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7) ABSTRACT

The present invention provides a liquid crystal display
device that, with photo-alignment films, can maintain a
favorable voltage holding ratio for a long period of time and
prevent generation of image sticking and stains on the
display screen. The liquid crystal display device includes: an
active-matrix liquid crystal panel; and a backlight, the liquid
crystal panel including a liquid crystal layer, paired sub-
strates holding the liquid crystal layer in between, and
alignment films disposed on the liquid crystal layer side
surfaces of the respective substrates, the alignment films
each being a photo-alignment film formed from a material
exhibiting photo-alignment performance, the liquid crystal
layer containing a liquid crystal material and a radical
scavenger.
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Fig. 3
Light, heat R« + - OOH
RH + Qp = ROOH = { RO« + + OH (1)
ROO« ++ H

(R : Structure such as alky! group constituting liquid crystal, alignment films, and sealant)

R RH
RO- +-- OH — {ROH +-- o+ (2
ROO » RCOH
{Antioxidant)
+ OOH 0y
0 O - + 4« OH —o -- OH + (1//2)02 (3)
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Fig. 4
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Fig. 5
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to liquid crystal dis-
play devices. More specifically, the present invention relates
to a liquid crystal display device configured to control the
alignment of liquid crystal molecules with alignment films.

BACKGROUND ART

[0002] Liquid crystal display devices are display devices
utilizing a liquid crystal composition for display. The typical
display mode thereof is irradiating a liquid crystal panel
containing a liquid crystal composition sealed between
paired substrates with backlight illumination and applying
voltage to the liquid crystal composition to change the
alignment of the liquid crystal molecules, thereby control-
ling the amount of light passing through the liquid crystal
panel. Such liquid crystal display devices have features
including a thin profile, light weight, and low power con-
sumption, and have therefore been used for electronic
devices such as smartphones, tablet PCs, and car navigation
systems. The pixel resolution has been increased for uses
such as smartphones, which has led to a tendency of an
increase in the number of conductive lines and the area of
the black matrix disposed in the liquid crystal panel.
[0003] In aliquid crystal display device, the alignment of
liquid crystal molecules with no voltage applied is typically
controlled by alignment films on which an alignment treat-
ment has been performed. The alignment treatment has
conventionally been performed by the rubbing method of
rubbing the surface of an alignment film with a tool such as
a roller. However, since the number of the conductive lines
and the area of the black matrix disposed in the liquid crystal
panel have been increased, irregularities are now more likely
to occur on the substrate surfaces in the liquid crystal panel.
With irregularities on the substrate surfaces, the portions
near the irregularities may not be properly rubbed by the
rubbing method. Such a non-uniform alignment treatment
may cause a decrease in the contrast ratio in the liquid
crystal display device.

[0004] In order to deal with this problem, studies and
development have been made on a photo-alignment method
which is an alternative alignment treatment method to the
rubbing method and irradiates the surface of an alignment
film with light. With the photo-alignment method, an align-
ment treatment can be performed without contact with the
surface of the alignment film. The photo-alignment method
therefore has an advantage that alignment treatment is less
likely to be uneven even with irregularities on a substrate
surface, so that a favorable liquid crystal alignment can be
achieved on the entire substrate.

[0005] Moreover, the increase in the number of conductive
lines and the area of the black matrix disposed in the liquid
crystal panel may decrease the area ratio of openings usable
for display (aperture ratio). Such a decrease in the aperture
ratio will be a direct cause of a decrease in the amount of
light that can pass through the liquid crystal panel. Signifi-
cantly increasing the luminance of the backlight has there-
fore been considered to maintain the display performance,
including the contrast ratio, of liquid crystal display devices.
[0006] Meanwhile, liquid crystal compositions used for
liquid crystal display devices have been desired to have
higher stability such that the compositions can withstand the
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load in the production processes of liquid crystal display
devices and contribute to long-term stability of the produced
liquid crystal display devices. For example, Patent Literature
1 discloses addition of an antioxidant and a light stabilizer
to the liquid crystal composition. Patent Literature 2 also
discloses addition of a stabilizer to the liquid crystal com-
position (see Table C in paragraphs [0208] to [0211]).

CITATION LIST

Patent Literature

[0007] Patent Literature 1: JP 2007-197731 A
[0008] Patent Literature 2: JP 2011-515543 T
SUMMARY OF INVENTION
Technical Problem
[0009] To respond to the increased pixel resolution, the

photo-alignment method has been developed and the lumi-
nance of the backlight has been increased. These attempts,
however, have been found to result in an increased tendency
of occurrence of stains (unevenness) at the edges of the
screen of a liquid crystal panel and at the edges of a
displayed box pattern. Such defects at the edges of a
displayed box pattern are detected as image sticking.
[0010] The inventors of the present invention have made
various studies, and came to an idea that the image sticking
and stains described above occur through the following
steps.

[0011] (1) Generation of Radicals

[0012] TIrradiation of the liquid crystal panel with backlight
illumination (amount of energy: hv) excites a photo-func-
tional group contained in the photo-alignment films as
shown in the following scheme (A-I), causing the photo-
functional group to cleave and thereby generate radicals.
Especially in the case of using a backlight with an increased
luminance, the generation of radicals is noticeable.

(A-D)

Pur L [Par¥] — 2Ry

P;: Photo-functional group in photo-alignment film
R,;: Radical generated from photo-alignment film

(2-1) First Ion Generation

[0013] The radicals generated in the photo-alignment
films are released into the liquid crystal layer, and the
released radicals are ionized.

(2-2) Second Ion Generation

[0014] The radicals generated in the photo-alignment
films are released into the liquid crystal layer and transfer
from the photo-functional groups to the liquid crystal mol-
ecules, so that the liquid crystal molecule are ionized.

(3) Decrease in Voltage Holding Ratio

[0015] The ions in the liquid crystal layer accumulate at
the edges of the screen of the liquid crystal panel or at the
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edges of a displayed box pattern. The voltage holding ratio
(VHR) at these edges decreases to cause the image sticking
and stains described above.

[0016] As described above, some conventional liquid
crystal compositions contain additives such as an antioxi-
dant and a light stabilizer. These additives, however, could
not solve the problems unique to the use of photo-alignment
films. That is, in liquid crystal display devices, in the case
that oxygen in the outside enters the liquid crystal panel to
oxidize the liquid crystal material, the oxidants may unfor-
tunately cause image sticking and stains in the displayed
images. In order to prevent these defects, additives such as
an antioxidant having a function of eliminating oxygen from
the oxidants generated under light or heat in the presence of
oxygen have conventionally been added to the liquid crystal
composition. Yet, in the case that radicals are generated from
the photo-alignment films and react with the antioxidant, the
reaction consumes the antioxidant. The antioxidant therefore
fails to function as intended, allowing oxidation of the liquid
crystal molecules and the alignment films to proceed. The
oxidants generated here may also be ionized to cause a
decrease in the voltage holding ratio.

[0017] The present invention has been made in view of
such a current state of the art, and aims to provide a liquid
crystal display device that, with photo-alignment films, can
maintain a favorable voltage holding ratio for a long period
of time and prevent generation of image sticking and stains
on the display screen.

Solution to Problem

[0018] The inventors of the present invention have
focused on the decrease in the voltage holding ratio at the
edges of the screen of the liquid crystal panel and the edges
of a displayed box pattern in a liquid crystal display device
with photo-alignment films, which causes defects such as
image sticking and stains on the display screen. The inven-
tors of the present invention have then made intensive
studies, and have first found that the defects are caused by
a phenomenon in which radicals are generated in the photo-
alignment films exposed to the backlight illumination and
the generated radicals are released into the liquid crystal
layer. The inventors have found that this problem can be
solved by adding a radical scavenger to the liquid crystal
layer, thereby completing the present invention.

[0019] One aspect of the present invention may be a liquid
crystal display device, including: an active-matrix liquid
crystal panel; and a backlight. The liquid crystal panel may
include a liquid crystal layer, paired substrates holding the
liquid crystal layer in between, and alignment films disposed
on the liquid crystal layer side surfaces of the respective
substrates. The alignment films may each be a photo-
alignment film formed from a material exhibiting photo-
alignment performance. The liquid crystal layer may contain
a liquid crystal material and a radical scavenger.

Advantageous Effects of Invention

[0020] The liquid crystal display device of the present
invention, having the above configuration, can deactivate the
radicals released into the liquid crystal layer with the radical
scavenger, preventing a decrease in the voltage holding
ratio. Thus, the liquid crystal display device, with photo-
alignment films, can maintain a favorable voltage holding
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ratio for a long period of time and prevent generation of
image sticking and stains on the display screen.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1 is a cross-sectional view schematically
illustrating a liquid crystal display device of the present
embodiment.

[0022] FIG. 2 is a view describing the reaction mechanism
of deactivating radicals generated from photo-alignment
films with a hindered amine compound (radical scavenger).
[0023] FIG. 3 is a view describing the effect of a phenolic
antioxidant in the present invention.

[0024] FIG. 4 is a view describing the reaction between a
phenolic antioxidant and a photo-reactive film.

[0025] FIG. 5 is a graph showing changes over time in the
voltage holding ratio of the liquid crystal panels of Example
1 and Comparative Examples 1 and 2.

DESCRIPTION OF EMBODIMENTS

[0026] Hereinafter, an embodiment of the present inven-
tion is described. The contents of the following embodiment
are not intended to limit the scope of the present invention,
and the design may appropriately be changed within the
spirit of the configuration of the present invention.

[0027] FIG. 1 is a cross-sectional view schematically
illustrating a liquid crystal display device of the present
embodiment. The liquid crystal display device of the present
embodiment includes an active-matrix liquid crystal panel
20 and a backlight 10. The liquid crystal panel 20 includes
a liquid crystal layer 23, paired substrates 21 holding the
liquid crystal layer 23 in between, and alignment films 22
disposed on the liquid crystal layer 23 side surfaces of the
respective substrates 21. The alignment films 22 each are a
photo-alignment film formed from a material exhibiting
photo-alignment performance. The liquid crystal layer 23
contains a liquid crystal material and a radical scavenger.
[0028] The active-matrix liquid crystal panel 20 may be
any active-matrix liquid crystal panel including the liquid
crystal layer 23, the substrates 21 holding the liquid crystal
layer 23 in between, and the alignment films 22 disposed on
the liquid crystal layer 23 side surfaces of the respective
substrates 21, and can be a common liquid crystal panel in
an active-matrix display mode. In the active-matrix display
mode, usually, signal voltage is applied to the electrodes
through thin-film transistors (TFTs) while the active ele-
ments such as the TFTs in the respective pixels are on, and
the charges supplied to the pixels are held while the active
elements are off. The ratio of holding the supplied charges
during one frame (for example, 16.7 ms) is the voltage
holding ratio (VHR). That is, a low VHR means that the
voltage applied to the liquid crystal layer is likely to decay
over time. Thus, in the active-matrix display mode, a high
VHR is desired.

[0029] Examples of the paired substrates 21 include a
combination of an active matrix substrate (TFT substrate)
and a color filter (CF) substrate. The active matrix substrate
can be one commonly used in the field of liquid crystal
display devices. The configuration of the active matrix
substrate in a plan view may be one including, on a
transparent substrate, gate signal lines parallel to each other;
source signal lines that extend in the direction orthogonal to
the gate signal lines and are parallel to each other; active
elements such as TFTs disposed on the respective intersec-
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tions of the gate signal lines and the source signal lines; and
pixel electrodes disposed in a matrix form in the respective
regions defined by the gate signal lines and the source signal
lines, for example. In the case of a horizontal alignment
mode, the configuration further includes common lines and
counter electrodes connected to the common lines, for
example. Suitable examples of the TFTs include those
including a channel made of an oxide semiconductor,
indium-gallium-zinc-oxide (IGZO).

[0030] The color filter substrate can be one commonly
used in the field of liquid crystal display devices. The
configuration of the color filter substrate may be one includ-
ing, on a transparent substrate, a black matrix formed in a
grid pattern, and color filters formed inside the respective
grids, i.e., pixels, for example.

[0031] Here, both the color filters and the active matrix
may be formed on one of the paired substrates 21.

[0032] The substrates 21 and the liquid crystal layer 23
hold the respective alignment films 22 in between. Each
alignment film 22 has a function of controlling the alignment
of liquid crystal molecules in the liquid crystal layer 23.
With voltage lower than the threshold voltage applied to the
liquid crystal layer 23 (including the case of no voltage
application), the liquid crystal display device mainly utilizes
the alignment films 22 to control the alignment of the liquid
crystal molecules in the liquid crystal layer 23. The angle of
the major axis of each liquid crystal molecule from the
surface of one of the substrates 21 in such a controlled state
is referred to as a “pre-tilt angle”. The “pre-tilt angle” as
used herein refers to the angle of tilt of liquid crystal
molecules from the direction parallel to the substrate sur-
face, with the angle direction parallel to the substrate surface
being 0° and the angle direction which is the same as the
substrate surface normal direction being 90°.

[0033] The alignment films 22 may provide any pre-tilt
angle to the liquid crystal molecules. The alignment films 22
may be horizontal alignment films or vertical alignment
films, but are preferably horizontal alignment films. In the
case that the alignment films 22 are horizontal alignment
films, the pre-tilt angle is preferably substantially 0° (e.g.,
smaller than 10°), more preferably 0° for achievement of the
effect of maintaining favorable contrast characteristics for a
long period of time. In the case that the display mode is the
IPS mode or FFS mode, the pre-tilt angle is also preferably
0° from the viewpoint of viewing angle characteristics,
whereas in the case that the display mode is the TN mode,
the pre-tilt angle is preferably set to about 2°, for example,
due to the restrictions in the mode.

[0034] The alignment films 22 are photo-alignment films
formed from a material exhibiting photo-alignment perfor-
mance. The material exhibiting photo-alignment perfor-
mance means any general material that, when irradiated with
light (electromagnetic waves) such as ultraviolet light or
visible light, undergoes a structural change to exhibit per-
formance (alignment force) of controlling the alignment of
the nearby liquid crystal molecules, or to change in the
alignment force power and/or direction.

[0035] Examples of the material exhibiting photo-align-
ment performance include those including a photo-reactive
site that undergoes a reaction such as dimerization (dimer
formation), isomerization, photo-Fries rearrangement, or
decomposition, when irradiated with light. Suitable
examples of the photo-reactive site (functional group) that
undergoes dimerization and isomerization when irradiated
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with light include cinnamate represented by the following
formula (B-1), 4-chalcone represented by the following
formula (B-2-1), 4'-chalcone represented by the following
formula (B-2-2), coumarin represented by the following
formula (B-3), and stilbene represented by the following
formula (B-4). The following scheme (B-1-I) shows the
isomerization and dimerization reactions of cinnamate.

(B-1

|
0]
x
(B-2-1)
[¢]
X
(B-2-2)
7
N
AN
—0O
7
N
(B-3)
O
\ [0}
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-continued

B-4)

X
(B-1-])

(@)
>/_§:§ Isomerlzatlon
Dlmenzatlon
Cinnamate

[0036] Suitable examples of the photo-reactive site (func-

tional group) that undergoes isomerization when irradiated
with light include azobenzene. The following formula (B-5-
1) shows trans-azobenzene, and the following formula (B-5-
2) shows cis-azobenzene.

(B-5-1)

Z
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-continued
(B-5-2)

N,
%N

[0037] Suitable examples of the photo-reactive site that

undergoes photo-Fries rearrangement when irradiated with
light include a phenolic ester structure represented by the
following formula (B-6). The phenol ester structure under-
goes photo-Fries rearrangement as shown in the following
scheme (B-6-1).

(B-6)

(B-6-1)

[0038] Suitable examples of the photo-reactive site that
undergoes decomposition when irradiated with light include
a cyclobutane structure. Examples of photo-alignment films
containing a cyclobutane structure include a polymer
obtained by copolymerizing the following monomers: an
acid anhydride that is represented by the following formula
(B-7-1) and contains a cyclobutane structure; and an amine
compound represented by the following formula (B-7-2). As
shown in the following scheme (B-7-I), the cyclobutane
structure in this polymer cleaves when irradiated with light,
exhibiting photo-alignment performance. The hydrogen
atoms in the cyclobutane structure shown in the following
formula (B-7-1) may each be replaced by another atom or a
functional group.
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(B-7-1)
o 0
o
0 0
I O
(B-7-2)
HZNOOONHZ
0
H
o) 0 +
H H
0 0
(B-7-1)
ZNOOONHZ
(B-7-2)

M@{%
0G0

(B-7-1)

[0039] The present embodiment may employ a polymer
sustained alignment (PSA) technique. The PSA technique
fixes the initial tilt (pre-tilt) of the liquid crystal using a
polymer. The polymer here is formed on the surfaces of the
alignment films 22 by sealing a liquid crystal composition
containing a photo-polymerizable monomer between the
paired substrates 21, and irradiating the resulting liquid
crystal layer 23 with light to polymerize the photo-polym-
erizable monomer.

[0040] Examples of a configuration employing the PSA
technique include one including, on the liquid crystal layer
23 side surface of each of the alignment films 22, a layer
containing a polymer tat is obtained by polymerizing a
photo-polymerizable monomer represented by the following
formula (C):

AL-Y-A2 ©)

wherein Y represents a structure containing at least one
benzene ring and/or a condensed benzene ring; hydrogen
atoms in the benzene ring and the condensed benzene ring
may each be replaced by a halogen atom; at least one of Al
and A2 represents an acrylate or a methacrylate; and Al and
A2 each directly bind to the benzene ring or the condensed
benzene ring.

[0041] The skeleton Y in the above formula (C) is pref-
erably a structure represented by the following formula
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(C-1), (C-2), or (C-3). The hydrogen atoms in the following
formulas (C-1), (C-2), and (C-3) may each individually be
replaced by a halogen atom.

[0042] Specific examples of the photo-polymerizable
monomer represented by the above formula (C) include

those represented by the following formula (C-1-1), (C-1-2),
or (C-3-1).

€1

(€3)

€-1-1)

OO
OO
O

[0043] In the present embodiment, the liquid crystal layer
23 contains a liquid crystal material and a radical scavenger.

(€-1-2)

€31

<Liquid Crystal Material>

[0044] The liquid crystal material may have a negative or
positive value for the anisotropy of dielectric constant (AC)
defined by the following formula (P). That is, the liquid
crystal material may have negative anisotropy of dielectric
constant or positive anisotropy of dielectric constant. The
liquid crystal material having negative anisotropy of dielec-
tric constant may be one with an anisotropy of dielectric
constant A€ of -1 to =20, for example. The liquid crystal
material having positive anisotropy of dielectric constant
may be one with an anisotropy of dielectric constant AE of
1 to 20, for example.

AE=(dielectric constant in the major axis direction)-
(dielectric constant in the minor axis direction) ®
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[0045] In conventional liquid crystal display devices with-
out any radical scavengers, the defects, namely image stick-
ing and stains, tend to appear more significantly in the case
of a liquid crystal material having negative anisotropy of
dielectric constant than in the case of a liquid crystal
material having positive anisotropy of dielectric constant.
This is presumably because large polarization appears in the
minor axis direction in a liquid crystal material having
negative anisotropy of dielectric constant, with which the
liquid crystal display device becomes more susceptible to a
decrease in VHR when the liquid crystal molecules are
ionized. That is, the radical scavenger used in the present
invention achieves a large effect in a system utilizing a liquid
crystal material having negative anisotropy of dielectric
constant and photo-alignment films in combination.

[0046] The liquid crystal material preferably contains at
least a compound containing an alkenyl structure. Examples
of the compound containing an alkenyl structure include
compounds represented by the following formula (D-1),
(D-2), or (D-3).

CnHZWr 14<:>_<:>7% - CH2

(-1

(D-2)

CnH2n+14<:>_<:>7 _C .
(D-3)
CnH2n+14<:>—<:>—é CHy 5 G =CH,

In the formulas, m and n are the same or different integers,
and are each preferably 1 to 6.

[0047] Specific examples of the compounds containing an
alkenyl structure represented by the above formula (D-1)
include those represented by the following formula (D-1-1).

C3H7_<:>_<:>_ %I:CHZ

[0048] The liquid crystal material preferably contains at
least a compound containing an alkoxy structure. Examples
of the compound containing an alkoxy structure include
compounds represented by the following formula (E-1),
(E-2), (E-3), (E-4), or (E-5).

(D-1-1)

E-1)

CnHzn lmoc HZWH
‘ O OC Hzmﬂ

CnHZn 1
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-continued
E3)
CnH2n+l . O O OCWH2m+l
E-4

F F
CnH2n14<:>_<j>70CmH2m+l
E-5)
F F

In the formulas, m and n are the same or different integers,
and are each preferably 1 to 7.

[0049] Specific examples of the compounds containing an
alkoxy structure represented by the above formula (E-3)
include compounds represented by the following formula
(E-3-1).

(B-3-1)

F F
C3H7 OC2H5

<Radical Scavenger>

[0050] The radical scavenger may be any radical scaven-
ger that is reactive with alignment film radicals generated
from the photo-alignment films and with liquid crystal
radicals formed by transfer of the alignment film radicals to
the liquid crystal, and that thereby deactivates the alignment
film radicals and the liquid crystal radicals. Suitable
examples thereof include hindered amine compounds. The
hindered amine compounds are regarded as having a ten-
dency of being concentrated in the vicinities of the align-
ment films and being able to selectively react with alignment
film radicals generated from the photo-alignment films
because they are not much soluble in a liquid crystal material
but are highly compatible with amine and carboxylic acid
present in the photo-alignment films.

[0051] FIG. 2 is a view describing the reaction mechanism
of deactivating radicals generated from photo-alignment
films with a hindered amine compound (radical scavenger).
As shown in the scheme (A-I) in FIG. 2, a photo-functional
group P, in the photo-alignment films is excited to generate
alignment film radicals R,; when irradiated with light
(amount of energy: hv). As shown in the scheme (A-II) in
FIG. 2, a hindered amine compound added to the liquid
crystal material constituting the liquid crystal layer 23 can
selectively react with an alignment film radical R,; to
deactivate the alignment film radical R ;;. Here, the hindered
amine compound itself having reacted with an alignment
film radical R ; is turned into a hindered amine radical. The
R, in the scheme (A-II) represents a hydrocarbon group
derived from the hindered amine compound. As shown in
the scheme (A-11I) in FIG. 2, the hindered amine radical then
binds to another alignment film radical R ;, so that both the
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hindered amine radical and the alignment film radical R,
disappear. Also, as shown in the scheme (A-1V) in FIG. 2,
the compound formed as a result of binding of the hindered
amine radical to the alignment film radical R ,; also func-
tions as a radical scavenger by further reacting with yet
another alignment film radical R,; to generate another
hindered amine radical. The resulting hindered amine radi-
cal is also a radical scavenger reactive with an alignment
film radical R ;;, as shown in the scheme (A-III). Through
these steps, a circulative cycle of scheme (A-I)—scheme
(A-Il)—>scheme (A-III)—>scheme (A-I)—=scheme (A-IV)
—sscheme (A-IlT)—and so forth proceeds in a system to
which a hindered amine compound (radical scavenger) is
added. As a result, the radical scavenger can keep deacti-
vating the generated radicals without reduction in its
amount, and therefore can keep inhibiting generation of ions
from the radicals for a long period of time. That is, a small
amount of the hindered amine compound (radical scavenger)
enables reduction of a decrease in VHR due to exposure to
the backlight illumination for a long period of time.
[0052] Also, the hindered amine compound, being highly
reactive with radicals generated from the photo-alignment
films, can readily deactivate the radicals in the liquid crystal
layer 23. Hence, in the case of using the hindered amine
compound together with an antioxidant, the hindered amine
compound can effectively lessen the chance for the antioxi-
dant to react with and be consumed by the radicals generated
from the photo-alignment films, and thus can also lessen the
chance of generation of oxides in the liquid crystal layer.
Accordingly, the hindered amine compound can also prevent
image sticking and stains caused by oxides.

[0053] Furthermore, as a result of greatly reducing gen-
eration of ions in the liquid crystal layer 23 with a radical
scavenger such as a hindered amine compound, the frame

(F-1-1)

o
HO—N 0
0 N—OH
0
o
HO—N 0
0
HO—N SN
0 N—OH
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duration in driving of the liquid crystal display device can be
lengthened. That is, a radical scavenger enables driving of
the liquid crystal display device at a low frequency, and
thereby enables reduction of the power consumption to a
low level.

[0054] Examples of the hindered amine compound include
compounds represented by the following formula (F-1) or
(F-2), with particularly suitable examples being compounds
represented by the following formula (F-1).

(F-1)

X N—OR

[0055] In the formulas, X represents a monovalent organic
group and R represents a hydrocarbon group.

[0056] Specific examples of the hindered amine com-
pounds represented by the above formula (F-1) include
compounds represented by the following formula (F-1-1),
(F-1-2), (F-1-3), (F-1-4), or (F-1-5).

(F-1-2)

}O‘N OMO N_o{

(F-1-3)

N—OH

(F-1-4)

(F-1-5)

@og}w@o{go@
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[0057] Specific examples of the hindered amine com-
pounds represented by the above formula (F-2) include
compounds represented by the following formula (F-2-1) or
(F-2-2). The hindered amine compound may have a structure
similar to the compounds represented by the above formula
(F-2), such as a compound represented by the following
formula (F-2-3) obtained by replacing the hydrogen atom
with a methyl group.

(F-2-1)

Zm

Tz

I3
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(F-22)
HN NH
(F-2-3)
CH;
N
0)
6]
0] O
N
|
CH3
[0058] The hindered amine compound may have a struc-

ture containing a radical site as shown in a compound
represented by the following formula (F-3). Specific
examples thereof include structures represented by the fol-
lowing formula (F-3-1), (F-3-2), or (F-3-3).

(F-3-1)

DNQ

(F-3-2)
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(F-3-3)
«0—N O\/\/\
(0] N—O-
[0059] The concentration of the radical scavenger (hin- the radicals and turns into an antioxidant radical. Here, the

dered amine compound) is preferably in the range of 1 ppm
to 1000 ppm. The radical scavenger contained at a concen-
tration in such a range can sufficiently deactivate radicals
generated from the photo-alignment films, particularly suf-
ficiently achieving the effect of reducing a decrease in VHR.
Here, since radicals of a hindered amine are stable, too high
a concentration of the hindered amine compound may not be
suited for reduction of a decrease in VHR. For this reason,
the later-described antioxidant may also be added instead of
increasing the concentration of the hindered amine com-
pound. The upper limit of the concentration of the radical
scavenger (hindered amine compound) is more preferably
500 ppm, still more preferably 250 ppm.

<Antioxidant>

[0060] The liquid crystal layer 23 may further contain an
antioxidant. The antioxidant may be any antioxidant that is
more reactive with oxygen or oxides than with the liquid
crystal material. Suitable examples thereof include phenolic
antioxidants.

[0061] FIG. 3 is a view describing the effect of a phenolic
antioxidant in the present invention. As shown in the scheme
(1) in FIG. 3, when oxygen enters the liquid crystal panel
and the panel is exposed to light or heat energy, a structure
such as an alkyl group (R) contained in the liquid crystal
material, alignment films, and sealant is oxidized into an
oxidant (ROOH). The oxidant generates radicals which are
ionized in the absence of an antioxidant or radical scavenger.
When the liquid crystal material is oxidized and then ion-
ized, ions are generated in the liquid crystal layer 23. In
addition, also when the alignment films and sealant are
oxidized, the oxidants dissociated from the polymers con-
stituting the alignment films and the sealant are ionized and
released into the liquid crystal layer 23, so that ions are
generated in the liquid crystal layer 23. The ions in the liquid
crystal layer 23 decrease the VHR. In contrast, as shown in
the schemes (2) and (3) in FIG. 3, an antioxidant added
reacts with radicals before the radicals are ionized, prevent-
ing generation of ions caused by oxidation of the liquid
crystal material, photo-alignment films, and sealant. Also,
since the amount of the antioxidant does not decrease in the
cycles shown in the schemes (2) and (3) in FIG. 3, the
antioxidant can prevent ionization of radicals for a long
period of time.

[0062] As shown in FIG. 3, the antioxidant undergoes the
repeated cycle of hydrogen group elimination—=addition-
—¢limination to eliminate (reduce) oxygen from oxides, and
thereby reduce degradation (decomposition and ionization)
due to oxidation for a long period of time. Still, the anti-
oxidant may be consumed in a reaction between the anti-
oxidant and the photo-alignment films, for example. FIG. 4
is a view describing the reaction between a phenolic anti-
oxidant and a photo-reactive film. As shown in FIG. 4, in the
case that a cinnamate group (photo-functional group)
cleaves to generate radicals when irradiated with ultraviolet
light from the backlight, the antioxidant reacts with any of

antioxidant radical may bind to the photo-alignment film
side radical generated upon cleavage of the cinnamate
group. In this case, since the antioxidant having bound to the
photo-alignment film side radical cannot be converted back
to the antioxidant, the amount of the antioxidant in the liquid
crystal layer 23 gradually decreases. Such consumption of
the antioxidant for a long period of time may inhibit suffi-
cient prevention of oxidation of the liquid crystal layer 23
and the photo-alignment films. Although FIG. 4 illustrates
the case of a cinnamate group, the consumption of the
antioxidant has been found to occur in the same manner also
in the case of another photo-functional group such as an
azobenzene group. In order to prevent such consumption of
the antioxidant, the present embodiment utilizes an antioxi-
dant in combination with a radical scavenger. A radical
scavenger traps radicals in the alignment films and the liquid
crystal regardless of whether the radicals are generated by
oxides or not, and prevents ionization of the radicals by
repeating trapping and releasing the radicals. With a radical
scavenger that is more reactive with the radicals than the
antioxidant and keeps trapping the radicals in the photo-
alignment films and the liquid crystal, the antioxidant is
presumably prevented from being consumed in the above
reaction and can maintain the anti-oxidation function.

[0063] Examples of the phenolic antioxidants include
those represented by the following formula (G). Specific
examples thereof include those represented by the following
formula (G-1), (G-2), or (G-3).

©

In the formula, X represents a monovalent organic group.

G-1)

CnH2n+l OH
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-continued

CﬂHaﬁOA@OH
CHH%@OH

In the formulas, n represents an integer and is preferably an
integer of 3 to 20.

[0064] Specific examples of the phenolic antioxidants
represented by the above formula (G) include compounds
represented by the following formula (G-a), (G-b), (G-¢),
(G-d). (G-e), (G-, or (G-g).

C3H7 @_@OH
0

c;m{ OH
o}
@m{

G-2)

(G-3)

G-2)

(G-b)

(G-c)

C15H3,CO0
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Sep. 28,2017
-continued
(G-d)
CcO0 OH
CsHyf
(G-e)
%
OH
G-D
7
O

w
HzC 180COC2H4—< §OH

[0065] The concentration of the antioxidant is preferably
in the range of 1 ppm to 10 wt %. The antioxidant contained
at a concentration in such a range can prevent oxygen having
entered the liquid crystal panel from the outside from
oxidizing the liquid crystal material, effectively preventing
image sticking and stains due to oxides. Also, the antioxi-
dant, as well as the radical scavenger, can partially deacti-
vate radicals generated from the photo-alignment films,
particularly sufficiently achieving the effect of reducing a
decrease in VHR. The lower limit of the concentration is
more preferably 10 ppm, while the upper limit is more
preferably 5 wt %, still more preferably 1 wt %.

[0066] The alignment mode of the liquid crystal panel is
not particularly limited, and may be, for example, a hori-
zontal alignment mode such as a fringe field switching (FFS)
mode or an in-plane switching (IPS) mode; a vertical
alignment mode; or a twisted nematic (TN) mode.

[0067] In the case that the alignment mode of the liquid
crystal panel is a horizontal alignment mode, radicals are
likely to be generated from the photo-alignment films.
Hence, the effect of adding a radical scavenger can be
significant. More specifically, the photo-alignment treatment
(irradiation with polarized UV light) in a vertical alignment

G-g)
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mode is just setting the pre-tilt angle direction to a direction
slightly tilted from 90°, while the photo-alignment treatment
in a horizontal alignment mode requires control of the
azimuth direction (direction in the substrate plane) of the
liquid crystal alignment with a higher precision. The irra-
diation dose in the photo-alignment treatment in the hori-
zontal alignment mode is therefore usually one or more
digits greater than that in the vertical alignment mode, and
the treatment is accompanied by an adverse effect that a
larger number of radicals are likely to be generated than that
in the vertical alignment mode. Since the radical scavenger
contained in the liquid crystal layer can deactivate the
radicals generated in the photo-alignment treatment, the
radical scavenger can effectively prevent the radicals from
remaining in the completed liquid crystal panel (after injec-
tion of liquid crystal).

[0068] In the FFS mode, at least one of the substrates 21
includes a structure (FFS electrode structure) with a planar
electrode, slit electrodes, and an insulating film disposed
between the planar electrode and the slit electrodes, so that
oblique electric fields (fringe electric fields) are generated in
the liquid crystal layer 23 adjacent to the substrate 21.
Typically, the components are disposed in the order from the
liquid crystal layer 23 side of the slit electrodes, the insu-
lating film, and the planar electrode. Each slit electrode may
be, for example, a slit electrode including linear openings
(slits) entirely surrounded by the electrode, or a comb-
shaped slit electrode provided with comb teeth and linearly
cut portions (slits) that are formed between the comb teeth.
[0069] In the IPS mode, at least one of the substrates 21
includes paired comb electrodes which generate transverse
electric fields in the liquid crystal layer 23 adjacent to the
substrate 21. The paired comb electrodes may be, for
example, electrodes that are each including comb teeth and
are disposed with the comb teeth of the respective electrodes
being engaged with each other.

[0070] Inthe liquid crystal panel 20 of the present embodi-
ment, typically, the paired substrates 21 are attached to each
other with the sealant (not illustrated) disposed to surround
the liquid crystal layer 23, so that the liquid crystal layer 23
is held in the given region. The sealant may be, for example,
an epoxy resin containing inorganic or organic filler and a
curing agent.

[0071] The paired substrates 21 each may be provided
with a polarizer (linear polarizer) on the side opposite to the
liquid crystal layer 23. Typical examples of the polarizer
include those obtained by aligning a dichroic anisotropic
material such as an iodine complex adsorbed on a polyvinyl
alcohol (PVA) film. Generally, each surface of the PVA film
is laminated with a protective film such as a triacetyl
cellulose film before the film is put into practical use. An
optical film such as a retardation film may be disposed
between the polarizer and each of the substrates 21.
[0072] As illustrated in FIG. 1, the liquid crystal display
device of the present embodiment is provided with the
backlight 10 on the back surface side of the liquid crystal
panel. A liquid crystal display device with such a configu-
ration is usually called a transmissive liquid crystal display
device. The backlight 10 may be any backlight that emits
light including visible light, and may be one that emits light
with only visible light or emits light including both visible
light and ultraviolet light. In order to enable the liquid
crystal display device to provide color display, a backlight
emitting white light is suitable for the backlight 10. The
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suitable types of the backlight 10 include, for example, light
emitting diodes (LEDs). The “visible light” as used herein
refers to light (electromagnetic waves) having a wavelength
of 380 nm to shorter than 800 nm.

[0073] The present invention has a feature in deactivating,
with a radical scavenger, radicals generated from the photo-
alignment films under exposure to the backlight 10 illumi-
nation. The radical scavenger can therefore be effectively
used in the case that the emission spectrum of the backlight
10 at least partially overlaps the absorption spectra of the
photo-alignment films.

[0074] The liquid crystal display device of the present
embodiment has a configuration including, as well as the
liquid crystal panel 20 and the backlight 10, components
such as external circuits such as a tape-carrier package
(TCP) and a printed circuit board (PCB); optical films such
as a viewing angle-increasing film and a luminance-increas-
ing film; and a bezel (frame). Some components, if appro-
priate, may be incorporated into another component. In
addition to the components described above, the liquid
crystal display device may include any components that are
usually used in the field of liquid crystal display devices. The
additional components are therefore not described here.

[0075] Each and every detail described for the above
embodiment of the present invention shall be applied to all
the aspects of the present invention.

[0076] The present invention is described below in more
detail based on examples and comparative examples. The
examples, however, are not intended to limit the scope of the
present invention.

Example 1

[0077] A liquid crystal panel in the fringe field switching
mode (FFS mode) was actually produced by the following
method.

[0078] First, a TFT substrate including components such
as TFTs and FFS electrode structures and a color filter
substrate (CF substrate) including components such as a
black matrix and color filters were prepared. To the surface
of each of the TFT substrate and the CF substrate was
applied an alignment film solution. The solids content of the
alignment film solution was a polymer material containing a
polyamic acid structure and a photo-reactive azobenzene
structure in the main chain.

[0079] In order to volatilize the solvent in the alignment
film solution, the substrates were heated at 70° C. Subse-
quently, the photo-alignment treatment was performed by
irradiating the surfaces of the substrates with linearly polar-
ized light having a dominant wavelength of 365 nm with an
intensity of 2000 mJ/cm?. The polarization direction of the
linearly polarized light was set to be orthogonal to the
alignment direction of the liquid crystal. The azobenzene
structure, when irradiated with linearly polarized light,
underwent a trans-cis isomerization reaction, thereby exert-
ing the alignment force. The trans-azobenzene has a struc-
ture represented by the following formula (B-5-1), and the
cis-azobenzene has a structure represented by the following
formula (B-5-2).
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(B-5-1)

(B-5-2)

V4

[0080] The substrates were then heated (post-baked) at
220° C. The post-baking caused partial imidization (cyclo-
dehydration) of the polyamic acid structure to generate a
polyimide structure. Thereby, horizontal alignment films
exerting a sufficient alignment force were obtained by
photo-irradiation. The post-baked alignment films each had
a thickness of 100 nm.

[0081] A liquid crystal composition was dropped on the
TFT substrate, while a heat/visible light-curable sealant was
poured with a dispenser on the CF substrate. The TFT
substrate and the CF substrate were then attached to each
other, so that the liquid crystal composition was sealed
between the substrates. During attachment of the substrates,
the sealant was exposed to light for curing, with the display
region shielded from light.

[0082] The liquid crystal composition used was one
obtained by adding a hindered amine compound (radical
scavenger) represented by the following formula (F-1-2) to
a liquid crystal material containing a compound with an
alkenyl structure represented by the following formula (D-1-
1). The concentration of the hindered amine compound in
the whole liquid crystal composition was 200 ppm. The
liquid crystal material had negative anisotropy of dielectric
constant (A&=-3.5).
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[0083] The liquid crystal composition was then heated at
130° C. for 40 minutes, and thereby the liquid crystal
molecules were re-aligned. Paired polarizers were attached
to the back surface side of the TFT substrate (backlight
illumination incident surface side) and the viewing side of
the CF substrate (backlight illumination emission surface
side), with the polarization axes being arranged in crossed
Nicols. Thereby, a FFS mode liquid crystal panel was
produced. A backlight with white LEDs was then mounted
on the back surface side of the liquid crystal panel, whereby
a liquid crystal display device of Example 1 was completed.

Comparative Example 1

[0084] A FFS mode liquid crystal panel was produced by
the same procedure as that in Example 1 except that the
hindered amine compound was not added to the liquid
crystal composition.

Comparative Example 2

[0085] A FFS mode liquid crystal panel was produced by
the same procedure as that in Example 1, except that the
photo-alignment films exerting an alignment force by photo-
irradiation were replaced by rubbed alignment films exerting
an alignment force by rubbing treatment, and that the
hindered amine compound was not added to the liquid
crystal composition.

[0086] In Comparative Example 2, the solids content in
the alignment film solution was a polymer material contain-
ing a polyamic acid structure in the main chain. Also, the
photo-alignment treatment was not performed, and the rub-
bing treatment was performed.

(Evaluation Test 1)

[0087] The liquid crystal panels produced in Example 1
and Comparative Examples 1 and 2 each were kept being
electrically charged with the backlight on, such that changes
over time in the voltage holding ratio were determined. FIG.
5 is a graph showing changes over time in the voltage
holding ratio of the liquid crystal panels of Example 1 and
Comparative Examples 1 and 2.

[0088] As shown in FIG. 5, comparison between Example
1 and Comparative Example 1 shows that addition of the
hindered amine compound to the liquid crystal material
reduced the decrease in the voltage holding ratio. Compari-
son between Comparative Example 1 and Comparative
Example 2 shows that the significant decrease in the voltage
holding ratio in Comparative Example 1 was due to the
photo-alignment films. In other words, the results clearly
show that the effects obtained in Example 1 can be achieved
more markedly with a combination of the radical scavenger
(hindered amine compound) and the photo-alignment films.
[0089] The decrease in the voltage holding ratio due to the
photo-alignment films was presumably caused by the fol-
lowing mechanism.

[0090] The azobenzene structure contained in the photo-
alignment films used in Example 1 and Comparative
Example 1 is alignment-treated by light having a wavelength
of 365 nm which is in a region near the visible light region.
Meanwhile, the backlight of the liquid crystal display device
mainly emits light including visible light for color display.
Here, the results of Comparative Example 1 suggest that the
short wavelength side of the backlight emission spectrum
and the long wavelength side of the absorption spectrum of
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the azobenzene structure slightly overlapped each other,
though the overlap may not have been easily detected in an
actual spectrum analysis, and thus radicals were generated.
For example, as shown in the following reaction scheme, the
backlight illumination may have caused a light cleavage
reaction of the azobenzene structure. In contrast, the results
of Example 1 show that the hindered amine compound
effectively deactivated the radicals generated in the reaction
of the photo-alignment films, preventing a decrease in the
voltage holding ratio.

(Radical)

[0091] Photo-reactive sites that are alignment-treated by
light having a wavelength in a region near the visible light
region similarly to the azobenzene structure include, for
example, structures such as cinnamate, chalcone, coumarin,
stilbene, and phenolic esters. All of these photo-reactive
sites are considered to absorb, though slightly, light having
a wavelength of 340 nm or longer. Hence, they can also
absorb the backlight illumination to generate radicals, simi-
larly to the azobenzene structure. For example, cinnamate,
chalcone, and phenolic esters undergo photo-Fries rear-
rangement (ester group cleavage) to generate radicals, while
chalcone undergoes hydrogen abstraction or light cleavage
to generate radicals as shown in the following reaction
scheme. Accordingly, also in the case of using photo-
alignment films with any of these photo-reactive sites, a
radical scavenger such as a hindered amine compound is
preferably added to the liquid crystal material.

0]
. C
\C

(l)H

c—cC
\C O )
(Radical)
+ < >
\C

(Radical)

~O-
O

(Radical)

[0092] Also, a liquid crystal component containing an
alkenyl structure is effective in decreasing the viscosity of
the liquid crystal material. However, the double bond in an
alkenyl structure is vulnerable to radical attacks, and there-
fore tends to be a cause of a decrease in VHR when such a
liquid crystal component is used in combination with the
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photo-alignment films that can be a source of radicals. In
Example 1, the addition of a hindered amine compound to
the liquid crystal material enabled effective prevention of
radical attacks to the alkenyl structure. For an increase in the
response rate of the liquid crystal display device, the liquid
crystal component containing an alkenyl structure is pref-
erably added not only to a liquid crystal material having
negative anisotropy of dielectric constant but also to a liquid
crystal material having positive anisotropy of dielectric
constant.

Example 2

[0093] A liquid crystal display device including a FFS
mode liquid crystal panel was actually produced by the
following method.

[0094] First, a TFT substrate including components such
as TFTs and FFS electrode structures and a CF substrate
including components such as a black matrix and color
filters were prepared. To the surface of each of the TFT
substrate and the CF substrate was applied an alignment film
solution. The solids content of the alignment film solution
was a polymer material containing a polyamic acid structure
obtained by polymerizing an acid anhydride represented by
the following formula (B-7-1) and an amine compound
represented by the following formula (B-7-2). Here, hydro-
gen atoms in cyclobutane in the acid anhydride represented
by the following formula (B-7-1) may each be replaced by
another atom or functional group.

B-7-1)

[0095] In order to volatilize the solvent in the alignment
film solution, the substrates were heated at 70° C. Subse-
quently, the substrates were heated (post-baked) at 230° C.
The post-baking caused partial imidization (cyclodehydra-
tion) of the polyamic acid structure to generate a polyimide
structure. The photo-alignment treatment was then per-
formed by irradiating the surfaces of the substrates with
linearly polarized light having a dominant wavelength of
254 nm with an intensity of 600 mJ/cm?. The polarization
direction of the linearly polarized light was set to be
orthogonal to the alignment direction of the liquid crystal.
As shown in the following scheme (B-7-I), the cyclobutane
site, when irradiated with linearly polarized light, underwent
a decomposition reaction and cleaved. The cleavage caused
dissipation of the alignment force in the polymer chain
direction, causing exertion of the alignment force in an
azimuth direction orthogonal to the dissipated force.
Thereby, horizontal alignment films exerting a sufficient
alignment force were obtained by photo-irradiation. The
post-baked alignment films each had a thickness of 100 nm.
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(B-7-1)
0, O
0 0]
Q O
0) 0]
[0096] A liquid crystal composition was dropped on the

TFT substrate, while a heat/visible light-curable sealant was
poured with a dispenser on the CF substrate. The TFT
substrate and the CF substrate were then attached to each
other, so that the liquid crystal composition was sealed
between the substrates. During attachment of the substrates,
the sealant was exposed to light for curing, with the display
region shielded from light.

[0097] The liquid crystal composition used was one
obtained by adding the same hindered amine compound
(radical scavenger) represented by the above formula (F-1-
2) as that in Example 1 to a liquid crystal material containing
a compound with an alkoxy structure represented by the
following formula (E-3-1). The concentration of the hin-
dered amine compound in the whole liquid crystal compo-
sition was 200 ppm. The liquid crystal material had negative
anisotropy of dielectric constant (A€=-3.5).

(E-3-1)
F F

C3H7 ' O O OCZHS

[0098] The liquid crystal composition was then heated at
130° C. for 40 minutes, and thereby the liquid crystal
molecules were re-aligned. Paired polarizers were attached
to the back surface side of the TFT substrate (backlight
illumination incident surface side) and the viewing side of
the CF substrate (backlight illumination emission surface
side), with the polarization axes being arranged in crossed
Nicols. Thereby, a FFS mode liquid crystal panel was
produced. A backlight with white LEDs was then mounted
on the back surface side of the liquid crystal panel, whereby
a liquid crystal display device of Example 2 was completed.

Comparative Example 3

[0099] A liquid crystal display device of Comparative
Example 3 was produced by the same procedure as that in
Example 2, except that the hindered amine compound was
not added to the liquid crystal composition.

(Evaluation Test 2)

[0100] The liquid crystal display devices produced in
Example 2 and Comparative Example 3 each were kept
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being electrically charged with the backlight on. Here, a
white box pattern was displayed to the liquid crystal display
device screen with a black background. After 500 hours, the
displayed image was entirely changed to a gray image at a
grayscale value of 64. As a result, the liquid crystal display
device of Comparative Example 3 caused stain-like image
sticking around the box pattern. In contrast, the liquid crystal
display device of Example 2 did not cause such image
sticking.

[0101] As shown in the following reaction scheme, the
cyclobutane structure contained in the photo-alignment
films used in Example 2 usually mainly absorbs light having
a wavelength of 300 nm or shorter and generates radicals in
an intermediate stage of the reaction. Yet, such photo-
alignment films containing a cyclobutane structure may be
modified to contain a structure with a high light absorbance
for reduction of the exposure dose in the alignment treat-
ment. For example, a skeleton with a high light absorbance
may be selected for a diamine site and the absorbed light
energy may be transferred to the cyclobutane site to promote
the light cleavage of the cyclobutane site. Such modification
may increase the light absorbance of the photo-alignment
films for light having a longer wavelength, but may cause
the short wavelength side of the emission spectrum of the
backlight to overlap the long wavelength side of the absorp-
tion spectra of the photo-alignment films. Also, since the
exposure dose in the alignment treatment is as high as
several hundreds of millijoules or higher per square centi-
meter, some radicals generated in the alignment treatment
may not yet be deactivated after the completion of the liquid
crystal panel. For this reason, decomposition-type photo-
alignment films containing a cyclobutane structure also
include a cause of image sticking, and thus the liquid crystal
display device of Comparative Example 3 caused image
sticking. The results of Example 2 show that the hindered
amine compound effectively deactivated radicals generated
in the reaction of the photo-alignment films, and thereby
prevented image sticking.

XY ()

(Intermediate stage,
radical formation)

[0102] The alkoxy structure in the liquid crystal material
used in Example 2 is suitable for controlling the anisotropy
of dielectric constant of a liquid crystal material (negative
liquid crystal) having negative anisotropy of dielectric con-
stant. As to liquid crystal materials (positive liquid crystal)
having positive anisotropy of dielectric constant, the anisot-
ropy of dielectric constant can be easily controlled without
use of alkoxy groups. In a conventional liquid crystal display
device, use of a liquid crystal material containing an alkoxy
structure tends to decrease the VHR, and the tendency was
significant especially when such a liquid crystal material is
combined with photo-alignment films. Such a decrease in
VHR can be reduced by adding a radical scavenger as in the
present invention. The reason therefor can be explained
based on the following Hypothetical Models 1 to 4.
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[Hypothetical Model 1]

[0103] As shown in the following reaction scheme, an
alkoxy structure (—OR) is vulnerable to the attack of a
radical R,; generated from a photo-alignment film, and
undergoes any of the four radical generation reaction pat-
terns. When the generated radicals are ionized, the VHR is
decreased.

Ry + OR ——»
F F

F F

@. Y-
F F
F F

QRAL + RO~
F F

[Hypothetical Model 2]

[0104] As shown in the following reaction scheme, the
radical R ,; generated from a photo-alignment film binds to
oxygen in the liquid crystal layer to form a peroxide struc-
ture (ROO.). The alkoxy structure (—OR) 1s vulnerable to
the attack of the peroxide structure, and undergoes any of the
five radical generation reaction patterns. Also in each pat-
tern, the radical generation reactions occur in chains, with
one radical generation reaction followed by another radical
generation reaction. When the generated radicals are ion-
ized, the VHR is decreased. This radical chain reaction with
the peroxide structure is known as an autoxidation reaction.

Ryge + O —> Ry00-

R;00  + OR
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-continued

OOOR;, + Re

e

\

Further radical formation

OOR4y. + RO

pe

\

Further radical formation

ORyu  +  ROO.

e

\

Further radical formation

O+ + R,OOR

e

\

Further radical formation

+ Ry 000R

be

\

Further radical formation

[Hypothetical Model 3]

[0105] Alkoxy structures (especially methoxy and ethoxy
groups) are electron-donating groups and are converted to
their resonance structures under light exposure. The follow-
ing scheme shows a part of a compound with an alkoxy
structure, with three resonance structures of the alkoxy
structure. Among these, the resonance structure (a) shown at
the center and the resonance structure (b) shown on the right
are ionized and can be the causes of a decrease in VHR.
Furthermore, the resonance structures (a) and (b) are respec-
tively converted into structures (a') and (b') each having a
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peroxide structure in the presence of oxygen. The structures
(a") and (b') each having a peroxide structure respectively
easily generate radicals represented by the structures (a")
and (b"). When the generated radicals are ionized, the VHR
is decreased.

@)

®
—_— —
OR OR
©
F F F F
R: —CH;,C,Hs,—C3H;
(Part of negative alkoxy LC) loxidation
(a)
®
O0—OO0R
©
F F
lOXidation
(@")
®
O + <OO0R
©
F F

[Hypothetical Model 4]

[0106] Negative liquid crystal containing an alkoxy struc-
ture consists of molecular structures with large polarization.
The negative liquid crystal therefore has a higher solubility
of impurity ions and is more likely to contain mobile ions
than positive liquid crystal. Since mobile ions have an effect
of canceling out the charges, the VHR is decreased.
[0107] Since the above Hypothetical Models 1 to 3
involve radicals, the models can be dealt by employing a
radical scavenger to trap the radicals. Hypothetical Model 4
describes that the ionic impurities generated through radical
generation have a greater influence on the negative liquid
crystal than on the positive liquid crystal, which suggests
that trapping radicals indirectly solves the problem of Hypo-
thetical Model 4. Consequently, addition of a radical scav-
enger to a liquid crystal layer can achieve an effect of
reducing a decrease in VHR caused by use of a liquid crystal
material containing an alkoxy structure.

Example 3

[0108] A liquid crystal display device including a FFS
mode liquid crystal panel was actually produced by the
following method.

[0109] First, a TFT substrate including components such
as TFTs and FFS electrode structures and a CF substrate
including components such as a black matrix and color
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filters were prepared. To the surface of each of the TFT
substrate and the CF substrate was applied an alignment film
solution. The solids content of the alignment film solution

was a polymer material containing a polysiloxane structure

(b)

1) [©]
OR
F F
leidation
(b
) ®
0—00R
F F
leidation
(®"
®
Oe 1 <OOR
F F

as the main skeleton and a cinnamate group represented by
the following formula (B-1) functioning as a photo-func-
tional group in a side chain.

(B-1)

20
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[0110] In order to volatilize the solvent in the alignment
film solution, the substrates were heated at 70° C. Subse-
quently, the substrates were heated (post-baked) at 230° C.
The photo-alignment treatment was then performed by irra-
diating the surfaces of the substrates with linearly polarized
light having a dominant wavelength of 313 nm with an
intensity of 200 mJ/cm?. The polarization direction of the
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linearly polarized light was set to be orthogonal to the
alignment direction of the liquid crystal. The cinnamate
group, when irradiated with linearly polarized light, under-
went isomerization and dimerization reactions, exerting the
alignment force. Thereby, horizontal alignment films exert-
ing a sufficient alignment force were obtained by photo-
irradiation. The post-baked alignment films each had a
thickness of 100 nm.

[0111] A liquid crystal composition was dropped on the
TFT substrate, while a heat/visible light-curable sealant was
poured with a dispenser on the CF substrate. The TFT
substrate and the CF substrate were then attached to each
other, so that the liquid crystal composition was sealed
between the substrates. During attachment of the substrates,
the sealant was exposed to light for curing, with the display
region shielded from light.

[0112] The liquid crystal composition used was one
obtained by adding a hindered amine compound (radical
scavenger) represented by the following formula (F-1-5) and
an antioxidant represented by the following formula (G-g) to
a liquid crystal material containing a compound with the
same alkenyl structure represented by the above formula
(D-1-1) as that in Example 1. The concentration of the
hindered amine compound in the whole liquid crystal com-
position was 200 ppm. The concentration of the antioxidant
in the whole liquid crystal composition was 0.1 wt %. The
liquid crystal material had positive anisotropy of dielectric
constant (A&=+9.0).
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Example 3, except that the hindered amine compound and
the antioxidant were not added to the liquid crystal compo-
sition.

(Evaluation Test 3)

[0115] The liquid crystal display devices produced in
Example 3 and Comparative Example 4 each were kept
being electrically charged with the backlight on. Here, a
white image was displayed to the entire screen of the liquid
crystal display device. After 500 hours, the displayed image
was entirely changed to a gray image at a grayscale value of
64. As a result, the liqud crystal display device of Com-
parative Example 4 caused stain-like unevenness at the
edges of the screen. This unevenness is presumably caused
by a decrease in VHR. In contrast, the liquid crystal display
device of Example 3 did not cause such unevenness.

Example 4

[0116] A liquid crystal display device including a FFS
mode liquid crystal panel was actually produced by the
following method.

[0117] First, a TFT substrate including components such
as TFTs and FFS electrode structures and a CF substrate
including components such as a black matrix and color
filters were prepared. To the surface of each of the TFT
substrate and the CF substrate was applied an alignment film
solution. The solids content of the alignment film solution

(F-1-5)

@opor\io{gm

H;7C150C0C,H,y on

[0113] The liquid crystal composition was then heated at
130° C. for 40 minutes, and thereby the liquid crystal
molecules were re-aligned. Paired polarizers were attached
to the back surface side of the TFT substrate (backlight
illumination incident surface side) and the viewing side of
the CF substrate (backlight illumination emission surface
side), with the polarization axes being arranged in crossed
Nicols. Thereby, a FFS mode liquid crystal panel was
produced. A backlight with white LEDs was then mounted
on the back surface side of the liquid crystal panel, whereby
a liquid crystal display device of Example 3 was completed.

Comparative Example 4

[0114] A liquid crystal display device of Comparative
Example 4 was produced by the same procedure as that in

G-g)

was a polymer material containing a polysiloxane structure
as the main skeleton and a cinnamate group functioning as
a photo-functional group in a side chain.

[0118] In order to volatilize the solvent in the alignment
film solution, the substrates were heated at 70° C. Subse-
quently, the substrates were heated (post-baked) at 230° C.
The photo-alignment treatment was then performed by irra-
diating the surfaces of the substrates with linearly polarized
light having a dominant wavelength of 313 nm with an
intensity of 20 mJ/cm®. The polarization direction of the
linearly polarized light was set to be orthogonal to the
alignment direction of the liquid crystal. The cinnamate
group, when irradiated with linearly polarized light, under-
went isomerization and dimerization reactions, exerting the
alignment force. Thereby, horizontal alignment films exert-
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ing an alignment force were obtained by photo-irradiation.
The post-baked alignment films each had a thickness of 100
nm. In the present example, the exposure dose in the
photo-alignment treatment was set lower than that in
Example 3 utilizing the same alignment film solution. Still,
the alignment force was enhanced by polymerizing a photo-
polymerizable monomer added to the liquid crystal material
on the surfaces of the alignment films as described below.
[0119] A liquid crystal composition was dropped on the
TFT substrate, while a heat/visible light-curable sealant was
poured with a dispenser on the CF substrate. The TFT
substrate and the CF substrate were then attached to each
other, so that the liquid crystal composition was sealed
between the substrates. During attachment of the substrates,
the sealant was exposed to light for curing, with the display
region shielded from light.

[0120] The liquid crystal composition used was one
obtained by adding a photo-polymerizable monomer repre-
sented by the following formula (C-1-1), the same hindered
amine compound (radical scavenger) represented by the
above formula (F-1-5) as that in Example 3, and the anti-
oxidant represented by the above formula (G-g) to a liquid
crystal material containing a compound with the same
alkenyl structure represented by the above formula (D-1-1)
as that in Example 1. The proportion of the photo-polym-
erizable monomer in the whole liquid crystal composition
was 0.25 wt %. The concentration of the hindered amine
compound in the whole liquid crystal composition was 200
ppm. The concentration of the antioxidant in the whole
liquid crystal composition was 0.1 wt %. The liquid crystal
material had negative anisotropy of dielectric constant
(AE=-3.9).

(C-1-1)

[0121] Here, the photo-polymerizable monomer may be a
monomer other than the monomer represented by the above
formula (C-1-1). For example, a monomer represented by
the above formula (C-1-2) obtained by substituting an
acrylate group for the terminal methacrylate group in the
monomer represented by the formula (C-1-1), or a monomer
represented by the above formula (C-1-3) obtained by
substituting phenanthrene for the skeleton in the monomer
represented by the formula (C-1-1) may be used. Also, in the
formulas (C-1-1), (C-1-2), and (C-1-3), hydrogen atoms
present in the skeleton may each independently be replaced
by a halogen atom.

[0122] After the sealant was cured, the display region of
the liquid crystal panel was irradiated with black light with
an intensity of 3000 mJ/cm?. Thereby, the photo-polymer-
izable monomer in the liquid crystal layer was polymerized
on the surfaces of the alignment films by taking in the liquid
crystal molecules. As a result, the liquid crystal alignment on
the surfaces of the alignment films was fixed by the polymer
of the photo-polymerizable monomer, whereby a sufficient
alignment force was achieved.
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[0123] The liquid crystal composition was then heated at
130° C. for 40 minutes, and thereby the liquid crystal
molecules were re-aligned. Paired polarizers were attached
to the back surface side of the TFT substrate (backlight
illumination incident surface side) and the viewing side of
the CF substrate (backlight illumination emission surface
side), with the polarization axes being arranged in crossed
Nicols. Thereby, a FFS mode liquid crystal panel was
produced. A backlight with white LEDs was then mounted
on the back surface side of the liquid crystal panel, whereby
a liquid crystal display device of Example 4 was completed.

Comparative Example 5

[0124] A liquid crystal display device of Comparative
Example 5 was produced by the same procedure as that in
Example 4, except that the hindered amine compound and
the antioxidant were not added to the liquid crystal compo-
sition.

(Evaluation Test 4)

[0125] The liquid crystal display devices produced in
Example 4 and Comparative Example 5 each were kept
being electrically charged with the backlight on. Here, a
white image was displayed to the entire screen of the liquid
crystal display device. After 500 hours, the displayed image
was entirely changed to a gray image at a grayscale value of
64. As a result, the liquid crystal display device of Com-
parative Example 5 caused stain-like unevenness at the
edges of the screen. This unevenness is presumably caused
by a decrease in the voltage holding ratio. In contrast, the
liquid crystal display device of Example 4 did not cause such
unevenness.

[0126] The photo-polymerizable monomer used in
Example 4 and Comparative Example 5 can be a source of
radicals. Hence, in Example 4 and Comparative Example 5
with the sources of radicals, namely the photo-polymeriz-
able monomer and the photo-alignment films, radicals are
likely to be generated in the liquid crystal layer. Such
radicals generated in the reaction of the photo-alignment
films and photo-polymerizable monomers remaining after
the PSA treatment can be effectively deactivated by adding
a hindered amine compound to the liquid crystal material.
Also, the same effect can be achieved by adding an antioxi-
dant to the liquid crystal material. As described above, the
liquid crystal display device of Comparative Example 5
caused unevenness, but the liquid crystal display device of
Example 4 effectively prevented unevenness.

[Additional Remarks]

[0127] One aspect of the present invention may be a liquid
crystal display device, including: an active-matrix liquid
crystal panel; and a backlight. The liquid crystal panel may
include a liquid crystal layer, paired substrates holding the
liquid crystal layer in between, and alignment films disposed
on the liquid crystal layer side surfaces of the respective
paired substrates. The alignment films may each be a photo-
alignment film formed from a material exhibiting photo-
alignment performance. The liquid crystal layer may contain
a liquid crystal material and a radical scavenger. This aspect
enables deactivation of radicals released to the liquid crystal
layer with a radical scavenger, preventing a decrease in
VHR. Thereby, the liquid crystal display device, with the
photo-alignment films, can maintain a favorable VHR for a
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long period of time and prevent generation of image sticking
and stains on the display screen.

[0128] The radical scavenger preferably contains a com-
pound represented by the following formula (1). A hindered
amine compound represented by the following formula (1)
used as the radical scavenger can keep deactivating radicals
based on a circulative cycle. Therefore, a small amount of
the hindered amine compound enables reduction of a
decrease in VHR due to exposure to the backlight illumi-
nation for a long period of time. Also, the hindered amine
compound, being highly reactive with radicals generated
from the photo-alignment films, can readily deactivate the
radicals in the liquid crystal layer.

M

X N—OR

In the formula, X represents a monovalent organic group,
and R represents a hydrocarbon group.

[0129] The liquid crystal layer may further contain an
antioxidant. Suitable examples of the antioxidant include
compounds represented by the following formula (2). The
antioxidant can prevent a decrease in VHR due to radicals
generated from oxidants that are generated through oxida-
tion of a structure such as an alkyl group (R) contained in the
liquid crystal material, alignment films, and sealant by
oxygen having entered the liquid crystal panel.

@

In the formula, X represents a monovalent organic group.

[0130] Examples of the photo-alignment film include
those containing at least one photo-reactive site selected
from the group consisting of cinnamate, chalcone, coumarin,
stilbene, azobenzene, and phenolic esters. Also, the photo-
alignment film may be formed from a polymer obtained by
polymerizing a monomer that contains an acid anhydride
represented by the following formula (3). The long wave-
length side of the absorption spectrum of each of these
photo-alignment films overlaps the short wavelength side of
the backlight emission spectrum, and thus radicals are
generated upon irradiation with the backlight illumination.
Hence, the effect of preventing a decrease in VHR can be
effectively achieved with a radical scavenger.
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In the formula, hydrogen atoms may each be replaced.
[0131] The liquid crystal material may contain at least a
compound containing an alkenyl structure. Examples of the
compound containing an alkenyl structure include com-
pounds represented by the following formula (4-1), (4-2), or
(4-3). Although a liquid crystal component containing an
alkenyl structure is effective in decreasing the viscosity of
the liquid crystal material, the double bond in an alkenyl
structure is vulnerable to radical attacks. Hence, the effect of
preventing a decrease in VHR can be effectively achieved
with a radical scavenger.

C,,Hzn+1‘<:>7 %:CHz
CnH2n+14<:>7%=%_CwHZm+l
CnH2n+14<:>—€CHﬁ7% =CH,

In the formulas, m and n are the same or different integers.
[0132] The liquid crystal material may have negative
anisotropy of dielectric constant. In conventional liquid
crystal display devices, the defects, namely image sticking
and stains, tend to appear more significantly in the case of
a liquid crystal material having negative anisotropy of
dielectric constant than in the case of a liquid crystal
material having positive anisotropy of dielectric constant.
Hence, the effect of preventing a decrease in VHR can be
effectively achieved with a radical scavenger.

[0133] The liquid crystal material may contain at least a
compound containing an alkoxy structure. Examples of the
compound containing an alkoxy structure include com-
pounds represented by the following formula (5-1), (5-2),
(5-3), (5-4), or (5-5). Since the resonance structures of the
alkoxy structures (especially methoxy and ethoxy groups)
include ionized ones, they can be a cause of a decrease in
VHR. Hence, the effect of preventing a decrease in VHR can
be effectively achieved with a radical scavenger.

{4-1)

{4-2)

{4-3)

5-1)

CnH2n+l OCmHZmH
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-continued

E F

CnHznl OcmHzmH

(5-3)
F T
CnHznil . Q O OCMH2m+l
(5-4)
CnHZnH OCmHZmH
(5-5)

F F
F ¥
CnH2n+lOCmH2m+l

In the formulas, m and n are the same or different integers.

[0134] Suitable alignment modes of the liquid crystal
panel are a fringe field switching mode and an in-plane
switching mode. The photo-alignment treatment in a hori-
zontal alignment mode requires control of the azimuth
direction of the liquid crystal alignment with a high preci-
sion. The irradiation dose in the photo-alignment treatment
in the horizontal alignment mode is therefore usually one or
more digits greater than that in the vertical alignment mode,
and the treatment is accompanied by an adverse effect that
a larger number of radicals are likely to be generated than
that in the vertical alignment mode. Hence, the effect of
preventing a decrease in VHR can be effectively achieved
with a radical scavenger.

[0135] The liquid crystal panel may include, on the liquid
crystal layer side surface of each alignment film, a layer
containing a polymer that is obtained by polymerizing a
photo-polymerizable monomer represented by the following
formula (6). Examples of Y in the following formula (6)
include structures represented by the following formula
(7-1), (7-2), or (7-3). In the case of adding a photo-polym-
erizable monomer to the liquid crystal layer for the PSA
treatment, the photo-polymerizable monomer as well as the
photo-alignment films is the source of radicals, and therefore
radicals are more likely to be generated in the liquid crystal
layer. Hence, the effect of preventing a decrease in VHR can
be effectively achieved with a radical scavenger.

ALYV-A2 (6)

In the formula, Y represents a structure containing at least
one benzene ring and/or a condensed benzene ring; hydro-
gen atoms in the benzene ring and the condensed benzene
ring may each be replaced by a halogen atom; at least one
of Al and A2 represents an acrylate or a methacrylate; and
Al and A2 each directly bind to the benzene ring or the
condensed benzene ring.

20
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(7-1)

(7-3)

In the formulas, hydrogen atoms may each be replaced by a
halogen atom.

[0136] The aspects of the present invention described
above may appropriately be combined within the spirit of
the present invention.

REFERENCE SIGNS LIST

[0137] 10: backlight

[0138] 20: liquid crystal panel
[0139] 21: substrate

[0140] 22: alignment film
[0141] 23: liquid crystal layer

1. A liquid crystal display device comprising:
an active-matrix liquid crystal panel; and
a backlight,

the liquid crystal panel including a liquid crystal layer,
paired substrates holding the liquid crystal layer in
between, and alignment films disposed on the liquid
crystal layer side surfaces of the respective substrates,

the alignment films each being a photo-alignment film
formed from a material exhibiting photo-alignment
performance,

the liquid crystal layer containing a liquid crystal material
and a radical scavenger.

2. The liquid crystal display device according to claim 1,

wherein the radical scavenger contains a compound rep-
resented by the following formula (1):

@

N—OR

wherein X represents a monovalent organic group, and R
represents a hydrocarbon group.

3. The liquid crystal display device according to claim 1,

wherein the liquid crystal layer further contains an anti-
oxidant.
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4. The liquid crystal display device according to claim 3,

wherein the antioxidant contains a compound represented
by the following formula (2):

wherein X represents a monovalent organic group.

5. The liquid crystal display device according to claim 1,

wherein the photo-alignment film contains at least one
photo-reactive site selected from the group consisting
of cinnamate, chalcone, coumarin, stilbene, azoben-
zene, and phenolic esters.

6. The liquid crystal display device according to claim 1,

wherein the photo-alignment films each are formed from
a polymer obtained by polymerizing a monomer that
contains an acid anhydride represented by the follow-
ing formula (3):

&)

wherein hydrogen atoms may each be replaced.
7. The liquid crystal display device according to claim 1,

wherein the liquid crystal material contains at least a
compound containing an alkenyl structure.

8. The liquid crystal display device according to claim 7,

wherein the compound containing an alkenyl structure is
represented by the following formula (4-1), (4-2), or

(4-3):
CnH2n+1‘<:>7 %=CH2

4-1)

4-3)

CnH2n+14<:>+CHZT%=CH2

wherein m and n are the same or different integers.
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9. The liquid crystal display device according to claim 1,

wherein the liquid crystal material has negative anisot-
ropy of dielectric constant.

10. The liquid crystal display device according to claim 9,

wherein the liquid crystal material contains at least a
compound containing an alkoxy structure.

11. The liquid crystal display device according to claim

10,

wherein the compound containing an alkoxy structure is
represented by the following formula (5-1), (5-2),
(5-3), (5-4), or (5-5):

5-1)

i
e

@}
@]
E]
&
]
£

CnH2n+l
5-2)
F F
CnH2n+l OcmH2m+l
5-3)
F F
5-4)
F F
CnH2n+14<:>_<j>70CmH2m+l
5-5)
F F
CnH2n+lOCmH2m+l

wherein m and n are the same or different integers.

12. The liquid crystal display device according to claim 1,

wherein the liquid crystal panel is an alignment mode of
a fringe field switching mode or in-plane switching
mode.

13. The liquid crystal display device according to claim 1,

wherein the liquid crystal panel includes, on the liquid
crystal layer side surface of each alignment film, a layer
containing a polymer that is obtained by polymerizing
a photo-polymerizable monomer represented by the
following formula (6):

AL-Y-A2 (6)

wherein Y represents a structure containing at least one
benzene ring and/or a condensed benzene ring; hydrogen
atoms in the benzene ring and the condensed benzene ring
may each be replaced by a halogen atom; at least one of Al
and A2 represents an acrylate or a methacrylate; and Al and
A2 each directly bind to the benzene ring or the condensed
benzene ring,
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14. The liquid crystal display device according to claim
13,

wherein Y in the above formula (6) is a structure repre-

sented by the following formula (7-1), (7-2), or (7-3):

(7-1)

7-3)

wherein hydrogen atoms may each be replaced by a halogen
atom.
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