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LIQUID CRYSTAL DISPLAY DEVICE,
METHOD FOR MANUFACTURING LIQUID
CRYSTAL DISPLAY DEVICE, COMPOSITION
FOR FORMING POLYMER LAYER, AND
COMPOSITION FOR FORMING LIQUID
CRYSTAL LAYER

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device, a method for producing a liquid crystal display
device, a composition for a polymer layer, and a composition
for a liquid crystal layer. More specifically, the present inven-
tion relates to a liquid crystal display device having a polymer
layer formed on an alignment film; a method for producing
the liquid crystal display device; a composition for a polymer
layer which is suitable for polymer layer formation; and a
composition for a liquid crystal layer.

BACKGROUND ART

[0002] Liquid crystal displays (LCDs) are display devices
that control transmission/reflection of light (ON/OFF of dis-
play) by controlling the alignment of birefringent liquid crys-
tal molecules. The LCDs may employ a display mode such as
a vertical alignment (VA) mode in which liquid crystal mol-
ecules having negative dielectric anisotropy are aligned ver-
tically to the substrate surface; or an in-plane switching (IPS)
mode in which liquid crystal molecules having positive
dielectric anisotropy are aligned horizontally to the substrate
surface, and a horizontal electric field is applied to the liquid
crystal layer.

[0003] Particularly in the multi-domain vertical alignment
(MVA) mode which employs liquid crystal molecules having
negative dielectric anisotropy and has banks (linear protru-
sions) and electrode-free parts (slits) as components foralign-
ment control, the liquid crystal molecules can be controlled in
a plurality of alignment directions while a voltage is applied
even without a rubbing treatment on the alignment film, and
has excellent viewing angle characteristics. Those conven-
tional MVA-LCDs still can be improved in that they have low
transmittance in the white display because of the protrusions
and slits of which the upper sides define the boundaries of
alignment division of liquid crystal molecules, and the
boundaries appear as dark lines in the display.

[0004] Patent Documents 1 and 2, for example, suggest a
pretilt-angle providing technique using a polymer, as a
method for obtaining an LCD having high brightness and
being highly responsive. The pretilt-angle providing tech-
nique using a polymer includes injecting between substrates
a liquid crystal composition containing polymerizable com-
ponents such as polymerizable monomers and polymerizable
oligomers, and then polymerizing the monomers while
applying a voltage between the substrates to tilt (incline) the
liquid crystal molecules so as to form a polymer. This enables
to obtain liquid crystal molecules tilted at predetermined
pretilt angles even after removal of the applied voltage and
thus to align the liquid crystal molecules in certain directions.
The monomers used are selected from materials polymeriz-
able by heat, light (ultraviolet light) or the like. In some cases,
the liquid crystal composition contains a polymerization ini-
tiator for triggering a polymerization reaction of the mono-
mers.
[0005]
[0006]

Patent Document 1: JP 2003-177418 A
Patent Document 2: JP 2004-286984 A
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SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

[0007] The present inventors, however, have found as a
result of their studies that a liquid crystal display device
sometimes shows image sticking and can therefore be further
improved, even if the display device is produced by injecting
a liquid crystal layer composition, which contains a liquid
crystal material, a polymerizable monomer and a polymer-
ization initiator, between a pair of substrates, and then caus-
ing a polymerization reaction under predetermined condi-
tions so as to form a polymer layer on the alignment film.
[0008] The present invention has been made in view of the
above state of the art, and aims to provide a liquid crystal
display device capable of reducing the probability of image
sticking.

Means for Solving the Problems

[0009] After the studies on the causes of image sticking in
liquid crystal display devices, the present inventors have
focused on the components contained in the liquid crystal
layer after the polymerization reaction. As a result, the inven-
tors have found that unreacted monomers and a polymeriza-
tion initiator remain in the liquid crystal layer even after
completion of the series of polymerization reactions. The
inventors have also found that the unreacted monomers
remaining in the liquid crystal layer are gradually polymer-
ized by light from the backlight during the general use of the
completed display device or in the aging process for checking
after the assembling process. Such polymerization happens to
change the pretilt angle, and the change causes image sticking
in liquid crystal display.

[0010] The present inventors have further made studies and
have found that the above problem of image sticking can be
solved by adjusting the concentration of the polymerization
initiator in the liquid crystal layer if the cause of image stick-
ing is a change in the pretilt angle. Thereby, the present
invention has been completed.

[0011] That is, the present invention is a liquid crystal dis-
play device comprising a pair of substrates, and a liquid
crystal layer between the substrates, wherein at least one of
the substrates comprises an alignment film and a polymer
layer on the alignment film, and the polymer layer is formed
by polymerization of a polymerizable monomer triggered by
a polymerization initiator existing at a concentration of 1 mol
% or lower relative to the polymerizable monomer. The con-
trol mode for the liquid crystal layer in the liquid crystal
display device of the present invention may be any control
mode such as the twisted nematic (TN) mode, the VA mode,
and the IPS mode. Further, in the MVA mode in which one or
both of the substrates has/have dielectric components (e.g.
protrusions) for alignment control and/or slits in the elec-
trodes or in the 4 domain reverse TN (4D-RTN) mode, a wide
viewing angle can be provided.

[0012] For example, one of the substrates in the liquid
crystal display device of the present invention serves as an
array substrate and the other serves as a color filter substrate.
The array substrate includes a plurality of pixel electrodes and
these electrodes control the alignment of liquid crystal mol-
ecules in each pixel. In the color filter substrate, a set of color
filters suchas an R (red) filter, a G (green) filter and a B (blue)
filter is provided at each position in one-to-one correspon-
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dence with the pixel electrodes on the array substrate,
enabling control of a color to be displayed for each pixel.
[0013] At least one of the substrates in the liquid crystal
display device of the present invention includes an alignment
film. The term “alignment film” herein means a film for
aligning liquid crystal molecules in the vicinity thereof in
predetermined directions, and is intended to include both of
films subjected to an alignment treatment and films not sub-
jected to any alignment treatment. Examples of the alignment
film include resin films. The alignment film may be, for
example, a resin film formed from a common vertical align-
ment film material without performing any alignment treat-
ment, or a resin film formed from a common horizontal align-
ment film material without performing any alignment
treatment. In the case of performing an alignment treatment,
a rubbing treatment or a photo-alignment treatment may be
performed as the alignment treatment.

[0014] At least one of the substrates in the liquid crystal
display device of the present invention includes a polymer
layer on the alignment film. The polymer layer is formed by
a polymerization reaction of a polymerizable monomer trig-
gered by a polymerization initiator existing at a concentration
of 1 mol % or lower relative to the polymerizable monomer.
The concentration of the polymerization initiator is prefer-
ably 0.1 mol % or lower, and more preferably 0.01 mol % or
lower relative to the polymerizable monomer. Still, zero
amount of the polymerization initiator leads to an insufficient
polymerization reaction. In this case, the pretilt angle is
changed by the the remaining unpolymerized monomers, or
by the elastic energy of liquid crystals owing to the insuffi-
cient cross-linking density. Such a change in the pretilt angle
tends to cause image sticking in the display. In other words,
since the polymer layer provided in the liquid crystal display
device of the present invention contains polymers formed by
a polymerization reaction triggered by a polymerization ini-
tiator, image sticking due to a change in the pretilt angle
owning to the remaining unpolymerized monomers is sup-
pressed, and a sufficient polymerization reaction can be
obtained which gives a polymer layer having a high cross-
linking density. The polymer layer therefore suppresses
image sticking due to a change in the pretilt angle caused by
the external stress. Examples of the polymerizable monomers
include polymerizable monomers that polymerize when
exposed to light, and polymerizable monomers that polymer-
ize when heated. As a result of such a polymerization reac-
tion, a polymer layer is formed. Examples of the polymeriza-
tion initiator include radical polymerization initiators, and
examples of the polymerization include radical polymeriza-
tion.

[0015] The polymer layer enables the alignment film to
regularly align liquid crystal molecules in the vicinity of the
alignment film in predetermined directions even if any align-
ment treatment is not performed. For example, in the case
where the polymer layer is formed by polymerizing mono-
mers in a state that liquid crystal molecules are pretilted, the
polymer layer pretilts liquid crystal molecules, whether or not
the alignment film is subjected to an alignment treatment.
[0016] The structure of the liquid crystal display device of
the present invention is not particularly limited as long as the
device includes the above essential components, and any
other components may be included.

[0017] The polymer layer is preferably formed by light
irradiation, the polymerizable monomer is preferably poly-
merized by light irradiation, the polymerization initiator is
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preferably a radical polymerization initiator, and the poly-
metrization is preferably radical polymerization by light irra-
diation. In such a case, polymerization is easily initiated at
normal temperature.

[0018] The radical polymerization includes three elemen-
tary reactions of initiation, propagation, and termination,
generally illustrated by the following radical polymerization
reaction mechanisms.

2L (Initiation reaction)

L+M—IM. (Propagation reaction)

-(M),_~-M.+I-(M),,_,-M.—I-(M)

[0019] Inthe reaction formulae, I represents a radical poly-
merization initiator, and M represents a polymerizable mono-
mer.

[0020] Ifthe polymerization initiator is a radical polymer-
ization initiator, the radical polymerization initiator prefer-
ably has a function of terminating the radical polymerization.
Addition of a radical polymerization initiator in the liquid
crystal layer greatly increases the reaction rate of the radical
polymerization reaction, which leads to less residual unre-
acted monomers, and thus suppresses image sticking caused
by a change in the pretilt angle. However, in the case that the
monomers in the liquid crystal layer are polymerized by
radical polymerization triggered by a radical polymerization
initiator, the polymer to be formed may have radicals at the
ends thereof, and the radicals can be a cause of a residual DC
voltage in the alignment film and the polymer layer.

[0021] Ifthe radical polymerization initiator can trigger an
initiation reaction by bonding to the monomers and also can
terminate the radical polymerization reaction by bonding to
an end of the polymer, then the initiator can reduce residual
radicals in the polymer constituting the polymer layer, and
reduce the residual DC voltage accumulated in the alignment
film and the polymer layer. As a result, image sticking gen-
eration caused by a residual DC voltage can be suppressed.
[0022] The molecular weight distribution of the polymer
constituting the polymer layer is preferably 8 or less. Here,
the term “molecular weight distribution”is defined as (weight
average molecular weight)/(number average molecular
weight) of a polymer. A molecular weight distribution of a
polymer of 8 or less indicates sufficient progression of the
polymerization, which suppresses image sticking caused by a
change in the pretilt angle. The molecular weight distribution
can be measured using gel permeation chromatography
(GPC), for example. In the case of forming a polymer layer
that contains a polymer having a molecular weight distribu-
tion of 8 or less, the polymerization initiator is preferably a
radical polymerization initiator, and the polymerization is
preferably radical polymerization.

[0023] The radical polymerization initiator preferably
includes a chemical structure represented by formula (1):

1 (Termination reaction)

ntm

@

[0024] wherein R represents H, C H,,,,, orC,H,,CF;, and
nis an integer of 1 to 18. The radical polymerization prefer-
ably includes a chemical reaction represented by formula (2):
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|O—R —R
—Cf—C— —— —CH + [l
I '
¢]
[0025] wherein R represents H, C, H,,,,, or C,H,,CF;, and

n is an integer of 1 to 18; and the chemical reaction is pref-
erably caused by ultraviolet light irradiation to produce radi-
cals that initiate the polymerization.

[0026] Some examples of the radical polymerization initia-
tor are shown below: compounds represented by formulae
(3-1) to (3-8):

3-1)

(l)H
CH—C
||
(0]
(3-2)
(l)CH3
|
(6]
(3-3)
(l)C2H5
CH—C
||
(6]
(3-4)
(|)CH2CH(CH3)2
CH—C
||
(6]
(3-5)
(l)Csle
CH—C
|
(0]
(3-6)
(|)C10H21
|
(6]
(3-1
(|)C12H25
|
(6]
(3-8)
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[0027]
(4-3):

and compounds represented by formulae (4-1) to

4-1)

H—; O @

@-3)

[0028] The radical polymerization initiator preferably
includes at least one compound selected from the group con-
sisting of the above compounds.

[0029] The radical polymerization initiator preferably
includes two compounds, one of the compounds represented
by formula (5):

®)

A—C—A
|
¢}
[0030] wherein A represents an aromatic compound, and

the other one represented by formula (6):

©)

A—N—R

[0031] whereinR represents C,H, . ,,nis anintegerof'1 to
18, and A represents an aromatic compound; the radical poly-
merization preferably includes a chemical reaction repre-
sented by formula (7):

™

A—N—CH(Cp.1Hap.1

[0032] whereinR represents C,H,, ., nis an integer of 1 to
18, and A represents an aromatic compound; and the chemical
reaction is preferably caused by ultraviolet light irradiation to
produce radicals that initiate the polymerization.
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[0033] The following formula (8) shows a chemical reac-
tion:

O+0O-

CoHs

®

I
N—GC,H;

T'H—CH3
00 O
OH

[0034] The radical polymerization preferably includes the
above chemical reaction.

[0035] The following formula (9) represents a chemical
structure:

®

[0036] The radical polymerization initiator preferably
includes the above chemical structure.

[0037] Examples of theradical polymerization initiator fur-
ther include the following compounds: compounds repre-
sented by formulae (10-1) to (10-17):

(10-1)
C2H5 C2H5

H5C2—NC—S—S—ﬁN—CZH5
S

(10-2)
CoHs CHs

| C—NC—S§— S — CN—CH3
(10-3)
CoHs CoHs
| |
21 HjgC—NC—S—S—CN—C/oH;;
(10-4)
CyHs CoHs
| |
s HpC—NC—S—S§—CN—C JHss
(10-5)
CyHs
|
5H2C—NC—S—CH2

N

-continued
C,H;
13H5C—I!TC—S—CH2
|
GHs
5 HjgC— NC—S—CH,
S
C,Hs
25H12C—IIIC—S—CH2
S
CH;
SH,0—8C—S§—C—CH;

S CH;

CH;
13H6C—S|C—S—C—CH3

S CH,

CH;
51 HoC—SC—S§—C—CH;

S CH;,

CH,
25H12C—S|C—S—C—CH3

S CH;

CH;
R —S$C—§—C—CONH—CH;

S CHy

CH;
R—8C—S§—C—CONH—C,H;

S CH;

CH,
R—SC—$§—C—CONH—C¢H,;

S CH;

CH;
R—SC—S§—C—CONH—C ol

S CH,
CH,
R—SC—8—C—CONH—CsHas

S CHy
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(10-6)

(10-7)

(10-8)

(10-9)

(10-10)

(10-11)

(10-12)

(10-13)

(10-14)

(10-15)

(10-16)

(101-7)
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[0038] wherein R represents CH,, C,H,, C.H, 5, C,H,,,0r
C,,H,s, and compounds represented by formulae (11-1) to
(11-3):

(11-1)
Gl C,Hs

I
llc—s—s—ﬁNA@
S

|
S

Q@

1-2)

CoHs GHs

OO —+0O

(11-3)

[0039] The radical polymerization initiator preferably
includes at least one compound selected from the group con-
sisting of the above compounds.

[0040] Preferably, each of the substrates has an electrode,
and the polymer layer is preferably formed by polymerization
of polymerizable monomers while a voltage not lower than a
threshold voltage is applied to the liquid crystal layer through
the electrodes. If the polymer layer is formed by polymeriza-
tion while a voltage not lower than a threshold voltage is
applied to the liquid crystal layer, i.e., while the inclination of
the liquid crystal molecules in the liquid crystal layer is
changed from that in a state where no voltage is applied, then
the surface of the polymer layer has a shape corresponding to
the changed inclination. As a result, the pretilt alignment of
liquid crystal molecules is more stabilized, and the time
required for a change in the angles of all the liquid crystal
molecules after the voltage application is shortened, i.e., the
response speed is improved.

[0041] The alignment film preferably contains a material
that includes a compound comprising a photoactive func-
tional group. That is, the alignment film is preferably a photo-
alignment film containing a material that aligns liquid crystal
molecules upon being irradiated with light. In this case, the
4D-RTN mode that can control inclination of liquid crystal
molecules in four different alignment directions in every
pixel is easily achieved since the alignment given by a photo-
alignment treatment, which is a non-contact treatment, can be
controlled by the radiation angle, wavelength and intensity of
light, and other factors.

[0042] The photoactive functional group is preferably a
cinnamate group, chalcone group, tolane group. coumarin
group, or azobenzene group. These photoactive functional
groups can be comparatively easily introduced into a side
chain of the polymer and are highly reactive.

[0043] The alignment film preferably comprises a copoly-
mer that contains a monomer unit comprising a side chain
containing a photoactive functional group and a monomer
unit comprising a side chain free from photoactive functional
groups.

[0044] The alignment film preferably vertically aligns lig-
uid crystal molecules in the liquid crystal layer while no
voltage is applied. Inthe case where the liquid crystal display
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device is in a mode in which liquid crystal molecules have
negative dielectric anisotropy (e.g. VA mode, MVA mode),
the alignment film configured as described above can
improve the response speed.

[0045] Thealignment film preferably tilts the liquid crystal
molecules in the liquid crystal layer in a direction oblique to
the normal direction of the alignment film surface while no
voltage is applied. Such an alignment film can be prepared by
performing an alignment treatment such as a rubbing treat-
ment or a photo-alignment treatment on a common resin
material, a vertical alignment film material or a horizontal
alignment film material. If a polymer layer is formed on such
an alignment film, the polymer layer serves to further enhance
the alignment control ability of the alignment film, resulting
in lower probability of image sticking. In addition, it is unnec-
essary to apply a voltage not lower than a threshold voltage to
the liquid crystal layer during the polymerization step.
Namely, even in the case where the polymerization step is
performed while no voltage is applied, this structure makes it
possible to achieve an identical image-sticking prevention
effect to that achieved in the case where the polymerization
step 1s performed while a voltage not lower than a threshold
voltage is applied to the liquid crystal layer.

[0046] Preferably, the liquid crystal display device includes
aplurality of pixels, wherein the liquid crystal layer is divided
into regions that are in one-to-one correspondence with the
pixels, and each of the regions of the liquid crystal layer is
divided into a plurality of subregions whose alignment direc-
tions of liquid crystal molecules are different from one
another. The structure in which each pixel region has a plu-
rality of subregions whose alignment directions of liquid
crystal molecules are different provides a display that appears
the same even when viewed from different angles. In this way,
the viewing angle characteristics are improved. Such an
alignment-divided structure can be achieved, for example, by
forming linear bank-like protrusions made of a dielectric
material on electrodes or forming linear slits in the electrodes,
or by changing the radiation angle of light in the process of
forming a photo-alignment film, so that the resulting align-
ment film has different pretilt angles.

[0047] Preferably, the number of the subregions is four.
These four subregions provide an improved display even
when the viewing angle is inclined to any directions: up,
down, left and right relative to the normal line of the display
screen, that is, the viewing angle characteristic is improved in
a balanced manner.

[0048] The following method is suitable as the method for
producing a liquid crystal display device according to the
present invention which includes forming a polymer layer on
an alignment film. That is, the suitable method is a method for
producing a liquid crystal display device comprising a pair of
substrates and a liquid crystal layer between the substrates.
The method comprises the steps of: forming an alignment
film on at least one of the substrates; and forming a polymer
layer on the alignment film by radical polymerization of a
polymerizable monomer triggered by a radical polymeriza-
tion initiator existing at 1 mol % or lower relative to the
polymerizable monomer.

[0049] Since the proportion of the radical polymerization
initiator relative to the monomer in the production method is
adjusted to 1 mol % or lower, the method can suppress
residual unreacted monomers and provide a polymer layer
having high cross-linking density compared to the case of not
using radical polymerization initiators at all. Hence, the
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method can prevent image sticking caused by a change in the
pretilt angle. Also, the small proportion of the radical poly-
metrization initiator can result in reduction of the residual DC
voltage caused by remaining radicals. The method therefore
can prevent image sticking caused by residual DC voltage as
well.

[0050] The radical polymerization initiator used in the
above production method preferably has a function of termi-
nating the polymerization. If the radical polymerization ini-
tiator has such a function of terminating the polymerization
reaction by bonding to the ends of polymers, then radicals in
the polymers constituting the alignment film and the polymer
layer are reduced. The initiator therefore can suppress accu-
mulation of residual DC voltage in alignment films and poly-
mer layers, and prevent image sticking caused by the residual
DC voltage.

[0051] The step of forming a polymer layer in the produc-
tion method is preferably a step of forming a polymerlayer by
polymerizing a polymerizable monomer while a voltage not
lower than a threshold voltage is applied to the liquid crystal
layer. As a result, the pretilt alignment of liquid crystal mol-
ecules is more stabilized, and the time required for a change
in the angles of all the liquid crystal molecules after the
voltage application is shortened, i.e., the response speed is
improved.

[0052] The step of forming an alignment film in the pro-
duction method preferably includes the step of an alignment
treatment by light irradiation. The step of an alignment treat-
ment by light irradiation can reduce the probability of damage
to components below the alignment film (e.g. TFTs), com-
pared to contact treatments such as rubbing. Also, this align-
ment treatment facilitates production of 4D-RTN displays
that can control inclination of liquid crystal molecules in four
different alignment directions in every pixel because the
alignment given by a photo-alignment treatment can be con-
trolled by the radiation angle, wavelength and intensity of
light, and other factors. Accordingly, a wide viewing angle is
comparatively easily achieved.

[0053] Another example of the method for producing a
liquid crystal display device according to the present inven-
tion is a method for producing a liquid crystal display device
comprising a pair of substrates and a liquid crystal layer
between the substrates, the method comprising the steps of:
forming an alignment film on at least one of the substrates;
and forming a polymer layer by polymerization starting from
an initiation reaction triggered by a polymerization initiator,
on the alignment film, wherein the molecular weight distri-
bution of the polymer constituting the polymer layer is 8 or
less. As above, a molecular weight distribution of a polymer
of 8 or less indicates sufficient progression of the polymer-
ization, which suppresses image sticking caused by a change
in the pretilt angle.

[0054] The production method preferably further com-
prises the step of dissolving a monomer and a polymerization
initiator at a concentration of 1 mol % or lower relative to the
monomer in a liquid crystal material before the step of form-
ing a polymer layer. As above, such a concentration enables
suppression of residual unreacted monomers and provision of
a polymer layer having high cross-linking density compared
to the case of not using radical polymerization initiators at all.
Hence, the method can prevent image sticking caused by a
change in the pretilt angle.

[0055] The production method preferably further com-
prises the step of forming a polymer layer comprises forming
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a polymer layer on a vertical-alignment film by a polymer-
ization reaction triggered by a polymerization initiator while
applying a voltage not lower than a threshold voltage to the
liquid crystal layer. As a result, the pretilt alignment of liquid
crystal molecules is more stabilized, and the time required for
achange in the angles of all the liquid crystal molecules after
the voltage application is shortened, i.e., the response speed is
improved particularly in a mode in which liquid crystal mol-
ecules have negative dielectric anisotropy (e.g. VA mode,
MVA mode).

[0056] The production method preferably further com-
prises the step of an alignment treatment by irradiating with
light the alignment film containing a material that includes a
compound comprising a photoactive functional group. In this
case, the 4D-RTN mode that can control inclination of liquid
crystal molecules in four different alignment directions in
every pixel is easily achieved because the alignment given by
a photo-alignment treatment can be controlled by the radia-
tion angle, wavelength and intensity of light, and other fac-
tors.

[0057] The photoactive functional group is preferably a
cinnamate group, chalcone group, tolane group, coumarin
group, or azobenzene group. These photoactive functional
groups can be comparatively easily introduced into a side
chain of the polymer and are highly reactive.

[0058] The alignment film preferably comprises a copoly-
mer that contains a monomer unit comprising a side chain
containing the photoactive functional group and a monomer
unit comprising a side chain free from photoactive functional
groups.

[0059] The present invention also relates to a composition
for a polymer layer, comprising a polymerizable monomer,
and a polymerization initiator existing at a concentration of 1
mol % or lower relative to the polymerizable monomer. The
proportion of the polymerization initiator is preferably 0.1
mol % or lower, and more preferably 0.01 mol % or lower,
relative to the polymerizable monomer. Suppose that the
composition for a polymer layer according to the present
invention has such a low concentration of the polymerization
initiator relative to the polymerizable monomer and is used to
form, for example, a polymer layer on an alignment film of a
liquid crystal display device. In this case, the low concentra-
tion enables suppression of residual unpolymerized mono-
mers and provision of a polymer layer having high cross-
linking density, whereby a polymer layer can be obtained in
which the pretilt angle hardly changes after completion of the
reaction. Accordingly, aliquid crystal display device showing
a high response speed and hardly causing image sticking can
be obtained.

[0060] The formulation of the composition for a polymer
layer according to the present invention is not particularly
limited as long as the composition includes the above essen-
tial materials, and any other materials may be included.
Examples of the above composition for a polymer layer
include compositions that can be formed into polymer layers
by light irradiation.

[0061] Thepolymerizable monomer is preferably polymer-
ized by light irradiation, and the polymerization initiator is
preferably a radical polymerization initiator. In such a case,
polymerization is easily initiated at normal temperature.
[0062] The polymerization initiator preferably has a func-
tion of terminating the polymerization. As above, if the radi-
cal polymerization initiator has such a function of terminating
the polymerization reaction by bonding to the ends of poly-
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mers, then radicals in the polymers constituting the alignment
film and the polymer layer are reduced. The initiator therefore
can suppress accumulation of residual DC voltage in align-
ment films and polymer layers, and prevent image sticking
caused by the residual DC voltage. Accordingly, if, for
example, a polymer layer is produced from the composition
for a polymer layer in the above form on the alignment film of
the liquid crystal display device, then image sticking caused
by residual DC voltage can be suppressed.

[0063] The composition for a polymer layer according to
the present invention, when contained in a liquid crystal mate-
rial, enables to form a polymer layer efficiently by polymer-
izing monomers while a voltage not lower than a threshold
voltage is applied to a liquid crystal layer. That is, the present
invention also relates to a composition for a liquid crystal
layer which contains the composition for a polymer layer and
a liquid crystal material.

Effect of the Invention

[0064] The liquid crystal display device of the present
invention reduces the probability of image sticking because a
polymer layer containing a radical polymerization initiator
existing at a low concentration relative to the monomer is
formed on an alignment film.

BRIEF DESCRIPTION OF DRAWINGS

[0065] FIG.1isaschematic cross-sectional view of aliquid
crystal display device according to a first embodiment before
a PSA polymerization step.

[0066] FIG.2isaschematic cross-sectional view of aliquid
crystal display device according to the first embodiment after
the PSA polymerization step.

MODE(S) FOR CARRYING OUT THE
INVENTION

[0067] Hereinafter, the present invention is described in
more detail by way of embodiments referring to drawings, but
the invention is not limited to these embodiments.

First Embodiment

[0068] The first embodiment is an example of the liquid
crystal display device of the present invention which includes
the composition for a polymer layer and the composition for
a liquid crystal layer according to the present invention. The
liquid crystal display device according to the first embodi-
ment is provided with a polymer layer formed by radical
polymerization of polymerizable monomers by light irradia-
tion, on an alignment film. The alignment of liquid crystals is
controlled by such a polymer layer. Hereinafter, a polymer
layer formed on an alignment film as above is also referred to
as a polymer sustained alignment (PSA) layer.

[0069] In the first embodiment, the reaction of the radical
polymerization is triggered by a radical polymerization ini-
tiator. The composition (composition for a liquid crystal
layer) used to form a liquid crystal layer in the first embodi-
ment contains a composition (composition for a polymer
layer) containing a polymerization monomer and a radical
polymerization initiator as well as a liquid crystal material.
The concentration of the radical polymerization initiator rela-
tive to the polymerizable monomer is adjusted to 1 mol % or
lower.

[0070] The reaction speed of the polymerization reaction
does not increase without a radical polymerization initiator,
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and the probability of unreacted monomer remaining in the
liquid crystal layer increases. The unreacted monomers
remaining in the liquid crystal layer are gradually polymer-
ized by light from the backlight during the general use of the
completed display device, or are gradually polymerized in the
aging process for checking after the assembling process. Such
polymerization happens to change the pretilt angle, and thus
causes image sticking in the display. Also, insufficient poly-
merization reaction leads to a PSA layer having a low cross-
linking density, and the pretilt angle in such a PSA layer is
easily changed by the elastic energy of liquid crystal mol-
ecules. Such a change in the pretilt angle tends to cause image
sticking in display.

[0071] Meanwhile, if, for example, the concentration of the
radical polymerization initiator relative to the polymerizable
monomer is as high as 2 mol % or higher and not all the radical
polymerization initiator is used in the radical polymerization
reaction, then the DC voltage tends to remain in the alignment
film and the PSA layer by the radical moieties of the radical
polymerization initiator. The residual DC voltage in the align-
ment film and the PSA layer tends to cause image sticking in
the display.

[0072] In the first embodiment, the concentration of the
radical polymerization initiator is controlled to be low. There-
fore, both image sticking caused by a change in the pretilt
angle and image sticking caused by the residual DC voltage
can be suppressed. A radical polymerization initiator existing
at a low concentration still triggers the polymerization reac-
tion and increases the reaction speed, leading to an increase in
the throughput.

[0073] The light irradiation for triggering the radical poly-
merization reaction in the first embodiment is preferably per-
formed while a voltage not lower than a threshold voltage is
applied to the liquid crystal layer. In this case, the surface of
the PSA layer has a shape corresponding to the inclination of
the liquid crystal molecules changed by the voltage applica-
tion. As a result, the pretilt alignment of liquid crystal mol-
ecules is more stabilized, and the time required for a change
in the angles of all the liquid crystal molecules after the
voltage application is shortened, i.e.., the response speed is
improved.

[0074] In the first embodiment, the polymerizable mono-
mer used can be one represented by the following formula (T):

Pl_slAl(z1-A?), -2—P? 6

wherein P! and P2, which are the same or different, each
represent an acrylate group, methacrylate group, acrylamide
group, methacrylamide group, vinyl group, vinyloxy group,
or epoxy group; A' and A* each represent a 1,4-phenylene
group, naphthalene-2,6-diyl group, anthracene-2,6-diyl
group or phenanthrene-2,6-diyl group; Z' represents COQ,
0CO, O, or adirect bond between A’ and A%, or A% and A%, n
is 0, 1, or 2; S' and S?, which are the same or different, each
represent —(CH,),,— (0=m=6), —(CH,—CH,—O0),—
(0=m=6)oradirectbond between P'and A', A and P, or A>
and P?; and all or part of hydrogen atoms of A* and A* may be
substituted with halogens and/or methy] groups.

[0075] Examples of theradical polymerization initiator that
can be used in the first embodiment include compounds rep-
resented by the following formulae (3-1) to (3-8):
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[0076] The two compounds used in the following formula
(8) may also be used as the radical polymerization initiator in
the first embodiment 1.

O+O

CoHs

| -
N—CoH;s
CH—CH3

[0077] The compounds represented by formulae (3-1) to
(3-8) and the compounds used in formula (8) are ones that do
not generate gas such as carbon dioxide (CO,) when a radical
polymerization is initiated. Hence, such compounds are very

®
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suitable as the radical polymerization initiator used in the first
embodiment in terms of suppression of image sticking. The
relation between generation of gas and image sticking will be
described in the following Example 1.

[0078] Examples of the radical polymerization initiator
having higher solubility in the liquid crystal layer in the first
embodiment include the compounds represented by the fol-
lowing formulae (4-1) to (4-3):

{4-1)

O O
OO0
ZEH-}@ @ O

[0079] Each of the compounds represented by formulae
(4-1) to (4-3) has a 1, 4-phenylene group at one or both ends
thereof which is/are the polymerization starting point(s), and
thus the compounds have high solubility to the liquid crystal
material. A radical polymerization initiator having high solu-
bility to the liquid crystal material is more efficiently used in
the reaction. The reaction speed of the polymerization is
therefore further increased, and the probability of unreacted
monomer remaining is further reduced.

[0080] Hereinafter, the liquid crystal display device
according to the first embodiment is described in detail. FIG.
1 and FIG. 2 are schematic cross-sectional views of the liquid
crystal display device according to the first embodiment. FIG.
1 illustrates the device before a PSA polymerization step and
FIG. 2 illustrates the device after the PSA polymerization
step. As shown in FIGS. 1 and 2, the liquid crystal display
device according to the first embodiment includes a pair of
substrates (i.e. an array substrate 10 and a color filter substrate
20), and a liquid crystal layer 30 between the array substrate
10 and the color filter substrate 20. The array substrate 10
includes a supporting substrate 11 which includes an insulat-
ing transparent substrate such as a glass substrate. The sup-
porting substrate 11 includes wiring of various types, pixel
electrodes, TFTs and the like on the transparent substrate. The
color filter substrate 20 includes a supporting substrate 21
which includes an insulating transparent substrate such as a
glass substrate. The supporting substrate 21 includes color
filters, a black matrix, and a common electrode and the like on
the transparent substrate.

[0081] Thearray substrate 10 includes an alignment film 12
on the supporting substrate 11, and the color filter substrate 20
includes an alignment film 22 on the supporting substrate 21.
The alignment films 12 and 22 are mainly made of a polyim-
ide, polyamide, polyvinyl, polysiloxane, or the like. Forma-
tion of an alignment film enables to incline liquid crystal
molecules in predetermined pretilt directions (initial tilts)
while no voltage is applied. If the liquid crystal display is ina
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VA mode, the alignment films 12 and 22 are preferably ver-
tical alignment films each providing a pretilt angle of 80° or
more.

[0082] The materials of the alignment films 12 and 22 may
contain monomers. The alignment film containing a polymer
formed from monomers makes the pretilt angles uniform
after energization. For example, an alignment film providing
more stable alignment can be obtained by forming an align-
ment film from a material containing 5 to 20 mol % of the
polymerizable monomer represented by formula (I) relative
to the monomer constituting the alignment film.

[0083] The liquid crystal display device according to the
first embodiment has slits each of which has a linear shape
when viewed from the normal direction of the supporting
substrate surfaces. The slits are formed in the pixel electrodes
in the supporting substrate 11 and/or in the common electrode
in the supporting substrate 12.

[0084] When linear slits are formed in the pixel electrodes
and/or the common electrode, an electric field is generated in
a direction oblique to the normal direction of the substrates
while a voltage is applied. Hence, application of a voltage not
lower than a threshold voltage to the liquid crystal layer 30
inclines the liquid crystal molecules to the slits. Therefore, the
radical polymerization reaction triggered by light irradiation
enables to form a PSA layer that functions as an alignment
film giving pretilt alignment to the liquid crystal molecules.
[0085] Instead of the linear slits in the pixel electrodes
and/or the common electrode, dielectric protrusions having a
linear shape when viewed from the normal direction of the
supporting substrates may be formed on the pixel electrodes
and/or the common electrode. In this case, liquid crystal
molecules are tilted to the dielectric protrusions while no
voltage is applied. Therefore, the radical polymerization reac-
tion triggered by light irradiation enables to form a PSA layer
that functions as an alignment film giving pretilt alignment to
the liquid crystal molecules, even while a voltage not lower
than a threshold voltage is not applied to the liquid crystal
layer 30. Examples of the material of the dielectric protru-
sions include resist resins such as polyimide and novolak.
[0086] The liquid crystal display device according to the
first embodiment may have both linear slits in the pixel elec-
trodes and/or the common electrode, and dielectric protru-
sions on the pixel electrodes and/or the common electrode.
The liquid crystal display device preferably has only linear
slits without dielectric protrusions in terms of an increase in
the transmittance, and an increase in the throughput and
reduction of the cost which are achieved by eliminating the
step of forming dielectric protrusions.

[0087] Theslits and/or dielectric protrusions are preferably
arranged to extend in a direction oblique (about 45° or 135°)
to the respective sides of pixel electrodes. Preferably, the slits
and/or the dielectric protrusions have curved portions to form
a U shape, V shape, W shape, or shape formed by a combi-
nation of these shapes when viewed from the normal direction
of the substrate surfaces, in terms of widening the viewing
angle.

[0088] As illustrated in FIG. 1, the liquid crystal layer 30
has polymerizable monomers 41 before the PSA polymeriza-
tion step. Polymerization of the polymerizable monomers 41
starts with the PSA polymerization step by which the mono-
mers form PSA layers 13 and 23 respectively on the align-
ment films 12 and 22 as illustrated in FIG. 2. The PSA layers
enhance the alignment controlling ability of the alignment
films 12 and 22. However, unreacted polymerizable mono-
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mers remaining in the liquid crystal layer 30 are further poly-
merized by irradiation of light from the backlight in the steps
such as aging, which sometimes changes the tilt angles
already given by the PSA layer.

[0089] As above, the PSA layers 13 and 23 are formed by
preparing a composition for a liquid crystal layer which
includes a liquid crystal material and a composition for a
polymer layer containing a polymerizable monomer and a
radical polymerization initiator; injecting the prepared com-
position between an array substrate and a color filter sub-
strate; and causing radical polymerization of the polymeriz-
able monomer by irradiating the liquid crystal layer 30 with a
certain amount of light. At this time, if the light irradiation is
performed while a voltage not lower than a threshold voltage
is applied to the liquid crystal layer 30, a PSA layer having
higher alignment stability can be obtained.

[0090] In the liquid crystal display device according to the
first embodiment, the array substrate 10, the liquid crystal
layer 30, and the color filter substrate 20 are stacked in this
order from the back surface side to the screen side of the liquid
crystal display device. The supporting substrate 11 of the
array substrate 10 has a polarizing plate on its back surface.
The supporting substrate 21 of the color filter substrate 20
also has a polarizing plate on the screen side. Further, retar-
dation films may be disposed on these polarizing plates, and
these polarizing plates may be circularly polarizing plates.
[0091] The liquid crystal display device according to the
first embodiment may be of any of a transmission type, a
reflection type, and a transflective type. In the case of a
transmission or transflective type, the liquid crystal display
device according to the first embodiment is further provided
with a backlight. The backlight is disposed on the back sur-
face side of the array substrate 10, so that light emitted there-
from passes through the array substrate 10, the liquid crystal
layer 30 and the color filter substrate 20 in this order. In the
case of areflection or transflective type, the array substrate 10
1s further provided with a light reflector for reflecting external
light. At least in a region in which reflected light is used for
display, the polarizing plate of the color filter substrate 20
should be a circularly polarizing plate provided with a so-
called A/4 retarder.

[0092] In the liquid crystal display device according to the
first embodiment, the color filter on array mode may be
employed, that is, the array substrate 10 may be provided with
color filters. The liquid crystal display device according to the
first embodiment may be a monochrome display. In this case,
no color filter is needed.

[0093] The liquid crystal layer 30 is filled with a liquid
crystal material that is aligned in specific directions when a
certain voltage is applied. The alignment of the liquid crystal
molecules in the liquid crystal layer 30 is controlled by apply-
ing a voltage not lower than a threshold voltage, and the
control mode of the liquid crystal molecules in the liquid
crystal display device according to the first embodiment is a
mode in which one or both of the substrates has/have slits in
electrodes. In this case, a wide viewing angle can be achieved.
[0094] Regarding the liquid crystal display device accord-
ing to the first embodiment, the composition of the alignment
films, the monomer components for PSA layer formation or
radical polymerization initiator components in the liquid
crystal layer, the monomer components for PSA layer forma-
tion in the PSA layers, the amount of the remaining mono-
mers for PSA layer formation or the radical polymerization
initiator in the liquid crystal layer, the ratio of the monomers
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for PSA layer formation or the radical polymerization initia-
tor in the PSA layers, and the like can be analyzed by disas-
sembling the liquid crystal display device and performing a
chemical analysis by nuclear magnetic resonance (NMR)
analysis, Fourier transform infrared spectroscopy (FI-IR),
mass spectrometry (MS), or the like.

EXAMPLE 1

[0095] Hereinafter, Example 1 is described in which a lig-
uid crystal cell of the liquid crystal display device according
to the first embodiment was actually produced. First, a poly-
imide solution as a vertical alignment film material was
applied to the surfaces of a pair of supporting substrates. The
substrates were pre-baked at 80° C. and then post-baked at
200° C. for 60 minutes. Each of the pixel electrodes on the
supporting substrates has a plurality of slits that have a linear
shape when viewed from the normal direction of the support-
ing substrate surfaces.

[0096] Next, a seal was applied to one of the supporting
substrates and beads were scattered on the other supporting
substrate. The supporting substrates were attached to each
other, and a composition for a liquid crystal layer which
contains a liquid crystal material having negative dielectric
anisotropy was injected between the substrates. In the present
example, the following samples were prepared as the compo-
sition for a liquid crystal layer: a sample containing a bifunc-
tional monomer being a compound represented by the fol-
lowing formula (12) and a radical polymerization initiator
being a compound represented by the following formula (13);
a sample containing a bifunctional monomer being a com-
pound represented by the following formula (12) and a radical
polymerization initiator being a compound represented by the
following formula (14); and a sample containing a bifunc-
tional monomer being a compound represented by the fol-
lowing formula (12) and two radical polymerization initiators
(benzophenone and N,N-diethylaniline) represented by the
following formula (15). Each sample was adjusted to have a
concentration of the radical polymerization initiator, relative
to the bifunctional monomer, of 0.01 mol %, 0.1 mol %, 1 mol
%, 2.5 mol %, or 5 mol %. Thereby, 15 samples in total were
produced. In preparing samples based on the following for-
mula (15), benzophenone and N,N-diethylaniline were added
at equimolar % concentrations. The above mol % shows the
amount of each of benzophenone and N,N-diethylaniline.

;HC—CH—C—0 0—C—CH—CH;
[ [
0

CH, 0 CH,
(13)

(14)
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[0097] The following formula (16) illustrates how a radical
polymerization initiator being a compound represented by
formula (13) forms radicals when irradiated with ultraviolet

light.

(l)H
0]
(|)H
* |
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[0098] The following formula (17) illustrates how a radical
polymerization initiator being a compound represented by
formula (14) forms radicals when irradiated with ultraviolet
light. In this case, carbon dioxide (CO,) is generated as well
as the radicals, unlike the case of the above formula (16).
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[0099] The following formula (18) illustrates how a radical
polymerization initiator being a compound represented by
formula (15) forms radicals when irradiated with ultraviolet

light.

Oy

GHs



US 2012/0033167 Al

-continued

O+0O

CHCH;
°

(13)

[0100] Next, the supporting substrates with the composi-
tion for a liquid crystal layer injected therebetween were
heated to 130° C. and quenched. Then, the polymerization
reaction of the bifunctional monomer was allowed to proceed
under irradiation of the black light (UV rays with a peak
wavelength in the range of 300 to 350 nm) for 20 minutes
while a voltage not lower than a threshold voltage was
applied. In this way, liquid crystal cells having a PSA layer on
each vertical alignment film were prepared.

[0101] Subsequently, the respective liquid crystal cells pre-
pared as above were irradiated with light from the backlight
while an AC voltage of 5 V was applied thereto for about 100
hours. Then, the voltage holding ratio (VHR), residual direct
current (DC) voltage, and change in the pretilt angle were
measured for the respective liquid crystal cells.

[0102] VHR was measured under the conditions of 1V and
70° C. The residual DC voltage was measured at 40° C. by
Flicker Elimination technology using a DC offset voltage of 1
V. The change in the pretilt angle was calculated by subtract-

11
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[0105] Table 1 shows that, in comparison between the
samples having the same concentration of a radical polymer-
ization initiator, the sample containing the compound repre-
sented by formula (14) as a radical polymerization initiator at
the start of the polymerization reaction showed a larger
decrease in the VHR than the samples containing the com-
pound represented by formula (13) or (15) as a radical poly-
merization initiator at the start of the polymerization reaction.
This is probably because the compound represented by for-
mula (14) generated carbon dioxide (CO,) in the initiation
reaction of the radical polymerization to increase the vapor
density in the liquid crystal layer.

[0106] The samples showed a VHR of not lower than 99%
and had high reliability in the case of having a concentration
of a radical polymerization initiator of 0.01 mol %, irrespec-
tive of whether the initiator was the compound represented by
formula (13), the compound represented by formula (14), or
the compound represented by formula (15).

[0107] The samples also showed a VHR of not lower than
99% and had high reliability in the case of containing a radical
polymerization initiator of the compound represented by for-
mula (13) as long as the concentration of the initiator was 1
mol % or lower.

[0108] The sample containing no radical polymerization
initiator did not show a much decrease in the VHR because
the concentration of radicals remaining unreacted was low.
[0109] Table 2 shows the results of the residual DC voltage
(mV) measurement after irradiation of the light from the
backlight for about 100 hours. The value of the residual DC
voltage is a value measured after one-hour application of DC
voltage.

TABLE 2
0mol % 0.01mol% 0.Imol% 1mol% 25mol% 5mol%
Formula (13) — 30 or lower 50 100 180 260
Formula (14) — 70 300 500 650 750
Formula (15) — 30 orlower 30 or lower 40 70 160
No polymerization 30 or lower — — — — —
initiator
ing the pretilt angle before backlight irradiation and energi- [0110] Table 2 shows that, in comparison between the

zation from the pretilt angle after the irradiation and energi-
zation.

[0103] Also, a liquid crystal cell which was the same as the
samples of the present example, except for including no radi-
cal polymer in the composition for a liquid crystal layer, was
produced as a reference cell to be compared with the above
samples. Then, the VHR, residual DC voltage, and change in
the tilt angle due to the backlight irradiation and energization
were measured for the reference cell in the same ways.
[0104] Table 1 shows the results of the VHR (%) after the
backlight irradiation on the samples for about 100 hours.

samples having the same concentration of a radical polymer-
ization initiator, the sample containing the compound repre-
sented by formula (14) as a radical polymerization initiator at
the start of the polymerization reaction showed a higher
residual DC voltage than the samples containing the com-
pound represented by formula (13) or (15) as a radical poly-
merization initiator at the start of the polymerization reaction.
This is probably because the compound represented by for-
mula (14) generated carbon dioxide (CO,) in the initiation
reaction of the radical polymerization to increase the vapor
density in the liquid crystal layer.

TABLE 1
Omol % 0.01mol% 0.1mol% 1mol% 2.5mol% 5mol%
Formula (13) — 99.5 99.2 99.0 98.1 953
Formula (14) — 99.1 97.5 932 84.2 75.0
Formula (15) — 99.5 99.0 989 98.5 955
No polymerization 99.5 — — — — —

initiator
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[0111] The samples had a residual DC voltage of 100 (mV)
or lower, and reduced the probability of image sticking in the
case of having a concentration of a radical polymerization
initiator of 0.01 mol %, irrespective of whether the initiator
was the compound represented by formula (13), the com-
pound represented by formula (14), or the compound repre-
sented by formula (15).

[0112] The samples also had a residual DC voltage of 100
or lower, and reduced the probability of image sticking in the
case of containing a radical polymetrization initiator of the
compound represented by formula (13) or (15) as long as the
concentration of the initiator was 1 mol % or lower.

[0113] The sample containing no radical polymerization
initiator did not show a much decrease in the residual DC
voltage because the concentration of radicals remaining unre-
acted was low.

[0114] Table 3 shows the results of achange (°) in the pretilt
angle after irradiation of each of the above samples with light
from the backlight for about 100 hours while an AC voltage of
5V was applied.
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merizable monomer in the composition for a liquid crystal
layer, and further, the probability of image sticking can be
further reduced by controlling the amount of the radical poly-
merization initiator to 1 mol % or lower relative to the poly-
merizable monomer. Here, the radical polymerization initia-
tor 1s preferably a material that does not generate gas such as
carbon dioxide (CO,) when the polymerization reaction
starts, in terms of suppression of a decrease in VHR and an
increase in the residual DC voltage. In this case, image stick-
ing can be further suppressed. The results also show that a
decrease in VHR and an increase in the residual DC voltage
are more suppressed when the concentration of the radical
polymerization initiator is 0.1 mol % than when the concen-
tration is 1 mol %; and a decrease in VHR and an increase in
the residual DC voltage are more suppressed when the con-
centration of the radical polymerization initiator is 0.01 mol
% than when the concentration is 0.1 mol %.

Second Embodiment

[0118] The second embodiment is an example of the liquid
crystal display device of the present invention which includes

TABLE 3
Omol% 0.0lmol% 0.1mol% I1mol% 25mol% 5mol%

Formula (13) — 0.05 0.02 0.01 0.01 0.01

Formula (14) — 0.06 0.03 0.03 0.03 0.02

Formula (15) — 0.04 0.01 0.01 0.01 0.01

No polymerization 0.3 — — — — —

initiator

[0115] Table 3 shows that, in comparison between the the composition for a polymer layer and the composition for

samples, the sample containing the compound represented by
formula (14) as a radical polymerization initiator at the start
of the polymerization reaction showed a change in the pretilt
angle which was almost the same as those of the samples
containing the compound represented by formula (13) or (15)
as a radical polymerization initiator at the start of the poly-
merization reaction. In contrast, in comparison between the
samples containing a radical polymerization initiator and the
sample containing no radical polymerization initiator, the one
containing no radical polymerization initiator showed a
change in the pretilt angle which was an order of magnitude
greater than the ones containing a radical polymerization
initiator. This is probably because the polymerization pro-
ceeded sufficiently and irradiation of light from the backlight
did not easily cause further polymerization in the case that a
radical polymerization initiator being a compound repre-
sented by formula (13), (14), or (15) was added; in contrast,
unreacted monomers remained in the case that no radical
polymerization initiator was added because irradiation of
light from the backlight caused further polymerization, so
that the pretilt angle was changed.

[0116] The liquid crystal cell was disassembled after the
measurement to evaluate the molecular weight distribution of
the polymer layer by GPC. The molecular weight distribution
of the polymer that formed the polymer layer with an aid of
any of the polymerization initiators represented by formula
(13), (14), and (15) was 5, while the molecular weight distri-
bution of the polymer that formed the polymer layer without
a polymerization initiator was 15 or more.

[0117] Theabove results show that the probability of image
sticking caused by a change in the pretilt angle can be reduced
by mixing a radical polymerization initiator with the poly-

a liquid crystal layer according to the present invention. The
liquid crystal display device according to the second embodi-
ment has a PSA layer formed by radical polymerization of
polymerizable monomers on the alignment film thereof as in
the case of the liquid crystal display device according to the
first embodiment. The liquid crystal display device according
to the second embodiment is, however, different from the
liquid crystal display device according to the first embodi-
ment in that it has an alignment film on which an alignment
treatment has been performed which set the pretilt angle to
80° or larger and smaller than 90°. The liquid crystal display
device according to the second embodiment is almost the
same as the liquid crystal display device according to the first
embodiment regarding components other than the alignment
film. In forming a PSA layer in the second embodiment, light
irradiation is preferably performed while a voltage not lower
than a threshold voltage is applied to the liquid crystal layer;
still, a PSA layer having comparatively high alignment con-
trol ability can be obtained by light irradiation without appli-
cation of a voltage not lower than a threshold voltage to the
liquid crystal layer because the alignment treatment has been
performed.

[0119] As in the case of the first embodiment, the material
for alignment films in the second embodiment may contain
monomers.

[0120] Hereinafter, a photo-alignment treatment as an
alignment treatment, that is, a method for forming a photo-
alignment film is described in detail. First, a solution prepared
by dissolving a photo-alignment film material having a pho-
toactive functional group ina solventis applied, by printing or
the like, to a supporting substrate on which an alignment film
is to be formed. The applied solution is pre-baked, and then
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post-baked so as to evaporate the solvent. In this way, abase
film is formed. The photoactive functional group may be of
either a photo-coupling type ot a photo-decomposition type.
Examples of compounds having a photoactive functional
group include polyamides represented by the following for-
mula (19) and polyimides represented by the following for-
mula (20). The functional group Z in the following formula
functions as a photoactive functional group.

(19)

HOOC
H
| \
N
0 COOH

[0121] In the formula, X represents any of groups repre-
sented by the following formulae (21-1) to (21-8); Y repre-
sents any of groups represented by the following formulae
(22-1) to (22-15); Z represents a functional group containing
any of photoactive functional groups represented by the fol-
lowing formulae (23-1) to (23-6); and m represents the num-
ber of repetitions of the parenthesized structure and is a posi-
tive integer.

[0} (0]
%NN— '
o) 0

[0122] In the formula, X represents any of groups repre-
sented by the following formulae (21-1) to (21-8); Y repre-
sents any of groups represented by the following formulae
(22-1) to (22-15); Z represents a functional group containing
any of photoactive functional groups represented by the fol-
lowing formulae (23-1) to (23-6); and m represents the num-
ber of repetitions of the parenthesized structure and is a posi-
tive integer.

20)

(21-1)

(21-3)
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(21-4)

(21-5)

(21-6)
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[0123] The photo-alignment film material used in the sec-
ond embodiment may be a copolymer having a side chain
containing a photoactive functional group and a side chain
free from photoactive functional groups. Examples of such a
copolymer include compounds represented by the following
formulae (24) and (25).
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[0124] In the formula, X represents any of groups repre-

sented by the formulae (21-1) to (21-8); Y represents any of

groups represented by the formulae (22-1) to (22-15); Z rep- 26-1)

resents a functional group containing any of photoactive

functional groups represented by the formulae (23-1) to (23- |

6); W represents any of groups represented by the following H,C CH(CH,);CH
3C

formulae (26-1) to (26-6); m represents a ratio of monomer CH;
units in the copolymer and is a value in the range ofOto 1; and -

n represents the degree of polymerization and is a positive

integer. In the following formulae (26-1) to (26-6), D and E, N \

which may be the same or different, each represent a divalent }

group selected from the group consisting of O, CO, COOQ, —

OCO, NHCO, CONH, S, two phenylene groups coupled to
each other by a direct bond, a methylene group, and C2-6

alkylene groups.

0 (0]
NN
0 (6]

[0125] 1In the formula, X represents any of groups repre-

sented by the formulae (21-1) to (21-8); Y1 represents any of -continued

groups represented by the formulae (22-1) to (22-15); Y2

represents a divalent organic group with a C4-40 alicyclic

skeleton; Z represents a functional group containing any of (26-2)
photoactive functional groups represented by the formulae CH,

(23-1) to (23-6); Q represents O, CO, COO, OCO, NHCO, S

or a direct bond between the phenylene group and Y2; m CH(CH);CH

| /

. hen . me ORI
represents a ratio of monomer units in the copolymer and is a CH,
value in the range of 0 to 1; and n represents the degree of )
polymerization and is a positive integer. Examples of the HC
moiety V are shown as the following formulae (27-1) to N4 \

(27-8). In the following formulae (27-1) to (27-8), A repre- </
sents a phenylene group or a direct bond between the groups A=

on the both sides of A; and B and C, which may be the same
or different, each represent a divalent group selected from O,
CO, COO, OCO, NHCO, CONH, S, Ar—Ar—CH,— (Ar
represents a phenylene group), a methylene group, or a C2-6
alkylene group, and a phenylene group.

CH; CH;

CH;
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[0126] Next, the supporting substrate surface is irradiated,
for example, with a predetermined dose of UV rays, prefer-
ably polarized UV rays from an oblique direction to the
surface. In this way, a photo-alignment film is formed. The
pretilt angle of the liquid crystal molecules given by the
photo-alignment film can be adjusted by the irradiation time,
the intensity and wavelength of light, the type of the photo-
active functional group, and the like.

[0127] In this process, the viewing angle can be greatly
improved if the directions of the alignment treatment for the
substrates are perpendicular to each other and the display
device is in the 4D-RTN (reverse twisted nematic) mode in
which each pixel is divided into four domains. In the 4D-RTN
mode, very precise pretilt control is required. Regarding the
liquid crystal display device according to the second embodi-
ment, a satisfactory level of the alignment stability can be
achieved even in the case of the 4D-RTN mode because the
pretilt alignment is highly stabilized by the PSA layers on the
alignment layers.

[0128] Regarding the liquid crystal display device accord-
ing to the second embodiment, the composition of the align-
ment films, the monomer components for PSA layer forma-
tion or radical polymerization initiator components in the
liquid crystal layer, the monomer components for PSA layer
formation in the PSA layers, the amount of the remaining
monomers for PSA layer formation or the radical polymer-
ization initiator in the liquid crystal layer, the ratio of the
monomers for PSA layer formation or the radical polymer-
ization initiator in the PSA layers, and the like can be ana-
lyzed by disassembling the liquid crystal display device and
performing a chemical analysis by nuclear magnetic reso-
nance (NMR) analysis, Fourier transform infrared spectros-
copy (FT-IR), mass spectrometry (MS), or the like.

EXAMPLE 2

[0129] Hereinafter, Example 2 is described in which a lig-
uid crystal cell of the liquid crystal display device according

17
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to the second embodiment was actually produced. First, a
polyimide solution as a vertical alignment film material was
applied to the surfaces of a pair of supporting substrates. The
substrates were pre-baked at 80° C. and then post-baked at
200° C.

[0130] Next, a photo-alignment treatment was performed
by using polarized UV rays with a wavelength of about 300
nm from a direction that was 40° to 50° oblique to the surfaces
of the supporting substrates. The dose of UV rays was 100
ml/cm®,

[0131] Next, a seal was applied to one of the supporting
substrates and beads were scattered on the other supporting
substrate. The supporting substrates were attached to each
other, and a composition for a liquid crystal layer which
contains a liquid crystal material having negative dielectric
anisotropy was injected between the substrates. In the present
example, the following samples were prepared as the compo-
sition for a liquid crystal layer as in the case of Example 1: a
sample containing a bifunctional monomer being a com-
pound represented by the above formula (12) and a radical
polymerization initiator being a compound represented by the
above formula (13); a sample containing a bifunctional
monomer being a compound represented by the above for-
mula (12) and a radical polymerization initiator being a com-
pound represented by the above formula (14); and a sample
containing a bifunctional monomer being a compound repre-
sented by the above formula (12) and two radical polymer-
ization initiators (benzophenone and N,N-diethylaniline)
represented by the above formula (15). Each sample was
adjusted to have a concentration of the radical polymerization
initiator, relative to the bifunctional monomer, 0of 0.01 mol %,
0.1 mol %, 1 mol %, 2.5 mol %, or 5 mol %. Thereby, 15
samples in total were produced. In preparing samples based
on the above formula (15), benzophenone and N,N-diethyla-
niline were added at equimolar % concentrations. The above
mol % shows the amount of each of benzophenone and N,N-
diethylaniline.

[0132] Next, the supporting substrates with the composi-
tion for a liquid crystal layer injected therebetween were
heated to 130° C. and quenched. Then, the polymerization
reaction of the bifunctional monomer was allowed to proceed
under irradiation of the black light (UV rays with a peak
wavelength in the range of 300 to 350 nm) for 20 minutes
while no voltage was applied. In this way, liquid crystal cells
having a PSA layer on each vertical alignment film was pre-
pared.

[0133] Subsequently. the respective liquid crystal cells pre-
pared as above were irradiated with light from the backlight
was applied thereto at 5V for about 100 hours. Then, the
voltage holding ratio (VHR), residual DC voltage, and
change in the pretilt angle were measured for the respective
liquid crystal cells.

[0134] VHR was measured under the conditions of 1V and
70° C. The residual DC voltage was measured at 40° C. by
Flicker Elimination technology using a DC offset voltage of 1
V. The change in the pretilt angle was calculated by subtract-
ing the pretilt angle before backlight irradiation and energi-
zation from the pretilt angle after the irradiation and energi-
zation.

[0135] Also, a liquid crystal cell which was the same as the
samples of the present example, except for including no radi-
cal polymer in the composition for a liquid crystal layer, was
produced as a reference cell to be compared with the above
samples. Then, the VHR, residual DC voltage, and change in
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the tilt angle due to the backlight irradiation and energization
were measured for the reference cell in the same ways.
[0136] Table 4 shows the results of the VHR (%) after the
backlight irradiation on the samples for about 100 hours.
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[0141] Table 5 shows that, in comparison between the
samples having the same concentration of a radical polymer-
ization initiator, the sample containing the compound repre-
sented by formula (14) as a radical polymerization initiator at

TABLE 4
Omol % 0.01mol% 0.1mol% 1mol% 2.5mol% 5mol%
Formula (13) — 99.1 98.2 97.0 96.5 94.1
Formula (14) — 99.1 97.2 93.6 86.8 79.0
Formula (15) — 99.1 99.0 98.3 97.1 95.6
No polymerization 99.2 — — — —

initiator

[0137] Table 4 shows that, in comparison between the
samples having the same concentration of a radical polymer-
ization initiator, the sample containing the compound repre-
sented by formula (14) as a radical polymerization initiator at
the start of the polymerization reaction showed a larger
decrease in the VHR than the samples containing the com-
pound represented by formula (13) or (15) as a radical poly-
merization initiator at the start of the polymerization reaction.
This is probably because the compound represented by for-
mula (14) generated carbon dioxide (CO,) in the initiation
reaction of the radical polymerization to increase the vapor
density in the liquid crystal layer.

[0138] The samples showed a VHR of not lower than 99%
and had high reliability in the case of having a concentration
of a radical polymerization initiator of 0.01 mol %, irrespec-
tive of whether the initiator was the compound represented by
formula (13), the compound represented by formula (14), or
the compound represented by formula (15).

[0139] The sample containing no radical polymerization
initiator did not show a much decrease in the VHR because
the concentration of radicals remaining unreacted was low.
[0140] Table 5 shows the results of the residual DC voltage
(mV) measurement after irradiation of the light from the
backlight for about 100 hours. The value of the residual DC
voltage is a value measured after one-hour application of DC
voltage.

the start of the polymerization reaction showed a higher
residual DC voltage than the samples containing the com-
pound represented by formula (13) or (15) as a radical poly-
merization initiator at the start of the polymerization reaction.
This is probably because the compound represented by for-
mula (14) generated carbon dioxide (CO,) in the initiation
reaction of the radical polymerization to increase the vapor
density in the liquid crystal layer.

[0142] The samples had a residual DC voltage of 100 (mV)
or lower, and reduced the probability of image sticking in the
case of having a concentration of a radical polymerization
initiator of 0.01 mol %, irrespective of whether the initiator
was the compound represented by formula (13), the com-
pound represented by formula (14), or the compound repre-
sented by formula (15).

[0143] The sample containing no radical polymerization
initiator did not show a much decrease in the residual DC
voltage because the concentration of radicals remaining unre-
acted was low.

[0144] Table 6 shows the results of a change (°) in the tilt
angle after irradiation of each of the above samples with light
from the backlight for about 100 hours while an AC voltage of
5V was applied.

TABLE 5
Omol%  0.01mol% 0.1 mol % Imol%  2.5mol% 5mol%

Formula (13) — 30 or lower 70 150 250 320

Formula (14) — 100 350 500 650 750

Formula (15) — 30 orlower 30 orlower 30 or lower 40 70

No polymerization 30 or lower — — — — —

initiator

TABLE 6
Omol% 0.0lmol% 01mol% 1mol% 2.5mol% 5 mol%

Formula (13) — 0.05 0.02 0.01 0.01 0.01
Formula (14) — 0.06 0.03 0.03 0.02 0.02
Formula (15) — 0.03 0.01 0.01 0.01 0.01
No polymerization 0.3 — — — — —

initiator
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[0145] Table 6 shows that, in comparison between the
samples, the sample containing the compound represented by
formula (14) as a radical polymerization initiator at the start
of the polymerization reaction showed a change in the pretilt
angle which was almost the same as those of the samples
containing the compound represented by formula (13) or (15)
as a radical polymerization initiator at the start of the poly-
merization reaction. In contrast, in comparison between the
samples containing a radical polymerization initiator and the
sample containing no radical polymerization initiator, the one
containing no radical polymerization initiator showed a
change in the pretilt angle which was an order of magnitude
greater than the ones containing a radical polymerization
initiator. This is probably because the polymerization pro-
ceeded sufficiently and irradiation of light from the backlight
did not easily cause further polymerization in the case that a
radical polymerization initiator being a compound repre-
sented by formula (13), (14), or (15) was added; in contrast,
unreacted monomers remained in the case that no radical
polymerization initiator was added because irradiation of
light from the backlight caused further polymerization, so
that the pretilt angle was changed.

[0146] The liquid crystal cell was disassembled after the
measurement to evaluate the molecular weight distribution of
the polymer layer by GPC. The molecular weight distribution
of the polymer that formed the polymer layer with an aid of
any of the polymerization initiators represented by formula
(13), (14), and (15) was 5, while the molecular weight distri-
bution of the polymer that formed the polymer layer without
a polymerization initiator was 15 or more.

[0147] Theabove results show that the probability of image
sticking caused by a change in the pretilt angle can be reduced
by mixing a radical polymerization initiator with the poly-
merizable monomer in the composition for a liquid crystal
layer, and further, the probability of image sticking can be
further reduced by controlling the amount of the radical poly-
merization initiator to 1 mol % or lower relative to the poly-
merizable monomer. Here, the radical polymerization initia-
tor 1s preferably a material that does not generate gas such as
carbon dioxide (CO,) when the polymerization reaction
starts, in terms of suppression of a decrease in VHR and an
increase in the residual DC voltage. In this case, image stick-
ing can be further suppressed. The results also show that a
decrease in VHR and an increase in the residual DC voltage
are more suppressed when the concentration of the radical
polymerization initiator is 0.1 mol % than when the concen-
tration is 1 mol %; and a decrease in VHR and an increase in
the residual DC voltage are more suppressed when the con-
centration of the radical polymerization initiator is 0.01 mol
% than when the concentration is 0.1 mol %. The results also
show that, even if the polymer layer is formed by polymer-
ization while no voltage is applied to the liquid crystal layer,
use of analignment film on which an alignment treatment was
performed makes it possible to obtain an alignment film hav-
ing sufficient alignment control ability which effectively
reduces the probability of image sticking.

Third Embodiment

[0148] The third embodiment is an example of the liquid
crystal display device of the present invention which includes
the composition for a polymer layer and the composition for
a liquid crystal layer according to the present invention. The
liquid crystal display device according to the third embodi-
ment has a PSA layer formed by radical polymerization of
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polymerizable monomers on the alignment film thereof as in
the case of the liquid crystal display devices according to the
first embodiment and the second embodiment. The liquid
crystal display device according to the third embodiment,
however, is different from the liquid crystal display devices
according to the first embodiment and the second embodi-
ment in that the radical polymerization initiator for triggering
the polymerization teaction of polymerizable monomers in
the present embodiment also serves as a polymerization ter-
minator for stopping the radical polymerization. Hereinafter,
the radical polymerization initiator which functions also as a
terminator is also referred to as an iniferter. The liquid crystal
display device according to the third embodiment is almost
the same as the liquid crystal display device according to the
first or second embodiment regarding components other than
the PSA layer. In the third embodiment, the alignment film
used may be one on which an alignment treatment is not
performed as in the first embodiment, or may be one on which
a photo-alignment treatment is performed as in the second
embodiment. In the third embodiment, while light irradiation
is performed, a voltage not lower than a threshold voltage is
not necessarily applied to the liquid crystal layer; still, the
light irradiation is preferably performed while a voltage not
lower than a threshold voltage is applied to the liquid crystal
layer in order to provide high alignment stability to the align-
ment film.

[0149] In the following, a radical polymerization reaction
mechanism in the case of using an iniferter is illustrated.

L, — 2@
(Initiation reaction)
Ae * M —— M —= M+ + I

(Propagation reaction 1)
IMe + Ie + M — [—Mp—] o—= I—M)* + I

(Propagation reaction 2)

l

I—M)yyr + I + M —— [-M),—] &——= I—M),* +I*

(Propagation reaction n)

[0150] In this way, the iniferter triggers the initiation reac-
tion by bonding to monomers, and also terminates the radical
polymerization reaction by bonding to an end of the polymer.
Thereby, radicals in the polymer constituting the alignment
film and the polymer layer are reduced. The iniferter therefore
can suppress accumulation of residual DC voltage in an align-
ment film and a polymer layer. The liquid crystal display
device according to the third embodiment therefore can pre-
vent image sticking caused by the residual DC voltage.

[0151] Examples of the iniferter which can be used in the
third embodiment include compounds represented by the fol-
lowing formulae (10-1) to (10-7).

(10-1)
CoHs CoHs

| I
H5C,— NC—8—8—CN—C,;
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-continued
C,H;s CH;
13H6C—IIC—S—S—CIII—C6H13
Q
C,Hs C,Hs

I I
51 HgC—NC—8—S§—CN—C oy,

CoHs CoHls

I
55H,C—NC—8—8—CN—C,H;

CHs

I
5H2C—Nﬁ—S—CH2

S

CoHs

I
13H5C—Nﬁ—S—CH2

S

CoHs

I
21HIOC—Nﬁ—s—CH2

S

CoHs

I
25H12C—Nﬁ—S—CH2

S
CH;
sH,C—$C—8—C—CH;

S CH;

CH;
13H6C—S|C—S—C—CH3

S CH,

CH;
ZlHloc—slc—s—c—cm

S CH;

I,
25lec—slc—s—c—CH3
S CH;
CH;
R—SC—§—C—CONH—CH;

|
S CHy

(10-2)

(10-3)

(10-4)

(10-5)

(10-6)

(10-7)

(10-8)

(10-9)

(10-10)

(10-11)

(10-12)

(10-13)
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-continued
(10-14)
CHj

R—SC—S§—C—CONH—C,H;

S CH;
(10-15)
CH;
R—SC—8§—C—CONH—C4H,;

S CH;
(10-16)
CH;
R—8C—S—C—CONH—C,,H,,

S CH;
(10-17)
CH;
R—SC—§—C—CONH—C 515

S CHj

[0152] In the formula, R represents CH,, C,Hs, CcH, s,
C oty or CppHys.

[0153] The compounds represented by formulae (10-1) to
(10-17) which can be used as the iniferter are suitable for the
iniferter used in the third embodiment in terms of suppression
ofimage sticking because the compounds do not generate gas
such as carbon dioxide (CQO,) at the start of the radical poly-
merization.

[0154] Examples of the iniferter having a higher solubility
in the liquid crystal layer in the third embodiment include

compounds represented by the following formulae (11-1) to
(11-3).

(11-1)

Colls CoHs
I I
<:::::::::::>>—-—— NC—S—S——CN
| |
S S
(11-2)
CoHs GHs
I I
| |
S S
(11-3)
C,Hs CoHs
|
0-0-i—£0-0
Il Il
S S

[0155] Each of the compounds represented by formulae
(11-1)to (11-3) has a phenyl group or 1,4-phenylene group at
one or both ends thereof which is/are the polymerization
starting point(s), and thus has high solubility to the liquid
crystal material. Such an iniferter having high solubility to the
liquid crystal material is more efficiently used in the reaction.
The reaction speed of the polymerization is therefore further
increased, and the probability of unreacted monomer remain-
ing is further reduced.
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[0156] Regarding the liquid crystal display device accord-
ing to the third embodiment, the composition of the alignment
films, the monomer components for PSA layer formation or
iniferter components in the liquid crystal layer, the monomer
components for PSA layer formation in the PSA layers, the
amount of the contaminating monomers for PSA layer for-
mation or the iniferter in the liquid crystal layer, the ratio of
the monomers for PSA layer formation or the iniferter in the
PSA layers, and the like can be analyzed by disassembling the
liquid crystal display device and performing a chemical
analysis by nuclear magnetic resonance (NMR) analysis,
Fourier transform infrared spectroscopy (FT-IR), mass spec-
trometry (MS), or the like.

EXAMPLE 3

[0157] Hereinafter, Example 3 is described in which a lig-
uid crystal cell of the liquid crystal display device according
to the third embodiment was actually produced. First, a poly-
imide solution as a vertical alignment film material was
applied to the surfaces of a pair of supporting substrates. The
substrates were pre-baked at 80° C. and then post-baked at
200° C.

[0158] Next, a seal was applied to one of the supporting
substrates and beads were scattered on the other supporting

CHs
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substrate. The supporting substrates were attached to each
other, and a composition for a liquid crystal layer which
contains a liquid crystal material having negative dielectric
anisotropy was injected between the substrates. In the present
example, a sample containing a bifunctional monomer (M)
being a compound represented by the above formula (12) and
an iniferter being a compound represented by the following
formula (28) was prepared as the composition for a liquid
crystal layer. The sample was adjusted to have a concentration
of the iniferter, relative to the bifunctional monomer, of 0.01
mol %, 0.1 mol %, 1 mol %, 2.5 mol %, or 5 mol %. Thereby,
5 samples in total were produced.

28)

CHs C,Hs

| |
HyC,—NC—S—8—CN—C,H;

[0159] Here, the reaction mechanism of an iniferter repre-
sented by formula (28) is described below. The following
formulae (29-1)to (29-3) show the three stages ofthe reaction
mechanism that monomers are polymerized by the iniferter
being the compound represented by formula (28).

CoHs

sH,C—NC—§—§—CN—C,H;

CoHs CoHs

CoHs

uv
SH,C—NC—§—S8—CN—C,Hs — 2 sIb,C—NC—S®

|
S

C2H5 Cg_Hj

S
(29-1)

I I
5H2C—N|C—SO M — 5H2C—Nﬁ—s—(M)n_1—M. —

S S

C2H5 CZHS

I I
SH,C— NC—§ — (M}, —S—CN—C,H;

|
S

(29-2)

CoHs

I
UV sHC—NC—5— (M)n. +M

CGHs CoHs

SHyC—NC—S——(M),sy—S—CN—C,Hs

(29-3)
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[0160] Inthe formula, M represents a monomer, and m and
n each represent a positive integer.

[0161] The radical polymerization reaction in the third
embodiment starts from generation of radicals in the iniferter
upon irradiation of UV rays, as illustrated in the above for-
mula (29-1). Next, as illustrated in the above formula (29-2),
the iniferter having radicals bond to the monomer (M) so that
the radical polymerization of the monomer (M) is started. As
the radical polymerization in which a plurality of monomers
(M) are bonded proceeds, the radicals at an end of the polymer
and a thiocarbamate group form a covalent bond. When the
system of formula (29-2) is further irradiated with light, the
thiocarbamate group is separated as illustrated in formula
(29-3), and the polymerization reaction of the monomer (M)
proceeds again. That is, the thiocarbamate group in the above
formula (29-3) functions as a chain transfer agent. Such bond-
ing and separation of a thiocarbamate group are repeated, and
the thiocarbamate group eventually forms a covalent bond
with a radical at an end of the polymer, thereby terminating
the radical polymerization reaction.

[0162] Informulae (29-1)to (29-3), the cleavage portion of
the iniferter is always bonded to both ends of the monomer
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was applied thereto at 5V for about 100 hours. After the
irradiation, the voltage holding ratio (VHR), residual DC
voltage, and change in the pretilt angle were measured for the
respective liquid crystal cells.

[0166] VHR was measured under the conditions of 1V and
70° C. The residual DC voltage was measured at 40° C. by
Flicker Elimination technology using a DC offset voltage at 1
V. The changg in the pretilt angle was calculated by subtract-
ing the pretilt angle before backlight irradiation and energi-
zation from the pretilt angle after the irradiation and energi-
zation.

[0167] Also, aliquid crystal cell which was the same as the
sample of the present example, except for including no inifer-
ter in the composition for a liquid crystal layer, was produced
as a reference cell to be compared with the above sample.
Then, the VHR, residual DC voltage, and change in the tilt
angle due to the backlight irradiation and energization were
measured for the reference cell in the same ways.

[0168] Table 7 shows the results of the VHR (%) after the
backlight irradiation on the samples for about 100 hours.

TABLE 7
Omol% 0.01mol% 0.1mol% 1mol% 2.5mol% 5mol%
Formula (28) — 99.1 98.8 97.6 97.1 96.4
No pelymerization 99.2 — — — — —
initiator
[0169] Table7 shows that the sample had sufficient reliabil-

(M). Therefore, the concentration of the radicals in the liquid
crystal layer is low compared to the case of using a common
radical polymerization initiator.

[0163] Thus, use of an iniferter repeatedly initiating and
terminating the polymerization is preferable to give a low
radical concentration to the system containing monomers
and/or polymers having a radical at the end thereof dissolved
in the liquid crystal layer. Such use also reduces the residual
DC voltage in the alignment film and the PSA layer, thereby
reducing the probability of image sticking. Further, gas such
as carbon dioxide (CO,) is not generated in the above poly-
merization reaction, and image sticking caused thereby can
also be suppressed.

ity at any concentration of the iniferter, and had particularly
high reliability in the case that the concentration of the inifer-
ter was 0.01 mol % because, as described above, no extra gas
was generated in the polymerization reaction in Example 3
and the radical concentration was low.

[0170] The sample containing no iniferter did not show a
much decrease in the VHR because the concentration of radi-
cals remaining unreacted was low.

[0171] Table 8 shows the results of the residual DC voltage
(mV) after the backlight irradiation on the samples for about
100 hours. The value of the residual DC voltage is a value
measured after one-hour application of DC voltage.

TABLE 8
0 mol % 0.0lmol% 0.1mol% 1mol% 2.5mol% 5mol%
Formula (28) — 30 or lower 60 100 130 170
No polymerization 30 or lower — — — — —
initiator
[0172] Table 8 shows that the sample had a residual DC

[0164] Next, the supporting substrates between which the
composition for a liquid crystal layer, containing an iniferter,
was injected were heated to 130° C. and quenched. Then, the
polymerization reaction of the bifunctional monomer (M)
was allowed to proceed under irradiation of the black light
(UV rays with a peak wavelength in the range of 300 to 350
nm) for 20 minutes while a voltage not lower than a threshold
voltage was applied. In this way, liquid crystal cells having a
PSA layer on each vertical alignment film were prepared.

[0165] Subsequently, the respective liquid crystal cells pre-
pared as above were irradiated with light from the backlight

voltage of 100 (mV) or lower at the iniferter concentration of
1 mol % or lower, which led to sufficient reduction of the
probability of image sticking, because, as described above, no
extra gas was generated in the polymerization reaction in
Example 3 and the radical concentration was low.

[0173] The sample containing no radical polymerization
initiator did not show a much decrease in the residual DC
voltage because the concentration of radicals remaining unre-
acted was low.
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[0174] Table 9 shows the results of a change (°) in the tilt [0184] 20: Color filter substrate
angle upon backlight irradiation on the samples for about 100 [0185] 30: Liquid crystal layer
hours while an AC voltage of 5V was applied. [0186] 41: Polymerizable monomer
TABLE 9
Omol% 0.0lmol% 0.1mol% I1mol% 25mol% 5mol%
Formula (28) — 0.05 0.02 0.01 0.01 0.01
No polymerization 0.3 — — — — —
initiator
[0175] Table 9 shows that, in comparison between the 1. A liquid crystal display device comprising

sample containing an iniferter and the sample containing no
iniferter, the one containing no iniferter showed a change in
the pretilt angle which was an order of magnitude greater than
the one containing an iniferter. The results also show that the
function of the iniferter of terminating a polymerization reac-
tion greatly reduced the probability of further polymerization
by irradiation of light from the backlight, which effectively
support suppression of a change in the pretilt angle.

[0176] This is probably because the polymerization pro-
ceeded sufficiently and irradiation of light from the backlight
did not cause further polymerization in the case that an inifer-
ter was added. Meanwhile, in the case that no iniferter was
added, unreacted monomers remained and the polymeriza-
tion was not terminated; as a result, irradiation of light from
the backlight caused further polymerization so that the pretilt
angle was changed.

[0177] The liquid crystal cell was disassembled after the
measurements, and was subjected to determination of the
molecular weight distribution of the polymer layer by GPC.
The molecular weight distribution of the polymer which was
mixed with the iniferter represented by formula (28) to form
the polymer layer was 3, and the molecular weight distribu-
tion of the polymer which was not mixed with any iniferter to
form a polymer layer was 15 or more.

[0178] Theabove results show that the probability of image
sticking caused by a change in the pretilt angle can be largely
reduced by mixing an iniferter with the monomer in the
composition for a liquid crystal layer, and further, the prob-
ability of image sticking caused by a residual DC voltage can
be reduced by controlling the amount of the iniferter to 1 mol
% or lower relative to the polymerizable monomer. The
results also show that a decrease in VHR and an increase in the
residual DC voltage are more suppressed when the concen-
tration of the iniferter is 0.1 mol % than when the concentra-
tion is 1 mol %; and a decrease in VHR and an increase in the
residual DC voltage are more suppressed when the concen-
tration of the iniferter is 0.01 mol % than when the concen-
tration 15 0.1 mol %.

[0179] The present application claims priority to Patent
Application No. 2009-092146 filed in Japan on Apr. 6, 2009
and Patent Application No. 2009-209690 filed in Japan on
Sep. 10, 2009 under the Paris Convention and provisions of
national law in a designated State, the entire contents of
which are hereby incorporated by reference.

EXPLANATION OF SYMBOLS

[0180] 10: Array substrate

[0181] 11, 21: Supporting substrate
[0182] 12,22: Alignment film

[0183] 13,23: PSA layer (polymer layer)

a pair of substrates, and

a liquid crystal layer between the substrates,

wherein at least one of the substrates comprises an align-
ment film and a polymer layer on the alignment film, and

the polymer layer is formed by polymerization of a poly-
merizable monomer triggered by a polymerization ini-
tiator existing at a concentration of 1 mol % or lower
relative to the polymerizable monomer.

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

wherein the polymer layer is formed by light irradiation,
the polymerizable monomer is polymerized by light
irradiation,

the polymerization initiator is a radical polymerization
initiator, and

the polymerization is radical polymerization by light irra-
diation.

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

wherein the radical polymerization initiator has a function
of terminating the radical polymerization.

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

wherein each of the substrates comprises an electrode, and

the polymer layer is formed by polymerization of the poly-
merizable monomer while a voltage not lower than a
threshold voltage is applied to the liquid crystal layer
through the electrodes.

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

wherein the alignment film contains a material that
includes a compound comprising a photoactive func-
tional group.

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

wherein the alignment film is a resin film.

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

wherein the molecular weight distribution of the polymer
constituting the polymer layer is 8 or less.

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

wherein the polymerization initiator is a radical polymer-
ization initiator, and

the polymerization is radical polymerization.

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

wherein the radical polymerization initiator includes a
chemical structure represented by formula (1):

&)
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wherein R represents H, C,H,,,,, or C,H,, CF5, and nis an
integer of 1 to 18;

the radical polymerization includes a chemical reaction
represented by formula (2):

wherein R represents H, C_ H
integer of 1 to 18; and

,orC H, CF;,andnisan

2n+

the chemical reaction is caused by ultraviolet light irradia-
tion to produce radicals that initiate the polymerization.

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

wherein the radical polymerization initiator includes at
least one compound selected from the group consisting
of

compounds represented by formulae (3-1) to (3-8):

(3-1)

(l)H
CH—C
||
(@]
(3-2)
(l)CH3
CH—C
||
(@]
(3-3)
(l)C2H5
CH—C
I
(6]
(3-4)
(|)CH2CH(CH3)2
CH—C
||
(6]
(3-5)
(l)CsHls
|
(6]
(3-6)
(|)C10H21
|
(6]
(3-1
(|)C12H25
|
(6]
(3-8)

N(CHz),

3
&
%3
F4
—ie]

o
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and
compounds represented by formulae (4-1) to (4-3):

41

0-0--0-0
0000

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

wherein the radical polymerization initiator includes two
compounds, one of the compounds represented by for-
mula (5):

)

wherein A represents an aromatic compound, and
the other one represented by formula (6):

(©)
R

A—N—R

wherein R represents C,H,, ., nis an integer of 1 to 18,
and A represents an aromatic compound,

the radical polymerization includes a chemical reaction
represented by formula (7):

|
>
=

wherein R represents C_H,, , , nis an integer of 1 to 18,
and A represents an aromatic compound; and

the chemical reaction is caused by ultraviolet light irradia-
tion to produce radicals that initiate the polymerization.
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12. The liquid crystal display device according to claim 8,
wherein the radical polymerization includes a chemical
reaction represented by formula (8):

OO

CoHs

N—C,Hs —»

CH—CH;.

I
. N—CyHs
C +
(I)H ®

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

wherein the radical polymerization initiator has a function
of terminating the radical polymerization.

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

wherein the radical polymerization initiator includes a
chemical structure represented by formula (9):

®

15. The liquid crystal display device according to claim 8,
wherein the radical polymerization initiator includes at

least one compound selected from the group consisting
of

compounds represented by formulae (10-1) to (10-17):

(10-1)
CyHs CoH;

HsCp—NC—8—S—CN—C,H;
(10-2)
CoHs CoHs
I I
HC—NC—8§—S—CN—C:H 3
(10-3)
CHs G5
I I
31 HgC—NC—8§ —S§—CN—C oHy,
(10-4)
C,Hs Cols
I I
35H [y C—NC—8§—S—CN—C s
(10-5)
Cols
I
sH,C—NC—S—CL,

S
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-continued
(10-6)
CoHs

I
13 HeC—NC—5—CH,

S

(10-7)
CHs

I
51 HgC—NC—§—CH,

S
(10-8)
CHs

5sHpC—NC—S$—CH,

S

(10-9)
CH;

sH,C—8C —S§—C—CH,

S CH;
(10-10)
CH;
lgHéc—sT:—s—c—CHg

S CH;
(10-11)
CH;
5 HC—SC—S$—C—ClH;

S CHz
(10-12)
CH;
5sH,C—SC—S8—C—CH;

S CH;

(10-13)
CH;

R—SC—8—C—CONH—CHj

S CH;
(10-14)
CH,

R—8C—S§—C—CONH—C,H;

S CH;
(10-15)
CH;
R—SC—8—C—CONH—C4lI;

S CH;
(10-16)
CH;

R—SC—S—C—CONH—CjHy,

S CH;
(10-17)
CH;

R—Sﬁ—S—C—CONH—C12H25
S

CH;

wherein R represents CH;, C,H;, C,H,;, C, H,,, or
CpoH,s, and
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compounds represented by formulae (11-1) to (11-3):

(11-1)
(€3:5] C,Hs

| I
NC—S§—S§—CN
| |
S S

CoHs GHs

|

| |

S S
(11-3)

C2H5 C2H5
O-0-—-0-0
16. The liquid crystal display device according to claim 1,

Il
S S
wherein the alignment film vertically aligns liquid crystal
molecules in the liquid crystal layer while no voltage is
applied.
17. The liquid crystal display device according to claim 16,
wherein the alignment film contains a material that
includes a compound comprising a photoactive func-
tional group.
18. The liquid crystal display device according to claim 17,
wherein the photoactive functional group is a cinnamate
group, chalcone group, tolane group, coumarin group, or
azobenzene group.
19. The liquid crystal display device according to claim 16,
wherein the alignment film comprises a copolymer that
contains a monomer unit comprising a side chain con-
taining a photoactive functional group and a monomer
unit comprising a side chain free from photoactive func-
tional groups.
20. The liquid crystal display device according to claim 17,
wherein the alignment film tilts the liquid crystal mol-
ecules in the liquid crystal layer in a direction oblique to
the normal direction of the alignment film surface while
no voltage is applied.
21. The liquid crystal display device according to claim 1,
comprising
a plurality of pixels,
wherein the liquid crystal layer is divided into regions that
are in one-to-one correspondence with the pixels, and
each of the regions of the liquid crystal layer is divided into
a plurality of subregions whose alignment directions of
liquid crystal molecules are different from one another.
22. The liquid crystal display device according to claim 21,
wherein the number of the subregions is four.
23. A method for producing a liquid crystal display device
comprising a pair of substrates and a liquid crystal layer
between the substrates, the method comprising the steps of:

11-2)

Q
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forming an alignment film on at least one of the substrates;

and

forming a polymer layer by polymerization starting from

an initiation reaction triggered by a polymerization ini-
tiator, on the alignment film,

wherein the molecular weight distribution of the polymer

constituting the polymer layer is 8 or less.

24. The production method according to claim 23, further
comprising the step of dissolving a monomer and a polymer-
ization initiator at a concentration of 1 mol % or lower relative
to the monomer in a liquid crystal material before the step of
forming a polymer layer.

25. The production method according to claim 23,

wherein the step of forming a polymer layer comprises

forming a polymer layer on a vertical-alignment film by
polymerization starting from an initiation reaction trig-
gered by a polymerization initiator while applying a
voltage not lower than a threshold voltage to the liquid
crystal layer.

26. The production method according to claim 23, further
comprising the step of an alignment treatment by irradiating
with light the alignment film containing a material that
includes a compound comprising a photoactive functional
group.

27. The production method according to claim 26,

wherein the photoactive functional group is a cinnamate

group, chalcone group, tolane group, coumarin group, or
azobenzene group.

28. The production method according to claim 26,

wherein the alignment film comprises a copolymer that

contains a monomer unit comprising a side chain con-
taining the photoactive functional group and a monomer
unit comprising a side chain free from photoactive func-
tional groups.

29. A composition for a polymer layer, comprising

a polymerizable monomer, and

a polymerization initiator existing at a concentration of 1

mol % or lower relative to the polymerizable monomer.

30. The composition for a polymer layer according to claim
29,

wherein the polymerizable monomer is polymerized by

light irradiation, and

the polymerization initiator is a radical polymerization

initiator.

31. The composition for a polymer layer according to claim
29,

wherein the polymerization initiator has a function of ter-

minating the polymerization.

32. A composition for a liquid crystal layer, comprising

the composition for a polymer layer according to claim 29,

and

a liquid crystal material.

® ok % ok %
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