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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF MANUFACTURING SAME

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device and a method for manufacturing the same, and
more particularly to a liquid crystal display device using a
PSA technique and a method for manufacturing the same.

BACKGROUND ART

[0002] A nature of a liquid crystal display device is that the
display quality depends on the viewing angle. Therefore,
attempts have been made to increase the viewing angle of a
liquid crystal display device by forming a plurality liquid
crystal domains in which pretilt directions of liquid crystal
molecules are different from each other in each pixel (e.g., the
orientation division of the MVA mode, or the like), or by
forming liquid crystal domains having liquid crystal mol-
ecules oriented in a plurality of pretilt directions different
from one another in each pixel (e.g., the axisymmetric align-
ment domains of the CPA mode).

[0003] In recent years, the Polymer Sustained Alignment
technology (hereinafter referred to as the “PSA technology™)
has been developed as a technique for controlling the pretilt
direction of liquid crystal molecules (see Patent Documents 1
and 2 and Non-Patent Document 1). The disclosure of Patent
Documents 1 and 2 and Non-Patent Document 1 is incorpo-
rated herein by reference in its entirety.

[0004] The PSA technology is a technique in which a liquid
crystal cell is assembled with a small amount of a polymer-
izable compound (e.g., a photopolymerizable monomer or
oligomer) mixed in a liquid crystal material, after which the
polymerizable compound is irradiated with actinic energy
rays (e.g., ultraviolet rays) the presence of a predetermined
voltage applied to the liquid crystal layer so as to control the
pretilt direction of the liquid crystal molecules by means of
the formed polymerization product. The alignment of the
liquid crystal molecules when the polymerization product is
formed is sustained (memorized) even after the voltage is
removed (in the absence of an applied voltage). Therefore, the
PSA technology has an advantage that the pretilt azimuth and
the pretilt angle of the liquid crystal molecules can be
adjusted by controlling the electric field, or the like, formed in
the liquid crystal layer. Since the PSA technology does not
require a rubbing treatment, it is particularly suitable for
forming a vertical alignment liquid crystal layer, with which
it is difficult to control the pretilt direction by a rubbing
treatment.
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[0005] Patent Document No. 1: Japanese Laid-Open Patent
Publication No. 2002-357830

[0006] Patent Document No. 2: Japanese Laid-Open Patent
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[0007] [Non-Patent Document 1] K. Hanaoka etal. “A New
MVA-LCD by Polymer Sustained Alignment Technology”,
SID 04 DIGEST 1200-1203 (2004)
SUMMARY OF INVENTION
Technical Problem

[0008] However, a study by the present inventor on the
mass-production stability and the reliability of liquid crystal
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display devices using the PSA technology revealed the fol-
lowing problems: (1) the pretilt angle of the liquid crystal
molecules is not stable and display non-uniformity is
observed; and (2) display burn-in occurs over time using the
liquid crystal display device.

[0009] The present invention has been made to solve the
problems described above, and an object thereof is to improve
the mass-production stability and the reliability of liquid
crystal display devices using the PSA technology.

Solution to Problem

[0010] A liquid crystal display device of the present inven-
tion includes a plurality pixels each having a transmission
region, each of the plurality of pixels including: a first elec-
trode; a second electrode; a liquid crystal layer provided
between the first electrode and the second electrode; a first
vertical alignment film provided between the first electrode
and the liquid crystal layer; a second vertical alignment film
provided between the second electrode and the liquid crystal
layer; and a pair of alignment-sustaining layers of photopo-
lymerization products formed on one surface of the first ver-
tical alignment film that is closer to the liquid crystal layer and
one surface of the second vertical alignment film that is closer
to the liquid crystal layer, wherein the photopolymerization
product of each of the pair of alignment-sustaining layers
covers 30% or more and 60% or less of an area of the trans-
mission region of a corresponding one of the first and second
vertical alignment films.

[0011] Inanembodiment, theliquid crystal layer includes a
nematic liquid crystal material having a negative dielectric
anisotropy and a photopolymerizable compound for forming
the photopolymerization product, wherein a content of the
photopolymerizable compound is greater than 0.015% by
mass and less than 0.068% by mass of the liquid crystal
material.

[0012] In an embodiment, the photopolymerization prod-
uct substantially includes only particles whose particle diam-
eter is 500 nm or less.

[0013] In an embodiment, the photopolymerizable com-
pound includes diacrylate or dimethacrylate.

[0014] A method for manufacturing a liquid crystal display
device of the present invention is a method for manufacturing
any of the liquid crystal display devices set forth above,
including the steps of: (a) providing a liquid crystal cell
including a first substrate having the first electrode and the
first vertical alignment film formed thereon, a second sub-
strate having the second electrode and the second vertical
alignment film formed thereon, and a mixture of a nematic
liquid crystal material and a photopolymerizable compound
between the first substrate and the second substrate; (b) irra-
diating the mixture with light in presence of a voltage applied
between the first electrode and the second electrode to form
the photopolymerization product so as to cover an area of
15% or more of the transmission region of one surface of each
of'the first and second vertical alignment films that is closer to
the liquid crystal layer; and (c) further irradiating the mixture
with light in absence of a voltage applied between the first
electrode and the second electrode after the step (b) to further
form the photopolymerization product so as to cover an area
01 30% or more of the transmission region of one surface of
each of the first and second vertical alignment films that is
closer to the liquid crystal layer.
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[0015] Inanembodiment, content of the photopolymeriza-
bie compound in the mixture is in a range of 0.15% by mass
or more and 0.40% by mass or less of the liquid crystal
material in the step (a).

Advantageous Effects of Invention

[0016] According to the present invention, it is possible to
improve the mass-production stability and the reliability of a
liquid crystal display device using the PSA technology.

BRIEF DESCRIPTION OF DRAWINGS

[0017] [FIGS. 1(a) and (b) are diagrams showing a struc-
ture of a liquid crystal display device 100 according to an
embodiment of the present invention, wherein (a) is a sche-
matic cross-sectional view of the liquid crystal display device
100, and (b) is a schematic plan view showing one surface of
a substrate 10 or 20 of the liquid crystal display device 100
that is closer to the liquid crystal layer.

[0018] [FIG. 2](a)-(c) are schematic cross-sectional views
illustrating a method for manufacturing the liquid crystal
display device 100 according to an embodiment of the present
invention.

[0019] [FIGS. 3](a) and (b) are views showing how an
alignment-sustaining layer is formed in a method for manu-
facturing the liquid crystal display device 100 according to an
embodiment of the present invention, wherein (a) shows an
SEM image showing the condition on the alignment film after
a first light irradiation step, and (b) shows an SEM image
showing the condition on the alignment film after a second
light irradiation step.

[0020] [FIGS. 4](a) and (b) are schematic diagrams illus-
trating problems of a conventional liquid crystal display
device, wherein (a) is a schematic cross-sectional view show-
ing photopolymerization product formed on the substrate,
and (b) is a cross-sectional view schematically showing the
pretilt of liquid crystal molecules being disturbed.

DESCRIPTION OF EMBODIMENTS

[0021] A structure of a liquid crystal display device accord-
ing to an embodiment of the present invention will now be
described with reference to the drawings. While a transmis-
sion liquid crystal display device in which each pixel is
formed only by a transmission region where display is pro-
duced in the transmission mode will be illustrated herein, the
liquid crystal display device according to an embodiment of
the present invention is also applicable to a transmission-
reflection or transflective liquid crystal display device where
each pixel includes a reflection region where display is pro-
duced in the reflection mode and a transmission region where
display is produced in the transmission mode.

[0022] A configuration of a liquid crystal display device
100 according to an embodiment of the present invention will
be described with reference to FIGS. 1(a) and 1(5). FIG. 1
shows a structure within one pixel of the liquid crystal display
device 100, i.e., the composition of a region where liquid
crystal molecules have a predetermined pretilt.

[0023] FIG. 1(a) is a schematic cross-sectional view of the
liquid crystal display device 100, and FIG. 1(b) is a schematic
plan view of one surface of a substrate 10 or 20 of the liquid
crystal display device 100 that is closer to the liquid crystal
layer.

[0024] The liquid crystal display device 100 includes the
first substrate 10, the second substrate 20, and a liquid crystal
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layer 32 provided between the first substrate 10 and the sec-
ond substrate 20. The first substrate 10 is a TFT substrate, for
example, and the second substrate 20 is a color filter substrate,
for example. For example, the first substrate 10 includes a
glass substrate 11, a first electrode (e.g., a pixel electrode) 12
formed on the glass substrate 11, a first vertical alignment
film 14 formed on one side of the first electrode 12 that is
closer to the liquid crystal layer 32, and a first alignment-
sustaining layer 16 formed on one surface of the first vertical
alignment film 14 that is closer to the liquid crystal layer 32.
For example, the second substrate 20 includes a glass sub-
strate 21, a second electrode (e.g., a counter electrode) 22
formed on the glass substrate 21, a second vertical alignment
film 24 formed on one side of the second electrode 22 that is
closer to the liquid crystal layer 32, and a second alignment-
sustaining layer 26 formed on one surface of the second
vertical alignment film 24 that is closer to the liquid crystal
layer 32.

[0025] Each of the first alignment-sustaining layer 16 and
the second alignment-sustaining layer 26 is formed by the
PSA technology and is formed by photopolymerization prod-
uct, and the first alignment-sustaining layer 16 and the second
alignment-sustaining layer 26 each cover 30% or more and
60% or less of the area of pixels of a corresponding one of the
first vertical alignment film 14 and the second vertical align-
ment film 24. As will later be described with some of the
experimental results, it is possible to improve the mass-pro-
duction stability and the reliability of the liquid crystal dis-
play device 100 if the first alignment-sustaining layer 16 and
the second alignment-sustaining layer 26 each cover 30% or
more and 60% or less of the area of the transmission region of
a corresponding one of the first vertical alignment film 14 and
the second vertical alignment film 24.

[0026] As schematically shown in FIG. 1(b), a large num-
ber of photopolymerization product particles 16a and 26a are
formed on one surface of the vertical alignment film 14 that is
closer to the liquid crystal layer and one surface of the vertical
alignment film 24 that is closer to the liquid crystal layer. The
photopolymerization product particles 16a and 264 form the
alignment-sustaining layers 16 and 26. Here, it is preferred
that the photopolymerization product particles 16a and 26a
substantially include only particles whose particle diameter is
500 nm or less.

[0027] As schematically shown in FIG. 4(a), if there is a
polymerization product particle 96a whose particle diameter
is greater than 500 nm on a vertical alignment film 92 of a
substrate 91, the alignment of the liquid crystal molecules
may be disturbed or it may be presented as a bright spot when
display is produced. Where the polymerization product par-
ticle 96a whose particle diameter is greater than 500 nm is
formed, the area covered by the polymerization product par-
ticle 964 is often less than 30%. As a result, as shown FIG.
4(b), the orientation of liquid crystal molecules 94a of a liquid
crystal layer 94 provided between substrates 90a and 905
with such polymerization products 96a and 965 formed on
the surface thereof may be disturbed depending on the loca-
tion, causing display non-uniformity.

[0028] Note that while a transmission liquid crystal display
device where pixels only have transmission regions is illus-
trated herein, if the pixels have reflection regions (i.e., in the
case of a transflective liquid crystal display device), it is only
required that the first alignment-sustaining layer 16 and the
second alignment-sustaining layer 26 each cover 30% or
more and 60% or less of the area of the transmission region of
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a corresponding one of the first vertical alignment film 14 and
the second vertical alignment film 24.

[0029] The area covered by the first and second alignment-
sustaining layers 16 and 26 (also referred to simply as the
“coverage”) is less than 30%, the pretilt direction or the pretilt
angle may vary and display non-uniformity may occur,
thereby lacking the mass-production stability. On the other
hand, if the area covered by the first and second alignment-
sustaining layers 16 and 26 is greater than 60%, the reliability
ofthe liquid crystal display device may lower. That is, in order
to realize a coverage of 60% or more, it is necessary to allow
the photopolymerization reaction to proceed sufficiently by
setting the content of the photopolymerizable compound to
be mixed in the nematic liquid crystal material to be greater
than 0.40% by mass of the liquid crystal material and by
elongating the light irradiation time, for example. Then, the
content of the photopolymerizable compound remaining in
the liquid crystal layer is increased. Alternatively, if a long
light irradiation is performed in order to sufficiently lower the
content of the photopolymerizable compound remaining in
the liquid crystal layer, the alignment film or the organic
interlayer insulating film may optically deteriorate to gener-
ate a decomposition gas, thereby producing bubbles in the
liquid crystal material, for example.

[0030] Itis preferred that the content of the photopolymer-
izable compound remaining in the liquid crystal layer 32 is
greater than 0.015% by mass and less than 0.068% by mass of
the liquid crystal material. If the content of the remaining
photopolymerizable compound is 0.068% by mass or more of
the liquid crystal material, the photopolymerizable com-
pound polymerizes over time using the liquid crystal display
device to act to fix the alignment of the liquid crystal mol-
ecules at that point, which may change the pretilt angle of the
liquid crystal molecules. A region where the pretilt angle of
the liquid crystal molecules is different will exhibit a different
brightness during a display operation, and may therefore be
observed as display burn-in or display non-uniformity. For
example, if the pretilt angle of liquid crystal molecules in a
region displaying white decreases, the brightness of the
region becomes higher than the surrounding area, and the
image which has been displayed in white may therefore
appear to have been burned-in. In order for the content of the
remaining photopolymerizable compound to be 0.015% by
mass or less of the liquid crystal material, it is necessary to
reduce the amount of the photopolymerizable compound to
be mixed in initially, but then may be impossible form the
alignment-sustaining layers 16 and 26 or the function as the
alignment-sustaining layers 16 and 26 may not be exerted
sufficiently.

[0031] In order to control the content of the remaining
photopolymerizable compound in the liquid crystal layer 32
within a range of greater than 0.015% by mass and less than
0.068% by mass of the liquid crystal material, it is preferred
that the content of the photopolymerizable compound in the
mixture for forming the liquid crystal layer 32 is within a
range of greater than 0.15% by mass and 0.40% by mass or
less of the liquid crystal material. If the content of the photo-
polymerizable compound is greater than 0.40% by mass, so
much light irradiation that the alignment film, etc., are opti-
cally deteriorated will be needed in order to decrease the
content of the remaining photopolymerizable compound. If
the content of the photopolymerizable compound in the mix-
ture for forming the liquid crystal layer 32 is 0.15% by mass
or less of the liquid crystal material, it may be impossible to
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form the alignment-sustaining layers 16 and 26 or the func-
tion as the alignment-sustaining layers 16 and 26 may not be
exerted sufficiently.

[0032] The photopolymerizable compound may be a
monomer, an oligomer or a mixture thereof. Diacrylate or
dimethacrylate may be preferably used as the monomer. It is
preferred that ultraviolet rays (e.g., rays at 365 nm) are used
for polymerization, instead of using an initiator.

[0033] Next, with reference to FIGS. 2(a) to 2(c), 3(a) and
3(b), a method for manufacturing the liquid crystal display
device 100 according to an embodiment of the present inven-
tion will be described.

[0034] First, as shown in FIG. 2(a), a liquid crystal cell
100q is provided, including a first substrate 10' with a first
electrode and a first vertical alignment film (not shown in this
figure) formed thereon, a second substrate 20' with a second
electrode and a second vertical alignment film (not shown in
this figure) formed thereon, and, a mixture of a nematic liquid
crystal material having a negative dielectric anisotropy and a
photopolymerizable compound provided between the first
substrate 10" and the second substrate 20'. Note that the first,
substrate 10 and the second substrate 20 shown in FIG. 1(a)
are obtained if an alignment-sustaining layer is formed on the
surface of the vertical alignment film of the first substrate 10"
and that of the second substrate 20'.

[0035] The liquid crystal cell 100a is produced by a one
drop filling method, for example. A drop of a mixture of a
nematic liquid crystal material having a negative dielectric
anisotropy and a photopolymerizable compound is applied
onto the first substrate 10", with a pattern of a sealant 34
having been drawn in a peripheral portion thereof, under a
depressurized atmosphere, and then the second substrate 20’
is attached thereto. Thereafter, the sealant 34 is cured, thereby
obtaining the liquid crystal cell 100a.

[0036] At this point, liquid crystal molecules 32a of the
nematic crystal material exhibit a pretilt angle of about 90°
with respect to the surface of the vertical alignment film.
Molecules 364 of the photopolymerizable compound (e.g., a
diacrylate monomer) are dispersed in a liquid crystal layer
32

[0037] Next,asshowninFIG.2(b), the mixtureis irradiated
with light UV1 in the presence of a voltage applied between
a pair of electrodes formed on the first substrate 10" and the
second substrate 20, i.e., in the presence of a voltage applied
through the mixture, thereby forming the photopolymeriza-
tion products 16a and 264 so as to cover an area of 15% or
more of one surface of the vertical alignment film of the first
substrate 10' that is closer to the liquid crystal layer 32' and
one surface of the vertical alignment film of the second sub-
strate 20" that is closer to the liquid crystal layer 32'. In this
process, it is preferred that the photopolymerization products
16a and 26a do not cover an area of 30% or more of one
surface of the first vertical alignment film that is closer to the
liquid crystal layer 32' and one surface of the second vertical
alignment film that is closer to the liquid crystal layer 32'. An
intended pretilt angle is obtained by the photopolymerization
products 16a and 26a formed through light irradiation in the
presence of an applied voltage. The longer the irradiation time
(the greater the amount of irradiation light), the greater the
pretilt angle becomes.

[0038] FIG. 2(b) schematically shows a state where the
liquid crystal molecules 32a have been brought into a prede-
termined alignment by an inclined electric field generated by
the slits (openings) formed in the first electrode and the sec-
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ond electrode. The direction of alignment of the liquid crystal
molecules 32a can be controlled by the slits formed in the
electrode or protrusions (ribs) of a dielectric material formed
on one surface of the electrode that is closer to the liquid
crystal layer 32'. By forming the photopolymerization prod-
ucts 16a and 264 so as to cover an area of 15% or more of one
surface of the first vertical alignment film that is closer to the
liquid crystal layer 32' and one surface of the second vertical
alignment film that is closer to the liquid crystal layer 32, the
alignment of the liquid crystal molecules 32a restricted by the
electric field is maintained.

[0039] Then, as shown in FIG. 2(c), the mixture is further
irradiated with light UV2 in the absence of a voltage applied
between the first electrode and the second electrode, thereby
further forming photopolymerization product so as to cover
an area of 30% or more and 60% or less of one surface of each
of'the first and second vertical alignment films that is closer to
the liquid crystal layer 32. It is preferred that the intensity of
light used in this irradiation is lower and the irradiation time
is longer than in the previous light irradiation. The amount of
monomer remaining in the liquid crystal layer 32 is reduced
by the second light irradiation.

[0040] An experiment example will now be illustrated.
[0041] A nematic liquid crystal material having a negative
dielectric anisotropy :is mixed with an amount of a diacrylate
monomer that is 0.25% by mass of the liquid crystal material.
No initiator is mixed in. For example, SE-5561 or SE8963
from Nissan Chemical Industries, Ltd. is used as the vertical
alignment film.

[0042] A pair of substrates with the electrode and the ver-
tical alignment film formed thereon are provided, and the
mixture is injected therebetween by a one drop filling method,
thereby obtaining the liquid crystal cell 100a. The thickness
of the liquid crystal layer is 3.5 um, for example.

[0043] It is irradiated with ultraviolet rays whose lumi-
nance at 313 nm is about 5 mW/cm? (ultraviolet rays whose
wavelength is 310 cm or less are removed by a filter; primary
wavelengths are 313 nm, 334 nm and 365 nm) over about 60
to 300 sec from the side of one substrate in the presence of a
voltage of 10V applied to the mixture by using an ultra high
pressure mercury lamp. Where the first substrate 10'is a TFT
substrate and the second substrate 20" is a color filter sub-
strate, it is preferred that the irradiation is done from the side
ofthe first substrate 10'. If the irradiation is done from the side
of the second substrate 20", the ultraviolet rays are absorbed
by the color filter, resulting in a poor efficiency. Note that the
irradiation may be done from both sides. The voltage applied
to the mixture may be any voltage as long as it is such a
voltage that the liquid crystal molecules 32a are aligned in an
intended direction.

[0044] Then, the second light irradiation is done in order to
reduce the content of the diacrylate monomer remaining in
the liquid crystal layer 32'. For example, it is irradiated with
ultraviolet rays whose luminance at 365 nm is about 4
mW/cm? over about 10 to 60 sec from the side of one sub-
strate, as in the first light irradiation described above, by using
black light. In this process, there is no need to apply a voltage
to the mixture.

[0045] By being irradiated with ultraviolet rays over a rela-
tively long time as described above, the diacrylate monomer
remaining in the liquid crystal layer 32' further polymerizes to
thereby form photopolymerization product so as to cover an
area of 30% or more of the surface of the vertical alignment
film. Note that since the initial content of the diacrylate mono-
mer in the mixture is 0.25% by mass (0.40% by mass or less)
of the liquid crystal material, the coverage will not be greater
than 60%.
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[0046] FIG. 3(a) shows an SEM image showing the condi-
tion on the alignment film after the first light irradiation step
in the manufacturing method of the experiment example
described above, and FIG. 3(4) shows an SEM image show-
ing the condition on the alignment film after the second light
irradiation step. They are both images obtained by perform-
ing a predetermined light irradiation step, thereafter disas-
sembling the liquid crystal cell, removing the liquid crystal
material, and observing, through SEM, the surface after it is
rinsed with a solvent.

[0047] As shown in FIG. 3(a), polymerization product par-
ticles are formed on the vertical alignment film. The diam-
eters of the polymerization product particles, regarded as
being spheres, were in the range of about 50 nm to about 100
nm. The coverage calculated based on the area of white por-
tions obtained by digitizing the SEM image was 17.8%. The
amount of the remaining monomer at this point was about
0.13% by mass of the liquid crystal material, indicating that
about 50% of the monomer mixed in had been reacted. Note
that the amount of the remaining monomer was obtained
based on the following expression using a gas chromatogra-
phy (GO).

Remaining monomer amount-(Post-irradiation peak

monomer area/Pre-irradiation peak monomer area)x
Pre-irradiation monomer amount

[0048] The coverage after the second light irradiation
shown in FIG. 3(b) was 40.1%. The diameters of the poly-
merization product particles were in the range of about 50 nm
to about 100 nm. The amount of the remaining monomer was
about 0.0375 by mass of the liquid crystal material, indicating
that about 85% of the monomer mixed in had been reacted
[0049] As a result of these experiments conducted under
various conditions, it was found that the pretilt of the liquid
crystal molecules is stable and display non-uniformity is not
observed if the coverage of the alignment-sustaining layer
eventually attained is 30% or more and 60% or less. It was
also found that display burn-in does not occur if the content of
the monomer remaining in the liquid crystal layer is less than
0.068% by mass of the liquid crystal material. Moreover, the
problem of bubbles generated in the liquid crystal material
did not occur.

INDUSTRIAL APPLICABILITY

[0050] The present invention is applicable to a liquid crys-
tal display device using the PSA technology and a method for
manufacturing the same.

REFERENCE SIGNS LIST
[0051] 10, 20 Substrate
[0052] 11, 21 Glass substrate
[0053] 12, 22 Electrode
[0054] 14, 24 Vertical alignment film
[0055] 16, 26 Alignment sustaining layer
[0056] 16a, 26a Photopolymerization product particle
[0057] 32 Liquid crystal layer
[0058] 32a Liquid crystal molecules
[0059] 34 Sealant

[0060]

1. A liquid crystal display device comprising a plurality of
pixels each having a transmission region, each of the plurality
of pixels comprising: a first electrode;

a second electrode; a liquid crystal layer provided between
the first electrode and the second electrode; a first verti-
cal alignment film provided between the first electrode
and the liquid crystal layer; a second vertical alignment

100 Liquid crystal display device
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film provided between the second electrode and the lig-
uid crystal layer; and a pair of alignment-sustaining
layers of photopolymerization products formed on one
surface of the first vertical alignment film that is closer to
the liquid crystal layer and one surface of the second
vertical alignment film that is closer to the liquid crystal
layer, wherein the photopolymerization product of each
of'the pair of alignment-sustaining layers covers 30% or
more and 60% or less of an area of the transmission
region of a corresponding one of the first and second
vertical alignment films.

2. The liquid crystal display device according to claim 1,
wherein the liquid crystal layer includes a nematic liquid
crystal material having a negative dielectric anisotropy and a
photopolymerizable compound for forming the photopoly-
merization product, wherein a content of the photopolymer-
izable compound is greater than 0.015% by mass and less
than 0.068% by mass of the liquid crystal material.

3. The liquid crystal display device according to claim 1,
wherein the photopolymerization product substantially
includes only particles whose particle diameter is 500 nm or
less.

4. The liquid crystal display device according to claim 1,
wherein the photopolymerizable compound includes diacry-
late or dimethacrylate.

5. A method for manufacturing, the liquid crystal display
device according to claim 1, comprising the steps of:
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(a) providing a liquid crystal cell including a first substrate
having the first electrode and the first vertical alignment
film formed thereon, a second substrate having the sec-
ond electrode and the second vertical alignment film
formed thereon, and a mixture of a nematic liquid crystal
material and a photopolymerizable compound between
the first substrate and the second substrate;

(b) irradiating the mixture with light in presence of a volt-
age applied between the first electrode and the second
electrode to form the photopolymerization product so as
to cover an area of 15% or more of the transmission
region of one surface of each of the first and second
vertical alignment films that is closer to the liquid crystal
layer; and

(c) further irradiating the mixture with light in absence of a
voltage applied between the first electrode and the sec-
ond electrode after the step (b) to further form the pho-
topolymerization product so as to cover an area of 30%
or more of the transmission region of one surface of each
of the first and second vertical alignment films that is
closer to the liquid crystal layer.

6. The method for manufacturing a liquid crystal display
device according to claim 5, wherein a content of the photo-
polymerizable compound is in a range of 0.15% by mass or
more and 0.40% by mass or less of the liquid crystal material
in the step (a).
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