular from about 5 to
about 50%,

[0127] the sum of the proportions by weight of the group
A and/or B and/or C compounds present in the particular
media according to the invention preferably being from
about 5% to about 90% and in particular from about 10% to
about 90%.

[0128] The media according to the invention preferably
include from about 1 to about 40%, particularly preferably
from about 5 to about 30%, of compounds of the formula I.
The media preferably include two or more compounds of the
formula I.
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[0129] The construction of the IPS displays according to
the invention corresponds to the usual design of displays of
this type, as described, for example, in WO 91/10936 or EP
0588 568. The term “conventional design” is broadly drawn
here and also covers all derivatives and modifications of the
IPS display, in particular, for example, also matrix display
elements based on poly-Si TFT or MIM.

[0130] However, an essential difference between the dis-
plays according to the invention and the displays conven-
tional hitherto lies in the choice of the liquid-crystal param-
eters of the liquid-crystal layer.

[0131] The liquid-crystal mixtures which can be used in
accordance with the invention are prepared in a manner
which is customary per se. In general, the desired amount of
the components used in the smaller amount are dissolved in
the components making up the principal constituent, advan-
tageously at elevated temperature. It is also possible to
prepare the mixtures in other conventional manners, for
example by using pre-mixtures, for example homologous
mixtures, or using so-called “multi-bottle” systems.

[0132] The dielectrics may also include further additives
known to the person skilled in the art and described in the
literature. For example, O-about 15%, preferably 0-about
10%, of pleochroic dyes and/or chiral dopants can be added.
The individual compounds added are employed in concen-
trations of from about 0.01 to about 6%, preferably from
about 0.1 to about 3%. However, the concentration data for
the other constituents of the liquid-crystal mixtures, i.e. the
liquid-crystalline or mesogenic compounds, are given with-
out taking into account the concentration of these additives.

[0133]

Above and below,

[0134]

[0135] Without further elaboration, it is believed that one
skilled in the art can, using the preceding description, utilize
the present invention to its fullest extent. The following
preferred specific embodiments are, therefore, to be con-
strued as merely illustrative, and not limitative of the
remainder of the disclosure in any way whatsoever.

[0136] In the foregoing and in the following examples, all
temperatures are set forth uncorrected in degrees Celsius;
and, unless otherwise indicated, all parts and percentages are
by weight.

[0137] The entire disclosure[s] of all applications, patents
and publications, cited above or below, and of corresponding

German application No. 19919978.7, filed Apr. 30, 1999, is
hereby incorporated by reference.

denote trans-1,4-cyclohexylene.

EXAMPLES

[0138] The physical properties of the liquid-crystal mix-
tures are determined as described in “Physical Properties of
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Liquid Crystals”, Ed. M. Becker, Merck KGaA, status
November 1997, unless explicitly stated otherwise.

[0139] C denotes a crystalline phase, S a smectic phase, S
a smectic C phase, Sy a smectic B phase, S, a smectic A
phase, N a nematic phase and I the isotropic phase.

[0140] V, denotes the capacitive threshold voltage. An
denotes the optical anisotropy and n,, the ordinary refractive
index (in each case at about 589.3 nm). Ae denotes the
dielectric anisotropy (Ae=¢|—¢, , where ¢ denotes the dielec-
tric constant parallel to the longitudinal molecular axes and
€405 denotes the dielectric constant perpendicular thereto, in
each case at about 1 kHz). The electro-optical data were
measured in a planar cell at about 20° C., unless expressly
stated otherwise. All physical properties are quoted and
measured at about 20° C., unless expressly stated otherwise.
All concentration data are given as percent by weight, unless
expressly stated otherwise.

[0141]

[0142] The following examples are intended to explain the
invention without representing a limitation. Above and
below, percentages are percent by weight. All temperatures
are given in degrees Celsius. An denotes the optical anisot-
ropy (about 589.3 nm, about 20° C.), Ae denotes the
dielectric anisotropy (about 1 kHz, about 20° C.), H.R.
denotes the voltage holding ratio (at about 100° C., after
about 5 minutes in an oven at about 1 V), and V,, the
capacitive threshold voltage, was determined at about 20° C.
and about 1 kHz.

[0143] The calibrated rotational viscometer gave a rota-
tional viscosity for ZLI-4792 (Merck KGaA) of about 133
mPa-s at about 20° C.

[0144] The storage stability was investigated in sealed test
cells with an optical retardation of about 0.5 um using
CU-1511 from DuPont, USA, as alignment layer. To this
end, in each case 5 test cells were adhesively bonded on both
sides to mutually crossed polarizers and stored at fixed
temperatures of about 0° C., about =10° C., about-20° C.,
about =30° C. or about —-40° C. The cells were assessed
visually for changes at intervals of about 24 hours in each
case. The storage time at the respective temperature t, . (T)
was noted as the final time at which none of the cells just
exhibited no change.

[0145] 1In the present application and in the examples
below, the structures of the liquid-crystal compounds are
indicated by acronyms, the transformation into chemical
formulae taking place as in Tables A and B below. All
radicals C H,,, and C_H, ., are straight-chain alkyl radi-
cals having n or m carbon atoms respectively. The coding in
Table B is self-evident. In Table A, only the acronym for the
parent structure is given. In individual cases, the acronym
for the parent structure is followed, separated by a hyphen,
by a code for the substituents R, R, L' and L*:

The cells are preferably bright in the “off” state.

Code for RY,

R%14,1° R R? I+ 12
nM CaHonyt Callbme H H
nOm Calonet OCuHom,1 H H
10.m OCHsnys Catlomeq H H
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-continued TABLE A-continued

Code for RY, L!

R%LL,L> R R? L' 12

n GaHor1 CN H H R! O R2

oNF CaHonust CN F H

oN.FF C,H,,., CN F F

o Calps F H H s

nOF OC,H,,.,, F H H acp L

nCl C i, cl H H

oEF CoHopis F F H .

nCF, ol : CF, H H L

nOCF, CoHopur OCF, H H

nOCF, CaHonust OCF, H H

nOCF, CoHopnit OCHF, H H R Coo R?

1S Calns NCS H H

nVsN CH,,,,—CH—CH—CJH,— CN H H

nEsN CH,,,,—O0—CJH,— CN H H 12

nAm C COOC,H,,,, H H CP

nEEF CoHonus F F F

nCIFF CoHopus cl F F

0CF,FF  CH,., CF, F F Rl@— o= C@RZ

nOCF,-FF  CH,,,, OCF, F F

nOCF,FF CH,,, OCHF, F F

DOCF,F  CyHy,, OCF, F H

[0146] Preferred displays contain media including, in par-
ticular, one or more compounds from Tables A and B in

addition to the compounds of the formula I.

[0147] Particularly preferred IPS displays include media

having

[0148]

one or more compounds of one of the formu-
lae in Table A and one or more compounds of the

formulae in Table B

[0149]

one or more compounds of each of two or
more different types of compounds of the formulae

in Table A

[0150]

one or more compounds of each of two or
more different types of compounds of the formulae

in Table B, or

[0151]

one or more compounds of each of four or
more compounds from the group of compounds of

the formulae in Tables A and B.

TABLE A
Ll
R! R?
L2
BCH
R! R?
ccH

PTP
Ll
RIMC2H44©§7RZ
LZ

ECCP
Ll
L2
HP
Ll
L2
CECP
Ll
L2
ME
Ll
LZ

PCH
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10
TABLE A-continued TABLE B-continued
F
1 2
) MCZH44<E>7R ol G @ O '
cH
F
o BCH-nFFF
0 F
’ CHHZIle COO '
L2
PDX "
CCZU-n-F

CnH2n+1 CN F
0]
K3-n CﬂmﬂM F
(6]
F

Ll
CDU-n-F
RIA@CZH4 ° @ R2
L2

F F
CyH: F
BECH m ° O @
F

Ll
CGU-n-F
Rl o ¢
CnH2n+1 \
L? cCav

EBCH

L1 CnH2n+1M (CHz)m_\
CC-n-mV
R! Co0 R2
F
L2

CCG-V-F

TABLE B an2n+1%
CoHomey

F
CC-n-Vm
P C,H / \

2n+1

[0152]

CoHom+1
CCP-nEF.F CC-nV-Vm
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[0155] consisting of
TABLE B-continued

\ Compound c/% by wt.
/ CoHop CCP-30CF3 6.0
CC-V-Vn CP-30CF3 7.0
CC-3-V1 10.0
CC-5-V 200
PCH-3N.FF 16.5
CaHogyy COO— CH==CH, CCZU-2-F 4.0
CCZU-3-F 13.5
CC-n-ZV PCH-302 3.5
ME2N.F 2.0
ME3N.F 3.0
ME4N.F 3.0
GuHog, 1 COO—CH=CH—CyHz, CCP-V-1 11.5
CC-n-ZVm z 100.0
CoHoy, ° ° @ \ [0156] and has good contrast.
CCP-n-V Example 2
[0157] An IPS display contains a nematic liquid-crystal
mixture havin,
CCP-V-n
Clearing point: 70.0° C.
T(SN): <-30°C.
CoHopet An[589.3 nm, 20° C.]: 0.0947
/ Ae[1 kHz, 20° C.]: 11.1
ConHomy tyore [-30° C.: 1000 h
CCP-mV-n

[0158] consisting of

/—<CHz>m CuHani

CCP-Vm-n
Compound c/% by wt.
CoHons 1 CnHoms1 CC-5-v 200
CC-3-V1 10.5
PCH-302 5.0
P PCH-3 11.5
CBC-nmF PCH-3N.FF 8.5
ME2N.F 25
ME3N.F 3.0
ME4N.F 8.0
H H.
Cn o 6 @ @ o Cm ! CP-30CF3 6.0
CBC-nm CP-50CF3 5.0
CCP-V-1 16.0
CCP-V2-1 4.0
= 100.0
EXAMPLES

[0153] The examples below are intended to illustrate the [0159] and has excellent contrast.
invention without restricting its scope in any way.
Example 3
Example 1

[0160] An IPS display contains a nematic mixture having
[0154] An IPS display contains a nematic mixture having

Clearing point: 70.0° C.
Clearing point: 70.0° C. T(S,N): <=30°C.
T(S,N): <=30° C. An [589.3 nm, 20° C.]: 0.0943
An [589.3 nm, 20° C.J: 0.0824 Al Kz 20° C} 116
Ae[1 kHz, 20° C.]: 1.7 ¥y, [20° C.]: 83 mPa - s

tyore [-30° C.]: 1000 h tyrore [-30° C.]: 1000 h
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[0161] consisting of
-continued
€,[1 kHz, 20° C.]: 43
Compound concentration/% by wt. El/EO[ZCOIO]:C I ?QSPN
Ky 1 ;
CC-5-V 200 V, [1 kHz, 20° C.]: 124V
CC-3-V1 11.0 Rotational visc., y; [20° C.]: T4 mPases
PCH-302 35 srore [-30° C.]: 1000 h
PCH-3 100
PCH-3N.FF 100
ME2N.F 25 ot
MEINF P [0167] consisting of
ME4N.F 85
CP-30CF3 65
CP-50CF3 50
CCP-V-1 16.0 Compound c/% by wt.
CCP-V2-1 4.0
— CC-3-ZV 25.0
z 100.0 PCH-301 12.0
PCH-2 12.0
PCH-3N.FF 40
ME2N.F 50
[0162] and has excellent contrast. CCP-20CF3 00
BCH-2FF 6.0
Example 4 BCrE2 0
[0163] An IPS display contains a nematic mixture having BCH-52 6.0
b 100.0
Clearing point: 75.0° C.
T(S,N): <=20° C. [0168] and has adequate contrast.
An [589.3 nm, 20° C.]: 0.1220 . i
Ad[1 kHz, 20° C.]: 12.3 [0169] The capacitive threshold V,, (1 kHz; 20° C.)is 1.24
7 [20° C.I: 101 mPa - s V.

Comparative Example 2

[0164] - consisting of [0170] An IPS display contains the nematic mixture of

Comparative Example 1 of DE 198 48 181 having

Compound c/% by wt.
PCH-3N.FF 7.0 Clearing point: 67.5° C.
ME2N.F 4.0 An [589.3 nm, 20° C.J: 0.0942
ME3N.F 4.0 1, [589.3 nm, 20° C.]: 1.4909
ME4ANF 6.0 Ae[1 kHz, 20° C.]: 6.5
K6 5.0 el[1kHz, 20° C.]: 38
K9 50 K, [20° C]: 103 pN
K12 5.0 Kyo/K, [20° C.J: 1.36
CCP-V-1 16.0 Vi1 kHz, 20° C.]: 133V
CCP-V2-1 16.0 tytore [-30° C.1: 1000 h
CC-5-V 11.0
CC-3-V1 95
PCH-302 6.5 -
BCIL32 35 [0171] consisting of
CBC-33F 1.5
= 100.0
Compound c/% by wt.
CC-5-V 200
[0165] and has excellent contrast. OV 0
CCH-34 40
Comparative Example 1 PCH-301 80
PCH-2 150
[0166] An IPS display contains the nematic mixture of ;CEggiFF gg
. . Rl
Example 1 of DE 198 48 181 having CCP-2OCES P
BCH-2FF 50
CCP-V-1 16.0
BCH-32 40
Clearing point: 62.5° C. BCH-53 4.0
An [589.3 nm, 20° C.J; 0.0966
1, [589.3 nm, 20° C.]: 1.4936 = 100.0

Ae[1 kHz, 20° C.J 65
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[0172]

[0173] The preceding examples can be repeated with
similar success by substituting the generically or specifically
described reactants and/or operating conditions of this
invention for those used in the preceding examples.

[0174] From the foregoing description, one skilled in the
art can easily ascertain the essential characteristics of this
invention and, without departing from the spirit and scope
thereof, can make various changes and modifications of the
invention to adapt it to various usages and conditions.

and has at best adequate contrast.

1. an electro-optical liquid-crystal display comprising:

a re-alignment layer for re-aligning the liquid crystals,
further comprising a field comprising a component;

a liquid-crystal layer for the re-alignment wherein the
component is parallel to the liquid-crystal layer;

the liquid-crystal layer comprising a liquid-crystalline
medium of positive dielectric anisotropy, comprising

at least one compound of the formula I and at least one
compound selected from the group of compounds of
the formulae II and III

i1
Yi2

v

Yo

IT
C=N

11
il
Yi

in which

R', R? and R? are each, independent of one another,
alkyl or alkoxy having 1 to 7 carbon atoms or
alkenyl, alkenyloxy or alkoxyalkyl having 2 to 7
carbon atoms,

Y Y, Y2, Y2, Y3 and Y2 are each, independent of
one another, H or F,
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are each, independent of one another,

and

Q-Xis F, Cl, —OCF,H or —OCF,.
2. The liquid-crystal display according to claim 1,
wherein the liquid-crystalline medium further comprises at
least two compounds of the formula Ia

Rl@—coo N

in which R is as defined under the formula I.

Ia

3. The liquid-crystal display according to claim 1,
wherein the medium further comprises at least one com-
pound selected from the group of compounds of the formu-
lae Ia to Ilc

ITa
R? CN

IIb

CN

[c

R? CN

535

in which R” is as defined above in claim 1 under the formula
II.

4. The liquid-crystal display according to claim 1,
wherein the medium further comprises at least one com-
pound selected from the group of formulae Illa to IIT1
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Ila

Co0 OCF;

IIb

o0 OCFs

¢
ey

IMIc

=
Py

EERE:

e leNeNle]

COO

e}

Ird

s}

e

el
G

COo0o

o]

It

=
Py

COO

e}

Mg

O0—CF4

IIh

=
o
es!
Q
Q
el
ol

COO

;
o

i

Co0 OCFs

g
-
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-continued
I j

F
Mk
F F
R3‘O©7 0 o
jugt
F F

in which R? is as defined for R* in claim 1 under the formula
L

5. The liquid-crystal display according to claim 1,
wherein the medium comprises at least one compound of the
formula Ila.

6. The liquid crystal display according to claim 1, wherein
the medium further comprises

at least one compound of the formula IVa and/or one or
more compounds of the formula TVb

Iva
R4 m OCF3
Vb
F
F

in which R* is in each case as defined for R* in claim 1,
and/or

at least one compound selected from the group of com-
pounds of the formulae Va and Vb
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in which

R** and R>? are each, independent of one another, alkyl or
alkoxy having 1 to 7 carbon atoms or alkenyl, alkeny-
loxy or alkoxyalkyl having 2 to 7 carbon atoms,

and/or of the formula V¢

Ve

in which

R®* and R*?, independent of one another, are as defined
for R°* and R respectively under the formula Va.

7. The liquid-crystal display according to claim 1, further
comprising pixels are addressed by an active matrix.

8. A liquid-crystalline medium of positive dielectric
anisotropy comprising at least one compound of the formula
I and at least one compound selected from the group of
compounds of the formulae I and III

yi

Rl@coo C=N

Y

21

Y

Yo
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-continued
11
Y31
Y32

in which
RY, R? and R? are each, independent of one another,
alkyl or alkoxy having 1 to 7 carbon atoms or
alkenyl, alkenyloxy or alkoxyalkyl having 2 to 7
carbon atoms,

Y, Y™, Y, Y?2, Yl and Y are each, independent
of one another, H or F,

are each, independent of one another,

and
Q-X is F, Cl, —OCF_.H or —OCF;
and at least one compound of the formula:

v

yi
R4Z41Z42Z43 X4
g 1y
Y42
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in which

R* is H, an alkyl or alkenyl radical having 1 to 15
carbon atoms which is monosubstituted by CN or
CF and one or more CH, groups in these radicals
are, independent of one another, replaceable by
_O_> _S_7

-

—C0—, —C0—0—, —0—CO0—, —0—CO—
O— or —C=C—in such a way that O atoms are not
linked directly to one another,

A", and A** and A*® are each, independent of one
another,

(a) a trans-1,4-cyclohexylene radical, in which, in
addition, one or more non-adjacent CH, groups
may be replaced by —O— and/or —S—,

(b) a 1,4-phenylene radical, in which, in addition,
one or two CH groups may be replaced by N,

(c) a radical from the group consisting of 1,4-
cyclohexenylene, 1,4-bicyclo[2.2.2]octylene, pip-
eridine-1,4-diyl, naphthalene-2,6-diyl, decahy-
dronaphthalene-2,6-diyl and 1,2,3,4-tetra-
hydronaphthalene-2,6-diyl, wherein the trans-1,4-
cyclohexylene and 1,4-phenylene is, optionally,
by at least one fluorine atom.

ZM 7% and Z* are each, independent of one another,
—C0—0—, —0—C0—, —CH,0—, —OCH,—,
—CH,CH,—, —CH=CH—, —C=C— or a single
bond, or one of Z* and Z* is alternatively
—(CH,),— or —CH=CH—CH,CH,—,

X*is F, —OCF,H or —OCF,, preferably F or —OCF,,

Y™ and Y2 are each, independent of one another, H or
F, and

n, and n, are each, independent of one another, 0 or 1,

and at least one compound of the formula

Jun. 19, 2003

-

—C0—, —C0—0—, —0—C0—, —0—CO—
O— or —C=C— wherein the O atoms are not linked
directly to one another,

A", A%, A® A% are each, independent of one another,

(a) a trans-1,4-cyclohexylene, wherein one or more
non-adjacent CH, groups are replaceable with
—0— and/or —S—,

(b) a 1,4-phenylene, wherein one or two CH groups
are replaceable with N,

(c) a compound from the group of 1,4-cyclohex-
enylene, 1,4-bicyclo[2.2.2]octylene, piperidine-1,
4-diyl, naphthalene-2,6-diyl, decahydronaphtha-
lene-2,6-diyl or 1,2,3,4-tetra-hydronaphthalene-2,
6-diyl, wherein the trans-1,4-cyclohexylene and
1,4-phenylene is, optionally, by at least one fluo-
rine atom,

75!, 7°% and Z*> are each, independent of one another,
—C0—0—, —0—C0—, —CH,0—, —OCH,—,
—CH,CH,—, —CH=CH—, —C=C— or a single
bond, or one of the compounds Z*' and Z** is
alternatively —(CH,),— or —CH=CH—
CH,CH,—,

1;, and 1, are each 0 or 1.
9. A liquid-crystalline medium according to claim 8§,
wherein the medium comprises

from about 3-about 35% by weight of at least two
compounds of the formula I,

from about 2-about 45% by weight of at least one com-
pound of the formula II,

from 0-about 25% by weight of at least one compound of
the formula III,

from 0 to about 35% by weight of at least one compound
of the formula IV, and

\%
1 1,

in which

R and R*? are each, independent of one another, H, an
alkyl or alkenyl radical having 1 to 15 carbon atoms
which is monosubstituted by CN, CF; or a halogen;

and the CH, groups in these radicals are independent

of one another and replaceable with —O—, —S—,

from about 7 to about 75% by weight of at least one
compound of the formula V.
10. A method of preparing a liquid-crystal display incor-
porating the medium of claim 8.
11. The liquid-crystal display according to claim 1,
wherein the liquid crystalline medium further comprises at
least one compound of the formula IV
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v
Y41
R4Z41Z4ZZ43 ¥
ng 1y
y#

in which

R*is H, an alkyl or alkenyl radical having 1 to 15 carbon
atoms which is monosubstituted by CN, CF; or a

12. The liquid display according to claim 1, wherein the
liquid-crystalline medium further comprises at least one

compound of the formula V

\
5] %)

halogen; and the CH, groups in these radicals are
independent of one another and replaceable with

_0_5 _S_5

—C0—, —(C0—0—, —0—CO0—, —0—CO0—0—
or —C=C— wherein the O atoms are not linked
directly to one another,

A*, A*? and A*? are each, independent of one another,

(a) a trans-1,4-cyclohexylene, wherein one or more
non-adjacent CH, groups are replaceable with
—O— and/or —S—,

(b) a 1,4-phenylene, wherein one or two CH groups are
replaceable with N,

(c) a compound from the group of 1,4-cyclohex-
enylene, 1,4-bicyclo[2.2.2]octylene, piperidine-1,4-
diyl, naphthalene-2,6-diyl, decahydronaphthalene-2,
6-diyl or 1,2,3,4-tetra-hydronaphthalene-2,6-diyl,
wherein the trans-1,4-cyclohexylene and 1,4-phe-
nylene is, optionally, substituted by at least one
fluorine atom,

Z*, Z* and Z* are each, independent of one another,
—C0—0—, —0—C0—, —CH,0—, —OCH,—,
—CH,CH,—, —CH=CH—, —C=C— or a single
bond, or one of the compounds Z** and Z* is alterna-
tively —(CH,,),— or —CH=CH—CH,CH,—,

X* is F, —OCF,H or —OCF,,

Y* and Y** are each, independent of one another, H or F,
and

n, and n, are each, independent of one another, 0 or 1.

in which

R?! and R*? are each, independent of one another, H, an
alkyl or alkenyl radical having 1 to 15 carbon atoms
which is monosubstituted by CN, CF; or a halogen; and
the CH,, groups in these radicals are independent of one
another and replaceable with —O0—, —S—,

-

—0—, —C0—0—, —0—CO—, —0—CO0—0—
or —C=C— wherein the O atoms are not linked
directly to one another,

AL A2 AS® A are each, independent of one another,

(a) a trans-1,4-cyclohexylene, wherein one or more
non-adjacent CH, groups are replaceable with
—O— and/or —S—,

(b) a 1,4-phenylene, wherein one or two CH groups are
replaceable with N,

(c) a compound from the group of 1,4-cyclohex-
enylene, 1,4-bicyclo [2.2.2] octylene, piperidine-1,
4-diyl, naphthalene-2,6-diyl, decahydronaphthalene-
2,6-diyl or 1,2,3,4-tetra-hydronaphthalene-2,6-diyl,
wherein the trans-1,4-cyclohexylene and 1,4-phe-
nylene is, optionally, substituted by at least one
fluorine atom,

Z°1, Z°% and Z° are each, independent of one another,
—C0—0—, —0—C0—, —CH,0—, —OCH,—,
—CH,CH,—, —CH=CH—, —C=C— or a single
bond, or one of the compounds Z*' and Z** is alterna-
tively —(CH,),— or —CH=CH—CH,CH,—,

1,, and 1, are each O or 1.
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13. The liquid display according to claim 1, wherein the
liquid-crystalline medium further comprises at least one
compound selected from the formulae 1,2, 3,4, and 5

R-L-E-R" 1
R-L-COO-E-R" 2
R-L-OOC-E-R" 3
R-L-CHLCH,E-R" 4
R-L-C=CE-R" 5

where:

L and E are, independent of one another, a bivalent
compound from the group of -Phe-, -Cyc-, -Phe-Phe-,
-Phe-Cyc-, -Cyc-Cyc-, -Pyr-, -Dio-, -G-Phe- or -G-
Cyc- and their mirror images, where Phe is unsubsti-
tuted or fluorine-substituted 1,4-phenylene, Cyc is
trans-1,4-cyclohexylene or 1,4-cyclohexylene, Pyr is
pyrimidine-2,5-diyl or pyridine-2,5-diyl, Dio is 1,3-
dioxane-2,5-diyl and G is 2-(trans-1,4-cyclohexyl-
Jethyl, pyrimidine-2,5-diyl, pyridine-2,5-diyl or 1,3-
dioxane-2,5-diyl, and

R' and R" are each, independent of one another, alkyl,
alkenyl, alkoxy, alkoxyalkyl, alkenyloxy or alkanoy-
loxy having up to 8 carbon atoms.
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14. The liquid display according to claim 1, wherein the
liquid-crystalline medium further comprising a compound
selected from the group of azoxybenzenes, benzylidene-
anilines, biphenyls, terphenyls, phenyl or cyclohexyl ben-
zoates, phenyl or cyclohexyl esters of cyclohexanecarboxy-
lic acid, phenyl or cyclohexyl esters of cyclohexylbenzoic
acid, phenyl or cyclohexyl esters of cyclohexyl-cyclohex-
anecarboxylic acid, cyclohexylphenyl esters of benzoic acid,
of cyclohexanecarboxylic acid and of cyclohexylcyclohex-
anecarboxylic acid, phenylcyclohexanes, cyclohexylbiphe-
nyls, phenylcyclohexylcyclohexanes, cyclohexylcyclohex-
anes, cyclohexylcyclohexyleyclohexenes, 1,4-bis-
cyclohexylbenzenes, 4,4'-bis-cyclohexylbiphenyls, phenyl-
or cyclohexylpyrimidines, phenyl- or cyclohexylpyridines,
phenyl- or cyclohexyldioxanes, phenyl- or cyclohexyl-1,3-
dithianes, 1,2-diphenylethanes, 1,2-dicyclohexylethanes,
1-phenyl-2-cyclohexylethanes, 1-cyclohexyl-2-(4-phenyl-
cyclohexyl)ethanes, 1-cyclohexyl-2-biphenylylethanes,
1-phenyl-2-cyclohexylphenylethanes, optionally haloge-
nated stilbenes, benzyl phenyl ethers, tolans or substituted
cinnamic acids.

15. The liquid display according to claim 1, wherein the

liquid-crystalline medium further comprising a pleochroic
dye or chiral dopant.
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