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(57) ABSTRACT

An alignment film is given a 2-layer structure comprising a
photoalignment film that is photoalignable and a low-resis-
tivity alignment film whose resistivity is smaller than that of
the photoalignment film. The photoalignment film is formed
by a polyimide whose precursor is polyamide acid alky] ester,
the number molecular weight of the photoalignment film is
large, and the stability of alignment of the photoalignment
film by photoalignment is excellent. The low-resistivity
alignment film is formed by a polyimide whose precursor is
polyamide acid, the number molecular weight of the low-
resistivity alignment film is small, and the resistivity of the
low-resistivity alignment film is small. The 2-layer structure
alignment film can be maintaining an excellent photoalign-
ment characteristic, so DC afterimages can be controlled.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
U.S. application Ser. No. 12/560,770 filed Sep. 16, 2009, the
contents of which are incorporated herein by reference.

CLAIM OF PRIORITY

[0002] The present application claims priority from Japa-
nese application serial No. 2008-235900, filed on Sep. 16,
2008, the content of which is hereby incorporated by refer-
ence into this application.

BACKGROUND
[0003] 1. Technical Field
[0004] The present invention pertains to a liquid crystal

display device and particularly relates to a liquid crystal dis-
play device thatis equipped with a liquid crystal display panel
where alignment control ability is imparted to an alignment
film by irradiation with light.

[0005] 2. Related Art

[0006] Liquid crystal display devices have a TFT substrate
on which pixel electrodes and thin film transistors (TFTs) are
formed in a matrix, an opposing substrate that opposes the
TFT substrate and on which color filters are formed in places
corresponding to the pixel electrodes of the TFT substrate,
and liquid crystal that is held between the TFT substrate and
the opposing substrate. Additionally, liquid crystal display
devices form an image by controlling, per pixel, the transmit-
tance of light by the liquid crystal molecules.

[0007] Liquid crystal display devices are flat and light-
weight, so they are used for various purposes in many differ-
ent fields, from large display devices in televisions and the
like to mobile telephones and digital still cameras (DSC). On
the other hand, viewing angle characteristics of liquid crystal
display devices are a problem. Viewing angle characteristics
are a phenomenon where brightness varies or chromaticity
varies between when the screen is seen from the front and
when the screen is seen from a diagonal direction. In-Plane
Switching (IPS), where the liquid crystal molecules are
moved by a horizontal direction electric field, has excellent
viewing angle characteristics.

[0008] As a method of aligning an alignment film that is
used in liquid crystal display devices, that is, imparting align-
ment control ability, the related art includes a method of
aligning the alignment film by rubbing. This is a method
where alignment is performed by rubbing the alignment film
with a cloth. On the other hand, there is a technique called
photoalignment where alignment control ability is imparted
to the alignment film without contact. IPS does not require a
pretilt angle, so photoalignment can be applied thereto.

[0009] In JP-A-2004-206091, there is disclosed photodeg-
radative photoalignment by irradiation with light represented
by ultraviolet light. According to this, photodegradative pho-
toalignment (1) reduces alignment disorder caused by the
complex step structure of the pixel portions and (2) resolves
display defects caused by alignment disorder resulting from
dust or disorder of the bristle tips of the rubbing cloth and
breakage of the thin film transistors resulting from static
electricity during alignment by rubbing and resolves the cum-
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bersomeness of the process of frequent replacement of the
rubbing cloth that is needed in order to obtain homogenous
alignment control ability.

[0010] However, it is known that, in regard to the point of
imparting alignment control ability to the alignment film,
alignment stability is usually lower in photoalignment in
comparison to alignment stability in rubbing. When align-
ment stability is low, the initial alignment direction fluctuates,
which leads to display defects. Particularly in liquid crystal
display devices that use an in-plane switching liquid crystal
display panel where high alignment stability is demanded, it
is easy for display defects symbolized by afterimages to occur
as a result of alignment stability being low.

[0011] In photoalignment, there is, in the LCD process, no
step of stretching the main chain of a polymer into a straight
line as there is in rubbing. For that reason, in photoalignment,
the main chain of a synthetic polymer alignment film repre-
sented by a polyimide that has been irradiated with polarized
light is broken in a direction parallel to the polarization direc-
tion, whereby uniaxiality is imparted. The liquid crystal mol-
ecules align along the direction of the long main chain that
remains extending on a straight line without being broken, but
when the length of this main chain becomes short, uniaxiality
drops, interaction with the liquid crystal becomes weak and
alignment deteriorates, so it becomes easy for afterimages to
occur.

[0012] Consequently, in order to improve the uniaxiality of
the alignment film and improve alignment stability, it is nec-
essary to increase the molecular weight of the alignment film.
As a technique for solving this, a photoalignment film mate-
rial obtained by imidizing polyamide acid alkyl ester can be
used. According to this, in the polyamide acid alkyl ester
material, the molecular weight can be kept large even after
imidization without being accompanied by a decomposition
reaction to an anhydride and a diamine at the time of the
imidization reaction that had occurred in the conventional
polyamide acid material, and alignment stability on a par with
rubbing can be obtained.

[0013] Further, the polyamide acid alkyl ester material does
not include carboxylic acid in its chemical structure, so its
LCD voltage holding ratio rises in comparison to the polya-
mide acid material, and an improvement in long-term reli-
ability can also be ensured.

[0014] Inorder to obtain alignment stability and long-term
reliability of a photoalignment film, application of the polya-
mide acid alkyl ester material is effective, but this material
usually has high alignment film specific resistance in com-
parison to the polyamide acid material. For that reason, when
a direct-current voltage superposes on the signal waveform
that drives the liquid crystal molecules and becomes residual
DC, the time constant until the residual DC eases is large and
it becomes easy for this to lead to image persistence (DC
afterimages).

SUMMARY

[0015] Itis an object of the invention to provide a liquid
crystal display device that uses a liquid crystal display panel
that can reduce the disappearance time of DC afterimages
without impairing the alignment stability and the long-term
reliability of a polyamide acid alkyl ester material and can
perform high-definition display.

[0016] Theinvention overcomes the above-described prob-
lems, and its specific means are as follows. That is, a liquid
crystal display device of the invention is equipped with a
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liquid crystal display panel comprising: a TFT substrate that
has a TFT alignment film on the top of its main surface on
which active elements for pixel selection are formed; an
opposing substrate that has a color filter alignment film on the
top of its main surface on which color filters are formed; and
liquid crystal that is sealed between the TET alignment film of
the TFT substrate and the color filter alignment film of the
opposing substrate. Further, the TFT alignment film and the
color filter alignment film have a liquid crystal alignment
control function imparted by irradiation with light.

[0017] The alignment film material for imparting, with
respect to at least one of the alignment film of the TFT
substrate and the opposing substrate alignment film on which
the color filters are formed, the liquid crystal alignment con-
trol function by irradiation with light is configured by a
2-component system material comprising a material that is
aligned by light represented by ultraviolet light and a material
whose specific resistance is low. After alignment film forma-
tion, each of the alignment films is configured by a 2-layer
structure comprising a photoalignment film for aligning and a
low-resistivity film that does not contribute to alignment.
[0018] The material that is aligned by light can comprise a
material obtained by polyimidizing photodegradable polya-
mide acid alkyl ester. Further, a material where this chemical
imidization is equal to or greater than 70% can be used.
[0019] Thelow-resistivity material can comprise a material
obtained by polyimidizing a polyamide acid material, but it is
not necessary for this to be photodegradable. Further, a mate-
rial where this chemical imidization is equal to or greater than
40% can be used.

[0020] According to the invention, the material comprising
the 2-component system is phase-separated to give each of
the alignment films a 2-layer structure, the photoalignment
component whose alignment stability is high is disposed on
the liquid crystal layer side and the low-resistivity component
where alignment stability is unnecessary is disposed on the
substrate side, whereby it becomes possible to simulta-
neously satisfy alignment stability and a reduction in the time
constant of DC afterimages resulting from the resistance of
the alignment film becoming lower; as a result, afterimage
characteristics of the photoalignment film are significantly
improved.

[0021] Further, the low-resistivity component disposed on
the substrate side does not contribute to alignment, so its
molecular weight can be lowered to the utmost extent. For
that reason, the margin expands in regard to adjusting the
viscosity and concentration of the alignment film varnish
where the polyamide acid alkyl ester and the polyamide acid
have been dissolved in an organic solvent, and, in regard to the
method of forming the alignment film, not only in conven-
tional flexo printing but also in inkjet coating, where it had
been difficult to make the alignment film thick because it has
been necessary to make the viscosity of the varnish low, the
margin with respect to making the alignment film thick
improves.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 11is a cross-sectional diagram of an IPS liquid
crystal display device;

[0023] FIG. 2isa plan diagram of a pixel electrode of FIG.
L
[0024] FIGS.3A and 3B are diagrams showing the configu-

ration of an alignment film according to the invention;
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[0025] FIGS. 4A and 4B are diagrams showing the forma-
tion process of a photoalignment film;

[0026] FIGS.5A and5B are cross-sectional diagrams of the
alignment film of the invention;

[0027] FIG. 6 shows a DC afterimage evaluation pattern;

and

[0028] FIG. 7 shows DC afterimage evaluation results.
DETAILED DESCRIPTION

[0029] The content of the invention will be described in

detail by the following embodiments.

Embodiment 1

[0030] FIG. 11is a cross-sectional diagram showing a struc-
ture in a display region of an IPS liquid crystal display device.
Various structures are being proposed and put to practical use
for the electrode structure of IPS liquid crystal display
devices. The structure in FIG. 1 is a structure that is currently
being widely used; simply put, a pectinate pixel electrode 110
is formed on an opposing electrode 108 formed ina flat solid,
with an insulating film sandwiched between the pixel elec-
trode 110 and the opposing electrode 108. Additionally, the
liquid crystal display device forms an image by controlling
the transmittance of light through a liquid crystal layer 300
per pixel by causing liquid crystal molecules 301 to be rotated
by a voltage between the pixel electrodes 110 and the oppos-
ing electrodes 108. The structure in FIG. 1 will be described
in detail below. It will be noted that, although the invention
will be described taking the structure in FIG. 1 as an example,
the invention can also be applied to IPS type liquid crystal
display devices other than the one shown in F1G. 1, such as a
device where the opposing electrode is positioned on anupper
insulating film and the pixel electrode is positioned under the
upper insulting film or a device where the opposing electrode
and the pixel electrode are on the same plane.

[0031] InFIG. 1, a gate electrode 101 is formed on a TFT
substrate 100 formed by glass. The gate electrode 101 is
formed in the same layer as a scan line. The gate electrode 101
comprises a MoCr alloy laminated on an AINd alloy.

[0032] A gate insulating film 102 is formed by SiN so as to
cover the gate electrode 101. A semiconductor layer 103 is
formed on the gate insulating film 102 by an a-Si film in a
position opposing the gate electrode 101. The a-Si film is
formed by plasma CVD. The a-Si film forms a TFT channel
portion, and a source electrode 104 and a drain electrode 105
are formed on the a-Si film, with the channel portion between
the source electrode 104 and the drain electrode 105. It will be
noted that an unillustrated n+8Si layer is formed between the
a-Si film and the source electrode 104 or the drain electrode
105. This is to establish an ohmic contact between the semi-
conductor layer 103 and the source electrode 104 or the drain
electrode 105.

[0033] A picture signal line doubles as the source electrode
104, and the drain electrode 105 is connected to the pixel
electrode 110. Both the source electrode 104 and the drain
electrode 105 are formed in the same layer at the same time.
In the present embodiment, the source electrode 104 or the
drain electrode 105 is formed by a MoCr alloy. When one
wishes to lower the electric resistance of the source electrode
104 or the drain electrode 105, an electrode structure where,
for example, an AINd alloy is sandwiched by a MoCr alloy is
used.
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[0034] An inorganic passivation layer 106 is formed by SiN
so as to cover the TFT. The inorganic passivation layer 106
protects particularly the channel portion of the TFT from an
impurity 401. An organic passivation layer 107 is formed on
the inorganic passivation layer 106. The organic passivation
layer 107 protects the TFT and, at the same time, also has the
function of flattening its surface, so the organic passivation
layer 107 is thickly formed. Its thickness is 1 um to 4 pm.
[0035] A photosensitive acrylic resin, silicon resin or poly-
imide resin is used for the organic passivation layer 107. It is
necessary to form a through hole 111 in the portion of the
organic passivation layer 107 where the drain electrode 105
connects to the pixel electrode 110, but because the organic
passivation layer 107 is photosensitive, the through hole 111
can be formed without using a photoresist by exposing and
developing the organic passivation layer 107 itself.

[0036] The opposing electrode 108 is formed on the
organic passivation layer 107. The opposing electrode 108 is
formed by sputtering indium tin oxide (ITO), which is a
transparent conductive film, on the entire display region. That
is, the opposing electrode 108 is formed planarly. After the
opposing electrode 108 is formed by sputtering on the entire
surface, the opposing electrode 108 is removed by etching
only at the through hole 111 portion for allowing the pixel
electrode 110 and the drain electrode 105 to be conductive.
[0037] Anupper insulating film 109 is formed by SiN so as
to cover the opposing electrode 108. After an upper electrode
is formed, the through hole 111 is formed by etching. This
upper insulating film 109 is used as a resist to etch the inor-
ganic passivation layer 106 and form the through hole 111.
Thereafter, ITO, which becomes the pixel electrode 110, is
formed by sputtering so as to cover the upper insulating film
109 and the through hole 111. The sputtered ITO is patterned
to form the pixel electrode 110. The ITO that becomes the
pixel electrode 110 is also deposited in the through hole 111.
In the through hole 111, the drain electrode 105 extending
from the TFT and the pixel electrode 110 are conductive, and
a picture signal is supplied to the pixel electrode 110.
[0038] One example of the pixel electrode 110 is shown in
FIG. 2. The pixel electrode 110 is a pectinate electrode whose
both ends are closed. Slits 112 are formed between the comb
teeth. The planar opposing electrode 108, which is not illus-
trated here, is formed under the pixel electrode 110. When the
picture signal is applied to the pixel electrode 110, the liquid
crystal molecules 301 are rotated by electric force lines aris-
ing between the pixel electrode 110 and the opposing elec-
trode 108 through the slits 112. Thus, light passing through
the liquid crystal layer 300 is controlled to form an image.
[0039] FIG.1is a diagram where this aspect is described as
a cross-sectional diagram. The slit 112 shown in FIG. 1 is
between a pectinate electrode and a pectinate electrode. A
constant voltage is applied to the opposing electrode 108, and
a voltage resulting from the picture signal is applied to the
pixel electrode 110. When a voltage is applied to the pixel
electrode 110, as shown in FIG. 1, electric force lines arise
and cause the liquid crystal molecules 301 to rotate in the
direction of the electric force lines and control the transmit-
tance of light from a backlight. An image is formed because
transmittance from the backlight is controlled per pixel.
[0040] Inthe examplein FIG. 1, the planarly formed oppos-
ing electrode 108 is disposed on the organic passivation layer
107 and the pectinate electrode 110 is disposed on the upper
insulating film 109. However, conversely from this, there are
also instances where a planarly formed pixel electrode 110 is

Nov. 14,2013

disposed on the organic passivation layer 107 and a pectinate
opposing electrode 108 is disposed on the upper insulating
layer 109.

[0041] Analignment film 113 for aligning the liquid crystal
molecules 301 is formed on the pixel electrode 110. In the
invention, the alignment film 113 has a 2-layer structure
comprising a photoalignment film 1131 that contacts the lig-
uid crystal layer 300 and a low-resistivity alignment film
1132 that is formed on the bottom of the photoalignment film
1131. The structure of the alignment film 113 will be
described in detail later.

[0042] In FIG. 1, an opposing substrate 200 is disposed
with the liquid crystal layer 300 sandwiched between the
opposing substrate 200 and the TFT substrate 100. Color
filters 201 are formed on the inner side of the opposing sub-
strate 200. As for the color filters 201, color filters 201 of red,
green and blue are formed per pixel and a color image is
formed. A black matrix 202 is formed between the color
filters 201 to improve image contrast. It will be noted that the
black matrix 202 also has a role as a TFT light blocking film
and prevents a photocurrent from flowing in the TFT.

[0043] An overcoat film 203 is formed so as to cover the
color filters 201 and the black matrix 202. The surface of the
color filters 201 and the black matrix 202 is uneven, so the
surface is made flat by the overcoat film 203.

[0044] An alignment film (orientation film) 113 for deter-
mining initial alignment of the liquid crystal is formed on the
overcoat film 203. The alignment film 113 of the opposing
substrate 200 also, similar to the alignment film 113 of the
TFT substrate 100, has a 2-layer structure comprising a pho-
toalignment film 1131 that contacts the liquid crystal layer
300 and a low-resistivity alignment film 1132 that is formed
on the bottom of the photoalignment film 1131. It will be
noted that, because FIG. 2 is IPS, the opposing electrode 108
is formed on the TFT substrate 100 side and is not formed on
the opposing substrate 200 side.

[0045] As shown in FIG. 1, in IPS, a conductive film is not
formed on the inner side of the opposing substrate 200. There-
fore, the potential of the opposing substrate 200 becomes
unstable. Further, electromagnetic noise from outside pen-
etrates the liquid crystal layer 300 and affects the image. In
order to eliminate this problem, a surface conductive film 210
is formed on the outer side of the opposing substrate 200. The
surface conductive film 210 is formed by sputtering 1TO,
which is a transparent conductive film.

[0046] FIGS. 3A and 3B are schematic diagrams showing
the alignment film 113 according to the invention. FIG. 3A is
a plan transparent diagram of the alignment film 113, and
FIG. 3B is a cross-sectional perspective diagram. The align-
ment film 113 ofthe invention has a 2-layer structure, with the
top side that contacts the liquid crystal layer 300 being con-
figured by the photoalignment film 1131 and the bottom side
being configured by the low-resistivity alignment film 1132.
The photoalignment film 1131 is formed by a photodegrad-
able polymer 10 whose molecular weight is large, and the
low-resistivity alignment film 1132 is formed by a low-resis-
tivity polymer 11 whose molecular weight is small.

[0047] Because FIG. 3A is a transparent diagram, the pho-
todegradable polymer 10 and the low-resistivity polymer 11
can be seen. In actuality, the photodegradable polymer 10 is
present higher than the low-resistivity polymer 11. In FIG.
3B, the alignment film 113 is formed on the pixel electrode
110 or the organic passivation layer 107 of FIG. 1. In FIG. 3B,
the alignment film 113 is shown as being formed on the pixel
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electrode 110. A thickness t1 of the photoalignment film 1131
on the top side is about 50 nm, and a thickness t2 of the
low-resistivity alignment film 1132 on the bottom side is
about 50 nm. The boundary between the photoalignment film
1131 and the low-resistivity alignment film 1132 is indicated
by a dotted line because it is not clear.

[0048] FIGS. 4A and 4B are schematic diagrams showing
the process by which the liquid crystal is aligned by the
photoalignment film 1131. In FIGS. 4A and 4B, the low-
resistivity alignment film 1132 is omitted. FIG. 4A shows a
state where the photoalignment film 1131 has been applied.
The photoalignment film 1131 is formed by the photodegrad-
able polymer 10.

[0049] The photoalignment film 1131 shown in FIG. 4A is
irradiated with polarized ultraviolet light at, for example, an
energy of 6 J/lem?. Therefore, the photodegradable polymer
10 in the polarization direction of the polarized ultraviolet
light in the photoalignment film 1131 is, as shown in FIG. 4B,
broken down by the ultraviolet light. That is, broken portions
15 resulting from the ultraviolet light are formed along the
polarization direction of the ultraviolet light. Therefore, the
liquid crystal molecules 301 become aligned in the direction
of arrow A in FIG. 4B.

[0050] As showninFIGS. 4A and 4B, when the main chain
of the photodegradable polymer 10is short, uniaxiality drops,
interaction with the liquid crystal becomes weak and align-
ment deteriorates. Consequently, in FIG. 4B, even after pho-
toalignment, it is desirable for the photodegradable polymer
10to extend as long as possible in the direction of arrow A. In
other words, in order to improve the uniaxiality of the align-
ment film 113 and improve alignment stability, it is necessary
to increase the molecular weight of the alignment film 113.
[0051] The molecular weight of the alignment film 113 can
be evaluated by number molecular weight. Number molecu-
lar weight is, when polymers of various molecular weights
are present in the alignment film 113, the average molecular
weight thereof. In the photoalignment film 1131, it is neces-
sary for the number molecular weight to be equal to or greater
than 5000 in order to obtain sufficient alignment stability.
[0052] Inorderto obtainthe photoalignment film 1131 with
a large number molecular weight, a film obtained by imidiz-
ing polyamide acid alkyl ester can be used. The structure of
polyamide acid alkyl ester is as shown in chemical formula

(1)

[Chemical Formula 1]

0 0
R, R
Ar—N 2 0—R,
i
R—O N
! R, R, iy
0 0

In chemical formula (1), R1 respectively independently rep-
resents an alkyl group with a carbon number of 1 to 8, R2
respectively independently represents a hydrogen atom, a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group with a carbon number of 1 to 6, an
alkoxy group with a carbon number of 1 to 6, a vinyl group
(—(CH2)m—CH=—CH2, m=0, 1, 2) or an acetyl group
(—(CH2)m—C=CH, m=0, 1, 2), and Ar represents an aro-
matic compound.
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[0053] The characteristic of the polyamide acid alkyl ester
is R1 in chemical formula (1). In the polyamide acid alkyl
ester, R1 is CnH2n-1, and n is equal to or greater than 1.
When the polyamide acid alkyl ester is used as the precursor
of the photoalignment film 1131, the molecular weight can be
kept large even after imidization without being accompanied
by a decomposition reaction to an anhydride and a diamine at
the time of the imidization reaction such as had occurred in
the conventional polyamide acid material, and alignment sta-
bility on a par with rubbing can be obtained.

[0054] However, the specific resistance of the photoalign-
ment film 1131 obtained by imidizing the polyamide acid
alkyl ester is extremely high, such as, for example, about 10*°
Qcm. When the specific resistance of the alignment film 113
is high in this manner, the electric charge with which the
liquid crystal layer 300 has been charged cannot be let out,
and this electric charge causes DC afterimages.

[0055] Inliquid crystal display devices, alternating-current
driving is performed so as to not charge the liquid crystal layer
with an electric charge, but when the liquid crystal display
device displays a particular image for a particular amount of
time, a DC component remains in one of the substrates for a
certain amount of time, the liquid crystal layer is charged with
an electric charge, and sometimes an afterimage arises
because of the electric charge with which the liquid crystal
layer has been charged. If the resistance of the alignment film
113 is not extremely large, the electric charge in the liquid
crystal can be let out to the pixel electrode 110 or the like
through the alignment film 113.

[0056] However, the specific resistance of the photoalign-
ment film 1131 is extremely large, and the photoalignment
film 1131 cannot let out the electric charge in the liquid
crystal in a short amount of time. The invention solves this
problem by giving the alignment film 113 a 2-layer structure
comprising the photoalignment film 1131 and the low-resis-
tivity alignment film 1132. That is, the photoalignment film
1131 that contacts the liquid crystal layer uses the photode-
gradable polymer 10 whose molecular weight is large in order
to obtain sufficient alignment stability.

[0057] The bottom of the alignment film 113 is configured
by the low-resistivity alignment film 1132 whose molecular
weight is small and whose specific resistance is also small.
The resistivity of the low-resistivity alignment film 1132 s,
for example, about 10'* to 10'* Qcm. The low-resistivity
alignment film 1132 can be formed by a film obtained by
imidizing polyamide acid.

[0058] The polyamide acid is expressed by the structure
shown in chemical formula (2).

0o O
—Ar— HNJ( J—o —n
X
H—O“( )rNH—
% % o O
O
® Ry
In chemical formula (2), R2 respectively independently rep-

resents a hydrogen atom, a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group with a carbon

[Chemical Formula 2]
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number of 1 to 6, an alkoxy group with a carbon number of 1
to 6, a vinyl group (—(CH2)m—CH—CH2, m=0, 1. 2) or an
acetyl group (—(CH2)m—C=CH, m=0, 1, 2), and Ar rep-
resents an aromatic compound.

[0059] The polyamide acid differs from the polyamide acid
alkyl ester in that, in chemical formula (1) representing the
polyamide acid alky] ester, R1 is replaced with H. The polya-
mide acid undergoes a decomposition reaction to a diamine
and an anhydride at the time of the imidization reaction that
forms the polyimide, so the polyimide cannot be given a
sufficiently large molecular weight. Consequently, a suffi-
cient characteristic cannot be obtained for the photoalign-
ment film 1131. The specific resistance of the polyimide
formed by the polyamide acid is not that large.

[0060] In this manner, by giving the alignment film 113 a
2-layer structure, alignment stability resulting from photo-
alignment can be ensured, the specific resistance of the align-
ment film 113 overall can be controlled to an appropriate
value, and DC afterimages can be alleviated.

[0061] Inorderto form the 2-layer structure alignment film
113, the alignment film 113 formation process can be per-
formed without being increased. That s, as shown in FIG. 5A,
when a material in which the photodegradable polymer 10
and the low-resistivity polymer 11 are mixed together is
applied to a substrate, phase separation occurs such that the
material that easily adapts to the substrate is formed on the
bottom and the other material is formed on top. It will be
noted that the substrate in FIG. 5A is represented by the pixel
electrode 110.

[0062] In the present embodiment, that which corresponds
to the substrate is the ITO that forms the pixel electrode 110
or the organic passivation layer 107. In FIGS. 5A and 5B, the
pixel electrode 110 is shown as the substrate. The polyamide
acid more easily adapts to the ITO that forms the pixel elec-
trode 110 or the organic passivation layer 107 in comparison
to the polyamide acid alkyl ester, so the polyamide acid
always becomes the bottom layer.

[0063] Heat of about 200° C. is applied to the resin film
formed in this manner to polyimidize the resin film. Polyim-
idization is performed at the same time with respect to both
the polyamide acid on the bottom and the polyamide acid
alkyl ester on the top. Consequently, formation of a 2-layer
alignment film 113 can be performed by the same process as
the formation of a 1-layer alignment film 113.

[0064] The photoalignment film 1131 on the top stabilizes
the alignment characteristic, so it is necessary to raise its
imidization ratio because it is necessary to increase the
molecular weight of the photodegradable polymer 10. The
imidization ratio of the photodegradable film 1131 is equal to
or greater than 70% and more preferably equal to or greater
than 80%. As for the rest of this, the polyamide acid alkyl ester
that serves as the precursor becomes present in the photo-
alignment film 1131.

[0065] The low-resistivity alignment film 1132 on the bot-
tom has no relationship with the photoalignment characteris-
tic of the liquid crystal, so its imidization ratio may be low.
For example, it suffices for the imidization ratio to be equal to
or greater than 40%. That is, it suffices for the condition of
imidization to be set focusing on the imidization of the polya-
mide acid alkyl ester on the top.

[0066] The boundary between the top layer and the bottom
layer of the alignment film 113 is not clear. In FIG. 5B, this
boundary is indicated by a dotted line. In FIG. 5B, the
molecular weight of the photoalignment film 1131 on the top
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is larger than that of the low-resistivity alignment film 1132
on the bottom. When the molecular weights of the photo-
alignment film 1131 and the low-resistivity alignment film
1132 are compared, it suffices to compare the molecular
weight at the surface of the photoalignment film 1131 and the
molecular weight at the interface between the low-resistivity
alignment film 1132 and the substrate.

[0067] DC afterimage characteristics in a case where the
alignment film 113 with the 2-layer structure comprising the
photoalignment film 1131 and the low-resistivity alignment
film 1132 is used as the alignment film and a case where an
alignment film having only the photoalignment film is used
are evaluated. Afterimages are evaluated as follows. That is, a
black-and-white 8x8 checker flag pattern such as shown in
FIG. 6 is displayed for 12 hours and thereafter returned to a
gray color solid halftone. The halftone gradation is 64/256.
[0068] FIG. 7 shows DC afterimage evaluation results. In
FIG. 7, the horizontal axis represents the amount of time after
the pattern has been returned to the gray color solid halftone.
The vertical axis represents the level of the afterimage. Onthe
vertical axis, RR is a state where the checker flag pattern can
be seen well when it has been returned to the halftone, and is
no good. R is a state where the checker flag pattern is faint but
can still be seen when it has been returned to the halftone. In
FIG. 7, curve A is a DC afterimage characteristic when the
alignment film according to the invention is used. Further,
curve B is an example of a DC afterimage characteristic when
just a 1-layer photoalignment film is used as the alignment
film.

[0069] It can be said that, when the pattern has been
returned to the halftone, there is no problem in terms of
practical use even when the level of the afterimage is R if this
disappears in a short amount of time. In the case of the 1-layer
photoalignment film, level R when the pattern has been
returned to the halftone continues for a long period of time, so
a practical problem remains. On the other hand, in the align-
ment film 113 with the 2-layer structure according to the
invention, the DC afterimage rapidly decreases, and after the
pattern has been returned to the halftone, the DC afterimage
completely disappears in about 17 minutes.

[0070] Inthis manner, the large difference between the case
of the 1-layer photoalignment film and the case of the align-
ment film of the invention is that, whereas the DC afterimage
continues fora long time in the case of the 1-layer photoalign-
ment film, the DC afterimage rapidly decreases when the
alignment film of the invention is used. In FIG. 7, when the
levels of the DC afterimage 10 minutes after the pattern has
been returned to the halftone that becomes a rough indication
of the DC afterimage, the DC afterimage is 90% in the case
where the alignment film is configured by just the 1-layer
photoalignment film, but the DC afterimage in the invention
becomes equal to or less than 25%, and it will be understood
that the effect of the invention is extremely large.

[0071] Incidentally, in order to stabilize thealignment char-
acteristic in the photoalignment film 1131, it is better for the
molecular weight of the photodegradable polymer 10 to be
large. However, when the molecular weight is large, the vis-
cosity of the alignment film varnish becomes high. When the
viscosity becomes high, flexo printing and inkjet coating
become difficult, so the concentration of the material is low-
ered to lower the viscosity. Therefore, the coating film ends up
becoming thin. Consequently, the coating condition for form-
ing the alignment film 113 by just the 1-layer of the photo-
alignment film ends up becoming limited.
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[0072] In contrast, the invention has the following advan-
tages. That is, the low-resistance component disposed on the
substrate side does not contribute to alignment, so the
molecular weight can be lowered to the utmost limit. For that
reason, the margin expands in regard to adjusting the concen-
tration and viscosity of the alignment film varnish where the
polyamide acid alkyl ester and the polyamide acid have been
dissolved in an organic solvent, and, in regard to the method
of forming the alignment film 113, not only conventional
flexo printing but also inkjet coating, where it had been dif-
ficult to make the alignment film 113 thick because it has been
necessary to make the viscosity of the varnish low, become
possible.

Embodiment 2

[0073] In embodiment 1, a film obtained by imidizing the
polyamide acid is used as the low-resistivity alignment film
1132 on the bottom of the 2-layer alignment film 113. The
low-resistivity alignment film 1132 has no relationship with
photoalignment, so a material can be selected focusing on
making the resistance of the alignment film 113 small.
[0074] Inliquid crystal display devices, a backlight is dis-
posed on the back surface of the liquid crystal display panel,
and an image is formed by controlling the light from the
backlight per pixel. A cold-cathode tube or a light-emitting
diode is used as the light source of the backlight. Conse-
quently, the alignment film 113 becomes always exposed to
the light from the backlight while the liquid crystal display
device is operating. When a photoconductive film is used as
the low-resistivity alignment film 1132 on the bottom, the
electric charge with which the liquid crystal layer has been
charged can be let out more quickly, and DC afterimages can
be alleviated more.

[0075] As a material by which the alignment film material
exhibits a photoconductive characteristic, for example, there
can be listed Nissan Chemical’s SE6414. In this case also,
when this is mixed together with the polyamide acid alkyl
ester and the mixture material is applied onto the substrate,
the material phase-separates and becomes a 2-layer structure.
In this case also, the polyamide acid alkyl ester becomes the
top layer. Thereafter, heat is applied to imidize the material,
but this imidization can also be performed at the same time.
[0076] The above description has been given in regard to
the alignment film 113 of the TFT substrate 100, but the same
is also true in regard to the alignment film 113 of the opposing
substrate 200. The alignment film 113 of the opposing sub-
strate 200 is formed on the overcoat film 203, but in this case
also, the familiarity of the low-resistivity polymer 11, which
forms the low-resistivity alignment film 1132, with the over-
coat film 203 is strong, so the low-resistivity alignment film
1132 is formed on the overcoat film 203 by leveling, and the
photoalignment film 1131 is formed thereon.

[0077] It will be noted that effects can be obtained even
when the alignment film 113 with the 2-layer structure
according to the invention is applied just to the alignment film
113 of the TFT substrate 100 or the opposing substrate 200.
This is because letting out the electric charge in the liquid
crystal layer can raise a certain effect even from just either
substrate.

[0078] As described above, according to the invention, suf-
ficient alignment regulation resulting from photoalignment
can be stably performed, and the problem of a DC afterimage
resulting from the photoalignment film 1131 coming to have
high resistivity can be solved.

[0079] It will be noted that the pretilt angle of the liquid
crystal display device to which the invention is applied
becomes equal to or less than 0.5 degrees according to mea-
surement using the crystal rotation method.
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What is claimed is:

1. A liquid crystal display device comprising:

a'TFT substrate comprising thin film transistors, pixel elec-
trodes and an alignment film formed over the thin film
transistor and the pixel electrodes;

an opposing substrate comprising color filters and an align-
ment film formed over the color filters; and

a liquid crystal disposed between the first alignment film
and the second alignment film,

wherein

each of the alignment films comprises a first alignment film
that contacts the liquid crystal layer and has a first polya-
mide, and a second alignment film that is formed on the
bottom of the first alignment film and has a second
polyimide,

the first alignment film is a photoalignment film,

the resistivity of the first alignment film is greater than the
resistivity of the second alignment film,

the first alignment film includes polyamide acid alkyl ester
having the structure of the following chemical formula

M

[Chemical Formula 1]

O 0]
a—N—H R Raofl 5 p
H

ROH%J
¢} 0]
where R1 respectively independently represents an alkyl
group with a carbon number of 1 to 8, R2 respectively inde-
pendently represents a hydrogen atom, a fluorine atom, a
chlorine atom, a bromine atom, a phenyl group, an alkyl
group with a carbon number of 1 to 6, an alkoxy group with a
carbon number of 1 to 6, a vinyl group (—(CH2)m—
CH=—CH2, m=0, 1, 2) or an acetyl group (—(CH2)m—
C=CH, m=0, 1, 2), and Ar represents an aromatic compound,
and

photoalignment is administered to the first alignment film.

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

wherein the second alignment film includes polyamide acid
having the structure of the following chemical formula (2)

[Chemical Formula 2]

0 0
—AI—HNJL J—O—H
X
H—OT( W—NH—
0 0

X=R, R,
RS R,
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where R2 respectively independently represents a hydrogen
atom, a fluorine atom, a chlorine atom, a bromine atom, a
phenyl group, an alkyl group with a carbon number of 1 to 6,
an alkoxy group with a carbon number of 1 to 6, a vinyl group
(—(CH2)m—CH=—CH2, m=0, 1, 2) or an acetyl group
(—(CH2)m—C=CH, m=0, 1, 2), and Ar represents an aro-
matic compound.

3. The liquid crystal display device according to claim 1,
wherein the imidization ratio of the first alignment film is
greater than the imidization ratio of the second alignment
film.

4. The liquid crystal display device according to claim 1,
wherein the second alignment film is photoconductive.

5. The liquid crystal display device according to claim 2,
wherein the imidization ratio of the first alignment film is
greater than the imidization ratio of the second alignment
film.

6. The liquid crystal display device according to claim 2,
wherein the second alignment film is photoconductive.

I I T T
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