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(57) ABSTRACT

Provided is a liquid crystal display device including: a pair of
substrates, at least one of which is transparent; a liquid crystal
layer arranged between the pair of substrates; an electrode
group formed on at least one of the pair of substrates, for
applying an electric field to the liquid crystal layer; and an
alignment control film arranged on at least one of the pair of
substrates, in which the alignment control film is made of a
polyimide and a polyimide precursor, and the polyimide and
the polyimide precursor have an aromatic ring and a cross-
linking moiety in the main chain in chemical structure, are
free from a side chain component having 2 or more carbon
atoms in the aromatic ring, contain a cyclobutanetetracar-
boxylic dianhydride as a raw material, and are irradiated with
light that has been substantially linearly polarized to provide
an alignment regulating force.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2009-229980 filed on Oct. 1, 2009, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device.

[0004] 2. Description of the Related Art

[0005] As the related art, WO2005/083504 discloses the
following technology.

[0006] The technology relates to a liquid crystal aligning
agent for obtaining a liquid crystal alignment film excellent in
not only liquid crystal alignment capability but also electrical
properties through photoalignment procedure; and a liquid
crystal display device making use of this liquid crystal align-
ing agent, which can resolve problems invited by rubbing
treatment of liquid crystal alignment film, exhibiting high
reliability and which can minimize display unevenness and
exudation around sealing material. The technology also
relates to a liquid crystal aligning agent for photoalignment,
characterized by containing at least one of a polyamic acid,
the polyamic acid obtained by allowing a diamine component
containing a diamine component to react with a tetracarboxy-
lic dianhydride component containing a tetracarboxylic dian-
hydride with an alicyclic structure into a polymer, and a
polyimide obtained from the polyamic acid, and a liquid
crystal display device having a liquid crystal alignment film
obtained from the liquid crystal aligning agent through pho-
toalignment procedure.

[0007] Further, JP 2001-517719 A discloses a technology
relating to novel cross-linkable, photo active polymers from
the class of polyimides, polyamide acids, and esters thereof
and to their use as orientation layers for liquid crystals and in
the construction of unstructured and structured optical ele-
ments and multi-layer systems.

SUMMARY OF THE INVENTION

[0008] An object of the present invention is to provide a
liquid crystal display device with a reduced residual image.
The foregoing and other objects, features, aspects, and advan-
tages of the present invention become more apparent from the
description of the present application and the accompanying
drawings.

[0009] A liquid crystal display device includes: a pair of
substrates, at least one of which is transparent; a liquid crystal
layer arranged between the pair of substrates; an electrode
group formed on at least one of the pair of substrates, for
applying an electric field to the liquid crystal layer; and an
alignment control film arranged on at least one of the pair of
substrates, in which the alignment control film is made of a
polyimide and a polyimide precursor, and the polyimide and
the polyimide precursor have an aromatic ring and a cross-
linking moiety in the main chain in chemical structure, are
free from a side chain component having 2 or more carbon
atoms in the aromatic ring, contain a cyclobutanetetracar-
boxylic dianhydride as a raw material, and are irradiated with
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light that has been substantially linearly polarized to provide
an alignment regulating force.

[0010] A liquid crystal display device includes: a pair of
substrates, at least one of which is transparent; a liquid crystal
layer arranged between the pair of substrates; an electrode
group formed on at least one of the pair of substrates, for
applying an electric field to the liquid crystal layer; and an
alignment control film arranged on at least one of the pair of
substrates, in which the alignment control film is made of a
polyimide and a polyimide precursor, and the polyimide and
the polyimide precursor include, as raw materials, at least one
kind of diamine selected from a group of compounds I rep-
resented by the following chemical formulae (I-1) to (I-10), at
least one kind of diamine selected from a group of compounds
1I represented by the following chemical formulae (II-1) to
([1-15), and a cyclobutanetetracarboxylic dianhydride as an
acid anhydride, and are irradiated with light that has been
substantially linearly polarized to provide an alignment regu-
lating force.
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-continued
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where X’s each independently represent any one of the fol-
lowing structures: —CH,—, —CO—, —O—, —NH—,
—CO—NH—, —S—, —SO—, and —SO,—.
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(IL12)
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where: I’s, m’s, and n’s each independently represent an inte-
ger of 0 to 6; and Y’s each represent any one of the following
structures: —NH—, —CH=CH—, —CH=CH—,
—0—CH=CH—0—, —(=(C—-, —0-(=C—,
—0—(C=C—0—, —CH—CH—CO0—, and —O0OC—
CH—CH—COO0—.

[0011] A liquid crystal display device includes: a pair of
substrates, at least one of which is transparent; a liquid crystal
layer arranged between the pair of substrates; an electrode
group formed on at least one of the pair of substrates, for
applying an electric field to the liquid crystal layer; and an
alignment control film arranged on at least one of the pair of
substrates, in which the alignment control film is made of a
polyimide and a polyimide precursor, and the polyimide and
the polyimide precursor include, as raw materials, at least one
kind of diamine selected from a group of compounds I rep-
resented by the following chemical formulae (I-1) to (I-10), at
least one kind of compound selected from a group of com-
pounds

[0012] III represented by the following chemical formulae
(I1I-1) to (I11-6), and a cyclobutanetetracarboxylic dianhy-
dride as an acid anhydride, and are irradiated with light that
has been substantially linearly polarized to provide an align-
ment regulating force.
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where X’s each independently represent any one of the fol-
lowing structures: —CHy,—, —CO—, —0O—, —NH—,
—CO—NH—, —S—, —S0O—, and —SO,—.

[Chem 4]
[Group of compounds III]

(11

Yo Z
LN / \
(I1-2)
H)N.
2 ‘ | \
e
(1I1-3)
(0]
R
(0]
R
(0]

Apr. 7,2011

-continued
(II1-4)
(0]
(0]
(6]
(1I1-5)
O
0]
[6)
(II1-6)
O
0]
[6)

where: R’s each independently represent one of a hydrogen
atom, a methyl group, and a phenyl group; and Z represents
any one of the following structures: a vinyl group, an alkynyl
group, H,C—CH—COO—(CH,),— where n represents one
of 0, 1, and 2, N=C—O—, and F,C—CFO—.

[0013] According to the present invention, the residual
image in the liquid crystal display device can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In the accompanying drawings:

[0015] FIG. 1 is a cross-sectional view of a pixel portion
illustrating a pixel configuration according to Example 1;
[0016] FIG. 2A is a plan view of the pixel portion illustrat-
ing the pixel configuration according to Example 1;

[0017] FIG. 2B is across-sectional view of the pixel portion
illustrating the pixel configuration according to Example 1,
which corresponds to a partial cross-sectional view taken
along the line 2B-2B of FIG. 2A;

[0018] FIG.2C is across-sectional view of the pixel portion
illustrating the pixel configuration according to Example 1,
which corresponds to a partial cross-sectional view taken
along the line 2C-2C of FIG. 2A;

[0019] FIG. 3 is a cross-sectional view of a pixel portion
illustrating a pixel configuration according to Example 2;
[0020] FIG. 4A is a plan view of the pixel portion illustrat-
ing the pixel configuration according to Example 2;

[0021] FIG. 4B isacross-sectional view of the pixel portion
illustrating the pixel configuration according to Example 2,
which corresponds to a partial cross-sectional view taken
along the line 4B-4B of FIG. 4A;

[0022] FIG. 4Cisacross-sectional view of the pixel portion
illustrating the pixel configuration according to Example 2,
which corresponds to a partial cross-sectional view taken
along the line 4C-4C of FIG. 4A;

[0023] FIG. 5 is a cross-sectional view of a pixel portion
illustrating a pixel configuration according to Example 3;
[0024] FIG. 6 is a cross-sectional view of a pixel portion
illustrating a pixel configuration according to Example 4;



US 2011/0080547 Al

[0025] FIG. 7 is a cross-sectional view of a pixel portion
illustrating a pixel configuration according to Examples 5 to
8; and

[0026] FIG.8 is aplan view of the pixel portion illustrating
the pixel configuration according to Examples 5 to 8.

DETAILED DESCRIPTION OF THE INVENTION

[0027] As a rubbingless alignment method for solving the
problems inherent in the rubbing alignment method, a photo-
alignment method using light irradiation has been proposed
and studied. However, the photo-alignment method suffers
from the following practical problems.

[0028] Inapolymer material system in which a photoreac-
tive group is introduced into polymer side chains typified by
polyvinyl cinnamate, the thermal stability of alignment is not
sufficient, and sufficient reliability is not yet obtained from
the practical viewpoint.

[0029] Further, in this case, it is conceivable that the struc-
tural site that develops the alignment of liquid crystal is a
polymer side chain portion. Therefore, the above-mentioned
alignment method is not always preferred in more uniformly
aligning liquid crystal molecules and obtaining stronger
alignment. Further, when a low-molecular dichroic dye is
dispersed in a polymer, the dye per se that aligns the liquid
crystal has a low molecular weight, and there remains a prac-
tical problem in view of the thermal or optical reliability.
[0030] A photo-alignment method using photolysis of
cyclobutane-based polyimide is an effective method high in
the stability of alignment. However, in recent years, there is
an increasing need for the stability of alignment, and the
conventional cyclobutane-based polyimide material cannot
satisfy this need.

[0031] Thepresent invention has been made to solve such a
problem that manufacturing margin of an aligning process is
narrow, and therefore an object of the present invention is to
provide a liquid crystal display device that reduces the occur-
rence of a display defect caused by a variation in initial
alignment direction, and realizes a stable liquid crystal align-
ment to provide a high image quality which is high in contrast
ratio.

[0032] According to one aspect of the present invention,
there is provided a liquid crystal display device including: a
pair of substrates, at least one of which is transparent; a liquid
crystal layer arranged between the pair of substrates; an elec-
trode group formed on at least one of the pair of substrates, for
applying an electric field to the liquid crystal layer; and an
alignment control film arranged on at least one of the pair of
substrates, in which the alignment control film is made of a
polyimide and a polyimide precursor, and the polyimide and
the polyimide precursor have an aromatic ring and a cross-
linking moiety in the main chain in chemical structure, have
no side chain component having 2 or more carbon atoms in
the aromatic ring, contain a cyclobutanetetracarboxylic dian-
hydride as a raw material, and are irradiated with light that has
been substantially linearly polarized to provide an alignment
regulating force.

[0033] The polyimide and the polyimide precursor have an
aromatic ring and a cross-linking moiety in the main chain in
chemical structure, and have no side chain component having
2 or more carbon atoms in the aromatic ring. The polyimide
and the polyimide precursor contain a cyclobutanetetracar-
boxylic dianhydride as a raw material. The polyimide and the
polyimide precursor are irradiated with light that has been
substantially linearly polarized to provide the alignment
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regulating force, thereby forming an alignment control film
that reduces a residual image in the liquid crystal display
device.

[0034] According to another aspect of the present inven-
tion, there is provided a liquid crystal display device includ-
ing: a pair of substrates, at least one of which is transparent; a
liquid crystal layer arranged between the pair of substrates; an
electrode group formed on at least one of the pair of sub-
strates, for applying an electric field to the liquid crystal layer;
and an alignment control film arranged on at least one of the
pair of substrates, in which the alignment control film is made
of a polyimide and a polyimide precursor, and the polyimide
and the polyimide precursor include, as raw materials, at least
one kind of diamine selected from a group of compounds 1
represented by the following chemical formulae (I-1) to
(I-10), at least one kind of diamine selected from a group of
compounds II represented by the following chemical formu-
lae (II-1) to (1I-15), and a cyclobutanetetracarboxylic dian-
hydride as an acid anhydride, and are irradiated with light that
has been substantially linearly polarized to provide an align-
ment regulating force.

[0035] The polyimide and the polyimide precursor include,
as raw materials, at least one kind of diamine selected from
the group of compounds I represented by the following
chemical formulae (I-1) to (I-10), at least one kind of diamine
selected from the group of compounds II represented by the
following chemical formulae (II-1) to (II-15), and a cyclobu-
tanetetracarboxylic dianhydride as an acid anhydride, and are
irradiated with light that has been substantially linearly polar-
ized to provide an alignment regulating force, thereby form-
ing an alignment control film that reduces a residual image in
the liquid crystal display device.

[0036] The alignment control film according to the present
invention includes polyimide and a polyimide precursor, and
an aromatic diamine forming the polyimide and the polyim-
ide precursor has no side chain component having 2 or more
carbon atoms.

[0037] According to another aspect of the present inven-
tion, there is provided a liquid crystal display device includ-
ing: a pair of substrates, at least one of which is transparent; a
liquid crystal layer arranged between the pair of substrates; an
electrode group formed on at least one of the pair of sub-
strates, for applying an electric field to the liquid crystal layer;
and an alignment control film arranged on at least one of the
pair of substrates, in which the alignment control film is made
of a polyimide and a polyimide precursor, and the polyimide
and the polyimide precursor include, as raw materials, at least
one kind of diamine selected from a group of compounds 1
represented by the following chemical formulae (I-1) to
(I-10), at least one kind of compound selected from a group of
compounds III represented by the following chemical formu-
lae (I1I-1) to (I1I-6), and a cyclobutanetetracarboxylic dian-
hydride as an acid anhydride, and are irradiated with light that
has been substantially linearly polarized to provide an align-
ment regulating force.

[0038] The polyimide and the polyimide precursor include,
as raw materials, at least one kind of diamine selected from
the group of compounds I represented by the following
chemical formulae (I-1) to (I-10), at least one kind of com-
pound selected from the group of compounds I1I represented
by the following chemical formulae (III-1) to (I1I-6), and a
cyclobutanetetracarboxylic dianhydride as an acid anhydride,
and are irradiated with light that has been substantially lin-
early polarized to provide an alignment regulating force,
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thereby forming an alignment control film that reduces a
residual image in the liquid crystal display device.

[0039] For example, in a liquid crystal display device
including: a pair of substrates, at least one of which is trans-
parent; a liquid crystal layer arranged between the pair of
substrates; an electrode group formed on at least one of the
pair of substrates, for applying an electric field to the liquid
crystal layer; and an alignment control film arranged on at
least one of the pair of substrates, in which the alignment
control film is made of a polyimide and a polyimide precur-
sor, and the polyimide and the polyimide precursor include,
as raw materials, at least one kind of diamine selected from
the group of compounds I represented by the following
chemical formulae (I-1) to (I-10), at least one kind of diamine
selected from the group of compounds II represented by the
following chemical formulae (II-1) to (1I-15), and a cyclobu-
tanetetracarboxylic dianhydride as an acid anhydride, and are
irradiated with light that has been substantially linearly polar-
ized to provide an alignment regulating force, it is preferred
that the polyimide and the polyimide precursor further
include, as a raw material, at least one kind of compound
selected from a group of compounds III represented by the
following chemical formulae (III-1) to (I11-6).

[0040] That is, it is preferred that the polyimide and the
polyimide precursor include, as raw materials, at least one
kind of diamine selected from the group of compounds I
represented by the following chemical formulae (I-1) to
(I-10), at least one kind of diamine selected from the group of
compounds II represented by the following chemical formu-
lae (II-1) to (II-15), at least one kind of compound selected
from the group of compounds I11 represented by the following
chemical formulae (III-1) to (I11-6), and a cyclobutanetetra-
carboxylic dianhydride as the acid anhydride, and be irradi-
ated with light that has been substantially linearly polarized to
provide an alignment regulating force.

[0041] The polyimide and the polyimide precursor further
include, as a raw material, at least one kind of compound
selected from the group of compounds I1I represented by the
following chemical formulae (I11-1) to (I11-6), thereby form-
ing an alignment control film that reduces a residual image in
the liquid crystal display device.

[Chem 5]
[Group of compounds I]
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(1-5)
| AN AN
HN—F ——NH,
S Va
(1-6)
N/ AN,
N\ Y

&7

(1-8)

N SN
HZN—: ‘ — NH,
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H,N — NH
D
206
HZN—: —NH,
N NS

-9

(I-10)

where X’s each independently represent any one of the fol-
lowing structures: —CH,—, —CO—, —O—, —NH—,
—CO—NH—, —S—, —S0—, and —SO,—.

[Chem 6]
[Group of compounds II]
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m
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-continued

ILN N—+c-N NH,
B ) H

LN N4CAY-CA-N NI,
i A ) H
] m

(1I-10)

ottt

(I-11)

H2N4©7§—(%2-)1—Y—(-%2-);y_(.%, K§ONH2

(I-12)

LN CHCA-Y+4C NH,
O\ 1) m)

(I-13)

LN CHCYY+CA-C NH,
o\Hh) (%) O

(1I-14)

s stiprtanrtad )

(I-15)

where: I’s, m’s, and n’s each independently represent an inte-
ger of 0 to 6; and Y’s each represent any one of the following
structures: —NH—, —CH=—CH—, —0O—CH=CH—,
—0O—CH—CH—0—, —C—C—, —0—C=C—,
—0—C=C—0—, —CH=CH—COO—, and —O0OC—
CH—CH—COO—.

[Chem 7]
[Group of compounds III]

N2
VAR
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(III-2)
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/
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(I11-3)

(IT1-4)
(II-5)

(II1-6)

6]
R
0
R
0
Q
O§:
0)
Q
Oi:
0)
[0)
) ; ' '
0)

where: R’s each independently represent one of a hydrogen
atom, a methyl group, and a phenyl group; and Z represents
any one of the following structures: a vinyl group, an alkynyl
group, H,C—=CH—COO—(CH,),— where n represents one
of 0, 1, and 2, N=C—O—, and F,C—CFO—.

[0042] A group of compounds A represented by the chemi-
cal formulae (A-1) to (A-67), a group of compounds B rep-
resented by the chemical formulae (B-1) to (B-34), and a
group of compounds C represented by the chemical formulae
(C-1) to (C-16) are given below as specific structural
examples of the group of compounds I, the group of com-
pounds I1, and the group of compounds 111, respectively, each
of which serves as a raw material for the polyimide and the
polyimide precursor forming the alignment control film
according to the present invention. Each of those structures is
merely an example of specific chemical structures, and the
present invention is not limited to those structures.

[Groups of compounds A

N

[Chem 8]
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(A-2)

NI,
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A, the alignment control film made of the raw material of
ILN 0—C=CF, (A-1), (A-4), (A-8), (A-19), (A-21), (A-22), (A-28), (A-29),

(A-30), (A-32), (A-47), or (A-53) is particularly preferred

because of the excellent liquid crystal alignment property.
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[0044] The polyimide precursor that forms the alignment
control film provided in the liquid crystal display device
according to the present invention may be a polyamide acid
and a polyamide acid alkyl ester. Further, the polyimide pre-
cursor may be a polyamide acid alkyl ester having 1 to 3
carbon atoms.

[0045] Further, the polyimide precursor may be a polya-
mide acid alky] ester having 1 or 2 carbon atoms.

[0046] Further, the polyimide precursor may be a polya-
mide acid alky] ester having 2 or 3 carbon atoms.

[0047] Further, the polyimide precursor may be a polya-
mide acid methyl ester.

[0048] Further, the polyimide precursor may be a polya-
mide acid ethy] ester.

[0049] Further, the polyimide precursor maybe a polya-
mide acid propyl ester.

[0050] The polyamide acid is obtained by stirring and poly-
merizing a diamine and a tetracarboxylic dianhydride in an
organic solvent.

[0051] More specifically, a diamine is dissolved in a polar
amide solvent such as N-methyl pyrrolidone (NMP). The
tetracarboxylic dianhydride having substantially the same
moles as those of the diamine is added to the solution, and
stirred at room temperature. Then, a ring-opening addition
polymerization reaction is advanced between the tetracar-
boxylic dianhydride and the diamine in accordance with the
dissolution of the tetracarboxylic dianhydride to obtain a
polyamide acid having a high molecular weight.

[0052] Further, in the case of the polyamide acid ester, a
chlorinating reagent such as thionyl chloride is allowed to
react with a diester dicarboxylic acid obtained by allowing an
alcohol to react with a tetracarboxylic dianhydride, to thereby
obtain a high-reactive diester dicarboxylic chloride. The
diester dicarboxylic chloride is allowed to react with the
diamine for polycondensation to obtain a polyamide acid
alkyl ester.

[0053] Inthis situation, a plurality of kinds of diamines and
tetracarboxylic dianhydrides as raw materials are mixed
together, thereby obtaining a copolymer in which a plurality
of chemical species are polymerized in one polymer chain.
[0054] Each of the compounds represented by the group of
compounds 111 has only one polycondensable reactive site.
When such compound is added as a raw material, the com-
pound becomes a terminal component of the polymer chain.
[0055] When a plurality of kinds of aromatic diamines
shown in the group of compounds I are mixed together, the
absorption wavelength range of the generated polyimide is
widened. Therefore, the spectrum of a light source for emis-
sion can be effectively utilized.

[0056] Further, when a plurality of kinds of cross-linking
diamines shown in the group of compounds 11 or cross-link-
ing amines shown in the group of compounds III are mixed
together, a possibility that various functional groups gener-
ated in a photoreaction can be cross-linked becomes high.
Therefore, it is more desirable to mix the plurality of kinds of
cross-linking diamines or amines together.

[0057] Further, in aliquid crystal display device including:
a pair of substrates, at least one of which is transparent; a
liquid crystal layer arranged between the pair of substrates; an
electrode group formed on at least one of the pair of sub-
strates, for applying an electric field to the liquid crystal layer;
and an alignment control film arranged on at least one of the
pair of substrates, in which the alignment control film is made
of a polyimide and a polyimide precursor, and the polyimide
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and the polyimide precursor include, as raw materials, at least
one kind of diamine selected from the group of compounds 1
represented by the chemical formulae (I-1) to (I-10), at least
one kind of diamine selected from the group of compounds I1
represented by chemical formulae (II-1) to (II-15), and a
cyclobutanetetracarboxylic dianhydride as an acid anhydride,
and are irradiated with light that has been substantially lin-
early polarized to provide an alignment regulating force, the
polyimide and the polyimide precursor may include, as raw
materials, at least two different kinds of diamines shown in
the group of compounds 1.

[0058] Further, the polyimide and the polyimide precursor
may include, as raw materials, at least three different kinds of
diamines shown in the group of compounds 1.

[0059] Further, the polyimide and the polyimide precursor
may include, as raw materials, at least two different kinds of
diamines shown in the group of compounds II.

[0060] Further, the polyimide and the polyimide precursor
may include, as raw materials, at least three different kinds of
diamines shown in the group of compounds II.

[0061] Further, in a liquid crystal display device including:
a pair of substrates, at least one of which is transparent; a
liquid crystal layer arranged between the pair of substrates; an
electrode group formed on at least one of the pair of sub-
strates, for applying an electric field to the liquid crystal layer;
and an alignment control film arranged on at least one of the
pair of substrates, in which the alignment control film is made
of a polyimide and a polyimide precursor, and the polyimide
and the polyimide precursor include, as raw materials, at least
one kind of diamine selected from the group of compounds 1
represented by the chemical formulae (I-1) to (I-10), at least
one kind of compound selected from the group of compounds
1T represented by the chemical formulae (I11-1) to (I1I-6),and
a cyclobutanetetracarboxylic dianhydride as an acid anhy-
dride, and are irradiated with light that has been substantially
linearly polarized to provide an alignment regulating force,
the polyimide and the polyimide precursor may include, as
raw materials, at least two different kinds of diamines shown
in the group of compounds L.

[0062] Further, the polyimide and the polyimide precursor
may include, as raw materials, at least three different kinds of
diamines shown in the group of compounds 1.

[0063] Further, the polyimide and the polyimide precursor
may include, as raw materials, at least two different kinds of
compounds shown in the group of compounds III.

[0064] Further, the polyimide and the polyimide precursor
may include, as raw materials, at least three different kinds of
compounds shown in the group of compounds III.

[0065] Further, in a liquid crystal display device including:
a pair of substrates, at least one of which is transparent; a
liquid crystal layer arranged between the pair of substrates; an
electrode group formed on at least one of the pair of sub-
strates, for applying an electric field to the liquid crystal layer;
and an alignment control film arranged on at least one of the
pair of substrates, in which the alignment control film is made
of a polyimide and a polyimide precursor, and the polyimide
and the polyimide precursor include, as raw materials, at least
one kind of diamine shown in the group of compounds I, at
least one kind of diamine shown in the group of compounds
11, and a cyclobutanetetracarboxylic dianhydride as an acid
anhydride, and are irradiated with light that has been substan-
tially linearly polarized to provide an alignment regulating
force, the polyimide and the polyimide precursor may further
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include, as raw materials, at least two different kinds of com-
pounds shown in the group of compounds II1.

[0066] Further, the polyimide and the polyimide precursor
may further include, as raw materials, at least three different
kinds of compounds shown in the group of compounds III.
[0067] As described above, the diamine and the tetracar-
boxylic dianhydride are polymerized to obtain a polyimide
precursor having a high molecular weight.

[0068] In the present invention, it is assumed that amine
compounds include an amino group in the chemical structure.
For example, monoamines represented by the chemical for-
mulae (III-1) and (I1I-2) in the group of compounds 111, and
diamines shown in the groups of compounds I and II corre-
spond to such amine compounds.

[0069] Further, in the present invention, it is assumed that
the acid anhydride represents a carboxylic acid anhydride.
For example, acid anhydrides represented by the chemical
formulae (I1I-3) to (III-6) and cyclobutanetetracarboxylic
dianhydride correspond to such carboxylic anhydride.
[0070] Polyimide and the polyimide precursor are formed
using the amine compound and the acid anhydride as raw
materials. It is preferred that the amine compound and the
acid anhydride react with each other at from about 1:0.95 to
1:1.05 (blending molar ratio) to 0.95:1 to 1.05:1 (blending
molar ratio) to form polyimide and the polyimide precursor
having a high molecular weight suitable for the liquid crystal
alignment film of the present invention.

[0071] That is, it is preferred that the ratio amine com-
pound/acid anhydride (blending molar ratio) range from 0.95
1o 1.05.

[0072] Further, it is more preferred that the amine com-
pound and the acid anhydride react with each other at 1:1
(blending molar ratio).

[0073] Further, the amine compound used as the raw mate-
rial forming the polyimide and the polyimide precursor may
be made from only a diamine. When the amine compound is
made from only a diamine, it is assumed that the amine
compound particularly represents a diamine compound in the
present invention.

[0074] Further, the acid anhydride used as the raw material
forming the polyimide and the polyimide precursor may be
made from only cyclobutanetetracarboxylic dianhydride.
[0075] As a preferred example, the diamine compound
used as the raw material forming the polyimide and the poly-
imide precursor contains one or more diamines selected from
the group of compounds I at a ratio of from 50 mol % or more
10 95 mol % or less.

[0076] That is, the polyimide and the polyimide precursor
which include, as raw materials, the diamine compound con-
taining one or more diamines selected from the group of
compounds I ata ratio of from 50 mol % or more to 95 mol %
or less, and a tetracarboxylic dianhydride can be preferably
used for the alignment control film.

[0077] As another preferred example, the diamine com-
pound used as the raw material forming the polyimide and the
polyimide precursor contains one or more diamines selected
from the group of compounds II at a ratio of from 5 mol % or
more to 50 mol % or less.

[0078] That is, polyimide and the polyimide precursor
which include, as raw materials, the diamine compound con-
taining one or more diamines selected from the group of
compounds II at a ratio of from 5 mol % or more to 50 mol %
or less, and a tetracarboxylic dianhydride can be preferably
used for the alignment control film.
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[0079] As another preferred example, the polyimide and
the polyimide precursor include, as a raw material, one or
more compounds selected from the group of compounds I11
shown in the chemical formulae (III-1) to (I1I-6) at a ratio of
from 1 molt or more to 2.5 mol % or less.

[0080] That is, as the preferred examples, the amine com-
pound used as the raw material forming the polyimide and the
polyimide precursor contains one or more amines selected
from the group of compounds represented by the chemical
formulae (I11-1) and (I11-2) at aratio of from 2 mol % or more
to 5 mol % or less. The acid anhydride used as the raw
material forming the polyimide and the polyimide precursor
contains one or more dicarboxylic anhydrides selected from
the group of compounds represented by the chemical formu-
lae (TIT-3) to (111-6) at a ratio of from 2 mol % or more to 5 mol
% or less. The polyimide and the polyimide precursor
include, as raw materials, one or more amines selected from
the group of compounds represented by the chemical formu-
lae (II-1) and (I1I-2) and one or more dicarboxylic anhy-
drides selected from the group of compounds represented by
the chemical formulae (I11-3) to (I11-6) at a total molar ratio of
from 1 mol % or more to 2.5 mol % or less.

[0081] As another preferred example, the tetracarboxylic
dianhydride used as the raw material forming the polyimide
and the polyimide precursor contain cyclobutanetetracar-
boxylic dianhydride at a ratio of from 70 mol % or more to
100 mol % or less.

[0082] That is, the polyimide and the polyimide precursor
which include, as raw materials, a tetracarboxylic dianhy-
dride containing cyclobutanetetracarboxylic dianhydride at a
ratio of from 70 mol % or more to 100 mol % or less, and a
diamine can be preferably used for the alignment control film.
[0083] The polyimide forming the alignment control film
of the present invention is obtained by advancing imidization
ofapolyamide acid ora polyamide acid ester as the polyimide
precursor by heating or chemical imidization.

[0084] In this situation, it is not always necessary to
progress the imidization by 100%, and the imidization is
advanced preferably by 50% to 100% of the total, more pref-
erably by 60% to 95%, and still more preferably by 70% to
90%.

[0085] As the degree of progress of the imidization is
higher, the light alignment property is higher, and the align-
ment stability of liquid crystal is higher. However, when the
degree of progress of the imidization is too high, a specific
resistance of the alignment film becomes high, which is not
preferred in the electric characteristics.

[0086] Further, it is desirable that the molecular weight of
the polyimide forming the alignment control film be higher.
The polyamide acid ester does not undergo any decrease in
molecular weight during heating unlike the polyamide acid.
Therefore, the polyamide acid ester is high in the alignment
stability of liquid crystal, which is more preferred.

[0087] When a cyclobutane-based polyimide made from
the above-mentioned raw materials is irradiated with light, a
photolytic reaction involving the cleavage of the ring struc-
ture of cyclobutane to generate a maleimide terminal occurs.
When the photolytic reaction progresses, the cyclobutane-
based polyimide which had initially a high molecular weight
undergoes a decrease in molecular weight to provide a film
having a lower strength.

[0088] Theinventors of the present invention found that the
alignment stability of liquid crystal was deteriorated with a
reduction in the film strength. In order to improve the align-
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ment stability of liquid crystal, an improvement in the
strength of the film is essential. In order to improve the film
strength, the maleimide terminal generated by photolysis
needs to be stabilized by the cross-linking reaction.

[0089] However, the conventional cyclobutane-based poly-
imide suffers from such a problem that the film strength is
insufficient. Because higher quality of liquid crystal display
devices 1s now being encouraged, the conventional alignment
stability is not allowable as a product.

[0090] The above-mentioned alignment control film
according to the present invention contains, for example, a
cross-linking moiety represented by the structure of Y in the
general formulae of the group of compounds II, and a cross-
linking group represented by the group of compounds III in
the main chain.

[0091] The alignment control film according to the present
invention is excellent in the alignment stability because the
cross-linking moieties sufficiently exist, and the cross-linking
reaction of a maleimide sufficiently progresses.

[0092] Thepolyimide and the polyimide precursor forming
the alignment control film according to the present invention
have the cross-linking moiety in the main chain. Because side
chain components of a polymer inhibit packing of the main
chains to reduce the film strength, it is preferred that the
cross-linking moieties be disposed in the main chains.
[0093] Further, preferably, the side chain components are
shorter as much as possible, and more preferably, no side
chain components exist.

[0094] Specifically, the hardness of the alignment control
film ranges preferably from 0.1 GPa or more to 1.0 GPa or
less, more preferably from 0.2 GPa or more to 0.9 GPa or less,
and still more preferably from 0.3 GPa or more to 0.8 GPaor
less.

[0095] When the hardness of the alignment control film is
100 high, there arises such a trouble that the alignment control
film is liable to be peeled off due to the vibrations of the liquid
crystal panel, which is not preferred.

[0096] The measurement of the hardness of the alignment
control film was implemented by continuous stiffness mea-
surement (CSM) with the use of a Berkovich indenter of a
nano indenter G200 made by MTS Systems Corporation. The
CSM use frequency was 75 Hz, and the amplitude value was
1 nm. The measurement points were 10 points, the indenta-
tion depth at the respective measurement points was 50 nm at
maximum, and the hardness was calculated by using values of
from 18 nm to 20 nm.

[0097] This nano indenter measurement conforms to ISO-
14577 Parts 1, 2 and 3.

[0098] 1t is preferred that the cyclobutanetetracarboxylic
dianhydride which is the raw material for the polyimide, or a
polyamide acid or a polyamide acid ester as the polyimide
precursor forming the alignment control film of the present
invention be acompound represented by the following chemi-
cal formula (TV-1).

[Chemn. 19]

av-1)
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where: R, to R, each independently represent one ofa hydro-
gen atom, an alky! group having 1 to 3 carbon atoms, and the
following structure: —(CH,),—COOH where n represents
one of 0 and 1.

[0099] TItis preferred that R, to R, each independently rep-
resent one of a hydrogen atom, an alkyl group having 1 or 2
carbon atoms, and the following structure: —(CH,),—
COOH where n represents one of 0 and 1.

[0100] Itis more preferred thatR, to R, each independently
represent one of a hydrogen atom, a methyl group, and a
carboxyl group.

[0101] Itis still more preferred that R to R, each indepen-
dently represent one of a hydrogen atom and a methyl group.
[0102] It is particularly preferred that R, to R, each repre-
sent a methyl group.

[0103] Specific structural examples of the cyclobutanetet-
racarboxylic dianhydride according to the present invention
are represented by the following chemical formulae (D-1) to
(D-8). Each of those structures is merely an example of spe-
cific chemical structures, and the present invention is not
limited to those structures.

[Cherm 20]

®-1)

o)

(D-2)

D-3)

(D-4

o S o o S o o O OOYOYOO S} o



US 2011/0080547 Al

-continued
(D-6)
(6] 6]
(6] 6]
0 (0]
(D-7)
COOH
O (6]
(6] 6]
0 6]
D-8
COOH ©8)
0, [0}
(0] 6]
[0} [0}
HOOC

[0104] Tt is further preferred that the tetracarboxylic dian-
hydride used as the raw material forming the polyimide and
the polyimide precursor according to the present invention
include at least one kind of cyclobutanetetracarboxylic dian-
hydride represented by the chemical formula (IV-1) at a ratio
of from 70 mol % or more to 100 mol % or less, preferably at
a ratio of from 80 mol % or more to 100 mol % or less, and
more preferably at a ratio of from 90 mol % or more to 100
mol % or less.

[0105] Further, the cyclobutanetetracarboxylic dianhy-
dride used as the raw material forming the polyimide and the
polyimide precursor may include at least two kinds of
cyclobutanetetracarboxylic dianhydride represented by the
chemical formula (IV-1).

[0106] Further, the cyclobutanetetracarboxylic dianhy-
dride used as the raw material forming the polyimide and the
polyimide precursor may include at least two kinds of
cyclobutanetetracarboxylic dianhydride represented by the
chemical formulae (D-1) to (D-8).

[0107] Further, the cyclobutanetetracarboxylic dianhy-
dride used as the raw material forming polyimide and the
polyimide precursor may include at least three kinds of
cyclobutanetetracarboxylic dianhydride represented by the
chemical formula (TV-1).

[0108] Further, the cyclobutanetetracarboxylic dianhy-
dride used as the raw material forming polyimide and the
polyimide precursor may include at least three kinds of
cyclobutanetetracarboxylic dianhydride represented by the
chemical formulae (D-1) to (D-8).

[0109] With the above-mentioned configuration, the pho-
toreactivity becomes high, and the alignment stability of lig-
uid crystal is improved.

[0110] Hereinafter, examples of the present invention are
described in detail with reference to the accompanying draw-
ings. The alignment control film according to the present
invention, which is used in the examples, is merely an
example, and the same advantages have been confirmed in
other structures.
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[0111] Inthe following description, a substrate on which an
active element such as a thin film transistor is formed is called
“active matrix substrate”.

[0112] Further, when a counter substrate is provided with a
color filter, the substrate is also called “color filter substrate”.
[0113] Further, in the present invention, a desired contrast
as a target is 500:1 or more, and it is desirable that a target
period of time when the residual image is eliminated is 5
minutes or shorter.

[0114] The period of time when the residual image is elimi-
nated is determined according to a method defined in the
following examples.

[0115] Further, according to a preferred example of the
present invention, the electrode group in the present invention
is formed on only any one of the pair of substrates. That is,
according to the preferred example of the present invention,
an electric field that is applied to the liquid crystal layer has a
component substantially parallel to the substrate surface on
which the electrode group is formed.

[0116] Further, a long axis direction of liquid crystal mol-
ecules forming the liquid crystal layer on the alignment con-
trol film in the liquid crystal display device according to the
present invention may be parallel or orthogonal to a polariz-
ing axis of an irradiated ray that has been substantially lin-
early polarized.

[0117] Further, it is preferred that a pretilt angle of the
liquid crystal layeris 1 degree or lower. Within each cell of the
liquid crystal display device, the liquid crystal molecules
forming the liquid crystal layer are not only arranged at the
identical azimuth, but also inclined at a tilt angle (pretilt
angle) of some degree. In order to obtain the high reliability of
the liquid crystal display device, it is preferred that the pretilt
angle of the liquid crystal molecules forming the liquid crys-
tal layer be 1 degree or lower. The pretilt angle of liquid
crystal was measured through a crystal rotation method.
[0118] The alignment control film according to the present
invention can be also applied in the liquid crystal display
device including the active elements.

[0119] That is, the alignment control film according to the
present invention can be also applied to a liquid crystal dis-
play device including: a pair of substrates, at least one of
which is transparent; a liquid crystal layer arranged between
the pair of substrates; an electrode group formed on at least
one of the pair of substrates, for applying an electric field to
the liquid crystal layer; a plurality of active elements con-
nected to the electrode group; and an alignment control film
arranged on at least one of the pair of substrates.

[0120] Theactive clement is a transistor element for writing
data, and represented by, for example, a thin film transistor
(TFD).

[0121] Inthe examples described later, a TFT liquid crystal
display device including the active elements (active matrix
liquid crystal display device) is shown. However, the align-
ment control film according to the present invention can be
applied to a liquid crystal display device including no active
element, for example, a simple matrix liquid crystal display
device (passive matrix liquid crystal display device).

EXAMPLE 1

[0122] FIG. 1is a schematic cross-sectional view illustrat-
ing a vicinity of one pixel in the liquid crystal display device
according to this example. FIGS. 2A to 2C are schematic
diagrams of an active matrix substrate illustrating the con-
figuration of the vicinity of one pixel in the liquid crystal
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display device according to this example, in which FIG. 2A is
aplan view, FIG. 2B is a cross-sectional view taken along the
line 2B-2B illustrated in FIG. 2A, and FIG. 2C is a cross-
sectional view taken along the line 2C-2C illustrated in FIG.
2A.FIG.1 corresponds to a part of a cross section taken along
the line 2B-2B illustrated in FIG. 2A.

[0123] FIGS. 2B and 2C schematically emphasize configu-
rations of main portions, and do not correspond one by one to
cut portions of the line 2B-2B and the line 2C-2C in FIG. 2A.
For example, a semiconductor film 116 is not illustrated in
FIG. 2B, and only one through-hole 118 that connects each
common electrode 103 and a common electrode line (com-
mon line) 120 is representatively illustrated in FIG. 2C.
[0124] Inthisexample, scanning lines (gate electrode lines)
104 and the common electrode line 120 which are made of
chrome (Cr) are arranged on a glass substrate 101 as the active
matrix substrate, and a gate insulating film 107 made of
silicon nitride is so formed as to cover the scanning lines 104
and the common electrode line 120. Further, the semiconduc-
tor film 116 made of amorphous silicon or polysilicon is
arranged above each of the scanning lines 104 through the
gate insulating film 107, and functions as an active layer of
each thin film transistor (TFT) 115 serving as the active
element.

[0125] Further, each signal line (drain electrode) 106 and
each pixel electrode (source electrode) 105 which are made of
chrome/molybdenum (Cr.Mo) are so arranged as to be super-
imposed on a part of the pattern of the semiconductor film
116, and a protective insulating film 108 made of silicon
nitride is so formed as to cover all of those components.
[0126] Further, as illustrated in FIG. 2C, the common elec-
trodes 103 that connect to the common electrode line 120
through the through-hole 118 formed through the gate insu-
lating film 107 and the protective insulating film 108 are
arranged on an overcoat layer (organic protective film) 112.
[0127] Further, as illustrated in FIG. 2A, the common elec-
trodes 103 drawn from the common electrode line 120
through the through-hole 118 are so formed as to face the
pixel electrodes 105 in a region of one pixel in a planar
fashion.

[0128] In this example, the pixel electrodes 105 are
arranged below the protective insulating film 108 which is
disposed below the organic protective film 112, and the com-
mon electrodes 103 are arranged on the organic protective
film 112. One pixel is configured in a region sandwiched
between the plurality of pixel electrodes 105 and the common
electrodes 103.

[0129] Further, an alignment control film 109 is formed on
a surface of the active matrix substrate on which the unit
pixels configured as described above are arranged in matrix,
that is, on the organic protective film 112 on which the com-
mon electrodes 103 are formed.

[0130] On the other hand, as illustrated in F1G. 1, a color
filter layer 111 is arranged on the glass substrate 102 consti-
tuting the counter substrate so as to be partitioned by a light
shield film (black matrix) 113 for each pixel. Further, the
color filter layer 111 and the light shield film 113 are covered
with the organic protective film 112 made of a transparent
insulating material. Further, the alignment control film 109 is
also formed on the organic protective film 112 to configure a
color filter substrate.

[0131] Those alignment control films 109 are imparted lig-
uid crystal alignment capability by irradiation of linearly
polarized ultraviolet rays which are extracted with the use of
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a pile polarizer in which quartz plates are laminated on each
other with a high-pressure mercury lamp as a light source.

[0132] The glass substrate 101 constituting the active
matrix substrate and the glass substrate 102 constituting the
color filter substrate are arranged to face each other at the
surfaces of the alignment control films 109, and a liquid
crystal layer (liquid crystal composition layer) 1105 made up
of liquid crystal molecules 110a are arranged between the
glass substrate 101 and the glass substrate 102.

[0133] Further, on the respective outer surfaces of the glass
substrate 101 constituting the active matrix substrate and the
glass substrate 102 constituting the color filter substrate,
polarization plates 114 are formed.

[0134] In the above-mentioned manner, the TFT liquid
crystal display device (active matrix liquid crystal display
device) using the thin film transistor (TFT) is configured.
[0135] Inthe TFT liquid crystal display device, the liquid
crystal molecules 110a constituting the liquid crystal compo-
sition layer 1105 are aligned substantially in parallel to the
surfaces of the glass substrates 101 and 102 which face each
other at the time of applying no electric field. The liquid
crystal molecules 110a are homogeneously aligned in a state
in which the liquid crystal molecules 110q are directed in an
initial alignment direction regulated by the photo-alignment
process.

[0136] In this example, when a voltage is applied to the
scanning lines 104 to turn on the thin film transistor 115, an
electric field 117 is applied to the liquid crystal composition
layer 1105 due to a potential difference between the pixel
electrode 105 and the common electrodes 103. The liquid
crystal molecules 110a constituting the liquid crystal compo-
sition layer 1104 is turned to the electric field direction due to
an interaction of a dielectric anisotropy of the liquid crystal
composition layer 1105 and the electric field. In this situation,
the a refractive anisotropy of the liquid crystal composition
layer 1105 and the action of the polarization plates 114 can
change the light transmittance of the liquid crystal display
device for display.

[0137] Further, the organic protective film 112 can be made
of a thermosetting resin such as an acrylic resin, an epoxy
acrylic resin or a polyimide resin which are excellent in the
insulating property and the transparency. Further, the organic
protective film 112 can be made of a light curing transparent
resin, or an inorganic material such as a polysiloxane resin.
Further, the organic protective film 112 can also function as
the alignment control film 109.

[0138] As described above, according to this example, the
liquid crystal alignment control capability of the alignment
control film 109 is performed by using not the rubbing align-
ment process that directly rubs the alignment control film 109
with a buff cloth, but the non-contact photo-alignment
method. As a result, uniform alignment can be given to the
entire surface of the display region without local disturbance
of alignment in the vicinity of the electrodes.

[0139] In general, in the in-plane switching (IPS) system,
no interface tilt with the substrate surface is required in prin-
ciple unlike the vertical electric field system represented by
the conventional twisted nematic (TN) system. It is known
that the viewing angle characteristic is more improved as the
interface tilt angle becomes smaller. The smaller interface tilt
angle is desired even in the photo-alignment control film. In
particular, when the interface tilt angle is set to 1 degree or
lower, a change in color and brightness due to the viewing
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angle of the liquid crystal display device can be remarkably
suppressed, which is effective.

[0140] Subsequently, as a method of manufacturing the
liquid crystal display device according to this example, for-
mation of the alignment control film by using the rubbingless
alignment method of the liquid crystal alignment control film
is described. A flow of a process for forming the alignment
control film according to this example includes the following
steps (1) to (4). (1) Coating and formation of the alignment
control film (a uniform film is coated on the entire surface of
the display region). (2) Imidization baking of the alignment
control film (removal of varnish solvent and polyimidization
high in heat resistance are enhanced). (3) Impartation of the
liquid crystal alignment capability by irradiation of the polar-
ized light (the uniform alignment capability is imparted to the
display region). (4) Enhancement and stabilization of the
alignment capability (by heating, infrared radiation, far infra-
red radiation, electron beam irradiation, and radiation expo-
sure).

[0141] The alignment control film is formed through the
above-mentioned four processes. However, the present inven-
tion is not limited to the order of the processes of the above-
mentioned (1) to (4). Moreover, further advantages are
expected in the case of the following processes (a) and (b). (a)
The above-mentioned processes (3) and (4) are so processed
as to temporally overlap with each other to accelerate the
liquid crystal alignment capability impartation and induce the
cross-linking reaction. As a result, the alignment control film
can be further effectively formed. (b) In the case of using the
heating, the infrared radiation, and the far infrared radiation
of the above-mentioned process (4), the above-mentioned
processes (2), (3) and (4) are allowed to temporally overlap
with each other. As a result, the above-mentioned process (4)
can also function as the imidization process of the above-
mentioned process (2), and hence the alignment control film
can be formed in a short time.

[0142] Subsequently, a specific manufacturing method
according to this example is described. A glass substrate
having a thickness of 0.7 mm whose surface has been pol-
ished is used as the glass substrate 101 constituting the active
matrix substrate and the glass substrate 102 constituting the
color filter substrate. The thin film transistor 115 formed on
the glass substrate 101 includes the pixel electrode (source
electrode) 105, the signal line (drain electrode) 106, the scan-
ning line (gate electrode line) 104, and the semiconductor
film (amorphous silicon film) 116.

[0143] All of the scanning lines 104, the common electrode
line 120, the signal line 106, and the pixel electrode 105 were
formed by patterning a chrome film, and an interval between
the pixel electrode 105 and the common electrode 103 was set
to 7 um. The common electrodes 103 and the pixel electrode
105 were formed by using the chrome film which is low in
resistance and easy in patterning. Alternatively, a transparent
electrode may be formed by using an indium tin oxide (ITO)
film to achieve the higher brightness characteristic.

[0144] Thegate insulating film 107 and the protective insu-
lating film 108 were made of silicon nitride, and the respec-
tive thicknesses were set to 0.3 pm. An acrylic resin was
coated on those films, and a heat treatment at 220° C. for 1
hour was conducted to form the transparent and insulating
organic protective film 112.

[0145] Then, the through-hole 118 was formed up to the
common electrode line 120 through the photolithography and
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etching process as illustrated in FIG. 2C, and the common
electrodes 103 that connect to the common electrode line 120
were formed by patterning.

[0146] As aresult, as illustrated in FIG. 2A, the pixel elec-
trode 105 was arranged among the three common electrodes
103 within the unit pixel (one pixel) to form the active matrix
substrate which has 1024x3x768 in the number of pixels,
which includes 1024x3 (corresponding to R, G, and B) signal
lines 106 and 768 scanning lines 104.

[0147] Inthis example, various polyamide acids 1-1 to 1-5
synthesized in accordance with the raw material composi-
tions shown in Table 1 below were used for the alignment
control film 109. Then, those alignment control films were
used to manufacture five liquid crystal display devices. The
polyamide acid was used to prepare a varnish with a resin
concentration of 5 wt %, dimethyl acetamide (DMAC) of 60
wt %, y-butyrolactone of 20 wt %, and butyl cellosolve of 15
wt %. The varnish was printed on an active matrix substrate,
and imidized through a heat treatment, to thereby form a
dense alignment control film 109 made of a polyimide and a
polyamide acid amide with an imidization ratio of about 80%
and a thickness of about 70 nm.

TABLE 1

Diamine compounds

Alignment  Group of Group of Tetracarboxylic
control compounds I  compounds IT dianhydrides
film No. (mol %) (mol %) (mol %)

1-1 A-1 (70) B-4(30) D-1 (100)

12 A-4 (65) B-9(35) D-5 (100)

13 A-8 (85) B-13 (15) D-4 (100)

14 A-22 (60) B-17 (40) D-7 (100)

15 A-59 (90) B-19 (10) D-5 (100)

[0148] Likewise, the same polyamide acid amide varnish
was also printed on the surface of another glass substrate 102
on which the ITO has been formed, to thereby form the dense
alignment control film 109 made of polyimide and polyamide
acid amide with the imidization ratio of about 80% and the
thickness of about 70 nm.

[0149] Inorder to impart the liquid crystal alignment capa-
bility to the surface of the alignment control film 109, polar-
ized UV (ultraviolet) rays were applied onto the alignment
control film 109. With the use of a high-pressure mercury
lamp as the light source, the UV rays in a range of 240 nm to
380 nm were extracted through an interference filter. The
extracted UV rays were linearly polarized at the polarization
ratio of about 10:1 by using a pile polarizer in which quartz
substrates were laminated on each other, and applied with the
irradiation energy of about 5 Jicm®.

[0150] As aresult. it was found that the alignment direction
of the liquid crystal molecules on the alignment control film
surface was orthogonal to the polarization direction of the
irradiated polarized UV rays.

[0151] Then, those two glass substrates 101 and 102 were
faced each other at the surfaces having the respective align-
ment control films 109 with the liquid crystal alignment capa-
bility. Spacers formed of dispersed spherical polymer beads
were interposed between those glass substrates 101 and 102,
and a sealing material was coated on the peripheral portions
of the glass substrates 101 and 102, to thereby assemble a
liquid crystal display panel (hereinafter, referred to as “cell”)
forming the liquid crystal display device.



US 2011/0080547 Al

[0152] The liquid crystal alignment directions of the two
glass substrates were substantially parallel to each other. A
nematic liquid crystal composition A which was positive in
the dielectric anisotropy Ae, 10.2 (1 kHz, 20° C.) in the value
of the dielectric anisotropy, 0.075 (wavelength 590 nm, 20°
C.) in the refractive anisotropy An, 7.0 pN in twisted elastic
constant K2, and about 76° C. in nematic-to-isotropic transi-
tion temperature T(N-1) was injected into the cell in a
vacuum, and sealed with a sealing material made of an ultra-
violet curable resin. A liquid crystal panel in which a thick-
ness (gap) of the liquid crystal layer was 4.2 um was manu-
factured.

[0153] The retardation (An-d) of this liquid crystal display
panel is about 0.31 pm. Tt is desirable that An-d satisfies a
range of 0.2 um=An-d=0.5 um, and when An-d exceeds this
range, there arises such a problem that white display is col-
ored.

[0154] Further, a liquid crystal display panel of a homoge-
neous alignment was manufactured by using the same align-
ment control film and the liquid crystal composition as those
used in the above-mentioned panel, and the pretilt angle of
liquid crystal was measured through a crystal rotation
method. The measurement result was about 0.2 degrees.
[0155] This liquid crystal display panel was sandwiched
between the two polarization plates 114 so that the polariza-
tion transmission axis of one polarization plate was so
arranged to be substantially parallel to the above-mentioned
liquid crystal alignment direction, and the polarization trans-
mission axis of the other polarization plate was so arranged to
be orthogonal to the former polarization transmission axis.
After that, a drive circuit, a backlight, and so on were con-
nected for modulation to obtain the active matrix liquid crys-
tal display device. In this example, a normally close charac-
teristic in which dark display is established with a low
voltage, and bright display is established with a high voltage
was provided.

[0156] As a result of evaluating the display quality of the
five liquid crystal display devices according to this example,
the high-grade display of 500:1 in the contrast ratio was
confirmed. Further, the wide viewing angle during the half-
tone display was confirmed.

[0157] Further, in order to quantitatively measure the
image-sticking and the residual image of the five liquid crys-
tal display devices according to this example, an oscilloscope
having the combination of photodiodes was used for evalua-
tion.

[0158] First, a window pattern was displayed on a screen
with the maximum brightness for 10 hours. After that, the
entire screen was switched to the halftone display where the
residual image was most visible, that is, in this example, the
brightness of 10% of the maximum brightness. The display
quality was evaluated with a time until the pattern of an edge
portion of the window pattern was eliminated as a residual
image relaxation time. The residual image relaxation time
permitted in this example is 5 minutes or shorter.

[0159] As aresult, the residual image relaxation time was 1
minute or shorter in the use temperature range (0° C. to 50°
C.). Even in the visual image quality residual image test, the
sticking of the image and the display unevenness caused by
the residual image were not found at all. Further, the high
display characteristic was obtained.

EXAMPLE 2

[0160] FIG. 3 is a schematic cross-sectional view illustrat-
ing a vicinity of one pixel in the liquid crystal display device
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according to this example. FIGS. 4A to 4C are schematic
diagrams of an active matrix substrate illustrating the con-
figuration of the vicinity of one pixel in the liquid crystal
display device according to this example, in which FIG. 4A is
aplan view, FIG. 4B is a cross-sectional view taken along the
line 4B-4B illustrated in FIG. 4A, and FIG. 4C is a cross-
sectional view taken along the line 4C-4C illustrated in FIG.
4A.FIG. 3 corresponds to a part of a cross section taken along
the line 4B-4B illustrated in FIG. 4A.

[0161] FIGS. 4B and 4C schematically emphasize configu-
rations of main portions, and do not correspond one by one to
cut portions of the line 4B-4B and the line 4C-4C in FIG. 4A.
For example, the semiconductor film 116 is not illustrated in
FIG. 4B. In this example, the scanning lines 104 and the
common electrode line 120 which are made of Cr are
arranged on the glass substrate 101 constituting the active
matrix substrate, and the gate insulating film 107 made of
silicon nitride is so formed as to cover the scanning lines 104
and the common electrode line 120.

[0162] Further, the semiconductor film 116 made of amor-
phous silicon or polysilicon is arranged above each of the
scanning lines 104 through the gate insulating film 107, and
functions as an active layer of each thin film transistor 115
serving as the active element.

[0163] Further, each drain electrode 106 and each source
electrode (pixel electrode) 105 which are made of chrome/
molybdenum are so arranged as to be superimposed on a part
of the pattern of the semiconductor film 116, and the protec-
tive insulating film 108 made of silicon nitride is so formed as
to cover all of those components. The organic protective film
112 is arranged on the protective insulating film 108. The
organic protective film 112 is made of, for example, a trans-
parent material such as an acrylic resin.

[0164] Further, the pixel electrode 105 is formed of a trans-
parent electrode made of ITO (In,O;:Sn).

[0165] The common electrode 103 is connected to the com-
mon electrode line 120 through the through-hole 118 that
passes through the gate insulating film 107, the protective
insulating film 108, and the organic protective film 112.
[0166] In the case of applying an electric field for driving
the liquid crystal, the common electrode 103 paired with the
pixel electrode 105 is so formed as to surround the region of
one pixel in a planar fashion.

[0167] Further, the common electrode 103 is arranged on
the organic protective film 112. The common electrode 103 is
so arranged as to cover the drain electrode 106, the scanning
line 104, and the thin film transistor 115 which is an active
element, which are disposed below when being viewed from
the top. The common electrode 103 also functions as a light
shield layer that shields light from the semiconductor film
116.

[0168] The alignment control film 109 is formed on the
surface of the glass substrate 101 constituting the active
matrix substrate in which the unit pixels (one pixel) config-
ured as described above are arranged in matrix, that is, on the
organic protective film 112 and the common electrode 103
formed on the organic protective film 112.

[0169] On the other hand, on the glass substrate 102 con-
stituting the counter substrate, the alignment control film 109
is formed on the organic protective film 112 formed on the
color filter layer 111.

[0170] In this example, like Example 1, the liquid crystal
alignment capability is imparted to the alignment control film
109 by irradiation of linearly polarized ultraviolet rays which
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are extracted with the use of a pile polarizer in which quartz
plates are laminated on each other with a high-pressure mer-
cury lamp as a light source.

[0171] The glass substrate 101 and the counter glass sub-
strate 102 are arranged to face each other at the surfaces where
the alignment control films 109 are formed, and the liquid
crystal composition layer 1105 made up of liquid crystal
molecules 110a are arranged between the glass substrate 101
and the counter glass substrate 102.

[0172] Further, the polarization plates 114 are formed on
the respective outer surfaces of the glass substrate 101 and the
counter glass substrate 102.

[0173] As described above, also in this example, like the
above-mentioned Example 1, the pixel electrode 105 is
arranged below the organic protective film 112 and the pro-
tective insulating film 108, and the common electrode 103 is
arranged above the pixel electrode 105 and the organic pro-
tective film 112.

[0174] Further, when the electric resistance of the common
electrode 103 is sufficiently low, the common electrode 103
can also function as the common electrode line 120 formed in
the lowest layer. In this case, the formation of the common
electrode line 120 disposed in the lowest layer and the pro-
cessing of the through-hole 118 accompanied by the forma-
tion of the common electrode line 120 can be omitted.
[0175] In this example, as illustrated in FIG. 4A, one pixel
is configured by a region surrounded by the common elec-
trodes 103 formed in a lattice, and one pixel is divided into
four regions together with the pixel electrode 105.

[0176] Further, the pixel electrode 105 and the common
electrodes 103 that face the pixel electrode 105 are of a zigzag
bent structure where those components are arranged in par-
allel to each other. One pixel forms a plurality of sub-pixels of
two or more. With this structure, a change in color tone within
the plane is offset.

[0177] Subsequently, a manufacturing method of the liquid
crystal display device according to this example is described.
A glass substrate having a thickness of 0.7 mm whose surface
has been polished is used as the glass substrate 101 and the
glass substrate 102. The thin film transistor 115 includes the
pixel electrode (source electrode) 105, the signal line (drain
electrode) 106, the scanning line (gate electrode line) 104,
and the semiconductor film (amorphous silicon film) 116.
[0178] The scanning line 104 was formed by patterning an
aluminum film, the common electrode line 120 and the signal
line 106 were formed by patterning a chrome film, and the
pixel electrode 105 was formed by patterning an ITO film. As
illustrated in FIG. 4A, the components other than the scan-
ning line 104 were formed into electrode line patterns which
were bent in zigzag.

[0179] In this situation, an angle of bending was set to 10
degrees. The gate insulating film 107 and the protective insu-
lating film 108 were made of silicon nitride, and the respec-
tive thicknesses were set to 0.3 pm.

[0180] Then, asillustrated in FIG. 4C, the through-hole 118
having a diameter of about 10 pm was formed into a cylin-
drical shape through the photolithography method and the
etching process so as to extend up to the common electrode
line 120. An acrylic resin was coated on the through-hole 118,
and a heat treatment was performed at 220° C. for one hour to
form the transparent and insulating organic protective film
112 which was about 4 in dielectric constant at a thickness of
about | um.
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[0181] The roughness caused by a step of the pixel elec-
trode 105 in the display region was flattened by the organic
protective film 112. Further, the roughness caused by a step at
a boundary portion of the color filter layer 111 between the
adjacent pixels was flattened by the organic protective film
112.

[0182] After that, the through-hole 118 was again etched to
have a diameter of about 7 pm, and the common electrode 103
connected to the common electrode line 120 was formed on
the through-hole 118 by patterning an ITO film. In this situ-
ation, the interval between the pixel electrode 105 and the
common electrode 103 was set to 7 um.

[0183] Further, the common electrodes 103 were formed in
alattice so as to cover the upper portions of the signal line 106,
the scanning lines 104, and the thin film transistor 115, and to
surround the pixel, and also were formed so as to function as
the light shield layer.

[0184] As a result, within the unit pixel, as illustrated in
FIG. 4A, the pixel electrode 105 was arranged among the
three common electrodes 103 to obtain the active matrix
substrate which is 1024x3x768 in the number of pixels,
including 1024x3 (corresponding to R, G, and B) signal lines
106 and 768 scanning lines 104.

[0185] In this example, various polyamide acid methyl
esters 2-1 to 2-3 synthesized in accordance with the raw
material compositions shown in Table 2 below were used for
the alignment control film 109. Then, those alignment control
films were used to manufacture three liquid crystal display
devices.

[0186] The polyamide acid was used to prepare a varnish
with a resin concentration of 5 wt %, DMAC of 60 wt %,
y-butyrolactone of 20 wt %, and butyl cellosolve of 15 wt %.
The varnish was printed on an active matrix substrate, and
imidized through a heat treatment to form a dense alignment
control film 109 made of a polyimide and a polyamide acid
amide with an imidization ratio of about 80% and a thickness
of about 60 nm.

TABLE 2

Diamine compounds

Alignment  Group of Group of Tetracarboxylic

control compoundsI  compounds II dianhydrides

film No. {mol %) (mol %) (mol %)

21 Al (40) B-4(10) D-2 (100)
A-12 (30) B-11 (20)

2-2 A4 (45) B-9 (20) D-3 (100)
A-21(20) B-13 (15)

23 A-8 (30) B-13 (10) D-6 (100)
A28 (55) B-19 (5)

[0187] In the aligning method, the same polarized UV as

that in Example 1 was applied with the irradiation energy of
about 3 J/em?. During the irradiation of the polarized UV, the
substrate on which the alignment control film had been
formed was subjected to a heat treatment on a hot plate to
about 150° C. at the same time.

[0188] Then, those two glass substrates are faced each other
at the surfaces having the liquid crystal alignment films.
Spacers formed of dispersed spherical polymer beads were
interposed between those glass substrates, and a sealing mate-
rial was coated on the peripheral portions of the glass sub-
strates to assemble a liquid crystal display panel. The liquid



US 2011/0080547 Al

crystal alignment directions of those two glass substrates
were substantially parallel to each other.

[0189] A nematic liquid crystal composition A which was
positive in the dielectric anisotropy Ae, 10.2 (1 kHz, 20° C.)
in the value of the dielectric anisotropy, 0.075 (wavelength
590 nm, 20° C.) in the refractive anisotropy An, 7.0 pN in
twisted elastic constant K2, and about 76° C. in nematic-to-
isotropic transition temperature T(N-1) was injected into the
liquid crystal display panel in a vacuum, and sealed with a
sealing material made of an ultraviolet curable resin.

[0190] A liquid crystal panel in which a thickness (gap) of
the liquid crystal layer was 4.2 um was manufactured. The
retardation (And) of this panel is about 0.31 pm.

[0191] Further, a liquid crystal display panel of a homoge-
neous alignment was manufactured by using the same align-
ment control film and the liquid crystal composition as those
used in the above-mentioned liquid crystal display panel, and
the pretilt angle of liquid crystal was measured through a
crystal rotation method. The measurement result was about
0.2 degrees.

[0192] This liquid crystal display panel was sandwiched
between the two polarization plates 114 so that the polariza-
tion transmission axis of one polarization plate was so
arranged to be substantially parallel to the above-mentioned
liquid crystal alignment direction, and the polarization trans-
mission axis of the other polarization plate was so arranged to
be orthogonal to the former polarization transmission axis.
[0193] Afterthat,adrive circuit, a backlight, and so on were
connected for modulation to obtain the active matrix liquid
crystal display device. In this example, a normally close char-
acteristic in which dark display is established with a low
voltage, and bright display is established with a high voltage
was provided.

[0194] As a result of evaluating the display quality of the
three liquid crystal display devices according to this example,
the aperture ratio was higher than that in the liquid crystal
display device of Example 1, and the high-grade display of
600:1 in the contrast ratio was confirmed. Further, the wide
viewing angle during the halftone display was confirmed.
Further, as a result of quantitatively evaluating the image-
sticking and the residual image relaxation time of the liquid
crystal display devices as in Example 1, the residual image
relaxation time was about 1 minute in the use temperature
range of 0° C. to 50° C., and even in the visual image quality
residual image test, the sticking of the image, and the display
unevenness caused by the residual image were not found at
all, and the high display characteristic equivalent to Example
1 was obtained.

EXAMPLE 3

[0195] FIG. 5 is a schematic cross-sectional view of the
vicinity of one pixel in a liquid crystal display device accord-
ing to this example. In FIG. 5, the same symbols as those in
the above-mentioned respective examples correspond to
identical function portions.

[0196] As illustrated in FIG. 5, in this example, the pixel
electrode 105 disposed below the protective insulating film
108 is pulled up to the upper surface of the organic protective
film 112 through the through-hole 118 so as to be arranged in
the same layer as that of the common electrode 103. In this
configuration, a voltage for driving the liquid crystal can be
further reduced.

[0197] Inthe TFT liquid crystal display device configured
as described above, at the time of applying no electric field,
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the liquid crystal molecules 110a constituting the liquid crys-
tal composition layer 1105 are aligned substantially in paral-
lel to the surfaces of the glass substrates 101 and 102 which
face each other. The liquid crystal molecules 110a are homo-
geneously aligned in a state where the liquid crystal mol-
ecules 110a are directed in an initial alignment direction
regulated by the photo-alignment process.

[0198] In this example, when a voltage is applied to the
scanning lines 104 to turn on the thin film transistor 115, an
electric field 117 is applied to the liquid crystal composition
layer 1105 due to a potential difference between the pixel
electrode 105 and the common electrode 103. The liquid
crystal molecules 110a turns to the electric field direction due
to an interaction of a dielectric anisotropy of the liquid crystal
composition and the electric field. In this situation, the dielec-
tric anisotropy of the liquid crystal composition layer 1105
and the action of the polarization plates 114 can change the
light transmittance of the liquid crystal display device for
display.

[0199] Hereinafter, a method of manufacturing the liquid
crystal display device according to this example is described.
As the glass substrates 101 and 102, glass substrates each
having a thickness of 0.7 mm whose surfaces have been
polished are used. The thin film transistor 115 includes the
pixel electrode (source electrode) 105, the signal line (drain
electrode) 106, the scanning line (gate electrode line) 104,
and the semiconductor film (amorphous silicon film) 116.
[0200] The scanning lines 104 were formed by patterning
an aluminum film. The common electrode line 120, the signal
line 106, and the pixel electrode 105 were formed by pattern-
ing a chrome film.

[0201] Thegateinsulating film 107 and the protective insu-
lating film 108 were made of silicon nitride, and the respec-
tive thicknesses were set to 0.3 um. An acrylic resin was
coated on those films, and a heat treatment was performed at
220° C. for one hour to form the transparent and insulating
organic protective film 112 which was about 4 in the dielectric
constant at a thickness of about 1.0 pm. The roughness caused
by a step of the pixel electrode 105 in the display region was
flattened by the organic protective film 112. Further, the
roughness caused by a step between the adjacent pixels was
flattened by the organic protective film 112.

[0202] Then, as illustrated in FIG. 3, the through-hole 118
having a diameter of about 10 um was formed into a cylin-
drical shape through the photolithography method and the
etching process so as to extend up to the pixel electrode
(source electrode) 105 disposed below the protective insulat-
ing film 108. The pixel electrode 105 disposed in the same
layer as the common electrode 103, which was connected to
the pixel electrode (source electrode) 105 disposed below the
protective insulating film 108, was formed by patterning an
ITO film on the upper portion of the through-hole 118.
[0203] Further in the common electrode line 120, a
through-hole was formed into a cylindrical shape with a
diameter of about 10 pm, and an ITO film was patterned on
the upper portion of the through-hole to form the common
electrode 103. In this situation, the interval between the pixel
electrode 105 and the common electrode 103 was set to 7 um,
and the components other than the scanning lines 104 were
formed into electrode line patterns which were bent in zigzag.
[0204] In this situation, an angle of bending was set to 10
degrees. Further, the common electrodes 103 were formed in
alattice so as to cover the upper portions of the signal line 106,
the scanning lines 104, and the thin film transistor 115, and to



US 2011/0080547 Al

surround the pixels. Thus, the common electrode 103 also
functions as the light shield layer.

[0205] Except that two kinds of through-holes were formed
within the unit pixel, the pixel electrode 105 was arranged
among the three common electrodes 103 substantially in the
same manner as that of Example 2. With this configuration,
the active matrix substrate which were 1024x3x768 in the
number of pixels, and made up of 1024x3 (corresponding to
R, G, and B) signal lines 106 and 768 scanning lines 104 was
formed.

[0206] As described above, the liquid crystal display device
was manufactured in the same manner as that of Example 2 as
illustrated in FIG. 5, except for the pixel structure and the
alignment control film used in this example.

[0207] In this example, various polyamide acid propyl
esters 3-1 to 3-3 synthesized in accordance with the raw
material compositions shown in Table 3 below were used for
the alignment control film 109. Then, those alignment control
films were used to manufacture three liquid crystal display
devices.

[0208] The polyamide acid was used to prepare a varnish
with a resin concentration of 5 wt %, DMAC of 60 wt %,
y-butyrolactone of 20 wt %, and butyl cellosolve of 15 wt %.
The varnish was printed on an active matrix substrate, and
imidized through a heat treatment to form a dense alignment
control film 109 made of a polyimide and a polyamide acid
amide with an imidization ratio of about 80% and a thickness
of about 60 nm.

TABLE 3

Diamine compounds

Alignment  Group of Group of Tetracarboxylic
control compoundsI  compounds IT dianhydride
film No. (mol %) (mol %) (mol %)
31 A-7(20) B-5(5) D-& (100)
A-15 (30) B-6 (20)
A-19 (20) B-13 (5)
32 A-23 (45) B-2(10) D-1 (100)
A-39 (10) B-13 (15)
A-34 (10) B-17 (10)
33 A-20(20) B-4(5) D-4 (100)
A-41 (55) B-15 (5)
A-58 (10) B-20 (5)

[0209] In the aligning method, the same polarized UV as
that in Example 1 was applied with the irradiation energy of
about 6 J/em?. During the irradiation of the polarized UV, the
substrate on which the alignment control film had been
formed was subjected to a heat treatment on a hot plate to
about 180° C. at the same time.

[0210] Then, as a result of evaluating the display quality of
the three liquid crystal display devices according to this
example, the high-grade display equivalent to Example 1 was
confirmed. Further, the wide viewing angle during the half-
tone display was confirmed.

[0211] Further, as a result of quantitatively evaluating the
image-sticking and the residual image relaxation time of the
liquid crystal display devices according to this example as in
Example 1, the residual image relaxation time was about 1
minute or shorter, and even in the visual image quality
residual image test, the sticking of the image and the display
unevenness caused by the residual image were not found at
all, and the high display characteristic was obtained.
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[0212] As illustrated in FIG. 5, in the case where the pixel
electrode 105 connected directly to the thin film transistor
115 is formed on the uppermost surface of the substrate, and
the thin alignment control film 109 is formed on the pixel
electrode 105, when a normal rubbing alignment processing
is performed, electrostatic charge is generated due to rubbing,
with the result that the thin film transistor 115 maybe dam-
aged in some cases through the pixel electrode in the vicinity
of the upper surface.

[0213] In this case, the rubbingless photo-alignment pro-
cess as in this example is very effective.

EXAMPLE 4

[0214] FIG. 6 is a schematic cross-sectional view of the
vicinity of one pixel in a liquid crystal display device accord-
ing to this example. In FIG. 6, the same symbols as those in
the above-mentioned respective examples correspond to
identical function portions. This example employs a configu-
ration in which a step due to electrodes and the like is large.
[0215] Referring to FIG. 6, the common electrode 103 and
the scanning line 104 of each thin film transistor 115 are
formed in the same layer, and the liquid crystal molecules
110a turn to the electric field direction due to the electric field
117 caused by the common electrode 103 and the pixel elec-
trode 105.

[0216] Further, in the above-mentioned respective
examples, a plurality of display regions, each of which is
made up of the common electrode 103 and the pixel electrode
105, can be provided in one pixel. When the plurality of
display regions are provided in this manner, even if one pixel
is larger, a distance between the pixel electrode 105 and the
common electrode 103 can be shortened. Therefore, a voltage
to be applied for driving the liquid crystal can be decreased.
[0217] Further, in the above-mentioned respective
examples, a material of the transparent conductive film con-
stituting at least one of the pixel electrode and the common
electrode is not particularly restricted. However, taking the
ease of processing and high reliability into consideration, itis
desirable to use ion-doped titanium oxide or ion-doped zinc
oxide as in [TO.

[0218] In the method of manufacturing the liquid crystal
display device according to this example, glass substrates
each having a thickness of 0.7 mm whose surfaces have been
polished are used as the glass substrates 101 and 102. The thin
film transistor 115 includes the pixel electrode (source elec-
trode) 105, the signal line (drain electrode) 106, the scanning
line (gate electrode line) 104, and the semiconductor film
(amorphous silicon film) 116.

[0219] All of the scanning line 104, the common electrode
line 120, the signal line 106, the pixel electrode 105, and the
common electrode 103 were formed by patterning a chrome
film, and an interval between the pixel electrode 105 and the
common electrodes 103 was set to 7 pm. The gate insulating
film 107 and the protective insulating film 108 were made of
silicon nitride, and the respective thicknesses were set to 0.3
pm.

[0220] Inthis example, various polyamide acids 4-1 to 4-5
synthesized in accordance with the raw material composi-
tions shown in Table 4A below were used for the alignment
control film 109. Then, those alignment control films were
used to manufacture five liquid crystal display devices.
[0221] The polyamide acid was used to prepare a varnish
with a resin concentration of 5 wt %, DMAC of 60 wt %,
y-butyrolactone of 20 wt %, and butyl cellosolve of 15 wt %.
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The varnish was printed on an active matrix substrate, and
imidized through a heat treatment to form a dense alignment
control film 109 made of a polyimide and a polyamide acid
amide with an imidization ratio of about 80% and a thickness
of about 100 nm.

TABLE 4A

Diamine compounds

Alignment  Group of Group of Tetracarboxylic
control compounds I  compeunds IT dianhydrides
film No. (mol %) (mol %) (mol %)

4-1 A-1(95) B-3(5) D-4 (100)

42 A-1(75) B-3(25) D-4 (100)

43 A-1 (50) B-3 (50) D-4 (100)

44 A-1 (40) B-3 (60) D-4 (100)

45 A-1(30) B-3(70) D-4 (100)

[0222] After that, light from a high-pressure mercury lamp
is allowed to pass through an interference filter and a pile
polarizer of quartz to irradiate a polarized UV ray in a wave-
length range of 220 nm to 380 nm with an irradiation energy
of about 3 Jem? to conduct the photo-alignment process
while irradiating infrared rays. As a result, the active matrix
substrate which are 1024x3x768 in the number of pixels,
including 1024x3 (corresponding to R, G, and B) signal lines
106 and 768 scanning lines 104, was formed.

[0223] As described above, the liquid crystal display device
according to this example illustrated in FIG. 6 was manufac-
tured in the same manner as that of Example 1 except for the
pixel structure.

[0224] As a result of quantitatively evaluating the contrast
ratio and the residual image relaxation time in the five liquid
crystal display devices according to this example as in
Example 1, the results shown in Table 4B below were
obtained.

TABLE 4B

Alignment

control Contrast Residual image
film No. ratio relaxation time
4-1 600 3 minutes
4-2 630 2 minutes
4-3 510 4 minutes
4-4 370 7 minutes
4-5 120 30 minutes

[0225] From the results of Table 4B, the liquid crystal dis-
play devices using the alignment control films 4-1 to 4-3 were
excellent in both of the contrast ratio and the residual image
relaxation time. From the above-mentioned viewpoint, it is
desirable that diamine selected from the group of compounds
I be 50 mol % or more.

EXAMPLE 5

[0226] FIG. 7 is a schematic cross-sectional view of the
vicinity of one pixel in a liquid crystal display device accord-
ing to this example. In FIG. 7, the same symbols as those in
the above-mentioned respective examples correspond to
identical function portions.

[0227] In this example, the pixel electrode 105 and the
common electrode 103 are made of ITO, and the common
electrode 103 is formed of a solid electrode that covers the
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substantially entire pixel. With this configuration, the elec-
trode can be also used as a transmission portion so that the
aperture ratio can be improved.

[0228] Further, the electrode interval can be shortened, and
hence the electric field can be efficiently applied to the liquid
crystal.

[0229] FIG. 8 is a schematic diagram of an active matrix
substrate illustrating the configuration of the vicinity of one
pixel in the liquid crystal display device according to this
example. FIG. 8 illustrates the structures of the thin film
transistor 115, the common electrode 103, the pixel electrode
105, and the signal line 106.

[0230] In the method of manufacturing the liquid crystal
display device according to this example, a glass substrate
having a thickness of 0.7 mm whose surfaces are polished is
used as the glass substrate 101. On the glass substrate 101, the
gate insulating film 107 for preventing the common electrode
103, the pixel electrode 105, the signal line 106, and the
scanning lines 104 from being short-circuited, and the pro-
tective insulating film 108 for protecting the thin film transis-
tor 115, the pixel electrode 105, and the signal line 106 are
formed, to thereby provide a TFT substrate.

[0231] The thin film transistor 115 includes the pixel elec-
trode (source electrode) 105, the signal line (drain electrode)
106, the scanning line (gate electrode line) 104, and the semi-
conductor film (amorphous silicon film) 116. The scanning
line (gate electrode line) 104 is formed by patterning an
aluminum film, the signal line (drain electrode) 106 is formed
by patterning a chrome film, and the common electrode 103
and the pixel electrode 105 are formed by patterning an ITO
film.

[0232] Thegateinsulating film 107 and the protective insu-
lating film 108 were made of silicon nitride, and the respec-
tive thicknesses were set to 0.2 pm and 0.3 pm. A capacitative
element was formed as a structure in which the gate insulating
film 107 and the protective insulating film 108 were sand-
wiched between the pixel electrode 105 and the common
electrode 103.

[0233] The pixel electrode 105 is so arranged as to overlap
with an upper layer of the common electrode 103 having a
solid shape. The number of pixels is 1024x3x768, including
1024x3 (corresponding to R, G, and B) signal lines 106 and
768 scanning lines 104.

[0234] On the glass substrate 102, the color filter layer 111
with the light shield film (black matrix) 113 is formed, to
thereby provide counter color filter substrate as in Example 1.

[0235] Inthis example, various polyamide acid ethyl esters
5-1 to 5-3 synthesized in accordance with the raw material
compositions shown in Table 5 below were used for the
alignment control film 109. Then, those alignment control
films were used to manufacture three liquid crystal display
devices.

[0236] The polyamide acid was used to prepare a varnish
with a resin concentration of 5 wt %, DMAC of 60 wt %,
y-butyrolactone of 20 wt %, and butyl cellosolve of 15 wt %.
The varnish was printed on an active matrix substrate, and
imidized through a heat treatment to form a dense alignment
control film 109 made of a polyimide and a polyamide acid
ethyl ester with an imidization ratio of about 70% and a
thickness of about 90 nm.
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TABLE 5

Amine compounds

Alignment  Group of Group of Group of Tetracarboxylic
control compounds  compounds  compounds  dianhydride
film No. T {mol %) T (mol %) IO (mol %) (mol %)

5-1 A-1(70) B-7(25) C-1(5) D-3 (100)

5-2 A-19 (60)  B-15(38) C-4(2) D-5 (100)

53 A64(87) B-18(10)  C-8(3) D-8 (100)

[0237] Likewise, the same polyamide acid ethyl ester var-
nishwas also printed on the surface of another glass substrate
102 on which an ITO film has been formed, and imidized
through a heat treatment to form a dense alignment control
film 109 made of a polyimide and a polyamide acid ester with
an imidization ratio of about 80% and a thickness of about
110 nm.

[0238] Inorderto impart the liquid crystal alignment capa-
bility to the surface of the alignment control film 109, the
polarized UV (ultraviolet) rays were applied onto the align-
ment control film 109 while irradiating the far infrared rays.

[0239] With the use of a high-pressure mercury lamp as the
light source, the UV rays in a range of 240 nm to 500 nm were
extracted. The extracted UV rays were linearly polarized at
the polarization ratio of about 10:1 by using a pile polarizer in
which quartz substrates were laminated on each other, and
applied with the irradiation energy of about 2.5 J/em?. In this
case, a temperature of the alignment control film was about
180° C.

[0240] As aresult, it was found that the alignment direction
of the liquid crystal molecules on the alignment control film
surface is orthogonal to the polarization direction of the irra-
diated polarized UV rays.

[0241] The alignment directions of the alignment control
films 109 on the TFT substrate and the color filter substrate
were substantially parallel to each other. Polymer beads hav-
ing an average grain diameter of 4 um were dispersed as
spacers between the substrates, and the liquid crystal mol-
ecules 110a were sandwiched between the TFT substrate and
the color filter substrate.

[0242] The liquid crystal molecules 110a were made of the
same liquid crystal composition A as that in Example 1.

[0243] The two polarization plates 114 that sandwich the
TFT substrate and the color filter substrate were arranged in
crossed nicols. A normally close characteristic in which dark
display is established with a low voltage and bright display is
established with a high voltage was provided.

[0244] As a result of evaluating the display quality of the
liquid crystal display device according to this example, the
aperture ratio was higher than that in the liquid crystal display
device of Example 1, and the high-grade display of 700:1 in
the contrast ratio was confirmed. Further, the wide viewing
angle during the halftone display was confirmed.

[0245] Further, as a result of quantitatively evaluating the
image-sticking and the residual image relaxation time of the
liquid crystal display device as in Example 1, the residual
image relaxation time was within 5 minutes in the use tem-
perature range of 0° C. to 50° C., and even in the visual image
quality residual image test, the sticking of the image and the
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display unevenness caused by the residual image were not
found at all, and the high display characteristic equivalent to
Example 1 was obtained.

EXAMPLE 6

[0246] In this example, the five liquid crystal display
devices were manufactured in the same manner as that in
Example 5 except that various polyamide acids 6-1 to 6-5
synthesized in accordance with the raw material composi-
tions shown in Table 6 below were used as the alignment
control film 109.

TABLE 6

Diamine compounds Acid anhvydrides
Alignment  Group of Group of Group of Tetracarboxylic
control compounds  compounds compounds  dianhydride
film No. I (mel %) I (mol %)  III(mol%) (mol %)
6-1 A-1(70) B-7(30) C-10(5) D-3(95)
6-2 A-19 (60) B-15 (40) C-13(2) D-5(98)
6-3 A-64 (90) B-18 (10) C-14(3) D-8 (97)
6-4 A-66 (85) B-14 (15) C-15(4) D-1(%6)
6-5 A-62 (70) B-2(30) C-16 (5) D-6 (95)

[0247] As a result of evaluating the display quality of the
liquid crystal display device according to this example, the
high-grade display equivalent to Example 5 was confirmed.
Further, as a result of quantitatively evaluating the image-
sticking and the residual image relaxation time of the liquid
crystal display device as in Example 5, the residual image
relaxation time was within 5 minutes in the use temperature
range of 0° C. to 50° C., and even in the visual image quality
residual image test, the sticking of the image and the display
unevenness caused by the residual image were not found at
all, and the high display characteristic equivalent to Example
5 was obtained.

EXAMPLE 7

[0248] In this example, the five liquid crystal display
devices were manufactured in the same manner as that in
Example 5 except that various polyamide acid methyl esters
7-1 to 7-5 synthesized in accordance with the raw material
compositions shown in Table 7 below were used as the align-
ment control film 109.

TABLE 7

Diamine compounds Acid anhydrides

Alignment Group of Group of Tetracarboxylic
control compounds I compounds IT dianhydride
film No. (mol %) (mol %) (mol %)

7-1 A-1 (70 B-22 (30) D-4 (100)

7-2 A-1(70) B-23 (30) D-4 (100)

7-3 A-1(70) B-27 (30) D-4 (100)

7-4 A-1(70) B-28 (30) D-4 (100)

7-5 A-1(70) B-31 (30) D-4 (100)

[0249] As a result of evaluating the display quality of the
liquid crystal display device according to this example, the
high-grade display equivalent to Example 5 was confirmed.
Further, as a result of quantitatively evaluating the image-
sticking and the residual image relaxation time of the liquid
crystal display device as in Example 5, the residual image
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relaxation time was within 5 minutes in the use temperature
range of 0° C. to 50° C., and even in the visual image quality
residual image test, the sticking of the image and the display
unevenness caused by the residual image were not found at
all, and the high display characteristic equivalent to Example
5 was obtained.

EXAMPLE 8

[0250] In this example, the five liquid crystal display
devices were manufactured in the same manner as that in
Example 5 except that various polyamide acids 8-1 to 8-5
synthesized in accordance with the raw material composi-
tions shown in Table 8 below were used as the alignment
control film 109.

TABLE 8

Diamine compounds Acid anhydrides
Alignment Group of Group of Tetracarboxylic
control compoundsI  compounds III dianhydride
film No. (mol %) (mol %) (mol %)
8-1 A-22 (95) C-2(5) D-5 (100)
8-2 A-22 (95) C-4(5) D-5 (100)
8-3 A-22 (95) C-5(5) D-5 (100)
8-4 A-22 (95) C-6(5) D-5 (100)
8-5 A-22 (95) C-&(5) D-5 (100)

[0251] As a result of evaluating the display quality of the
liquid crystal display device according to this example, the
high-grade display equivalent to Example 5 was confirmed.
Further, as a result of quantitatively evaluating the image-
sticking and the residual image relaxation time of the liquid
crystal display device as in Example 5, the residual image
relaxation time was within 5 minutes in the use temperature
range of 0° C. to 50° C., and even in the visual image quality
residual image test, the sticking of the image and the display
unevenness caused by the residual image were not found at
all, and the high display characteristic equivalent to Example
5 was obtained.

EXAMPLE 9

[0252] In this example, the five liquid crystal display
devices were manufactured in the same manner as that in
Example 5 except that various polyamide acids 9-1 to 9-5
synthesized in accordance with the raw material composi-
tions shown in Table 9 below were used as the alignment
control film 109.

TABLE 9

Diamine

compounds Acid anhydrides
Alignment  Group of Group of Tetracarboxylic
control compounds I compounds I1I dianhydride
film No. (mol %) (mol %) (mol %)
9-1 A-38 (100) C-10 (5) D-3 (95)
9-2 A-38 (100) C-12 (5) D-3 (95)
9-3 A-38 (100) C-14 (5) D-3 (95)
9-4 A-58 (100) C-15(5) D-3 (95)
9-5 A-58 (100) C-16 (5) D-3 (95)

[0253] As a result of evaluating the display quality of the
liquid crystal display device according to this example, the
high-grade display equivalent to Example 5 was confirmed.
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Further, as a result of quantitatively evaluating the image-
sticking and the residual image relaxation time of the liquid
crystal display device as in Example 5, the residual image
relaxation time was within 5 minutes in the use temperature
range of 0° C. to 50° C., and even in the visual image quality
residual image test, the sticking of the image and the display
unevenness caused by the residual image were not found at
all, and the high display characteristic equivalent to Example
5 was obtained.

[0254] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:
1. A liquid crystal display device, comprising:
a pair of substrates, at least one of which is transparent;

a liquid crystal layer arranged between the pair of sub-
strates;

an electrode group formed on at least one of the pair of
substrates, for applying an electric field to the liquid
crystal layer; and

an alignment control film arranged on at least one of the
pair of substrates, wherein

the alignment control film is made of a polyimide and a
polyimide precursor, and

the polyimide and the polyimide precursor have an aro-
matic ring and a cross-linking moiety in a main chain in
chemical structure, are free from a side chain component
having two or more carbon atoms in the aromatic ring,
contain a cyclobutanetetracarboxylic dianhydride as a
raw material, and are irradiated with light that has been
substantially linearly polarized to provide an alignment
regulating force.

2. A liquid crystal display device, comprising:

a pair of substrates, at least one of which is transparent;

a liquid crystal layer arranged between the pair of sub-
strates ;

an electrode group formed on at least one of the pair of
substrates, for applying an electric field to the liquid
crystal layer; and

an alignment control film arranged on at least one of the
pair of substrates, wherein

the alignment control film is made of a polyimide and a
polyimide precursor,

the polyimide and the polyimide precursor include, as raw
materials, at least one kind of diamine selected from a
group of compounds 1 represented by the following
chemical formulae (I-1) to (I-10), at least one kind of
diamine selected from a group of compounds 1I repre-
sented by the following chemical formulae (II-1) to (II-
15), and a cyclobutanetetracarboxylic dianhydride as an
acid anhydride, and are irradiated with light that has
been substantially linearly polarized to provide an align-
ment regulating force.
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-continued
1-15)
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where: I’s, m’s, and n’s each independently represent an inte-
ger of 0 to 6; and Y’s each represent any one of the following
structures; —NH—, —CH=—CH—, —0O—CH=CH—,
—0—CH=CH—0—, —(=C—-, —0O0-C=C—
—0—C=C—0—, —CH=—CH—COO—, and —O0C—
CH—CH—COO—.

3. A liquid crystal display device, comprising:

a pair of substrates, at least one of which is transparent;

a liquid crystal layer arranged between the pair of sub-
strates;

an electrode group formed on at least one of the pair of
substrates, for applying an electric field to the liquid
crystal layer; and

an alignment control film arranged on at least one of the
pair of substrates, wherein

the alignment control film is made of a polyimide and a
polyimide precursor, and

the polyimide and the polyimide precursor include, as raw
materials, at least one kind of diamine selected from a
group of compounds 1 represented by the following
chemical formulae (I-1) to (I-10), at least one kind of
compound selected from a group of compounds II1 rep-
resented by the following chemical formulae (I1I-1) to
(111-6), and a cyclobutanetetracarboxylic dianhydride
as an acid anhydride, and are irradiated with light that
has been substantially linearly polarized to provide an
alignment regulating force.
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where X’s each independently represent any one of the fol-
lowing structures: —CH,—, —CO—, —O—, —NH—,
—CO—NH—, —S—, —80—, and —SO,—.
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[Chem 4]
[Group of compounds II]
; (III-1)
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R
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R
0
o (I11-4)
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-continued
1I1-5
o (II1-5)
(6]
6]
(I11-6)
(@]
(6]
0

where: R’s each independently represent one of a hydrogen
atom, a methyl group, and a phenyl group; and Z represents
any one of the following structures: a vinyl group, an alkynyl
group, H,C—CH—COO—(CH,),— where n represents one
of 0, 1, and 2, N=C—O—, and F,C=CFO—.

4. The liquid crystal display device according to claim 2,
wherein the polyimide and the polyimide precursor further
include, as a raw material, at least one kind of compound
selected from a group of compounds III represented by the
following chemical formulae (III-1) to (I11-6).

[Chem 5]
[Group of compounds I1I]
(III-1)

(1I1-2)

\

(1I1-3)

(I1-4)

(IIL-5)
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-continued
(II-6)

where: R’s represent one of a hydrogen atom, a methy1 group,
and a phenyl group; and z represents any one of the following
structures : a vinyl group, an alkynyl group, H,C—=CH—
COO—(CH,),— where n represents one of 0, 1, and 2,
N=C—0—, and F,C—CFO—.

5. The liquid crystal display device according to claim 1,
wherein the cyclobutanetetracarboxylic dianhydride com-

prises a compound represented by the following chemical
formula (IV-1).

[Chem. 6]
Iv-1)
0O R, R @]
0] 6]
o ®B R %

where R, to R, each independently represent one of a hydro-
gen atom, an alkyl group having 1 to 3 carbon atoms, and the
following structure: —(CH,),—COOH where n represents
one of 0 and 1.

6. The liquid crystal display device according to claim 1,
wherein the polyimide precursor comprises a polyamide acid
alkyl ester having 1 to 3 carbon atoms.

7. The liquid crystal display device according to claim 1,
wherein a diamine compound used as the raw material for the
polyimide and the polyimide precursor contains one or more
diamines selected from a group of compounds 1 represented
by the following chemical formulae (I-1) to (I-10) at a ratio of
from 50 mol % or more to 95 mol % or less.

[Chem 7]

[Group of compounds I]

(1)

HzN/\// \/\\ NH,
-2
HN / — NH;
F A $ 7
NI (I-3)
INW/ - 2
RN X
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-continued
(-4
I TR
HN— —NH,
A
(-5
| A AN
HN—- ——NH,
a S
(1-6)
N/ N\ N,
N\ X
(-7
Z Z |
HzN— | I—NHZ
A AN

8

X
X
i A AN
2 1 | ——NH,
NN
N N
HZN—l ——NH;
PN NF

where X’s each independently represent any one of the fol-
lowing structures: —CH,—, —CO—, —O—, —NH—,
—CO—NH—, —S—, —SO— and —SO,—.

8. The liquid crystal display device according to claim 1,
wherein a diamine compound used as the raw material for the
polyimide and the polyimide precursor contains one or more
diamines selected from a group of compounds 11 represented
by the following chemical formulae (1I-1) to (II-15) at a ratio
of from 5 mol % or more to 50 mol %, or less.

-9

(1-10)

[Chem §]

[Group of compounds II]

HN+-C Y+C NH,
H, H,
i m
HN+C Y+C Y C NH,
H, H, H,
1 m n
Ot
H, H,
1 m

(II-1)

(I-2)

(I1-3)
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-continued
(1I-4)

N c—fc—=v-c NH,
N : 4 I,
! n

(II-5)

LN cdxvLedvlc NI,
J35) J36) J36)
7 m 7
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H | 1,
)
LN N—cN NH,
H H H
)
(I1-8)

N N—ctvLc NI,
E |5 H,
! m

(I1-9)

Ot O
nln 0] o
7 m
(I1-10)
Ottt
nlg i, i,
(I-11)
s OrrtiprtaptarO-m
p\m) \m) \L) o

(1-12)

LN c—tetvfc NIL,
o {m H,

(I-13)

N C—C-v+=Ca-C NH,
O\ H ) O
! m

(I1-14)

LN ctcAdv+cdvfc NIL,
o\n I, o,
i n n

(II-15)

LN C=CYH =y == NH,
o\m) \m) L/ 0

where: I’s, m’s, and n’s each independently represent an inte-
ger of 0 to 6; andY’s each represent any one of the following
structures: —NH—, —CH=—CH—, —O—CH=CH—,
—O—CH—CH—0—, —(C=C—, —O0—C=C—,
—0—(=C—0—, —CH=—CH—COO0—, and —OQOC—
CH—CH—COO—

9. The liquid crystal display device according to claim 1,
wherein the polyimide and the polyimide precursor contain,

(I1-7)

NH;
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as a raw material, one or more compounds selected from a
group of compounds II1 represented by the following chemi-
cal formulae (I11-1) to (I1I-6) at a ratio of from 1 mol % or
more to 2.5 mol % or less.

[Chem 9]

[Group of compounds 1]
(III-1)

(1I1-2)

—y
7/

\

(1IL-3)

(I1-4)

(IIL-5)

(1I1-6)

where: R’s each independently represent one of a hydrogen
atom, a methyl group, and a phenyl group; and Z represents
any one of the following structures: a vinyl group, an alkynyl
group, H,C—CH—COO—(CH,),— where n represents one
of 0, 1, and 2, N=C—O—, and F,C—CFO—.

10. The liquid crystal display device according to any one
ofclaims 1to 6, wherein the tetracarboxylic dianhydride used
as the raw material for the polyimide and the polyimide

Apr. 7,2011

precursor contains the following cyclobutanetetracarboxylic
dianhydride at a ratio of from 70 mol % or more to 100 mol %
or less.

[Chem. 10]

(Iv-1)
R R

where R, to R, each independently represent one of'a hydro-
gen atom, an alkyl group having 1 to 3 carbon atoms, and the
following structure: —(CH,),—COOH where n represents
one of 0 and 1.

11. The liquid crystal display device according to claim 1,
wherein the electrode group is formed on only any one of the
pair of substrates.

12. The liquid crystal display device according to claim 1,
wherein a pretilt angle of the liquid crystal layer is 1 degree or
less.

13. The liquid crystal display device according to claim 1,
wherein a hardness of the alignment control film ranges from
0.1 GPa or more to 1.0 GPa or less.

14. The liquid crystal display device according to claim 1,
wherein a hardness of the alignment control film ranges from
0.2 GPa or more to 0.9 GPa or less.

15. The liquid crystal display device according to claim 1,
wherein a hardness of the alignment control film ranges from
0.3 GPa or more to 0.8 GPa or less.

16. The liquid crystal display device according to claim 2,
wherein the polyimide and the polyimide precursor include,
as raw materials, at least two different diamines represented
by the group of compounds I.

17. The liquid crystal display device according to claim 2,
wherein the polyimide and the polyimide precursor include,
as raw materials, at least three different diamines represented
by the group of compounds I.

18. The liquid crystal display device according to claim 2,
wherein the polyimide and the polyimide precursor include,
as raw materials, at least two different diamines represented
by the group of compounds II.

19. The liquid crystal display device according to claim 2,
wherein the polyimide and the polyimide precursor include,
as raw materials, at least three different diamines represented
by the group of compounds II.

k ok ok k%
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