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7) ABSTRACT

The present invention relates to nematic liquid-crystal media
which comprise

a) a dielectrically negative, liquid-crystalline compo-
nent A comprising one or more compounds of the
formula I

in which the parameters are as defined in the text,
and

b) a dielectrically negative, liquid-crystalline compo-
nent B, and optionally

¢) a dielectrically neutral, liquid-crystalline component
C, and optionally

d) a dielectrically positive, liquid-crystalline compo-
nent D,

and to the use of these media in liquid-crystal displays, and
to liquid-crystal displays which use these media, in particu-
lar VAN and IPS displays.
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LIQUID-CRYSTAL MEDIUM, AND
ELECTRO-OPTICAL DISPLAY CONTAINING
SAME

[0001] The present invention relates to liquid-crystal dis-
plays, particularly active matrix addressed liquid-crystal
displays (AMDs or AMLCDs), especially those which use
an active matrix comprising thin film transistors (TFTs) or
varistors. In addition, the present application relates to
liquid-crystal media for use in displays of this type. AMDs
of this type are able to use various active electronic switch-
ing elements. The most widespread are displays which use
three-pole switching elements. These are also preferred in
the present invention. Examples of three-pole switching
elements of this type are MOS (metal oxide silicon) tran-
sistors or the above-mentioned TFTs or varistors. In the
TFTs, various semiconductor materials, predominantly sili-
con or alternatively cadmium selenide, are used. In particu-
lar, poly-crystalline silicon or amorphous silicon is used. In
contrast to the three-pole electronic switching elements,
matrixes of 2-pole switching elements, such as, for example,
MIM (metal insulator metal) diodes, ring diodes or “back to
back” diodes, can also be employed in AMDs. However, as
also explained in greater detail below, these are generally not
preferred owing to the worse electro-optical properties
achieved by the AMDs.

[0002] The liquid crystals used as dielectrics in liquid-
crystal displays of this type are those whose optical prop-
erties change reversibly on application of an electric voltage.
Electro-optical displays which use liquid-crystals as media
are known to the person skilled in the art. These liquid-
crystal displays use various electro-optical effects.

[0003] The most widespread conventional displays use the
TN effect (twisted nematic, having a nematic structure
which is twisted by about 90°), the STN effect (supertwisted
nematic) or the SBE effect (supertwisted birefringence
effect). In these and similar electro-optical effects, liquid-
crystalline media of positive dielectric anisotropy (Ae) are
used.

[0004] Since the operating voltage in displays in general,
ie. including in displays using these effects, should be as
low as possible, use is made of liquid-crystal media of large
dielectric anisotropy, which are generally composed pre-
dominantly of dielectrically positive liquid-crystal com-
pounds and at most comprise relatively small/low propor-
tions of dielectrically neutral compounds.

[0005] In contrast to the conventional displays utilizing
electro-optical effects which require liquid-crystal media of
positive dielectric anisotropy, there are other electro-optical
effects which use liquid-crystal media of negative dielectric
anisotropy, such as, for example, the ECB effect (electrically
controlled birefringence) and its sub-forms DAP (deforma-
tion of aligned phases), VAN (vertically aligned nematics)
and CSH (colour super homeotropics). These are the sub-
ject-matter of the present application.

[0006] The IPS (in plane switching) effect, which has been
employed to an increased extent recently, can use both
dielectrically positive and dielectrically negative liquid-
crystal media, similarly to “guest/host” displays, which can
employ dyes either in dielectrically positive or in dielectrical
negative media, depending on the display mode used. In the
case of the liquid-crystal displays mentioned in this para-
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graph, those which use dielectrically negative liquid-crystal
media are also the subject-matter of the present application.

[0007] A further highly promising type of liquid-crystal
display are so-called “axially symmetric microdomain”
(abbreviated to ASM) displays, which are preferably
addressed by means of plasma arrays (plasma addressed
liquid crystal displays, or PALCDs). These displays are also
the subject-matter of the present application.

[0008] The liquid-crystal media employed in the above-
mentioned liquid-crystal displays and all liquid-crystal dis-
plays which utilize similar effects generally consist predomi-
nantly and in most cases even very substantially of liquid-
crystal compounds having the corresponding dielectric
anisotropy, i.e. of compounds of positive dielectric anisot-
ropy in the case of dielectrically positive media and of
compounds of negative dielectric anisotropy in the case of
dielectrically negative media.

[0009] In the media used in accordance with the present
application, at most significant amounts of dielectrically
neutral liquid-crystal compounds and in general only very
small amounts or even no dielectrically positive compounds
at all, are typically employed, since in general the liquid-
crystal displays should have the lowest possible addressing
voltages. For this reason, liquid-crystal compounds having
the opposite sign of the dielectric anisotropy to the dielectric
anisotropy of the medium are generally employed extremely
sparingly or not at all.

[0010] The liquid-crystal media of the prior art have
relatively low low-temperature stabilities. Thus, the nematic
phases often extend only down to —20° C. and in some cases
even only down to -10° C. In addition, the threshold
voltages (V,) are at the same time relatively high, in most
cases cven greater than 2 V.

[0011] For the most part, the liquid-crystal media of the
prior art have relatively unfavourable values for An, which
are often greater than 0.10. However, such large An values
are not particularly advantageous for VAN displays, since
small values for the optical retardation are typically used in
VAN displays. Thus, for example, a d-An of approximately
0.30 um is employed in the case of an untwisted director
orientation or a d-An of approximately 0.40 um is employed
with a 90° twist. Such large An values require the realization
of very small layer thicknesses, which, although favorable
for the response times observed, result, however, in low
production yields.

[0012] 1In most cases, the most favorable An values for
practical displays are in the range from 0.07 to 0.12. This
also applies to IPS displays.

[0013] In addition, the response time of the prior-art
displays is often inadequately long, in particular for video-
capable displays. Thus, the viscosities of the liquid-crystal
media must be improved, i.e. reduced. This applies in
particular to the rotational viscosity and very particularly at
low temperatures. A reduction in the flow viscosity generally
results, in particular in the case of displays having a homeo-
tropic edge alignment of the liquid crystals (for example in
ECB and VAN displays), in a shortening of the filling times
during production of the displays.

[0014] Thus, there has been and continues to be a great
demand for liquid-crystal media which do not have the
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disadvantages of the media from the prior art or at least do
so to a significantly reduced extent.

[0015]

Surprisingly, it has been found that this is achieved

by the liquid-crystal media according to the invention. These
media comprise

[0016] a) a dielectrically negative, liquid-crystalline

component (component A) which comprises one or
more dielectrically negative compound(s) of the for-
mula I

1
n
F F

[0017] in which

[0018] and, independently of one another, are

-0~ <2~

[0019] preferably, independently of one another,

are
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[0020]  particularly preferably

[0021] R is alkyl having from 1 to 7 carbon
atoms, preferably n-alkyl, particularly preferably
n-alkyl having from 1 to 5 carbon atoms, alkoxy
having from 1 to 7 carbon atoms, preferably
n-alkoxy, particularly preferably n-alkoxy having
from 1 to 5 carbon atoms, or alkoxy-alkyl, alkenyl
or alkenyloxy having from 2 to 7 carbon atoms,
preferably having from 2 to 4 carbon atoms,
preferably alkenyloxy,

[0022] R is alkyl or alkoxy having from 1 to 7
catbon atoms, preferably alkoxy, preferably
n-alkoxy and particularly preferably n-alkoxy
having from 2 to 5 carbon atoms, or alkoxyalkyl,
alkenyl or alkenyloxy having from 2 to 7 carbon
atoms, preferably having from 2 to 4 carbon
atoms, preferably alkenyloxy, one of

[0023] Z' and Z* is OCF, or CF,O and the other
is a single bond, and

[0024] nisOor 1, and

[0025] b) a dielectrically negative, liquid-crystalline
component (component B), which preferably com-
prises one or more dielectrically negative com-
pounds(s) selected from the group consisting of the
compounds of the formulae I and II

I
o 1A= 2
Jues
CN
1

[0026]  in which

[0027] R*' is alkyl having from 1 to 7 carbon
atoms, preferably n-alkyl and particularly prefer-
ably n-alkyl having from 1 to 5 carbon atoms,
alkoxy having from 1 to 7 carbon atoms, prefer-
ably n-alkoxy and particularly preferably n-alkoxy
having from 2 to 5 carbon atoms, or alkoxyalkyl,
alkenyl or alkenyloxy having from 2 to 7 carbon
atoms, preferably having from 2 to 4 carbon
atoms, preferably alkenyloxy,
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[0028] R*? is alkyl having from 1 to 7 carbon
atoms, preferably n-alkyl, particularly preferably
n-alkyl having from 1 to 3 carbon atoms, alkoxy
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[0033] I1*! and L** are both C—F or one of the
two is N and the other is C—F, preferably both
are C—F, and

having from 1 to 7 carbon atoms, preferably [0034] mis Oor 1,

n-alkoxy, particularly preferably n-alkoxy having
" @

from 2 to 5 carbon atoms, or alkenyloxy having
from 2 to 7 carbon atoms, preferably having from

[0035] are each, independently of one and
another, as defined above for

2 to 4 carbon atoms,
preferably a single bond,
and
[0036] respectively in the case of the formula

[0030] are each, independently of one another, 11,

[0037] 2 is —CH,—CH,—, —CH=CH—,

—C=C—, —CO00=13 or a single bond, pref-
F F

erably —CH,—CH,— or a single bond and
particularly preferably a single bond,
:N
4<N®7
N

[0038] R**andR*?are each, independently of
[0031]  preferably

one another, alkyl having from 1 to 7 carbon

atoms, preferably n-alkyl and particularly
[0032] and, if present,

[0029] Z*! and Z** are each, independently of one
another, —CH,—CH,—, —CH=CH—,
—C=C—, —COO— or a single bond, preferably
—CH,—CH,— or a single bond and particularly

preferably n-alkyl having from 1 to 5 carbon
atoms, alkoxy having from 1 to 7 carbon
atoms, preferably n-alkoxy and particularly
preferably n-alkoxy having from 2 to 5 car-
bon atoms, or alkenyloxy having 2 to 7
carbon atoms, preferably having from 2 to 4

carbon atoms, and
O ’ [0039] Tis1or2,
N N [0040] and optionally
or 4<©>_ , [0041] c) a dielectrically neutral component (compo-
< nent C) which comprises one or more dielectrically

neutral compound(s) of the formula IV

v

[0042]  in which

[0043] R*' and R** are each, independently of one
another, as defined above for R* in the case of the
formula II,

[0044] Z*', Z** and Z* are each, independently of

_ one another, —CH,CH,—, —CH=CH—,
s or —COO— or a single bond,
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-continued

[0045] are each, independently of one another,

~-

o O
O -0

[0046] o and p, independently of one another,
are 0 or 1, the variables in formula IV are prefer-
ably

[0047] R™ and R** are each, independently of
one another, alkyl or alkoxy having 1-5 carbon
atoms or alkenyl having 2-5 carbon atoms,

= Ao

[0048] are each, independently of one
another,

Jan. 23, 2003

~ -
Q-
O

[0049] and very particularly preferably at
least two of these rings

<: :> s <: ;>— and/or
F

[0050] where two adjacent rings are very par-
ticularly preferably linked directly to one
another, preferably

~ -

[0051] or

0O~

[0052] and optionally

[0053] d) one or more dielectric positive com-
pound(s) of the formula V

v
F
YS
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[0054]

[0055] R’ is alkyl or alkoxy having from 1 to 7
carbon atoms, or alkoxyalkyl, alkenyl or alkeny-
loxy having from 2 to 7 carbon atoms,

[0056] Z°%,Z°* and Z* are each, independently of
one another, —CH,—CH,—, —CH=CH—,
—C=C—, —COO— or a single bond,

in which

o

[0057] are each, independently of one another,

904

[0058] X°is F, OCF,H or OCF,, and

[0059] Y® is H or F, preferably F in the case
where X=F or OCF,H, and

[0060] q and r are each, independently of one
another, 0 or 1.

[0061] In a further preferred embodiment, the medium
comprises one or more dielectrically negative compounds of
the formula VI

OOy

161—162

VI

=~

[0062]

[0063] R°' and R®* are alkyl having from 1 to 7
carbon atoms, preferably n-alkyl and particularly
preferably n-alkyl having from 1 to 5 carbon atoms,
alkoxy having from 1 to 7 carbon atoms, preferably
n-alkoxy and particularly preferably n-alkoxy having

in which
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from 2 to 5 carbon atoms, or alkenyloxy having from
2 to 7 carbon atoms, preferably having from 2 to 4
carbon atoms, very particularly preferably both are
n-alkoxy having from 1 to 5 carbon atoms,

[0064] ZSis as defined above for Z** in the case of the
formula II,
[0065] L' and L°* are both C—F or one of the two

is N and the other is C—F, and

[0066] L°® and L* are both C—F or one of the two
is N and the other is C—F.

[0067] In a further preferred embodiment, the medium
comprises one or more dielectrically negative compounds of
the formula VII

L7 _L72

[0068]

[0069] R7* and R7* are alkyl having from 1 to 7
carbon atoms, preferably n-alkyl and particularly
preferably n-alkyl having from 1 to 5 carbon atoms,
alkoxy having from 1 to 7 carbon atoms, preferably
n-alkoxy and particularly preferably n-alkoxy having
from 2 to 5 carbon atoms, or alkenyloxy having from
2 to 7 carbon atoms, preferably having from 2 to 4
carbon atoms, very particularly preferably both are
n-alkoxy having from 1 to 5 carbon atoms, and

[0070] L and L™ are both C—F or one of the two
is N and the other is C—F.

VI

in which

[0071] Component A preferably consists predominantly,
particularly preferably consists essentially completely and
very particularly preferably consists virtually completely, of
one or more compounds of the formula I. These compounds
of the formula I are preferably selected from the group
consisting of the compounds of the formulae I-1 to I-8:

I-1
F F

2
F F

I-3

F F
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-continued

-0~
@@-—z@

F F
F F

[0072] in which

[0073]

under the formula I.

[0074]

R, R'? and Z*? are each as defined above

The compounds of the formula I are particularly

preferably sclected from the group consisting of the com-

pounds of the following sixteen formulae I-1a to I-8b:

[-1a

I-1b
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-continued

Rll@CFZ—O R12

Rll@._o_CFZG. RIZ

I-3b

Rll@._CFz_o@. Rlz

F F

[-4a
F F

I-4b

U 0= O
F F

I-5a

Rll@o_CFz @ @ RIZ
F F

I-5b

Rll@CFZ_O @ Q RIZ
F F

I-6a

Rll@.@._o_CFz Rlz

I-6b

Rll@.@._cpz_o RIZ
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-continued
[-7a

R12

o
|
@)
3
m
)

RIZ

0
fex
|
o
-
s}

[-8a

I-8b

RIZ

583
0 0

[0075] in which

[0076] R and R'* are as defined above under the
formula I, and R** is preferably alkyl having from 1
to 7 carbon atoms or alkenyl having from 2 to 7
carbon atoms, and R*? is preferably alkoxy having
from 1 to 7 carbon atoms or alkenyloxy having from
2 to 7 carbon atoms.

[0077] The compounds are very particularly preferably
selected from the group consisting of the compounds of the
formulae I-1a, I-1b, I-2a, I-3a, I-4a, I-4b, 1-5a, [-6a, I-6b and
I-7a and in particular from the group consisting of the
compounds of the formulae I-1b and I-7a.

[0078] In the present application, in connection with the
quoting of the constituents of the compositions:

[0079] comprise means that the concentration of the
relevant constituents in the composition is preferably
10% or more, particularly preferably 20% or more,

[0080] consist predominantly of means that the con-
centration of the relevant constituents in the compo-
sition is preferably 50% or more, particularly pref-
erably 55% or more and very particularly preferably
60% or more,

[0081] consist essentially completely of means that
the concentration of the relevant constituents in the
composition is preferably 80% or more, particularly
preferably 90% or more and very particularly pref-
erably 95% or more, and

[0082] consist virtually completely of means that the
concentration of the relevant constituents in the
composition is preferably 98% or more, particularly
preferably 99% or more and very particularly pref-
erably 100.0%.
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[0083] This applics both to the media as compositions
with their constituents, which may be components and
compounds, and to the components with their constituents,
those of the compounds.

[0084] The liquid-crystal media preferably comprise one
or more compounds selected from the group consisting of
the compounds of the formulae I-1, I-2 and I-4, particularly
preferably of the formulae I-2 and/or 1-4.

[0085] Component B preferably consists predominantly,
particularly preferably consists essentially completely and
very particularly preferably consists virtually completely, of
one or more compounds selected from the group consisting
of the compounds of the formulae I and III.

[0086] The compounds of the formula II are preferably
selected from the group consisting of the compounds of the
formulae II-1 to II-3

-1
m
F F
-2
) O
m
F F
-3

F F

[0087]

[0088] R*' and R** are as defined above under the
formula I, and

in which

[0089] R is preferably n-alkyl having from 1 to 7
atoms, n-alkoxy having from 1 to 7 carbon atoms or
alkenyloxy having from 2 to 7 carbon atoms, and

[0090] R**is preferably n-alkoxy having from 1 to 7
carbon atoms or alkenyloxy having from 2 to 7
carbon atoms, and in the formulae I2 and I3 is
alternatively n-alkyl having from 1 to 7 carbon
atoms,

[0091]

in which



US 2003/0017279 Al

-continued

[0092]

ROl O

[0093]

preferably

nis O orl.

[0094] The compounds of the formula III are preferably
selected from the group consisting of the compounds of the
formulae 1I-1 and III-2:

-1

mr-2

[0095] in which

[0096] R>!' and R are as defined above under the
formula III and are preferably n-alkyl.

[0097] The liquid-crystal media particularly preferably
comprise one or more compounds selected from the group
consisting of the compounds of the formulae II-1a to II-1f:

F F

R21@o—CH2CH2QR22
F F
-0
F F

II-1a

II-1b

II-1c
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-continued
II-1d
F F
II-1e

RZIG._CHZCHZG.QRZZ
F F
I-1f
F F

[0098] in which R** and R* are as defined above in the
case of the formula IT and are preferably as defined above in
the case of the formula II-1.

[0099] The liquid-crystal media particularly preferably
comprise one or more compounds selected from the group
consisting of the compounds of the formulae 1I-2a to II-2¢:

II-2a

e}

II-2b

R Coo R%

II-2¢

F
R21 0 R22

[0100] in which R** and R* are as defined above in the
case of the formula II and are preferably as defined above in
the case of the formula II-2.
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[0101] The liquid-crystal media particularly preferably
comprise one or more compounds of the formula I1-3a

II-3a

000

F F

[0102] in which R*! and R** are as defined above in the
case of the formula IT and are preferably as defined above in
the case of the formula II-3.

[0103] Component C preferably consists predominantly,
particularly preferably consists essentially completely and
very particularly preferably consists virtually completely, of
one or more compounds of the formula IV. These com-
pounds of the formula IV are preferably selected from the
group consisting of the compounds of the formulae IV-1 to

IV-3:
R4IC._Z41R42
Iv-3

Iv-1

[0104] in which R*, R*, Z*, Z*,
[0105] are each as correspondingly defined above in the

case of the formula IV.

[0106] The liquid-crystal medium especially preferably
comprises one or more compounds selected from the group
consisting of the compounds of the formulae IV-1a to IV-1d,
IV-1e, IV-2a to IV-2¢ and I'V-3a to IV-3c:

IV-1a

1-CyHay, 1_<:>_<:>_ O—n-CyHoms1
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-continued

n-qun+% 0-CpHome1

IV-1b

IV-1c

1-CyHoyy (CHp); CH=—=CH,
Iv-1d
CHy=CH—(CH,) 4<:>—<:>> (CHp)y CH==CHj,

[0107] in which n and m are each, independently of one
another, from 1 to 5, and o and p are each, independently
thereof and from one another, from 0 to 3,

Iv-1e
R414C>_©>7R42

IV-2a
A A

IV-2b

IV-2¢

Iv-2d

IV-2e

CH

-0-Q0-"
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-continued
IV-3b

IV-3c

Iv-3d

[0108] in which R*' and R** are each as defined above
under the formula IV1, and the phenyl rings may optionally
be fluorinated, but not in such a way that the compounds are
identical with those of the formula II and its sub-formulae.
R*' is preferably n-alkyl having from 1 to 5 carbon atoms,
particularly preferably having from 1 to 3 carbon atoms, and
R** is preferably n-alkyl or n-alkoxy having from 1 to 5
carbon atoms or alkenyl having from 2 to 5 carbon atoms.
Of these, particular preference is given to the compounds of
the formulae IV1a to IV1 d.

[0109] Component D preferably consists predominantly,
particularly preferably consists essentially completely and
very particularly preferably consists virtually completely, of
one or more compounds of the formula IV. These com-
pounds of the formula IV are preferably selected from the
group consisting of the compounds of the formulae V-1 to
V-4:

V-1

F
F
V-2

F
R5‘<:>7 ZSZZS}@ OCF3
V-3
F
RSO Z52Z534©§7 o
F

10
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-continued

[0110] in which R®, Z°%, Z°% and

V-4

OCFH

8

[0111]
ably

are as defined above for the formula V, but prefer-

[0112] R®is alkyl having 1-7 carbon atoms or alkenyl
having 2-7 carbon atoms, preferably vinyl or 1E-alk-
enyl,

[0113]

[0114] Z°% and Z* is a single bond and the other is
—CH,CH,—, —COO— or a single bond and

-O--O-
-0

[0115] In a preferred embodiment, the medium comprises
one or more compounds of the formula VI, preferably
selected from the group consisting of the compounds of the
formulae VI-1 to VI-4:

one of

-

VI-1

RO!

VI-2

el
N
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-continued
V13
R61 O R62
N
F F F
V-4
R61 O R62
N
F F F

[0116] in which R% and R®* are as defined above in the
case of the formula VI.

[0117] In a preferred embodiment, the medium comprises
one or more compounds of the formula VII, preferably from
the group consisting of the formula VII-1

00

F F

Vi1

[0118] in which

[0119] R"'and R™ are as defined above in the case of
the formula VII.

[0120] In a preferred embodiment, the liquid-crystal
media according to the invention comprise in total, based on
the mixture as a whole,

[0121] from 5% to 85%, preferably from 10% to 55% and
particularly preferably from 15% to 40%, of component A,
preferably of compounds of the formula I,

[0122] from 5% to 85%, preferably from 10% to 85%,
particularly preferably from 20% to 80% and very particu-
larly preferably from 40% to 75%, of component B, pref-
erably of compounds of the formulae II and III, where the
ratio of the concentrations of compounds II and III is
preferably greater than or equal to 2:1, particular preferably
greater than or equal to 3:1 and very particularly preferably
greater than or equal to 4:1,

[0123] from 0% to 50%, preferably from 0% to 40%,
particularly preferably from 0% to 30% and very particu-
larly preferably from 5% to 25%, of component C, prefer-
ably of compounds of the formula IV, and

[0124] from 0% to 40%, preferably from 0% to 30%,
particularly preferably from 0% to 20%, and very particu-
larly preferably from 1% to 15%, of component D, prefer-
ably of compounds of the formula IV.

[0125] Here, as throughout the present application, the
term compounds, also written as compound(s), means both
one and a plurality of compounds, unless explicitly stated
otherwise.

[0126] The individual compounds are employed here in
concentrations of in each case from 1% to 30%, preferably
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from 2% to 30% and particularly preferably from 4% to
16%. An exception is formed here by compounds having
three phenyl rings and compounds having four six-mem-
bered rings. These compounds are employed in concentra-
tions of in each case from 0.5% to 15%, preferably from 1%
to 10% and particularly preferably from 1% to 8% per
individual compound. In the case of compounds of the
formula I in which n=0, the preferred limits to the concen-
trations for the proportion of the individual compounds in
the medium are from 1% to 20%, preferably from 2% to
15% and particularly preferably from 5% to 8%. In the case
of the compounds of the formula I in which n=1, the
preferred limits to the concentrations for the proportion of
the individual compounds in the medium are from 1% to
30%, preferably from 2% to 20% and particularly preferably
from 8% to 12%.

[0127] In a preferred embodiment, the liquid-crystal
media particularly preferably comprise in total

[0128] from 10% to 40% of compounds of the for-
mula I,
[0129] from 50% to 90% of compounds of the for-

mulae II and III,

[0130] from 0% to 40% of compounds of the formula
IV, and

[0131]
V.

from 0% to 20% of compounds of the formula

[0132] In this embodiment, the liquid-crystal media very
particularly preferably comprise in total

[0133] from 15% to 35% of compounds of the for-
mula I,
[0134] from 60% to 80% of compounds of the for-

mulae I and III,

[0135] from 0% to 20% of compounds of the formula
IV and

[0136]
V.

from 0% to 5% of compounds of the formula

[0137] In a particularly preferred embodiment, which may
be identical and preferably is identical with the preferred
embodiments described above for the preferred concentra-
tion ranges, the liquid-crystal media comprise:

[0138] one or more compounds of the formula I,
preferably selected from the group consisting of the
compounds of the formulae I-1b and I-7a, preferably
in which R is n-alkyl and R*? is alkoxy, and

[0139] one or more compounds of the formula II-1,
preferably

[0140] one or more compounds of the formula
[I-1a, and/or, preferably and,

[0141] one or more compounds of the formula
[I-1c, and/or, preferably and,

[0142] one or more compounds of the formula ITI-1,
and/or, preferably and,

[0143] one or more compounds selected from the
group consisting of the compounds of the formulae
IV-1 to IV-4, preferably
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[0144] one or more compounds of the formula
IV-1 selected from the group consisting of the
compounds of the formulae IV-1a to 1V-1d, very
particularly preferably selected from the group
consisting of the formulae IV-1¢ and IV-1d and in
particular of the formula IV-1c, and/or, preferably
and,

[0145] one or more compounds of the formula
IV-2c and/or IV-2¢, and/or, preferably and,

[0146] one or more compounds of the formula
IV-3c and/or 1V-3d, and/or, preferably and,

[0147] one or more compounds of the formula
1V-4, and/or

[0148] one or more compounds selected from the
group consisting of the compounds of the formulae
V to VIL

[0149] Particular preference is given here to liquid-crystal
media which comprise

[0150] one or more compounds of the formula I,
preferably selected from the group consisting of the
compounds of the formulae I-1b and I-7a, preferably
in which R™ is n-alkyl and R' is alkoxy, and in
particular in each case in concentrations of from 6%
to 20% per compound, and/or

[0151] one or more compounds of the formula II-1a,
in particular in each case in concentrations of from
4% to 18% per compound, and/or

[0152] one or more compounds of the formula II-1c,
in particular in each case in concentrations of from
3% to 15% per compound, preferably in each case
one or more compounds in which R*! is alkyl having
from 1 to 3 carbon atoms and R* is alkoxy having
from 1 to 3 carbon atoms, and in which R*! is alkyl
having from 1 to 3 carbon atoms and R** is alkyl
having from 1 to 3 carbon atoms, and/or

0153] one or more compounds of the formula V-1,
p
preferably of the formulae IV-1b and/or IV-1c.

[0154] These media may, if desired, comprise one or more
compounds selected from the group consisting of the com-
pounds of the formulae V-1 to V-4.

[0155] The liquid-crystal media according to the invention
preferably have nematic phases of in each case from -20° C.
to 70° C., particularly preferably from -30° C. to 80° C. and
very particularly preferably from -40° C. to 90° C. and most
preferably from -40° C. to 105° C.

[0156] The term “have a nematic phase™ here means firstly
that no smectic phase and no crystallisation are observed at
low temperatures at the corresponding temperature and
secondly also that no clearing occurs on heating from the
nematic phase. The investigation at low temperatures is
carried out in a flow viscometer at the corresponding tem-
perature and checked by storage for at least 100 hours in test
cells having a layer thickness corresponding to the electro-
optical application. At high temperatures, the clearing point
is measured in capillaries by conventional methods.

[0157] Furthermore, the liquid-crystal media according to
the invention are characterised by relatively low optical
anisotropy values. The birefringence values are preferably in
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the range from 0.060 to 0.150, particularly preferably in the
range from 0.070 to 0.120 and very particularly preferably
in the range from 0.070 to 0.110.

[0158] In addition, the liquid-crystal media according to
the invention have relatively low values for the threshold
voltage (V,) of less than or equal to 2.2 V, preferably less
than or equal to 2.0 V, particularly preferably less than or
equal to 1.9 V and very particularly preferably less than or
equal to 1.85 V. In a particularly preferred embodiment, the
liquid-crystal media according to the invention have values
for the threshold voltage which are less than or equal to 1.5
V.

[0159] These preferred values for the individual physical
properties are also observed in each case in combination
with one another.

[0160] Independently of the above-mentioned dimension-
ing limits for the compounds of the formulae I, II and III,
compounds of the formulae I and II are employed in the
liquid-crystal media in accordance with the present inven-
tion in a concentration of up to about 25% per individual
substance, and compounds of the formula IIT are employed
in a concentration of up to about 20%, preferably up to 16%,
per individual substance. Compounds of the formula I-1 are
preferably employed in concentrations of up to about 20%,
preferably up to 15%, per individual substance.

[0161] In the present application, “<” means less than or
equal to, preferably less than, and “=” means greater than or
equal to, preferably greater than.

[0162]

<5

[0163]

[0164] In the present application, the term dielectrically
positive compounds means compounds having a Ae of >1.5,
dielectrically neutral compounds means those in which
-1.5=2Ae=15, and diclectrically negative compounds
means those having a Ae<-1.5. The dielectric anisotropy of
the compounds is determined here by dissolving 10% of the
compounds in a liquid-crystalline host and determining the
capacitance of this mixture at 1 kHz in at least one test cell
having a thickness of 20 ym with a homeotropic surface
alignment and in at least one test cell having a thickness of
20 pm with a homogeneous surface alignment. The mea-
surement voltage is typically from 0.5 V to 1.0 V, but is
always less than the capacitive threshold of the respective
liquid-crystal mixture.

[0165] The host mixture used for dielectrically positive
and dielectrically neutral compounds is ZLI-4792 and the
host mixture used for dielectrically negative compounds is
ZLI1-2857, both from Merck KGaA, Germany. The change in
the dielectric constants of the host mixture after addition of
the compound to be investigated and extrapolation to 100%

In the present application,

denote trans-1,4-cyclohexylen.



US 2003/0017279 Al

of the compound employed gives the values for the respec-
tive compounds to be investigated.

[0166] The term threshold voltage usually relates to the
optical threshold for 10% relative contrast (V,,), unless
explicitly stated otherwise.

[0167] Inrelation to the liquid-crystal mixtures of negative
dielectric anisotropy, however, the term threshold voltage in
the present application is used for the capacitive threshold
voltage (V,), also known as the Freedericksz threshold,
unless explicitly stated otherwise.

[0168] All concentrations in this application, unless
explicitly stated otherwise, are given in percent by weight
and relate to the corresponding mixture or mixture compo-
nent. All physical propertics are and have been determined
in accordance with “Merck Liquid Crystals, Physical Prop-
erties of Liquid Crystals”, status November 1997, Merck
KGaA, Germany, and apply to a temperature of 20° C.,
unless explicitly stated otherwise. An is determined at 589
nm and Ae at 1 kHz.

[0169] In the case of the liquid-crystal media of negative
dielectric anisotropy, the threshold voltage was determined
as the capacitive threshold V; (also known as the Freeder-
icksz threshold) in test cells produced at Merck KgaA,
Germany, with a liquid-crystal aligned homeotropically by
means of lecithin.

[0170] The liquid-crystal media according to the invention
may, if necessary, also comprise further additives and chiral
dopants in the conventional amounts. The amount of these
additives employed is in total from 0% to 10%, based on the
amount of the mixture as a whole, preferably from 0.1% to
6%. The concentrations of the individual compounds
employed are preferably from 0.1 to 3%. The concentration
of these and similar additives is not taken into account when
indicating the concentrations and the concentration ranges of
the liquid-crystal compounds in the liquid-crystal media.

[0171] The compositions consist of a plurality of com-
pounds, preferably from 3 to 30, particularly preferably from
6 to 20 and very particularly preferably from 10 to 16
compounds, which are mixed in a conventional manner. In
general, the desired amount of the components used in
smaller amount is dissolved in the components making up
the principal constituent, advantageously at elevated tem-
perature. If the selected temperature is above the clearing
point of the principal constituent, the completion of the
dissolution process is particularly easy to observe. However,
it is also possible to prepare the liquid-crystal mixtures in
other conventional ways, for example using premixes or
from a so-called “multibottle system”.

[0172] By means of suitable additives, the liquid-crystal
phases according to the invention can be modified in such a
way that they can be employed in any type of ECB, VAN,
IPS, GH or ASM-PA LCD display that has been disclosed
hitherto.

[0173] The entire disclosure[s] of all applications, patents
and publications, cited above or below, and of corresponding
German application No.10063943.7, filed Dec. 20, 2000, is
hereby incorporated by reference.

EXAMPLES

[0174] The examples below serve to illustrate the inven-
tion without representing a limitation. In the examples, the
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melting point T (C, N), the transition from the smectic (S)
phase to the nematic (N) phase T(S, N) and the clearing
point T (N, I) of a liquid-crystal substance are indicated in
degrees Celsius.

[0175] Unless explicitly stated otherwise, the percentages
above and below are percent by weight, and the physical
properties are the values at 20° C., unless explicitly stated
otherwise.

[0176] All the indicated values for temperatures in this
application are °C. and all temperature differences are cor-
respondingly differential degrees, unless explicitly stated
otherwise.

[0177] 1In the present application and in the examples
below, the structures of the liquid-crystal compounds are
indicated by means of acronyms, the transformation into
chemical formulae taking place in accordance with Tables A
and B below. All radicals C,H,_,; and C_H,__, arestraight-
chain alkyl radicals having n and m carbon atoms respec-
tively. The coding in Table B is self-evident. In Table A, only
the acronym for the parent structure is indicated. In indi-
vidual cases, the acronym for the parent structure is fol-
lowed, separated by a hyphen, by a code for the substituents
RY, R? L' and L*

Code for

RY, R?,

Ll, L2, L3 Rl R2 Ll L2 L3
nm CoHopiq CoHomet H H H
nOm CoHonyt OC,Hyp, o H H H
10.m OCHyp,q CoHomet H H H
nmFF CoHont Colomin H F F
nmOFF CoHonyt OC,Hyp, o H F F
n CoHopiy CN H H H
nN.F CoHonq CN F H H
nN.F.F Coon,y CN F F H
nF CoHopq F H H H
nE.F CoHonyt F F H H
nF.EF CoHypiy F F F H
nOF OC H,pq F H H H
nCl CH,p, Cl H H H
nCLF CoHonyt Cl F H H
nCLEF CoHopq Cl F F H
nCF, CoHonyt CF, H H H
nCF;.F CoHypiy CF; F H H
nCF,.EF CoHonyt CF, F F H
nOCF; CoHypiy OCF,; H H H
nOCF,.F C.H,p\y OCF, F H H
nOCF;.FF  CH,ppy OCF; F F H
nOCF, CoHonyt OCHF, H H H
nOCF,.F CoHopiy OCHF, F H H
nOCF,.FF  CH,.,, OCHF, F F H
nS CoHopiy NCS H H H
nS.F CoHonyt NCS F H H
nS.FF CH,pt NCS F F H
rVsN CH,,,,—CH=CH—CH,— CN H H H
rEsN CH, . —0—CH,— CN H H H
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[0178]
TABLE A
L3 L! L3 L!
R! R? R14QCZH44©§7R2
LZ LZ
PCH EPCH
3 L! L3 !
L2 L
BCH CCP
L !
R CoHy R? R! CH, R2
L2 L2
CECP ECCP
L! 1
L? 12
BECH EBCH
13 L 13 Lt
12 L?
PTP CPTP
L L!
LZ
CEPTP

1 2
R R 0
o
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TABLE A-continued

CccH PDX
L} L! 55 L!
N
N N
12 12
PYP PYRP
|55 L! L} L!
12 12
D ME
L3 ! L? L!
12 12
HP CP
L3 L
LZ
EHP
Ll
L2
ET
[0179]
TABLE B
F F
0
CHH2n+14C>-Q COO h CHHZIH 14<:>-<: .
0
F F
CCZU-n-X CDU-n-X

(X =F, Cl or OCF3) (X =F, Cl or OCF,)
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TABLE B-continued

CaHony 1 CN CyHon =0 CN
K3-n M3-n
an2m1—<:>> CHZCHz@ ON CuHopy f CN
G3-n T3-n
CaHons 1 GoHy Calomi
F
Inm
F F F
s . @ @ i ol .
F
BCH-n.FX CGU-n-X
(X = F, Cl or OCF,) (X = F, Cl or OCF,)
CyHogyr OCC—C Homy 1
C-nm
CH,4 CH,

CoHs— CH—J‘_ CHjy CN Colls— CHJ*_ CH,—O CN

CB15 C1s
CN CN
CaHon, 1 CuHomys CaHony g CnHome 1
CCN-nm NCB-nm
CCEPC-nm
e 1% o @_Q CmHZHH]
CCPC-nm

CyHapy 1% CoO O CanHam

CH-nm
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TABLE B-continued
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CoHop, 1

:

OOCO CoHamit
COO O CnHome1

HH-nm

oo 4<:>7 CaHame

HD-nm

CaHon 1

:

CyHayy 1

.

OS-nm
OO0
CHE
CnH2n+1 Callome

(F)
BCH-nmF
OO~
()

CBC-nm(F)
Ny Yo Ta
ECBC-nm

Cn%mlO Cz&‘Q CaHamyt CoHons 1
ECCH-nm CCH-n1Em

CHO0—CyHomyy

F F

T-nFx B-nO.FX
(X =F, Cl or OCF;) (X =F, Cl or OCF;)
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TABLE B-continued

F F
PGIGI-n-X GGP-n-X
(X = E Cl or OCF;) (X = E, Cl or OCF)
CaHone 1
CoHom
CVCC-n-m
CnH2n+1 \
CoHom
CVCP-n-m
CaHony 1 \
CnHomy 1
CVCVC-n-m
CP-V-N
H,C=C F
F
CCG-V-F
CCP-V-n
T CH)_ (CH2)114<:>_<:>_©>7 Collom
CCP-Vn-m

H2C= “ . O Q QIHZIHI

CPP-V-m
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TABLE B-continued

/ @ CaHomit
CnH2n+1

CPP-nV-m
CH,=—CH— (CH)); @ CnHamin
CPP-Vn-m
CyHayy 1% CH=—CH,
cenv
Q.Hzm% CH=—CH—CpHjm
CC-n-Vm
CyHont 1% (CHy)z—CH=CH,
CC-n-mV
H o= CH—O—Q CH=CcH,
covv
CH2=CH4<:>—<:>— (CH)—CH=CH,
CC-V-vn
C,Hyy, — CH= CH4<:>—<:>> CH==CH—CyHom
CC-nV-Vm
CHZ—CHM (CH)a—CH==CI],
CC-Venv

CH,=—=CH— (CHZ)H% (CHy)g—CH=CIH,

CC-Vn-mV



US 2003/0017279 Al Jan. 23, 2003

TABLE B-continued

C,Hyp, —CH=— CH% (CH)7—CH=—CH;,

CC-nV-Vm
CoHogy lw (O) CouHome
F F
PCH-n(O)mEF
CoHogsr (0)CuHoms1
F F
CCP-n{O)mFF
CyHop O OCpHam11
F F
CCY-nO-Om
CH,=—CH—O0 (0)CuHamst
F F
CCY-VO-(O)m
CH,=—CH—(CH,);—0 (O)CuHoms1
F F
CCY-V10-(O)m
F F
CPY-n-(O)m

CoHone 1_0 (0)— Culamis
F F

CPY-nO-(O)m
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TABLE B-continued

CHy= CH(O)CmHZmﬂ

F F

CPY-V-(O)m

e . @ @ (O) CmH2m+1
F F

CPY-VO-(O)m

CH,=—=CH—(CHy)y; . O @ (O)CuHomy
F F

CPY-Vn-(O)m

F F

CPY-VnO-(O)m

CnH2n+ 1 (O)CmHZUH]
F F

CLY-n-(O)m

CoHape— O (O)Cmtams 1
F F

CLY-nO-(0O)m

CoHopny 1 (0)ConHomy

F F F

CFY-n-(0)m

F

F F

CFY-n0-(O)m
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TABLE B-continued

Calony 1 (0)—Caulanu
F F F F

YY-n-(O)m
CyHop—0 O—CyHann
F F F F
YY-nO-Om
CHan, 1O CF,—0 @7 (0)—CunHami
F F
CQY-n-(O)m
CnH2n+ 14C>—C>> CFZ_ o Q (O)_ CmH2m+]
F F
CCQY-n-(O)m
F F
CPQIY-n-{O)m
CyHogy 140 CF,—O (O)_ CuHamyg
F F
CQPY-n-(O)m

CaHogy

-

CFQ_O(O)_CHIHZHHI
F F

PQPY-n-(O)m
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[0180] The following examples are intended to illustrate
the invention without representing a limitation. Above and
below, percentages are percent by weight. All temperatures
are indicated in degrees Celsius. An denotes optical anisot-
ropy (589 nm, 20° C.), Ae denotes the dielectric anisotropy
(1 kHz, 20° C.), H.R. denotes the voltage holding ratio (at
100° C., after 5 minutes in the oven, 1 V), and V,, the
threshold voltage, was determined at 20° C.

Example 1

[0181]
Compound/ Concentration/
abbreviation % by weight ~ Physical properties
CPQIY-3-02 10.0 TN, I)=105.5°C.
CPQIY-3-04 10.0 n, (20° C., 589 nm) = 1.5822
CPQIY-5-04 10.0 An (20° C., 589 nm) = 0.1001
PCH-304FF 9.0 €, (20° C., 1 kHz) = 83
PCH-504FF 9.0 Ae (20° C., 1 kHz) = -4.6
CCP-202FF 40 Y, (20° C) = 271 mPa - 5
CCP-302FF 6.0 foore (~40° C)) > 1000 h
CCP-502FF 6.0 VHR (5 min, 100° C.) = 89%
CCP-21FF 7.0 Vp (20°C) =225V
CCP-31FF 10.0
CCP-V-1 9.0
CC-3-V1 10.0
> 100.0

[0182] The liquid-crystal medium is introduced into a VA

display with TFT addressing. This display is distinguished,
in particular, by the fact that it can be employed in a very
large temperature range, as required for so-called broad
range applications, for example in mobile telephones and in
navigation systems.

Example 2

[0183]
Compound/ Concentration/
abbreviation % by weight  Physical properties
CPQIY-3-02 10.0 TN, [)=715°C.
CPQIY-3-04 6.0 n, (20° C., 589 nm) = 1.5773
CPQIY-5-04 8.0 An (20° C., 589 nm) = 0.0947
D-302FF 20.0 €, (20°C, 1 kHz) = 11.7
D-502FF 20.0 Ae (20° C, 1kHz) = -7.5
PCH-S02FF 14.0 v, (20° C)) = 268 mPa - 5
PCH-S04FF 11.0 fpe (<20° C) > 1000 h
CCP-302FF 50 fyore (—40° C) = 500 h
CCP-502FF 6.0 Vo (20°C) =145V
> 100.0

[0184] As in Example 1, the liquid-crystal medium is

introduced into a display having TFT addressing, but here
into an IPS display. This display is distinguished, in par-
ticular, by a very low addressing voltage.
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Example 3

[0185]
Compound/ Concentration/
abbreviation % by weight  Physical properties
CPQIY-3-04 8.0 T(N,)=710°C.
CPQIY-5-04 8.0 n, (20° C., 589 nm) = 1.5788
CCQY-5-02 5.3 An (20° C., 589 nm) = 0.1007
PCH-304FF 15.0 €, (20°C, 1kIIz) = 85
PCH-502FF 9.0 Ae (20° C,, 1 kHz) = -4.4
PCH-504FF 140 1, (20° C.) = 219 mPa - s
CCP-302FF 137 k, (20°C) =118 pN
BCIH-32 80 k, fky(20° C) = 124
CC-5-V 30 foore (-30° C)) » 1000 b
CC-3-V1 80 foore (~40° C)) > 1000 b
PGIGI-3-F 4.0 Vo (20°C)=192V
z 100.0

[0186] As in Example 1, the liquid-crystal-medium is

introduced into a VA display with TFT addressing,

Example 4

[0187]
Compound/ Concentration/
abbreviation % by weight  Physical properties
CCQY-5-02 7.0 T(N,[)=990°C.
PCH-304FF 12.0 n, (20° C., 589 nm) = 1.5825
PCH-502FF 9.0 An (20° C., 589 nm) = 0.1003
PCH-504FF 13.0 €, (20°C, 1kHz) = 81
CCP-302FF 11.0 Ae (20° C, 1kHz) = -4.4
CCP-502FF 6.0 Y, (20° C) = 266 mPa - 5
CCP-21FF 7.0 k, (20°C)=16.7 pN
CCP-31FF 11.0 ky /k;(20° C)) = 1.13
BCH-32 80 tyore (~30° C)) > 1000 h
CCP-V-1 10.0 fore (—40° C) = 300 h
CC-3-V1 3.0 Vo (20°C)=221V
D) 100.0

[0188] As in Example 1, the liquid-crystal medium is

introduced into a VA display with TFT addressing. This
display is distinguished, in particular, by the fact that it can
be employed in a very large temperature range, as required
for so-called broad range applications, for example in
mobile telephones and in navigation systems.

Example 5

[0189]
Compound/ Concentration/
abbreviation % by weight  Physical properties
CPQIY-3-04 10.0 T(N,I)=705°C.
CPQIY-5-04 10.0 n, (20° C., 589 nm) = 1.5785
PCH-304FF 170 An (20° C., 589 nm) = 0.0993
PCH-502FF 9.0 € (20°C,1kHz) =81
PCH-504FF 14.0 A€ (20°C, 1kHz) = -4.2
CPY-2-02 7.0 v (20°C.) =187 mPa - s
CPY-3-02 7.0 ky (20°C.) =115 pN
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-continued
Compound/ Concentration/
abbreviation % by weight Physical properties
CCP-V-1 12.0 ky /k,(20° C) = 1.24
CCH-35 50 fyore (=30° C) > 1000 h
CC-3-V1 90 fyore (—40° C) = 300 h
3 100.0 V, (20°C) =195V
[0190] As in Example 1, the liquid-crystal medium is
introduced into a VA display with TFT addressing.
Example 6
[0191]
Compound/ Concentration/
abbreviation % by weight ~ Physical properties
PQPY-5-04 14.0 T(N,)=71.0°C.
PCH-304FF 16.0 n, (20° C., 589 nm) = 1.5812
PCH-502FF 12.0 An (20° C., 589 nm) = 0.1023
PCH-504FF 3.0 €, (20°C,, 1 kHz) = 6.9
CPY-2-02 7.0 Ae (20° C., 1 kHz) = -3.3
CPY-3-02 70 Y4 (20° C.) = 108 mPa - s
CCP-V-1 4.0 foore (-30° C.) > 1000 h
BCH-32 7.0 fyore (—40° C.) > 1000 h
CCH-35 50 V, (20°Cy=210 V
CC-3-V 4.0
CC-5-V 11.0
CC-3-V1 10.0
) 100.0
[0192] As in Example 1, the liquid-crystal medium is

introduced into a VA display with TFT addressing. This
display exhibits, in particular, very short response times.

Example 7

[0193]
Compound/ Concentration/
abbreviation % by weight ~ Physical properties
PQPY-5-1 10.0 T(N,)=720°C.
PCH-304FF 18.0 n, (20° C., 589 nm) = 1.5890
PCH-502FF 12.0 An (20° C., 589 nm) = 0.1054
PCH-504FF 4.0 €, (20°C,, 1 kHz) = 6.9
CCP-31FF 6.0 Ae (20° C., 1 kHz) = -3.3
CPY-2-02 4.0 Y, (20°C)=112mPa - s
CPY-V-02 10.0 foore (-30° C.) > 1000 h
CCP-V-1 7.0 foore (—40° C.) > 1000 h
CCP-V2-1 3.0 Vo (20°C) =214V
BCH-32 6.0
CC-3-V 9.0
CC-3-2V 6.0
CC-3-Vi 5.0
2 100.0

[0194] As in Example 1, the liquid-crystal medium is

introduced into a VA display with TFT addressing. This
display exhibits, in particular, very short response times.

Jan. 23, 2003

Example 8

[0195]
Compound/ Concentration/
abbreviation % by weight  Physical properties
PQPY-5-02 20.0 T (N, I)=865°C.
PCH-304FF 14.0 n, (20° C., 589 nm) = 1.5930
PCH-502FF 10.0 An (20° C., 589 nm) = 0.1109
PCH-504FF 13.0 €, (20°C, 1kHz) = 9.0
CCP-302FF 9.0 Ae (20° C, 1 kHz) = -5.1
CCP-502FF 8.0 Y, (20° C.) =239 mPa - s
CCP-21FF 3.0 tyore (-20° C.) > 1000 h
CCP-31FF 6.0 toore (=30° C) 2 900 h
BCH-32 6.0 taore (—40° C.) = 600 h
CCP-V-1 7.0 Vo (20°C) =190V
CC-3-V1 5.0
) 100.0

[0196] As in Example 1, the liquid-crystal medium is

introduced into a VA display with TFT addressing. This
display is distinguished, in particular, by the fact that it can
be employed in a large temperature range and a low address-
ing voltage is required.

Example 9

[0197]
Compound/ Concentration/
abbreviation % by weight  Physical properties
CQPY-5-02 11.0 T(N,I)=865°C.
PCH-304FF 13.0 n, (20° C., 589 nm) = 1.5971
PCH-502FF 12.0 An (20° C., 589 nm) = 0.1080
PCH-504FF 16.0 €, (20°C, 1kHz) = 9.0
CCP-302FF 12.0 Ae (20° C, 1kHz) = -5.2
CCP-502FF 130 Y4 (20° C) = 262 mPa - 5
CCP-21FF 80 tyore (~20° C)) > 1000 h
BCH-32 80 fyore (~30° C) = 800 h
CCP-V-1 40 fooge (~40° C) = 500 b
PGIGI-3-F 3.0 Vo (20°C) =190V
M) 100.0

[0198] As in Example 1, the liquid-crystal medium is

introduced into a VA display with TFT addressing. This
display is distinguished, in particular, by the fact that it can
be employed in a large temperature range.

Example 10

[0199]
Compound/ Concentration/
abbreviation % by weight  Physical properties
CQY-5-02 12.0 TN, )=70"C
PCH-304FF 18.0 n, (20° C., 589 nm) = 1.5850
PCH-502FF 9.0 An (20° C,, 589 nm) = 0.1011
CPY-2-03 130 €, (20°C,1kHz) = 69
CPY-3-03 130 Ae (20° C, 1kHz) = -3.3
BCH-32 6.0 74 (20°C)=115mPa - s
CCP-V-1 2.0 tyore (—40° C.) > 1000 h
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Compound/ Concentration/
abbreviation % by weight Physical properties
CC-5-v 180 V, (20°C) =210 V
CC-3-V1 9.0
> 100.0
[0200] As in Example 1, the liquid-crystal medium is

introduced into a VA display with TFT addressing. This
display is distinguished, in particular, by very short response
times.

Example 11
[0201]
Compound/ Concentration/
abbreviation % by weight Physical properties
CQY-5-02 13.0 T(N,) =71.0°C.
PCH-304FF 10.0 An (20° C,, 589 nm) =0.0792
PCH-502FF 13.0 e, (20°C, 1 kHz) =8.0
PCH-504FF 14.0 Ae (20° C., 1 kHz) =-42
CCP-302FF 1.0y, (20°C) = 140 mPa-s
CCP-502FF 14.0 Vi (20° C) =20V
CCH-35 8.0
CC-3-V1 9.0
CC-5-V 5.0
CCP-V1 3.0
2z 100.0
[0202] As in Example 1, the liquid-crystal medium is

introduced into a VA display with TFT addressing. This
display is distinguished, in particular, by very short response
times.

[0203] The liquid-crystal mixtures of Examples 1 and 3 to
11 can also be used with good results in IPS displays.

1. A nematic liquid-crystal medium, which comprises

a) a dielectrically negative, liquid-crystalline component
A which comprises one or more dielectrically negative
compounds of the formula I

I
F F

in which

Jan. 23, 2003

-continued

8

and are, independently of one another,

) Qi,
F

R* is alkyl having from 1 to 7 carbon atoms, alkoxy
having from 1 to 7 carbon atoms or alkenyloxy
having from 2 to 7 carbon atoms,

e

R*? is alkyl or alkoxy having from 1 to 7 carbon atoms
or alkenyl, alkenyloxy or alkoxyalkyl having from 2
to 7 carbon atoms, one of

Z" and Z'* is OCF, or CF,0, and the other is a single
bond, and

nis 0 or1, and

b) a dielectrically negative, liquid-crystalline component,
B and

¢) a dielectrically neutral, liquid-crystalline component C,
and

d) a dielectrically positive, liquid-crystalline component
D.

2. A liquid-crystal medium of claim 1, wherein compo-
nent B comprises one or more compounds selected from the
group consisting of the compounds of the formulae IT and IIT

IT

12l—122

1T
CN

in which

I

R! is alkyl or alkoxy having from 1 to 7 carbon atoms or
alkoxyalkyl, alkenyl or alkenyloxy having from 2 to 7
carbon atoms,

R*? is alkyl or alkoxy having from 1 to 7 carbon atoms or
alkoxyalkyl, alkenyl or alkenyloxy having from 2 to 7
carbon atoms,
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7*' and Z** are each, independently of one another, 4. A liquid-crystal medium of claim 2 which comprises
—CH,—CH,—, —CH=CH—, —C=C—, —CO0— one or more compounds of the formula III.
or a single bond, 5. Aliquid-crystal medium of claim 1 which comprises a

component C.
6. A liquid-crystal medium of claim 1, which comprises a

. component D.
o 7. An electro-optical display comprising a liquid-crystal

medium according of claim 1.

8. A display according to claim 7, which is an active
and matrix display.
9. A display according to claim 7 which is an ECB or IPS

display.

10. The liquid-crystal medium of claim 1, wherein R is
and alkyl, alkoxy, or alkenyloxy of Z to 4 carbon atoms and one
of Z" or Z'* is OCF,,.

11. The liquid-crystal medium of claim 5, wherein com-
ponent C comprises at least one compound of the formula

are each, independently of one another, Iv.
v
in which

R*' and R** are each, independently of one another, as
: defined above for R*! in the case of the formula II,

74, Z* and Z*? are each, independently of one another,
F F

—CH,CH,—, —CH=CH—, —COO0O— or a single
bond,
N .
00O
N N N
@
N are each, independently of one another,

! and L* are both C—F or one of the two is N and

the other is C—F,
misOorl,

7’ is —CH,—CH,—, —CH=CH—, —C=(C—,
—COO— or a single bond,

i

R and R*? are each, independently of one another,
alkyl or alkoxy having from 1 to 7 carbon atoms or
alkoxy-alkyl, alkenyl or alkenyloxy having from 2 to
7 carbon atoms, and

Iis1or?2.
3. A liquid-crystal medium of claim 2, which comprises F
one or more compounds of the formula II.

? G
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and very particularly preferably at least two of these rings
-continued

00  -o-g-O

F

(@]
4©7> 4<©>~ or where two adjacent rings are very particularly preferably
N G linked directly to one another, preferably
N
-0~ aoals

N

o and p, independently of one another, are 0 or 1,

12. The liquid-crystal medium of claim 6, wherein com-
ponent D comprises at least one compound of the formula V. or 4@_@7
, , and optionally

d) one or more dielectric positive compound(s) of the
formula V

v
F
¢ - Z52 ” v
q T
Y5

R’ is alkyl or alkoxy having from 1 to 7 carbon atoms,
-continued or alkoxyalkyl, alkenyl or alkenyloxy having from 2

to 7 carbon atoms,
and
73!, Z and Z*® are each, independently of one

another, —CH,—CH,—, —CH=CH—, —C=C—,
—COO— or a single bond,

are each, independently of one another,

-

SRS

and

i

are each, independently of one another,

.



US 2003/0017279 Al

O O

F

X is F, OCF,H or OCF,, and

Y? is H or F, preferably F in the case where X=F or
OCF,H, and

Jan. 23, 2003
28

q and r are each, independently of one another, 0 or
1.

In a further preferred embodiment, the medium com-
prises one or more dielectrically negative com-
pounds of the formula VI.

13. The liquid-crystal medium of claim 1, which com-
prises 5% to 85% by weight of component A, 5% to 85% by
weight of component B, 0 to 50% by weight of component
C and 0 to 40% by weight of component D.

14. A. display according to claim 8, which further com-
prises a this film transistor or varistor.

15. A display according to claim 7, which further com-
prises a three-pole switching element.
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