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LIQUID CRYSTAL DISPLAY DEVICE AND
MANUFACTURING METHOD THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application is a continuation of U.S.
application Ser. No. 12/192,202 filed Aug. 15, 2008, and
claims priority from Japanese application No. JP2007-
218859 filed on Aug. 24, 2007, the contents of each of which
are hereby incorporated by reference into this application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a photo-alignment-
method-applied liquid crystal display device and its manu-
facturing method.

[0004] 2. Description of the Related Art

[0005] Commonly, display by a liquid crystal display
device is implemented by applying voltage to liquid crystal
molecules in a liquid crystal layer sandwiched between a pair
of substrates so as to change the orientation of liquid crystal
molecules and by utilizing the resultant change in the optical
properties of the liquid crystal layer. Liquid crystal display
devices provided with a switching device such as a thin film
transistor on a pixel-by-pixel basis, which are commonly
referred to as active-drive-type liquid crystal display devices,
are conventionally represented by the Twisted Nematic (TN)
display type. This type has electrodes formed on each of the
two substrates forming a pair sandwiching the liquid crystal
layer such that voltage is applied to the liquid crystal layer
substantially perpendicularly to the boundary faces between
the substrates and the liquid crystal layer and implements
display by utilizing the optical rotatory effect of liquid crystal
molecules constituting the liquid crystal layer. The largest
problem with liquid crystal display devices of this TN type is
their narrow viewing angles.

[0006] Also known is the IPS type which has inter-digital
electrodes formed on one of a pair of substrates so that an
electric field substantially in parallel with the surfaces of the
substrates is generated to implement display by utilizing the
birefringence of the liquid crystal layer, that is, by rotating
liquid crystal molecules constituting the liquid crystal layer in
a plane substantially parallel with the substrates. Due to the
in-plane switching of liquid crystal molecules, this IPS type
has a wider viewing angle, lower load capacitance and other
advantages over the TN type. Considered promising as a new
liquid crystal display device which may replace the TN type,
the IPS type is recently making rapid progress. Disclosed in
Patent JP-A-9-73101 is an IPS type which attained improved
transmittance by using a transparent conductive film to form
one or both of a pair of electrodes to apply an electric field to
the liquid crystal layer.

[0007] Dueto superior viewing angle characteristics (lumi-
nance contrast ratio and tone/color inversion) and bright dis-
play, the IPS type liquid crystal display device (hereinafter,
denoted as “IPS-TFT-LCD”) is a promising technology for
monitors and televisions having wider display areas. In the
IPS-TFT-LCD, orientation control films given the capability
to control the orientation of liquid crystals are formed on the
respective interfaces ofthe liquid crystal layer with the pair of
substrates which sandwich the liquid crystal layer. In this
connection, however, it is still difficult to practically manu-
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facture 20-inch or larger size IPS-TFT-LCDs (large panels)
unless a new structure or process is developed.

[0008] In the case of the IPS-TFT-LCD, it is especially
difficult to impart uniform alignment treatment to the whole
area of the large orientation control films because of many
steps in contact with the liquid crystal layer. As compared
with the conventional TN type and in particular with the
currently-popular normally-open TN type (bright with low
voltage and dark with high voltage), the margin allowed for
the alignment treatment of the orientation control films is
remarkably narrow. This narrow margin is attributable to the
following three points (1) to (3).

(1) Stepped Structure

[0009] Due to the principle, the IPS-TFT-LCD is required
to have a number of about-several-um-wide, long, thin elec-
trodes (sometimes referred to as inter digital electrodes) dis-
posed therein. Therefore, fine step structures are formed.
Although dependent on the thicknesses of the electrodes and
the geometries of various films formed thereon, their heights
usually exceed 10 nm. In a high-transmissivity pixel struc-
ture, a thick inorganic insulating film is formed, and its sur-
face has a certain level of planarity regardless of the surface
irregularities of the layers below it. Thus, in the high-trans-
missivity pixel structure, the steps (surface irregularities) of
the orientation control film are mainly attributable to the top
electrode layer. Over these steps, an orientation control film
(also referred to as an alignment film) made of polyimide or
other polymer is formed.

[0010] In the conventional mass-production technology, a
rubbing process is performed on this orientation control film
in order to impart a liquid crystal alignment (initial align-
ment) ability to the film. The rubbing cloth comprises 10-to-
30-um diameter, thin fibers bound together. Substantially, the
liquid crystal alignment ability is imparted to the alignment
film as a result of each fine fiber giving a certain directional
shearing force locally to the film. Although very thin fibers in
the order of several microns are available, such very thin
fibers are not practically used for the rubbing alignment since
rigidity is needed to give a certain level of frictional force. In
the TIPS scheme, since the inter-electrode space ranges
approximately from 4 to 30 um and therefore is substantially
the same as or smaller than the fiber diameter, poor alignment
is likely to occur around the steps due to insufficient rubbing.
This poor alignment results in lower image quality since it
lowers the black level (blackness) and consequently lowers
the contrast ratio and lowers the luminance uniformity.

(2) Alignment Angle

[0011] Due to the principle, the IPS-TFT-LCD is required
to set the initial alignment direction deviated from the longi-
tudinal direction of electrodes or from the direction perpen-
dicular to that longitudinal direction by a certain angle. Here,
the electrodes refer to signal line electrodes, common elec-
trodes within pixels, and pixel electrodes. To define the initial
alignment direction by rubbing, it is necessary to rub the
alignment film with 10-to-30-um fibers in a direction inclined
at a predetermined angle as described above. However, fibers
tend to be dragged along the edges of steps formed due to
wiring lines extending in a particular direction, such as signal
line electrodes, common electrodes within pixels, and pixel
electrodes. This disturbs the alignment, resulting in a shal-
lower black level and other disadvantages in image quality.
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(3) Deepening of Black Level

[0012] Oneofthe characteristics of the IPS-TFT-LCD is its
superior in deepening the dark level (black display). Accord-
ingly, disorder in the alignment is likely to be visually notice-
able as compared with other types. In the conventional nor-
mally-open TN type, a dark level is attained when high
voltage is applied. In this case of the high voltage, almost all
liquid crystal molecules are oriented in the direction of the
electric field perpendicular to the substrates. The dark level is
obtained by the relationship between the alignment of the
liquid crystal molecules at high voltage and the arrangement
of polarizers. Thus, theoretically, the dark level uniformity is
not much subject to the initial state of orientation at low
voltage. Further, human eye are sensitive to changes of the
black level since they perceive luminance unevenness as a
relative ratio of luminance and its perception reacts substan-
tially on a logarithmic scale. In this respect, the conventional
normally-open TN type has an advantage since liquid crystal
molecules are forcibly oriented to one direction with high
voltage irrespective of the initial state of orientation.

[0013] In the case of the IPS type, since the dark level
display is produced at low or zero voltage, the IPS type is
sensitive to the disorder of the initial orientation. In particular,
if liquid crystal molecules are homogeneously oriented such
that they are parallel to the upper and lower substrates and if
polarizers are arranged such that the optical transmission axis
of one polarizer is parallel to the orientation direction of the
liquid crystal molecules and that of the other polarizer is
orthogonal to that orientation direction of the liquid crystal
molecules (called birefringence mode), polarized light inci-
dent on the liquid crystal layer travels without being linearly
disturbed almost at all. This is effective in deepening the dark
level.

[0014] In the birefringence mode, transmittance T is com-
monly given by the following equation.

T=Tysin® (20(E) }sin’ {(m-defF-An)/A}

[0015] In the equation, T, is a coeflicient determined
mainly by the transmittances of the polarizers used in the
liquid crystal panel; 8(E) is the angle between the orientation
direction of liquid crystals (effective optical axis of the liquid
crystal layer) and the transmission axis of polarized light; E is
the intensity of an applied electric field; deff is the effective
thickness of the liquid crystal layer; An is the anisotropic
refractive index of the liquid crystals; and A is the wavelength
of the light. The product of the effective thickness of the liquid
crystal layer, deff, and the liquid-crystal anisotropic refractive
index An, i.e., deff‘An, is called retardation. Note that the
liquid crystal layer’s effective thickness deff'is not the whole
thickness of the liquid crystal layer but the partial thickness of
the liquid crystal layer where the orientation directions of the
liquid crystal molecules actually change when voltage is
applied. This is because liquid crystal molecules near the
boundary faces of the liquid crystal layer do not change their
orientation direction due to anchoring effects near the bound-
ary faces even when voltage is applied. Thus, the whole
thickness dL.C of the liquid crystal layer sandwiched by the
substrates is always lager than deff, i.e., deff<dL.C. This dif-
ference can be roughly estimated to be from 20 nm to 40 nm
although dependent on what substances respectively consti-
tute the liquid crystal layer and the alignment films in contact
with the liquid crystal layer.

[0016] Asisobvious from the above equation, only the term
sin” 126(E)} of the equation is dependent on the electric field
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intensity. The luminance can be adjusted by changing the
angle 8 according to the electric field intensity E. Operation of
the normally-closed type is sensitive to the disorder of the
initial alignment since the polarizers are arranged such that 6
is 0 degrees when voltage is not applied.

[0017] Thus, uniform alignment is very important for the
IPS type. Accordingly, problems of the conventional rubbing
method have come to the fore. Generally, the rubbing align-
ment has many problems with its rubbing process, including
not only damage to TFTs by frictionally charged electricity
and defective display due to poor alignment attributable to the
disordered fiber ends of the rubbing cloth and dust but also the
necessity to frequently replace the rubbing cloth. In order to
solve these problems of the rubbing alignment process, vari-
ous methods capable of imparting the liquid crystal aligning
properties without rubbing, which are commonly referred to
as “rubbing-less” alignment methods, have been studied and
proposed. Among them is the photo-alignment technique
which irradiates a polymer film with polarized ultraviolet
light or the like to give the film the ability to align liquid
crystal molecules without conducting the rubbing process.
[0018] An example of this technique is disclosed in Gib-
bons et al., “Nature,” Vol. 351, p. 49 (1991). Not needing the
conventional rubbing process, this technique can impart the
liquid crystal aligning ability to a film by irradiating it with
polarized light. Unlike the rubbing method, this photo-align-
ment method is free from film surface damage, static electric-
ity and other problems. In addition, its simplicity as a manu-
facturing process is advantageous in terms of industrial
manufacturing. Accordingly, this method is gathering attrac-
tion as a new method for giving the liquid crystal aligning
ability without performing the rubbing process.

[0019] As the material for the liquid crystal alignment film,
it is proposed to use a polymer compound having a photore-
active group introduced to side chains thereof since the mate-
rial must be photochemically sensitive to polarized light.
Polyvinyl cinnamate may be cited as a major example. In this
case, dimerization at the side chains caused by irradiation is
thought to produce anisotropy in the polymer film, thereby
aligning liquid crystals. It is also proposed to distribute a
low-molecular-weight dichroic azo dye in the polymer mate-
rial and irradiate the film surface with polarized light to create
the liquid crystal aligning ability in the film. Further, it is
reported that a specific polyimide, if irradiated with polarized
ultraviolet light or the like, aligns liquid crystal molecules.
The liquid crystal aligning ability in this case is considered
attributable to depolymerization of polyimide main chains in
a fixed direction by irradiated light.

SUMMARY OF THE INVENTION

[0020] As above, the optical-irradiation photo alignment is
proposed and discussed as a rubbingless alignment method to
solve the problems of the rubbing alignment method. To put
this method to practical use, however, the following problems
have yet to be solved. In the case of polyvinyl cinnamate and
other polymer materials which have photosensitive groups
introduced to side chains thereof, reliability is not enough for
practical use since the thermal stability of alignment is not
satisfactory. Structurally, it is thought that the liquid crystal
aligning ability is created locally at the polymer side chains in
this case. This may be not preferable in aligning liquid crys-
tals more uniformly and strongly. Distribution of a low-mo-
lecular-weight dichroic dye among polymer molecules is also
not satisfactory in thermal and optical reliability in view of
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practical application since the liquid crystal alignment dye
itself is low in molecular weight.

[0021] Further, the method of irradiating a specific polyim-
ide with polarized ultraviolet light cannot easily secure suf-
ficient reliability in practical application since the alignment
mechanism is considered to be attributable to photo-induced
depolymerization although the polyimide itself'is highly reli-
able in thermal stability. That is, unless the liquid crystal
alignment ability attained by irradiating with polarized light
is improved in stability or durability, these photo-alignment
methods cannot be used practically. Temporal liquid crystal
alignment ability is not satisfactory. In view of practical
industrial application, it is also desirable to select a thermally
stable polymer structure. In these respects, the polymer mate-
rials proposed so far for optical-irradiation alignment are not
necessarily sufficient to attain strong and stable orientation
control of liquid crystals, posing the largest problem in the
way of realizing the optical-irradiation rubbingless align-
ment.

[0022] Recently, demand for more stable alignment is fur-
ther intensifying. Polyimide photo-alignment films, made
from thermally treated polyamide acids, are becoming inca-
pable of meeting the required level. Extensive studies by the
present inventors have revealed that polyimide photo-align-
ment films attained by thermally imidating polyamide acids
are low in molecular weight since drastic thermal depolymer-
ization occurs during the thermal process. This reduction in
molecular weight due to the thermal treatment lowers the
stability of liquid crystal orientation, causing image persis-
tence (image burn-in) in a liquid crystal display device.
[0023] TheIPS-TFT-LCD has an inherent problem that the
manufacturing margin allowed for the alignment process is
narrower as mentioned earlier. Tt is thus an object of the
present invention to provide a liquid crystal display device, in
particular, a large scale one, capable of displaying higher-
contrast-ratio and higher-definition images, by solving the
above problem and consequently reducing defective display
due to the variation of the initial orientation direction and
realizing stable liquid crystal orientation. It is another object
of the present invention to provide a manufacturing method
superior in mass productivity for high-image-quality and
high-definition liquid crystal display devices.

[0024] The present invention provides a liquid crystal dis-
play device comprising: a pair of substrates, at least one of
which is transparent; a liquid crystal layer disposed between
the pair of substrates; a group of electrodes formed on at least
one of the pair of substrates to apply an electric field to the
liquid crystal layer; plural active elements connected to the
group of electrodes; and an orientation control film disposed
on at least one of the pair of substrates, wherein at least one of
the orientation control film is made of photosensitive poly-
imide and polyamide acid ester and is given orientation con-
trol ability by being irradiated with almost linearly polarized
light.

[0025] Use of the polyamide acid ester material according
to the present invention can reduce thermal depolymerization
during thermal treatment. It is therefore possible to improve
the stability of liquid crystal orientation in a liquid crystal
display device where photo-alignment is applied.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 depicts a cross-section of a pixel in Embodi-
ment 1 for explaining how one pixel is constructed.
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[0027] FIGS. 2A, 2B, and 2C depict a top view and cross-
sections of the pixel for explaining how one pixel is con-
structed in Embodiment 1.

[0028] FIG. 3 depicts a cross-section of a pixel in Embodi-
ment 2 for explaining how one pixel is constructed.

[0029] FIGS. 4A, 4B, and 4C depict a top view and cross-
sections of the pixel for explaining how one pixel is con-
structed in Embodiment 2.

[0030] FIG. 5 depicts a cross-section of a pixel in Embodi-
ment 3 for explaining how one pixel is constructed.

[0031] FIG. 6 depicts a cross-section of a pixel in Embodi-
ment 4 for explaining how one pixel is constructed.

[0032] FIG. 7 depicts a cross-section of a pixel in Embodi-
ment 5 for explaining how one pixel is constructed.

[0033] FIG. 8 depicts atop view of the pixel for explaining
how one pixel is constructed in Embodiment 5.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0034] An orientation control film according to the present
invention contains polymer units of a polyamide acid amide
represented by the following general formula (102) or (103),
apolyamide acid alkyl silyl ester represented by the following
general formula (113) or (114), and/or a polyamide acid ester
represented by the following general formula (116) or (117).
In the formulae, each R1 is individually hydrogen or an alkyl
group containing 1 to 8 carbon atoms, each R2 is individually
a hydrogen atom, fluorine atom, chlorine atom, bromine
atom, phenyl group, alkyl group containing 1 to 6 carbon
atoms, alkoxy group containing 1 to 6 carbon atoms, vinyl
group (—(CH,),—CH—CH,, m=0, 1, 2) or alkynyl group
(—(CH,)m-C=CH, m=0, 1, 2), and Ar is an aromatic com-
pound.

[Formula 102]
(102)
[0} (@]
Ar—N Bk N
H H
Ry | R, R Ry
R, O 0 R
[Formula 103]
(103)
[0} (€]
R, R
Ar—YN 27 N—R,
H
Ry
R—N N
: R & [ H
R, O o}



US 2014/0046004 A1
-continued
[Formula 113]
(113)
(0] ¢}
Rz RZ
Ry
|
SI_O R, R, O—Si—Rl
0 0 R,
[Formula 114]
114
0 0 R,
|
—N R R 0—S8i—R,
I |
R
SI—O R, R, g
(0] ¢}
[Formula 116]

[Formula 117]
a7
0] (0]
Ar—N B N
H H
R—0 R, R O0—R,
0] ¢}
[0035] Theabove-mentioned structure enables reduction of

thermal depolymerization during thermal treatment. This
structure improves the stability of liquid crystal orientation
and can very effectively suppress image persistence (burn-in)
in liquid crystal display devices.

[0036] The above-mentioned orientation control film
according to the present invention may contain a polyamide
acid represented by the following general formula (121) or
(122). In the formulae, each R2 is individually a hydrogen
atom, fluorine atom, chlorine atom, bromine atom, phenyl
group, alkyl group containing 1 to 6 carbon atoms, alkoxy
group containing 1 to 6 carbon atoms, vinyl group (—(CH,)
m-CH=CH,, m=0, 1, 2) or alkynyl group (—(CH,)m-
C=CH, m=0, 1, 2), and Ar is an aromatic compound.
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[Formula 121]
(121)
0O O
Ar—N bt N
H H
HO R, R, OH
0 ¢}
[Formula 122]
(122)
Q O
Ar—N BRI on
H
HO N
Rg R2 H
0 ¢}
[0037] Since the above-mentioned polyamide acid is con-

tained, it is possible to reduce the resistivity of the alignment
film and therefore very effectively suppress image persis-
tence (burn-in) in liquid crystal display devices.

[0038] According to the present invention, the above-men-
tioned aromatic compound Ar contains at least one of those
represented by the following general formulae (1) through

(11).

[Formula 1]

O]
~N4 Y

4 \

[Formula 2]
_ @
/

TN
\ 7/

d
[Formula 3]
_ o)
/

TN
\_/

4

[Formula 4]

&

®)
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-continued

[Formula 6]

(6)

4

TN X

[Formula 7]

v ™
[Formula 8]
—_—Y—X—Y— ©
[Formula 9]

®

" —=

Nawl

Z
[Formula 10]
(10)
| A X
—r L
PN, NS
[Formula 11]
(1n
Z
| x x
—r LI
N, NS

[0039] Individually, each hydrogen molecule of the aro-
matic rings may instead be a fluorine atom, chlorine atom,
bromine atom, phenyl group, alkyl group containing 1 to 8
carbon atoms, alkoxy group, vinyl group or alkynyl group. X
is any of an alkyl group containing 1 to 8 carbon atoms,
alkoxy group, vinyl group or alkynyl group or an alkyl group
containing 0 to 8 carbon atoms and the following functional
group, (—O—, —CO—, —COO—, —S—, —S0O—,
—S0O,—, —NH—, —N=N—, phenyl group). Y is an aro-
matic ring such as a phenyl group, naphthyl group, anthracene
group, or pyrene group wherein each hydrogen atom of the
aromatic rings individually may instead be a fluorine atom,
chlorine atom, bromine atom, phenyl group, alkyl group con-
taining 1 to 8 carbon atoms, alkoxy group, vinyl group, or
alkynyl group. Z is any of the following functional groups,
(—CH,—, —€0,—, —NH—, —0—, —S—, —S0—,
—S0O,—) wherein each hydrogen atom may instead be a
fluorine atom, chlorine atom, bromine atom, phenyl group,
alkyl group containing 1 to 8 carbon atoms, alkoxy group,
vinyl group or alkynyl group.

[0040] Specifically, the compounds represented by general
formulae (7) through (11) have such structures as those of
Compound Group A shown below.
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[Compound Group A]
CH; CH,CH;

e
-

C . Q
CH3 Q

%@

H

ey

o

H,C
OCH;
H,C !
5 :
OCH;3 OCgH 7

C— C

Hy H2
n

H.
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-continued

[
i

F c PN
\| AN | AN
A X N
\|/\ | AN
NN NN
(6]
\(\/ﬁ
NN N
I
RN e VN
\|/\ | AN
NN NN

/
2
)

W,

mz/

Y
) $

/

PN

/
A

\

N

/
\
/

<N

N

{ —

2§06

» S0 ¢
/

N

5
§
/

N

-continued
HO

H
H,C CH;
C
; : H, < é
H,C CH;
F F
H
H;C CHj
C
2 : H, < S
HiC CH;
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-continued

OO
OO0

[0041] ninCompound Group A is an arbitrary integer from
0to 8,
[0042] According to the present invention, the orientation

control film represented by any of the general formulae (102),
(103),(113), (114), (116), (117), (121) and (122) is a copoly-
mer or mixture where the cyclobutane section contains at
least one of those represented by the following general for-
mulae (51) through (55).

[Formula 51]

G

=

[Formula 52]

&)

:

[Formula 53]

(33
[Formula 54]

(54)
[Formula 55]

(55)

&

[0043] In the above formulae, each hydrogen molecule of
the aromatic rings independently may instead be a fluorine
atom, chlorine atom, bromine atom, phenyl group, alkyl
group containing 1 to 8 carbon atoms, alkoxy group, vinyl
group or alkynyl group. Z is any of the following functional
groups, (—CH,—, —CO,—, —NH—, —O—, —S—,
—S80—,—S0,—) wherein each hydrogen atom may instead
be a fluorine atom, chlorine atom, bromine atom, phenyl
group, alkyl group containing 1 to 8 carbon atoms, alkoxy
group, vinyl group or alkynyl group.

[0044] Since the structure contains the above-mentioned
aromatic ring, it is possible to reduce the resistivity of the
alignment film and therefore very effectively suppress image
persistence (burn-in) in liquid crystal display devices.
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[0045] Note that of the above-mentioned chemical struc-
tures, representative ones were employed in orientation con-
trol films in the embodiments described below; however,
similar effects are also verified with the other chemical struc-
tures.

[0046] Embodiments of the present invention will be
described below in detail with reference to the drawings.
Hereinafter, a substrate having active elements such as thin
film transistors formed thereon is referred to as an active
matrix substrate. Also, the opposite substrate is referred to as
a color filter substrate if the substrate is provided with a color
filter. The present invention is desirably targeted at a contrast
ratio of 500:1 or higher. The targeted time within which an
image sticking fades away is desirably within 5 minutes. The
image sticking fading time is determined by amethod defined
in the following embodiments.

Embodiment 1

[0047] FIG. 1 schematically depicts a cross-section of one
pixel and its vicinity in the liquid crystal display device of a
first embodiment. FIG. 2 schematically depicts the active
matrix substrate for explaining how one pixel is constructed
in the liquid crystal display device of the present embodi-
ment. FIG. 2A s its top view, FIG. 2B is a cross-section along
line A-A' shown in FIG. 2A, and FIG. 2C is a cross-section
along line B-B'shown in F1G. 2A. The cross-section shown in
FIG. 1 corresponds to a part of the cross-section along line
A-A' shown in FIG. 2A.

[0048] Note that since FIG. 2B and FIG. 2C are depicted
schematically with emphasis on the structure of the relevant
part, they do not completely agree with the actual cross-
sections along lines A-A"and B-B' of FIG. 2A. For example,
a semiconductor film 116 is not shown in FIG. 2B and, of
through holes 118 for connecting common electrodes 103 to
a common line 120, only one is representatively shown in
FIG. 2C.

[0049] In the present embodiment, a scan line (gate elec-
trode) 104 and the common electrode line (common line) 120,
which are made of Cr (chromium), are disposed on a glass
substrate 101 as the active matrix substrate. A gate insulating
film 107 of silicon nitride is formed so as to cover the gate
electrode 104 and common line 120. On the gate electrode
104, the semiconductor film 116 of amorphous silicon or
polysilicon is disposed via the gate insulating film 107. This
semiconductor film 116 serves as the active layer of a thin film
transistor (TFT) 115 as anactive element. In addition, a signal
line (drain electrode) 106 and pixel electrode (source elec-
trode) 105, which are made of Cr.Mo (chromium molybde-
num), are disposed so as to partly overlap with the semicon-
ductor film 116 pattern. A protect layer 108 of silicon nitride
is formed so as to cover all of them.

[0050] InFIG.2C,the common electrode 103 connected to
the common line 120 is disposed on an overcoat layer (or-
ganic protect film) 112 via a through hole 118 formed through
the gate insulating film 107 and the protective insulating film
108. In FIG. 2A, a plurality of the common electrodes 103
extending from the common line 120 via a plurality of the
through holes 118 are disposed two-dimensionally in the
one-pixel region so as to face the pixel electrode 105 of the
pixel.

[0051] Inthe present embodiment, pixel electrodes 105 are
disposed below the protective insulating film 108 below the
organic protection film 112, and common electrodes 103 are
disposed on the organic protection film 112. The area sand-
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wiched by these plural pixel electrodes 105 and common
electrodes 103 constitutes one pixel. In addition, an orienta-
tion control film 109 is formed on the top surface of the active
matrix substrate having a matrix of thus-constructed unit
pixels disposed thereon, that is, the orientation control film
109 is formed on the organic protection film 112 on which the
common electrodes 103 are formed.

[0052] On the opposite glass substrate 102, a color filter
layer 111 is disposed, as shown in FIG. 1. The color filter 111
is separated for each pixel by a light blocking film (black
matrix) 113. In addition, the color filter layer 111 and the light
blocking film 113 are covered with an organic protection film
112 of transparent insulating material. Further, an orientation
control film 109 is formed on the organic protection film 112
to constitute the color filter substrate.

[0053] To these orientation control films 109, liquid crystal
alignment ability is given by irradiating them with linearly
polarized ultraviolet light obtained from a high-pressure mer-
cury lamp via a pile polarizer comprising a stack of quartz
sheets.

[0054] The glass substrate 101 constituting the active
matrix substrate and the glass substrate 102 constituting the
color filter substrate are disposed so as to face each other via
the orientation control films 109. Between them, a liquid
crystal layer (liquid crystal composition layer) 110' com-
posed of liquid crystals 110 is disposed. In addition, the glass
substrate 101 constituting the active matrix substrate and the
glass substrate 102 constituting the color filter substrate have
polarizers 114 formed respectively on their outer surfaces.

[0055] A thin-film-transistor (TFT)-used active matrix lig-
uid crystal display device (TFT liquid crystal display device)
is thus constructed. In this TFT liquid crystal display device,
when no electric field is applied, the liquid crystal molecules
110 constituting the liquid crystal composition layer 110" are
oriented substantially parallel to the mutually facing sub-
strates 101 and 102 and oriented homogeneously in the direc-
tion defined initially by a photo-alignment process.

[0056] Ifthe TFT 115 is turned on by applying voltage to
the gate electrode 104, an electric field 117 is applied to liquid
crystal composition layer 110" due to the potential difference
between the pixel electrode 105 and the common electrodes
103. Accordingly, the orientation of the liquid crystals 110
constituting the liquid crystal composition layer 110 is
changed toward the direction of the electric field due to the
interaction between their dielectric anisotropy and the elec-
tric field. Utilizing the refractive anisotropy of the liquid
crystal layer 110" and the polarizers 114 at this time enables
changing the transmittance of the liquid crystal display device
in implementing display.

[0057] The organic protection films 112 may be made of
acrylic resin superior in insulation and transparency or ther-
mosetting resin such as epoxy-acrylic resin and polyimide
resin. The organic protection films 112 may also be made of
photo-setting transparent resin or inorganic material such as
polysiloxane resin. Further, the organic protection films 112
may be designed to serve as the orientation control films, too.

[0058] According to the present embodiment as described
so far, it is possible to give uniform liquid crystal orientation
control ability to the orientation control films 109 over the
whole display area without causing local disorder of align-
ment near the electrodes by using the non-contact photo-
alignment technique instead of a buff-used direct rubbing
alignment technique.
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[0059] Generally, different from the vertical electric field
scheme as represented by the conventional TN type, the prin-
ciple of the IPS type requires no tilt of the liquid crystal
molecules with respect to the boundary faces between the
substrates and the liquid crystal layer. As known, the smaller
the tilt angles of the liquid crystal molecules with respect to
the boundary faces are, the better the viewing angle charac-
teristics are. It is therefore preferable and effective if the tilt
angles ofthe liquid crystal molecules are controlled to a small
angle, specifically down to below 1 degree by the orientation
control film since the thus-formed liquid crystal display
device can remarkably suppress the color and luminance
changes depending on viewing angles.

[0060] The following describes how to fabricate the liquid
crystal orientation control film of the liquid crystal display
device of the present embodiment by using the rubbingless
alignment technique. In the present embodiment, fabrication
of the orientation control film goes through a process flow
comprising the following steps (1) through (4).

[0061] (1) Applying/forming an orientation control film
(coating the whole display area with a uniform film)

[0062] (2) Imidating the orientation control film by baking
(removing the varnish solvent and promoting the polyimida-
tion for higher thermostability)

[0063] (3) Giving liquid crystal alignment ability by irra-
diating the film with polarized light (giving uniform align-
ment ability to the whole display area)

[0064] (4) Promoting/stabilizing the alignment ability (by
heating, infrared irradiation, far-infrared irradiation, electron
irradiation, radioactive irradiation)

[0065] The above-mentioned four-step process to fabricate
the orientation control film may not be sequentially in the
order from (1) to (4). Further effect is expectable in such cases
as (a) and (b) below.

[0066] (a) Step (4) is temporally overlapped with step (3).
Since this accelerates the creation of the liquid crystal align-
ment ability and induces cross-linking reactions and the like,
it is possible to more effectively complete the orientation
control film.

[0067] (b) Step (4) (heating, infrared irradiation, far-infra-
red irradiation or the like) is temporally overlapped with steps
(2)and (3). Since step (4) also serves to promote the imidation
of Step (2), it is possible to more quickly complete the orien-
tation control film.

[0068] The following provides a detailed description of
how the liquid crystal display device of the present embodi-
ment is manufactured. As the glass substrate 101 constituting
the active matrix substrate and as the glass substrate 102
constituting the color filter substrate, surface-polished 0.7-
mm-thick glass substrates are used. The thin film transistor on
the glass 101 is constructed from a pixel electrode (source
electrode) 105, signal line (drain electrode) 106, scan line
(gate electrode) 104 and amorphous silicon 116.

[0069] The scan lines 104, common electrode lines 120,
signal lines 106 and pixel electrodes 105 were all formed by
patterning a chromium film. The space between the pixel
electrode 105 and the common electrode 103 was designed to
be 7 pm. Although the common electrodes 103 and pixel
electrodes 105 used a chromium film due to its low resistivity
and easy patterning, it is also possible to use an ITO film in
order to form transparent electrodes and consequently attain
higher luminance performance.

[0070] The gate insulating film 107 and the protective insu-
lating film 108 are made of silicon nitride and are both 0.3 um



US 2014/0046004 A1l

in thickness. After an acrylic resin was applied onto the pro-
tective insulating film 108, baking was done at 220 degrees C.
for 1 hour, resulting in the transparent and insulative organic
film 112 formed.

[0071] Then, a through hole 118 was formed by photoli-
thography and etching. As shown in FIG. 2C, the through hole
118 was formed down to the common electrode line 120.
Also, the common electrode 103 connected to the common
electrode line 120 was formed by patterning.

[0072] By the above steps, an active matrix substrate pro-
vided thereon with 1024x3 (for R, G and B sub-pixels) signal
lines 106 and 768 scan lines 104 to drive 1024x3x768 pixels
was obtained. As shown in FI1G. 24, a pixel electrode 105 is
disposed among three common electrodes 103 within each
unit pixel (one pixel).

[0073] In the present embodiment, the orientation control
films 109 were formed from a polyamide acid amide repre-
sented by the following general formula (101). The prepared
varnish is such that its resin content is 5% by weight, DMAc
content is 60% by weight, y-butyrolactone content was is 20%
by weight, and butylcellosolve content is 15% by weight.
After the varnish was applied to the active matrix substrate by
printing, thermal imidation was performed. Consequently,
the varnish was imidated by about 80%, resulting in an about
70-nm-thick fine orientation control film 109 made of poly-
imide and polyamide acid amide.

[Formula 101]
(101)
0] 0]
O‘Q NH Il\I—CHg
CHj;
H;C—N N
H
CH; O 0
[0074] Likewise, polyamide acid amide varnish was placed

by printing on the surface of the other glass substrate 102
having an ITO film formed thereon, and the varnish was
imidated by about 80%, resulting in an about 70-nm-thick
fine orientation control film 109 made of polyimide and
polyamide acid amide. Each orientation control film 109 was
irradiated with polarized UV (ultraviolet) light in order to
give the liquid crystal alignment ability to its surface. As the
light source, a high-pressure mercury lamp was used. UV
light in the rage of 240 nm to 380 nm was extracted via an
interference filter and linearly polarized at a polarization ratio
of about 10:1 through a pile polarizer comprising a stack of
quartz sheets. Irradiation energy was given at a rate of about
5 J/em®. Consequently, it was found that liquid crystal mol-
ecules on the surface of the orientation control film were
oriented perpendicular to the polarization direction of the
radiated polarized UV light.

[0075] Then, these two glass substrates 101 and 102 were
arranged such that their respective orientation control films
109 given the liquid crystal alignment ability faced each other
via scattered spacers of globular polymer beads. By coating
their peripheral sections with a sealing agent, they were
assembled into a liquid crystal display panel (hereinafter,
denoted also as “cell”) of the liquid crystal display device.
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The liquid crystal alignment directions of the two glass sub-
strates are substantially in parallel to each other. Into this cell
evacuated, a nematic liquid crystal composition A was
injected. Its dielectric anisotropy AE is positive, or 10.2 (1
kHz, 20 degrees C.); anisotropic refractive index An is 00.75
(wavelength 590 nm, 20 degrees C.); torsional elastic con-
stant K2 is 7.0 pN; and nematic-to-isotropic phase transition
temperature T (N-1)1is about 76 degrees C. After that, the cell
was sealed with UV-curable resin. The liquid crystal layer’s
thickness (gap) in the manufactured liquid crystal panel is 4.2
pm.

[0076] This liquid display panel has a retardation (AN-d) of
about 0.31 um. Preferably, AN-d is in the range of 0.2 um to
0.5 um. AN-d beyond this range causes problems such as
colored white display. Measuring the pretilt angles of the
liquid crystals by a crystal rotation method using another
homogeneously-aligned liquid crystal display panel which
was constructed by using substantially the same orientation
control film and liquid crystal composition as those used for
the above panel revealed that they were about 0.2 degree.
Then, the liquid crystal panel was sandwiched by two polar-
izers 114 so that the optical transmission axis of one polarizer
is substantially parallel to the liquid crystal alignment direc-
tion while that of the other is perpendicular to the liquid
crystal alignment direction. Then, the liquid crystal display
panel is connected with the drive circuit, backlight and the
like to constructa modular active matrix liquid crystal display
device. The present embodiment adopted the normally closed
switching mechanism in which the liquid crystal display
device produces dark display at low voltage and bright dis-
play at high voltage.

[0077] Then, the display quality of theliquid crystal display
device of the present embodiment was evaluated. Its high
image quality was verified with a contrast ratio of 500:1; in
addition, its wide viewing angle was verified during its half-
tone display.

[0078] Furthermore, the liquid crystal display device of the
present embodiment was quantitatively evaluated in terms of
image burn-in and image persistence by using an oscilloscope
combined with photodiodes. First, a window pattern was
displayed at the highest luminance on the screen for 2 hours.
Then, the liquid crystal display device was switched to the
halftone display which made image sticking most noticeable;
in this case, its was set such that the luminance level became
10% of its maximum over the entire screen. The time required
for the edges of the window pattern to disappear was evalu-
ated as the image sticking fading time. The image sticking
fading time is required to be within 5 minutes. The measure-
ment results were not longer than 1 minute over the operating
temperature range (0 to 50 degrees C.). Also by visual image
quality and image sticking check, high display performance
was verified. Display unevenness attributable to image burn-
in and image sticking persistence was not recognized at all.

[0079] It is conventionally said that although the photo-
alignment can give liquid crystal alignment ability, the
anchoring energy which anchors aligned liquid crystal mol-
ecules to the orientation control film is weak as compared
with that obtained by the common rubbing alignment method.
It is also said that if this anchoring energy is weak, the reli-
ability of the liquid crystal display device as a product is
insufficient. In particular, in the case of homogenous align-
ment, it is said that the azimuthal anchoring energy is more
important than the polar anchoring energy.
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[0080] Then, another liquid crystal cell having an align-
ment film formed on its glass substrate was fabricated to
measure the strength of the twist coupling between liquid
crystal molecules and the surface of the alignment film at the
boundary face, or azimuthal anchoring energy A,. The align-
ment film was formed from the same material by using the
same process as in the liquid crystal display device described
so far. The alignment film was also given the same alignment
treatment. Also, the same liquid crystal composition as in that
liquid crystal display device was enclosed therein. The mea-
surement was made by the torque balance method (Hasegawa
et al, Japanese Liquid Crystal Society Conference Proceed-
ings 3B12 (2001), p. 251); the result was 8.5x10™*N/m.

Comparative Example

[0081] As a comparative example to verify the effect of the
first embodiment, a liquid crystal display device was con-
structed. This liquid crystal display device is identical to that
of the first embodiment except that a polyamide acid given by
the following general formula (I11) is used as the varnish resin
to form the 70 nm-thick and about 80% thermally imidated
orientation control films.

[Formula 111]
(111)
o] (0]
O‘Q NH OH
HO N
H
[¢] 0O
[0082] Its display quality was evaluated in the same manner

as in the first embodiment. The viewing angle was found
substantially as wide as that of the first embodiment, and the
whole display area exhibited contrast ratios beyond 500:1.
However, the image sticking fading time measured quantita-
tively in the same manner as in the first embodiment was
about 30 minutes in the operating temperature range of 0 to 50
degrees C. Even by visual display quality and image sticking
check, slow image sticking fading was recognized. The image
sticking fading performance was not so high as that ofthe first
embodiment. The azimuthal anchoring energy A, was about
5.5x10~*N/m.

Embodiment 2

[0083] FIG. 3 schematically depicts a cross-section of one
pixel and its vicinity in the liquid crystal display device of a
second embodiment. FIG. 4 schematically depicts the active
matrix substrate for explaining how each pixel is constructed
in the liquid crystal display device of the second embodiment.
FIG. 4A is its top view, FIG. 4B is a cross-section along line
A-A' shown in FIG. 4A, and FIG. 4C is a cross-section along
line B-B' shown in FIG. 4A. The cross-section shown in FIG.
3 corresponds to a part of the cross-section along line A-A'
shown in FIG. 4A.

[0084] Note that since FIG. 4B and FIG. 4C are depicted
schematically with emphasis on the structure of the relevant
part, they do not completely agree with the actual cross-
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sections along lines A-A"and B-B' of FIG. 4A. For example,
the semiconductor film 116 is not shown in FIG. 4B.

[0085] Inthe present embodiment, a gate electrode 104 and
common electrode line 120, which are made of Cr (chro-
mium), are disposed on a glass substrate 101 which consti-
tutes the active matrix substrate. A gate insulating film 107 of
silicon nitride is formed so as to cover the gate electrode 104
and common electrode line 120. On the gate electrode 104, a
semiconductor film 116 of amorphous silicon or polysilicon
is disposed via the gate insulating film 107. This semiconduc-
tor film 116 serves as the active layer of a thin film transistor
(TFT) 115 as an active element.

[0086] In addition, a drain electrode 106 and source elec-
trode (pixel electrode) 105, which are made of chromium.
molybdenum, are disposed so as to partly overlap with the
semiconductor film 116 pattern. A protective insulating film
108 of silicon nitride is formed so as to cover all of them. On
this protective insulating film 108, an organic protect film 112
is disposed. This organic protect film 112 is made of, for
example, acrylic resin or other transparent material. The pixel
electrode 105 is made of ITO (In,O5:Sn) or other transparent
material. The common electrode 103 is connected to the
common electrode line 120 via a through hole 118 formed
through the gate insulating film 107, protect film 108 and
organic protect film 112.

[0087] The common electrode 103 is formed so as to two-
dimensionally surround one pixel. The common electrode
103 forms a pair with the pixel electrode 105 in applying an
electric field to drive liquid crystals. Also, the common elec-
trode 103 is disposed on the organic protect film 112 so that
when viewed from the top, it hides the lower drain electrode
106, scan line 104, and thin film transistor 115 constituting an
active element. Thus, the common electrode 103 also serves
as a light blocking layer for the semiconductor film 116.

[0088] An orientation control film 109 is formed on the top
surface of the glass substrate 101 constituting the active
matrix substrate having a matrix of thus-constructed unit
pixels disposed thereon. That is, the orientation control film
109 is formed on the organic protect film 112 on which the
common electrodes 103 are formed. The glass substrate 102
constituting the opposite substrate 102 is also provided with
an orientation control film 109 on an organic protect film 112
which is formed on a color filter layer 111.

[0089] To these orientation control films 109, liquid crystal
alignment ability is given by irradiating them with linearly
polarized ultraviolet light obtained from a high-pressure mer-
cury lamp (a light source) via a pile polarizer comprising a
stack of quartz sheets as in the first embodiment.

[0090] The glass substrate 101 and the opposite glass sub-
strate 102 are disposed so as to face each other via the orien-
tation control films 109. Between them, a liquid crystal com-
position layer 110" composed of liquid crystals 110 is
disposed. In addition, the glass substrate 101 and the opposite
glass substrate 102 have polarizers 114 formed respectively
on their outer surfaces.

[0091] Thus, similarly to the first embodiment described
earlier, the pixel electrode 105 is disposed below the organic
protect layer 112 and protective insulating layer 108 while the
common electrode 103 is disposed on the organic protect
layer 112 formed over the pixel electrode 105. The common
electrode 103, if its electric resistivity is low enough, may be
formed so as to serve both as a common electrode and a
common electrode line. In that case, it is possible to omit the
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formation of the lowermost common electrode line 120 and
the associated processing of the through hole 118.

[0092] In the present embodiment, as shown in FIG. 4A,
each region enclosed by the lattice-shaped common electrode
103 constitutes one pixel, and the common electrode 103 and
pixel electrode 105 are disposed so as to divide the pixel into
four areas. In addition, the pixel electrode 105 and the
opposed common electrode 103 forms a zigzag, bent struc-
ture with them disposed parallel to each other, so that one
pixel is divided into multiple sub-pixels. This structure bal-
ances out the hue shifts in the pixel.

[0093] The following provides a description of how the
liquid crystal display device of the second embodiment is
manufactured. As the glass substrates 101 and 102, surface-
polished 0.7-mm-thick glass substrates are used. The thin
film transistor 115 is constructed from the pixel electrode
(source electrode) 105, signal line (drain electrode) 106, scan
line (gate electrode) 104, and amorphous silicon 116. The
scan lines 104 were formed by patterning an aluminum film,
the common electrode lines 120 and signal lines 106 were
formed by patterning a chromium film. The pixel electrodes
105 were formed by patterning an ITO film. Except the scan
lines 104, the electrode line patterns are bent zigzag by 10
degrees as shown in FIG. 4A. The gate insulating film 107 and
the protective insulating film 108 are made of silicon nitride
and both 0.3 pum in thickness.

[0094] Then, as shown in FIG. 4C, each cylindrical through
hole 118 with a diameter of about 10 pm was formed down to
the common electrode line 120 by a photolithography tech-
nique and etching process, and acrylic resin was applied
thereon. An about 1-um-thick organic protect film 112 with a
dielectric constant of about 4 was formed as a transparent,
insulative film by heating it for 1 hour at 220 degrees C. This
organic protect film 112 planarizes the surface irregularities
caused by the step of the pixel electrode 105 in the display
region. Likewise, the other organic protect film 112 pla-
narizes the surface irregularities of the boundary face of the
color filter layer 111 between adjacent pixels.

[0095] Then, after the through hole 118 was re-etched to a
diameter of about 7 pm, the common electrode 103 was
formed thereon by patterning an ITO film for connection with
the common electrode line 120. The space between the pixel
electrode 105 and the common electrode 103 was 7 pm.
Further, this common electrode 103 was arranged in such a
lattice form that it enclosed the pixel by covering the lower
signal line 106, scan line 104 and thin film transistor 115.
Thus, the common electrode 103 serves also as a light block-
ing layer.

[0096] Accordingly, the pixel electrode 105 was arranged
along the three bars of the common electrode 103 in the unit
pixel as shown in FIG. 4A. Consequently, an active matrix
substrate was obtained on which 1024x3x768 pixels were
constructed from 1024x3 (for R, G and B sub-pixels) signal
lines 106 and 768 scan lines 104.

[0097] In the present embodiment, the orientation control
films 109 were formed from a polyamide acid trimethyl silyl
ester varnish given by the following general formula (112).
The prepared varnish is such that its resin content is 5% by
weight, DMAc content is 60% by weight, y-butyrolactone
content is 20% by weight, and butylcellosolve content is 15%
by weight. After the varnish was applied to the active matrix
substrate by printing, thermal imidation was performed. Con-
sequently, the varnish was imidated by about 80%, resulting
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in an about 60-nm-thick fine orientation control film 109
made of polyimide and polyamide acid alkyl silyl ester.

[Formula 112]

112)
0 0 ?H3
0—Si—ClH;

CH;

[0098] Theprocess to impart alignment ability was similar
to that for the first embodiment. The orientation control films
ware irradiated with polarized ultraviolet light at an irradia-
tion energy of about 3 J/cm®. Also, thermal treatment was
concurrently performed on the substrate at about 150 degrees
C. by setting it on a hot plate while the orientation control film
formed on the substrate was irradiated with polarized UV
light.

[0099] Then, these two glass substrates were arranged so
that the respective orientation control films 109 given the
liquid crystal alignment ability faced each other via scattered
spacers of globular polymer beads. By coating their periph-
eral sections with a sealing agent, they were assembled into a
liquid crystal display panel. The liquid crystal alignment
directions of the two glass substrates are substantially in
parallel to each other.

[0100] Into this liquid crystal display panel evacuated, the
nematic liquid crystal composition A was injected. Its dielec-
tric anisotropy AE is a positive value of 10.2 (1 kHz, 20
degrees C.); anisotropic refractive index An is 0.075 (wave-
length 590 nm, 20 degrees C.); torsional elastic constant K is
7.0 pN; and nematic-to-isotropic phase transition tempera-
ture T (N-1) is about 76 degrees C. After that, the panel was
sealed with UV-curableresin. The liquid crystal layer’s thick-
ness (gap) is 4.2 um. The retardation (And) of this liquid
display panel is about 0.31 pm.

[0101] Measuring the pretilt angles of the liquid crystals by
the crystal rotation method using another homogeneously-
aligned liquid crystal display panel which was constructed by
using substantially the same orientation control film and lig-
uid crystal composition as those used for the above panel
revealed that they were about 0.2 degrees. Then, the liquid
crystal panel was sandwiched by two polarizers 114 such that
the optical transmission axis of one polarizer was substan-
tially parallel to the liquid crystal orientation direction while
that of the other was orthogonal to the liquid crystal orienta-
tion direction. Then, the liquid crystal display panel was
connected with a drive circuit, backlight, and the like to
construct a modular active matrix liquid crystal display
device. The present embodiment employed the normally
closed switching mechanism in which dark display is pro-
vided at low voltage, and bright display is provided at high
voltage.

[0102] Then, the display quality of theliquid crystal display
device of the present embodiment was evaluated. The liquid
crystal display device was verified to have a higher aperture
ratio and a higher contrast ratio (600:1) than those of the first
embodiment. Its wide viewing angle was also verified during
its halftone display. In addition, this liquid crystal display
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device was quantitatively evaluated in terms of the image
sticking fading time in the same manner as in the first embodi-
ment. The image sticking fading time was measured to be
about 1 minute in the operating temperature range from0to 5
degrees C. Also by visual image quality and image sticking
check, display unevenness attributable to image burn-in and
image sticking persistence was not recognized at all. The
display performance was as high as that of the first embodi-
ment.

Embodiment 3

[0103] FIG. 5 schematically depicts a cross-section of one
pixel and its vicinity in the liquid crystal display device of a
third embodiment. Note that in the drawing, the same refer-
ence numerals as those of the previous embodiments denote
functionally identical parts. In the present embodiment as
shown in FIG. 5, the pixel electrode 105 disposed below the
protective insulating film 108 is extended upward across the
organic protect film 112 via a through hole 118 to the same
level as the common electrode 103. In the case of this con-
struction, it is possible to further lower the liquid crystal drive
voltage.

[0104] In the TFT liquid crystal display device as con-
structed above, when no electric field is applied, the liquid
crystal molecules 110 constituting the liquid crystal compo-
sition layer 110" are substantially parallel to the mutually
facing substrates 101 and 102 and oriented homogeneously in
the direction defined initially by the photo-alignment process.
If the TFT 115 is turned on by applying voltage to the gate
electrode 104, an electric field 117 is applied to the liquid
crystal composition layer 110" due to the potential difference
between the pixel electrode 105 and the common electrodes
103. Accordingly, the orientation of the liquid crystals 110 is
changed toward the direction of the electric field due to the
interaction between the dielectric anisotropy of the liquid
crystals and the electric field. Utilizing the refractive anisot-
ropy of the liquid crystal layer 110" and the polarizers 114 at
this time enables changing the transmittance of the liquid
crystal display device in implementing display.

[0105] The following provides a description of how the
liquid crystal display device of the third embodiment is manu-
factured. As the glass substrates 101 and 102, surface-pol-
ished 0.7-mm-thick glass substrates are used. The thin film
transistor 115 is constructed from the pixel electrode (source
electrode) 105, signal line (drain electrode) 106, scan line
(gate electrode) 104, and amorphous silicon 116. The scan
electrodes 104 are formed by patterning an aluminum film.
The common electrode lines 120, signal lines 106, and pixel
electrodes 105 are formed by patterning a chromium film.
The gate insulating film 107 and the protective insulating film
108 are made of silicon nitride and both 0.3 pm in thickness.
After acrylic resin is applied thereon, thermal treatment is
done at 220 degrees C. for 1 hour to form an about 1.0-pum-
thick, transparent, insulative organic protect film 112 with a
dielectric constant of about 4. This organic protect film 112
planarizes the surface irregularities caused by the step of the
pixel electrode 105 in the display region and those between
adjacent pixels.

[0106] Then, the cylindrical through hole 118 with a diam-
eter of about 10 um is formed down to the lower source
electrode 105 by a photolithography technique and etching
process as shown in FIG. 5. By patterning an [TO film, the
pixel electrode 105 is then formed thereon for connection
with the source electrode 105. In addition, an about 10-um-
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wide cylindrical though hole is formed on the common elec-
trode line 120. The common electrode 103 is formed thereon
by patterning an ITO film. There is a space of 7 um between
the pixel electrode 105 and the common electrode 103.
Except the scan lines 104, the electrode line patterns are bent
zigzag by 10 degrees. Further, this common electrode 103 is
arranged in such a lattice form that it encloses the pixel by
covering the lower signal line 106, scan line 104, and thin film
transistor 115. Thus, the common electrode 103 serves also as
a light blocking layer.

[0107] Accordingly, similarly to the second embodiment
except that two kinds of through holes are formed in the umt
pixel, the pixel electrode 105 is arranged along the three bars
of the common electrode 103. Consequently, an active matrix
substrate is obtained on which 1024x3x768 pixels are con-
structed from 10243 (for R, G and B sub-pixels) signal lines
106 and 768 scan lines 104.

[0108] As shown in FIG. 5, except for the pixel structure
and the orientation control films, the liquid crystal display
device of the present embodiment is the same as that of the
second embodiment. In the present embodiment, the orienta-
tion control films 109 are formed from a polyamide acid ester
varnish given by the following general formula (115). The
prepared varnish is such that its resin content is 5% by weight,
DMAc content is 60% by weight, y-butyrolactone content is
20% by weight, and butylcellosolve content is 15% by
weight. After the varnish is applied to the substrate by print-
ing, thermal imidation is performed. The varnish is imidated
by about 80%, resulting in the formation of an about 80-nm-
thick fine orientation control film 109 made of polyimide and
polyamide acid ester.

[Formula 115]

[0109] The process to impart alignment ability is similar to
that for the first embodiment. The alignment films are irradi-
ated with polarized ultraviolet light at an energy rate of about
6 J/em?. Also, thermal treatment is concurrently performed at
about 180 degrees C. on the substrate by setting it on a hot
plate while the orientation control film formed on the sub-
strate is irradiated with polarized UV light.

[0110] The display quality of the liquid crystal display
device of the present embodiment was evaluated. Its display
quality was as high as that of the first embodiment. Its wide
viewing angle was also verified during its halftone display. In
addition, this liquid crystal display device was quantitatively
evaluated in terms of the image sticking fading time in the
same manner as in the first embodiment. The image sticking
fading time was measured to be about 1 minute or shorter.
Also by visual image quality and image sticking check, high
display performance was recognized; specifically, display
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unevenness attributable to image burn-in and image sticking
persistence was not recognized at all.

[0111] If the pixel electrode 105 connected directly with
the TFT 115 is in contact with the orientation control film 109
formed on the top of the substrate as shown in F1G. 5, ordinary
rubbing alignment treatment may damage the TFT 115 which
is subject to frictionally charged electricity via the pixel elec-
trode near the surface. In the case of such an arrangement,
rubbingless photo-alignment treatment, as in the present
embodiment, is very effective.

Embodiment 4

[0112] FIG. 6 schematically depicts a cross-section of one
pixel and its vicinity in the liquid crystal display device of a
fourth embodiment. In the drawing, the same reference
numerals as those of the previous embodiments denote func-
tionally identical parts. The structure of the present embodi-
ment has large steps due to electrodes and the like. As shown
in FIG. 6, the gate electrode 104 of the thin film transistor 115
and the common electrode 103 are formed in the same layer.
The orientation of the liquid crystals 110 is changed toward
the electric field 117 between the common electrode 103 and
the pixel electrode 105.

[0113] Note that each embodiment mentioned so far may
be configured to have a plurality of display regions per pixel
by forming a common electrode 103 and a pixel electrode 105
for each display region. If plural sets are thus formed, it is
possible to shorten the pixel electrode 105 to common elec-
trode 103 distance. Therefore, this structure 1s very effective
in lowering the liquid crystal drive voltage when each pixel is
large.

[0114] Also note that, in light of fabrication easiness and
reliability, it is not necessary but preferable in each embodi-
ment described so far to use ion-doped titanium oxide or
ion-doped zinc oxide as in ITO (indium tin oxide) as the
material of a transparent conductive film which constitutes
the pixel electrodes and/or common electrodes.

[0115] In the manufacture method of the liquid crystal dis-
play device of the fourth embodiment, surface-polished 0.7-
mm-thick glass substrates are used as the glass substrates 101
and 102. The thin film transistor 115 is constructed from the
pixel electrode (source electrode) 105, signal line (drain elec-
trode) 106, scan line (gate electrode) 104, and amorphous
silicon 116. The scan electrode 104, common electrode line
120, signal line 106, pixel electrode 105, and common elec-
trode 103 are all formed by patterning a chromium film. The
pixel electrode 105 to common electrode 103 space is 7 pm.
The gate insulating film 107 and the protective insulating film
108 are made of silicon nitride and both 0.3 pm in thickness.

[0116] In the present embodiment, the orientation control
films 109 are formed from a mixed resin containing a polya-
mide acid ester given by the following general formula (118)
and a polyamide acid given by the following general formula
(119) at a weight ratio of 7:3. The prepared mixed resin is
such that its resin content is 5% by weight, DMAc content is
60% by weight, y-butyrolactone content is 20% by weight,
and butylcellosolve content is 15% by weight. After the
mixed resin is applied to the substrate by printing, thermal
imidation is performed. The mixture was imidated by about
80%, resulting in the formation of an about 100-nm-thick fine
orientation control film 109 made of polyimide and polya-
mide ester.
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[Formula 118]
(118)
O 0]
N O—CIL,CH
H 2 3
H;CH,C—O N
(0] O
[Formula 119]
(119)
(0] O
N N
H H
HO 0"
e} 0
[0117] The measured resistivity of this orientation control

film was 1.5x10"° Qcm.

[0118] Then, the orientation control film is given photo-
alignment treatment. Specifically, the film is irradiated with
polarized UV light having 220 to 380 nm wavelengths at an
irradiation energy rate of about 3 J/cm? while irradiated con-
currently with infrared light. The polarized UV light is
obtained from a high-pressure mercury lamp via an interfer-
ence filter and a pile polarizer comprising a stack of quartz
sheets. By this, an active matrix substrate provided thereon
with 1024x3 (for R, G and B sub-pixels) signal lines 106 and
768 scan lines 104 to drive 1024x3x768 pixels is completed.

[0119] The liquid crystal display device of the present
embodiment constructed as describe above, shown in FIG. 6,
is the same as that of the first embodiment except for the pixel
structure.

[0120] The display quality of the liquid crystal display
device of the present embodiment was evaluated. Its display
quality was as high as that of the first embodiment. Its wide
viewing angle was also verified during its halftone display. In
addition, this liquid crystal display device was quantitatively
evaluated in terms of the image sticking fading time in the
same manner as in the first embodiment. The image sticking
fading time was below 3 minutes. Also by visual image qual-
ity and image sticking check, defective display attributable to
image burn-in and image sticking persistence was not recog-
nized.

[0121] In addition, another liquid crystal display device
was constructed. This liquid crystal display device is the same
as that of the former example except that only the polyamide
acid ester given by the following general formula (118) is
used as the varnish resin for the orientation control film.
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[Formula 118]
(118)
O 0]
N O—CH,CH.
H 2 3
H;CH,C—O N
(0] ¢}
[0122] The measured resistivity of this orientation control

film was 6.0x10"* Qcm.

[0123] The display quality of this example was evaluated.
The display quality was as high as that of the former example.
Its wide viewing angle was also verified during its halftone
display. Then, this sample was quantitatively evaluated in
terms of the image sticking fading time in the same manner as
in the former example. The image sticking fading time was 5
minutes or shorter, which is somewhat longer than that of the
former example. However we confirmed this sample provides
enough performance for the problems to be resolved by this
invention.

Embodiment 5

[0124] FIG. 7 schematically depicts a cross-section of one
pixel and its vicinity in the liquid crystal display device of a
fifth embodiment. In the drawing, the same reference numer-
als as those of the previous embodiments denote functionally
identical parts. In the present embodiment, the pixel electrode
105 and common electrode 103 are made of ITO. The com-
mon electrode 103 is designed to be so flat and wide as to
occupy substantially the whole area of the pixel. This con-
struction can raise the aperture ratio since the portion above
the electrode can be utilized as a light-transmissive portion. In
addition, it is possible to effectively apply an electric field
since the inter-electrode space can be shortened.

[0125] FIG. 8 schematically depicts an active matrix sub-
strate of the present embodiment for explaining how a thin
film transistor 115, common electrode 103, pixel electrode
105, and signal line 106 are structured to construct one pixel.
[0126] In the manufacture method of the liquid crystal dis-
play device of the present embodiment, a surface-polished
0.7-mm-thick glass substrate is used as the glass substrates
101. The glass substrate 101 is formed into a TFT substrate on
which are formed common electrodes 103, pixel electrodes
105, signal lines 106, scan lines 104, a gate insulating film
107 to prevent short-circuits between the signal lines 106 and
the scan lines 104, thin film transistors 115, pixel electrodes
105, signal lines 106, and a protective insulating film 108 to
protect the pixel electrodes 105 and signal lines 106.

[0127] TheTFT 115 is constructed from the pixel electrode
(source electrode) 105, signal line (drain electrode) 106, scan
line (gate electrode) 104, and amorphous silicon 116. The
scan line (gate electrode) 104 is formed by pattering an alu-
minum film; the signal line (drain electrode) 106 formed by
pattering a chromium film; and the common electrode 103
and pixel electrode 105 formed by pattering ITO.

[0128] The gate insulating film 107 and the protective insu-
lating film 108 are made of silicon nitride and are 0.2 pm and
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0.3 um in thickness, respectively. Capacitive elements are
formed by sandwiching the gate insulating film 107 and pro-
tective insulating film 108 between the pixel electrode 105
and common electrode 103.

[0129] The pixel electrode 105 is disposed on an upper-
layer of the flat common electrode 103. 1024x3x768 pixels
are constructed from 1024x3 (for R, G and B sub-pixels)
signal lines 106 and 768 scan lines 104.

[0130] The substrate 102 is the opposite color filter sub-
strate on which a color filter 113 provided with a black matrix
113 is formed as in the first embodiment.

[0131] Then, the orientation control films 109 are formed
from a resin containing a polyamide acid ester given by the
following general formula (120). The prepared resin is such
that its resin content is 5% by weight, DMAc content is 60%
by weight, y-butyrolactone content is 20% by weight, and
butylcellosolve content is 15% by weight. After the resin is
applied to the substrate by printing, thermal imidation is
performed. The resin is imidated by about 80%, resulting in
an about 110-nm-thick fine orientation control film 109 made
of polyimide and polyamide acid ester.

[Formula 120]
(120
CF; 0
H
CF;
H,C—0 NH
0 0]
[0132] The measured resistivity of this orientation control

film was 4.5x10"° Qcm.

[0133] Likewise, the same polyamide acid ester varnish is
printed on the surface of the other glass substrate 102 having
an [TO film formed thereon, and the varnish is thermally
imidated by about 80%, resulting in an about 110-nm-thick
fine orientation control film 109 made of polyimide and
polyamide acid ester.

[0134] Inorder to impart liquid crystal alignment ability to
the surface of each orientation control film 109, the films were
irradiated with polarized UV (ultraviolet) light together with
infrared light. As the light source, a high-pressure mercury
lamp was used. The UV light in the range 0of 240 nm to 380 nm
was extracted and linearly polarized to a polarization ratio of
about 10:1 through a pile polarizer comprising a stack of
quartz sheets. Irradiation energy was given at a rate of about
2.5 J/cm®. The temperature of each orientation control film
was about 180 degrees C. during the irradiation. Conse-
quently, it was found that liquid crystal molecules on the
surfaces of the orientation control films were oriented
orthogonal to the polarization direction of the radiated UV
light.

[0135] The liquid crystal alignment directions of the orien-
tation control films 109 of the TFT and color filter substrates
were parallel to each other. With polymer-bead spacers with
an average grain size of 4 um scattered between the TFT
substrate and the color filter substrate, liquid crystal mol-
ecules 110 were injected between these two glass substrates.
As the liquid crystals 110, the same liquid crystal composi-
tion A as in the first embodiment was used.
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[0136] Two polarizers 114 which sandwich the TFT sub-
strate and color filter substrate are set in a crossed-Nicol state.
The normally closed switching mechanism is employed in
which dark display is provided at low voltage, and bright
display is provided at high voltage.

[0137] Then, the display quality of the liquid crystal display
device of the present embodiment was evaluated. Tts image
quality was verified to have a higher aperture ratio and a
higher contrast ratio of 700:1 than those of the first embodi-
ment. Its wide viewing angle was also verified during its
halftone display. In addition, this liquid crystal display device
was quantitatively evaluated in terms of the image sticking
fading time in the same manner as in the first embodiment.
The image sticking fading time was about 5 minutes in the
operating temperature range of 0 to 50 degrees C. Also by
visual image quality and image sticking check, display
unevenness attributable to image burn-in and image persis-
tence was not recognized at all. The display performance was
as high as that of the first embodiment.

Embodiment 6

[0138] The liquid crystal display device of a sixth embodi-
ment is the same as that of the fifth embodiment except that
the orientation control film 109 is formed from a copolymer
varnish which is a polymer chain given by the following
general formula (120) including about 20% of a polyamide
acid ester given by the general formula (125).

[Formula 125]

(125)

CF; 0 0
N 0—CH;
I
CF;
HL,C—0 N
H
o} o}

[0139] The measured resistivity of this orientation control
film was 5.2x10"* Qcm.

[0140] Then, the display quality of the liquid crystal display
device of the present embodiment was evaluated. Its high
image quality was verified with a high contrast ratio of 690:1.
Its wide viewing angle was also verified during its halftone
display. In addition, this liquid crystal display device was
quantitatively evaluated in terms of the image sticking fading
time in the same manner as in the first embodiment. The
image sticking fading time was 3 minutes in the operating
temperature range of 0 to 50 degrees C. Also by visual image
quality and image sticking check, display unevenness attrib-
utable to image burn-in and image persistence was not rec-
ognized at all. The display performance was very high.

Embodiment 7

[0141] The liquid crystal display device of a seventh
embodiment is the same as that of the fifth embodiment
except that the orientation control film 109 is formed from a
polyamide acid ester varnish given by the following general
formula (123).
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[Formula 123]
(123)

0 0
C N N
H@H H
H,C—0 0—CH;
0 0

[0142] The measured resistivity of this orientation control
film was 5.7x10"° Qcm.

[0143] Then, the display quality of theliquid crystal display
device of the present embodiment was evaluated. Its high
image quality was verified with a high contrast ratio of 730:1.
Its wide viewing angle was also verified during its halftone
display. In addition, this liquid crystal display device was
quantitatively evaluated in terms of the image sticking fading
time in the same manner as in the first embodiment. The
image sticking fading time was 5 minutes in the operating
temperature range of 0 to 50 degrees C. Also by visual image
quality and image sticking check, display unevenness attrib-
utable to image burn-in and image persistence was not rec-
ognized at all. The display performance was very high.

Embodiment 8

[0144] The liquid crystal display device of an eighth
embodiment is the same as that of the fifth embodiment
except that the orientation control film 109 is formed from a
mixed varnish containing polyamide acid esters given respec-
tively by the following general formulae (123) and (124) ata
weight ratio of 7:3.

[Formula 123]

(123)

0 0
C N
1, H
H,C—0 0—CH,
0 o

[Formula 124]

[=np2

(124)

0 0
O—O—N 0—CH,CH;
H
H;C—0 N
0
0 0

[0145] The measured resistivity of this orientation control
film was 2.5x10"* Qcm.

[0146] Then, the display quality of the liquid crystal display
device of this embodiment was evaluated. Its high image
quality was verified with a high contrast ratio of 710:1. Its
wide viewing angle was also verified during its halftone dis-
play. In addition, this liquid crystal display device was quan-
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titatively evaluated in terms of the image sticking fading time
in the same manner as in the first embodiment. The image
sticking fading time was 3 minutes in the operating tempera-
ture range of 0 to 50 degrees C. Also by visual image quality
and image sticking check, display unevenness attributable to
image burn-in and image persistence was not recognized at
all. The display performance was very high.

Embodiment 9

[0147] The liquid crystal display device of a ninth embodi-
ment is the same as that of the first embodiment except that the
orientation control film 109 is formed from a copolymer
varnish which is a polymer chain given by the following
general formula (120) including about 15% of a polyamide
acid ester given by the general formula (126).

[Formula 126]
(126)

0] 0]
N
H ,C—0 N
H
0 0

[0148] The measured resistivity of this orientation control
film was 7.1x10"* Qcm.

[0149] Then, the display quality of the liquid crystal display
device of the present embodiment was evaluated. Its high
image quality was verified with a high contrast ratio of 730:1.
Tts wide viewing angle was also verified during its halftone
display. In addition, this liquid crystal display device was
quantitatively evaluated in terms of the image sticking fading
time in the same manner as in the first embodiment. The
image sticking fading time was 3 minutes in the operating
temperature range of 0 to 50 degtrees C. Also by visual image
quality and image sticking check, display unevenness attrib-
utable to image burn-in and image persistence was not rec-
ognized at all. The display performance was very high.

What is claimed is:

1. A material for an orientation control film of a liquid
crystal display device comprising:

a photosensitive polyimide, a polyamide acid ester and a
polyamide acid, and is given orientation control ability
by being irradiated with substantially linearly polarized
light;

wherein the polyamide acid ester contains a polyamide
acid ester that contains a polymer unit given by the
following formula (116) and/or (117), or a polyamide
acid ester that contains a polymer unit given by the
following formula (116) and/or (117) and a polymer unit
given by the following formula (116) and/or (117)
wherein the cyclobutane section is replaced with a sec-
tion given by at least one of the following general for-
mulae (51) through (55):
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[Formula 116]
(116)
o] 0]
R, R
Ar—N 2 0—R,
H
R—O0 N
! R, Ry H
(] 0]
[Formula 117]
(117
o] 0]
Ar—N Bk N
H H
R—0O R, R, O0—R;
6] 0O

wherein each R1 is individually an alkyl group containing
1 to 8 carbon atoms, each R2 is individually a hydrogen
atom, a fluorine atom, a chlorine atom, a bromine atom,
a phenyl group, an alkyl group containing 1 to 6 carbon
atoms, a alkoxy group containing 1 to 6 carbon atoms, a
vinyl group (—(CH2)m-CH—CH2, m=0, 1, 2), or an
alkynyl group (—(CH2)m-C=CH, m=0, 1, 2), and Ar is
an aromatic compound;

wherein the photosensitive polyimide comprises polyim-
ide formed by imidating a polyamide acid ester that
contains a polymer unit given by the above formula
(116) and/or (117), or a polyamide acid ester that con-
tains a polymer unit given by the above formula (116)
and/or (117) wherein the cyclobutane section is replaced
with a section given by at least one of the following
general formulae (51) through (55);

wherein the polyamide acid contains a polyamide acid that
contains a polymer unit given by the following formula
(121) and/or (122), or a polyamide acid that contains a
polymer unit given by the following formula (121) and/
or (122) and a polymer unit given by the following
formula (121) and/or (122) wherein the cyclobutane sec-
tion is replaced with a section given by at least one of the
following general formulae (51) through (55):

[Formula 121]

(121)

0 0
Ar—N R Ry N
H H
HO OH
R: Rs
0 0
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_continued 2. A material for an orientation control film of a liquid
[Formula 122] crystal display device according to claim 1, wherein the aro-
122 matic compound Ar contains at least one of those given by the
0 o following general formulae (1) through (11)
Ar—N R Ry oH
H
[Formula 1]
@
7 N
HO—fx, & H WX
0 ¢} —
[Formula 2]
wherein each R2 is individually a hydrogen atom, a fluo- )
rine atom, a chlorine atom, a bromine atom, a phenyl N \ )
group, an alkyl group containing 1 to 6 carbon atoms, an / \ /
alkoxy group containing 1 to 6 carbon atoms, a vinyl —_—
group (—(CH2)m-CH—CH2, m=0, 1, 2), or an alkynyl [Formula 3]

group (—(CH2)m-C=CH, m=0, 1, 2), and Ar is an

aromatic compound, W
_ \_/

[Formula 51]
[Formula 4]

&)

51
G @

1
\_/
\/

[Formula 52]

52
62 6)

;
1
\_/
\/

[Formula 53]

(43)
(©

4
/
e
X

[Formula 54] /
(54) —
O O O o
M
[Formula 55] —Y—X—
[Formula 8]
(5%
‘ —_— Y —X—v7— ®
[Formula 9]

©

wherein each hydrogen molecule of the aromatic rings
individually may instead be a fluorine atom, a chlorine
atom, a bromine atom, a phenyl group, an alkyl group Z
containing 1 to 8 carbon atoms, an alkoxy group, a vinyl [Formula 10]
group, or an alkynyl group; and Z is any of the following
functional groups, (—CH2-, —CO2-, —NH—, —O—,

\/ \/
! \

(10)

—8—,—80—, —802-), wherein each hydrogen atom | N \
may instead be a fluorine atom, a chlorine atom, a bro- - T
mine atom, a phenyl group, an alkyl group containing 1 e 7 A

to 8 carbon atoms, an alkoxy group, a vinyl group or an
alkynyl group.
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-continued
[Formula 11]
1n
Z
| AN A
—r L
PN, NS

wherein: each hydrogen molecule of the aromatic rings indi-
vidually may instead be a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group; X is an alkyl group containing 1 to 8 carbon atoms, an
alkoxy group, an vinyl group, an alkynyl group, or an alkyl
group containing 0 to 8 carbon atoms and any of the following
functional groups, (—O—, —CO—, —COO0—, —S—,
—SO—, —S02-, —NH—, —N—N—, phenyl group); Y is
an aromatic ring such as a phenyl group, a naphthyl group, an
anthracene group, or a pyrene group wherein each hydrogen
atom of the aromatic ring individually may instead be a fluo-
rine atom, a chlorine atom, a bromine atom, a phenyl group,
an alkyl group containing 1 to 8 carbon atoms, an alkoxy
group, a vinyl group, or an alkynyl group; and Z is any of the
following functional groups, (—CH2-, —CO2-, —NH—,
—0—, —S—, —S0—, —S02-), wherein each hydrogen
atom may instead be a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group.

3. A material for an orientation control film of a liquid
crystal display device according to claim 1 wherein the polya-
mide acid ester contains a polymer unit given by the general
formula (116) or (117) wherein the cyclobutane section is
replaced with at least one section given by the following
general formulae (51) through (55) or wherein the orientation
control film further contains a polyamide acid ester that con-
tains a polymer unit given by the general formula (116) or
(117) wherein the cyclobutane section is replaced with at least
one section given by the following general formulae (51)
through (55) or the polyamide acid further contains a polymer
unit given by the general formula (121) or (122), wherein the
cyclobutane section is replaced with at least one section given
by the following general formulae (51) through (55)

[Formula 51]

4D

[Formula 52]

[Formula 53]

(43)
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-continued
[Formula 54]
(54)
[Formula 55]
(55)

wherein: each hydrogen molecule of the aromatic rings indi-
vidually may instead be a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group; and 7 is any of the following functional groups,
(—CH2-, —CO2-, —NH—, —O—, —8—, —SO—,
—S02-), wherein each hydrogen atom may instead be a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 8 carbon atoms, an
alkoxy group, a vinyl group or an alkynyl group.

4. A material for an orientation control film of a liquid
crystal display device according to claim 1 wherein one or
more of R2 is CH3.

5. A material for an orientation control film of a liquid
crystal display device according to claim 1 wherein R2 at the
1-position is CH3 and R2 at the 3-position is CH3.

6. A material for an orientation control film of a liquid
crystal display device according to claim 1 wherein the polya-
mide acid ester contains the polymer unit given by the for-
mula (116).

7. A material for an orientation control film of a liquid
crystal display device according to claim 6, wherein the ori-
entation control film further contains a polyamide acid that
contains a polymer unit given by the following formula (121)

[Formula 121]

(121)

0 0
Ar—YN R Ry N
I i
HO OH
R2 RZ
0 0

wherein each R2 is individually a hydrogen atom, a fluorine
atom, a chlorine atom, a bromine atom, a phenyl group, an
alkyl group containing 1 to 6 carbon atoms, an alkoxy group
containing 1 to 6 carbon atoms, a viny! group (—(CH2)m-
CH—CH2, m=0, 1, 2), or an alkynyl group (—(CH2)m-
C=CH, m=0, 1, 2), and Ar is an aromatic compound.

8. A material for an orientation control film of a liquid
crystal display device according to claim 6, wherein the ori-
entation control film further contains a polyamide acid that
contains a polymer unit given by the following formula (122)
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[Formula 122]

o} 0
Ar—N R Ry oH
i
HO N
R R H
0

6]

(122)

wherein each R2 is individually a hydrogen atom, a fluorine
atom, a chlorine atom, a bromine atom, a pheny! group, an
alkyl group containing 1 to 6 carbon atoms, an alkoxy group
containing 1 to 6 carbon atoms, a viny! group (—(CH2)m-
CH—CH2, m=0, 1, 2), or an alkynyl group (—(CH2)m-
C=CH, m=0, 1, 2), and Ar is an aromatic compound.

9. A material for an orientation control film of a liquid
crystal display device according to claim 6, wherein the ori-
entation control film further contains a polyamide acid that
contains a polymer unit given by the following formula (121)
wherein the cyclobutane section is replaced with a section
given by at least one of the following general formulae (51)
through (55)

[Formula 121]
121
0} (0]
R, R
Ar—N 2 2 N
H H
HO R, R OH
0} (0]

wherein each R2 is individually a hydrogen atom, a fluorine
atom, a chlorine atom, a bromine atom, a pheny! group, an
alkyl group containing 1 to 6 carbon atoms, an alkoxy group
containing 1 to 6 carbon atoms, a vinyl group (—(CH2)m-
CH—CH2, m=0, 1, 2), or an alkynyl group (—(CH2)m-
C=CH, m=0, 1, 2), and Ar is an aromatic compound,

[Formula 51]

Gn

[Formula 52]

(2)
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-continued

[Formula 53]
(53)

[Formula 54]
(54)

[Formula 55]
(55)

1

wherein: each hydrogen molecule of the aromatic rings indi-
vidually may instead be a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group; and Z is any of the following functional groups,
(—CH2-, —CO2-, —NH—, —O—, —S8—, —SO0—,
—S02-), wherein each hydrogen atom may instead be a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 8 carbon atoms, an
alkoxy group, a vinyl group or an alkynyl group.

10. A material for an orientation control film of a liquid
crystal display device according to claim 6, wherein the ori-
entation control film further contains a polyamide acid that
contains a polymer unit given by the following formula (122)
wherein the cyclobutane section is replaced with a section
given by at least one of the following general formulae (51)
through (55)

[Formula 122]

122)

HO

wherein each R2 is individually a hydrogen atom, a fluorine
atom, a chlorine atom, a bromine atom, a phenyl group, an
alkyl group containing 1 to 6 carbon atoms, an alkoxy group
containing 1 to 6 carbon atoms, a vinyl group (—(CH2)m-
CH=—CH2, m=0, 1, 2), or an alkynyl group (—(CH2)m-—
C=CH, m=0, 1, 2), and Ar is an aromatic compound,

[Formula 51]

&)Y
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-continued

[Formula 52]

o)
[Formula 53]

(53)
[Formula 54]

(4
[Formula 55]

(5%)

wherein: each hydrogen molecule of the aromatic rings indi-
vidually may instead be a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group; and 7 is any of the following functional groups,
(—CH2-, —CO2-, —NH—, —O—, —S—, —SO—,
—S02-), wherein each hydrogen atom may instead be a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 8 carbon atoms, an
alkoxy group, a vinyl group or an alkynyl group.

11. A material for an orientation control film of a liquid
crystal display device according to claim 1, wherein the
polyamide acid ester contains a polymer unit given by the
following formula (117)

[Formula 117]

O O
Ar—N R Ry N
H H
R—O LR 0—R,
0 ¢}
wherein each R1 is individually an alkyl group containing 1 to
8 carbon atoms, each R2 is individually a hydrogen atom, a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 6 carbon atoms, an
alkoxy group containing 1 to 6 carbon atoms, a vinyl group
(—(CH2)m-CH—CH2, m=0, 1, 2), or an alkynyl group
(—(CH2)m-C=CH. m=0, 1, 2), and Ar is an aromatic com-

pound, and further contains a polyamide acid that contains a
polymer unit given by the following formula (122)

arm

21
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[Formula 122]
(122)
o] 0]
Ar—N Rl on
H
HO N
R R, H
[¢] 0]

wherein each R2 is individually a hydrogen atom, a fluorine
atom, a chlorine atom, a bromine atom, a pheny! group, an
alkyl group containing 1 to 6 carbon atoms, an alkoxy group
containing 1 to 6 carbon atoms, a viny! group (—(CH2)m-
CH=—CH2, m=0, 1, 2), or an alkynyl group (——(CH2)m-
C=CH, m=0, 1, 2), and Ar is an aromatic compound.

12. A material for an orientation control film of a liquid
crystal display device according to claim 1, wherein the
polyamide acid ester contains a polymer unit given by the
following formula (117)

[Formula 117]
(117)

0 0
Ar—N R Ry N
H H
R—O O—R
1 R Ry 1
0 0

whereineach R1 is individually an alkyl group containing 1 to
8 carbon atoms, each R2 is individually a hydrogen atom, a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 6 carbon atoms, an
alkoxy group containing 1 to 6 carbon atoms, a vinyl group
(—(CH2)m-CH—CH2, m=0, 1, 2), or an alkynyl group
(—(CH2)m-C=CH, m=0, 1, 2), and Ar is an aromatic com-
pound, and further contains a polyamide acid that contains a
polymer unit given by the following formula (121) wherein
the cyclobutane section is replaced with a section given by at
least one of the following general formulae (51) through (55)

[Formula 121]
(121)

0 (0]
Ar—N Bk N
H H

HO OH
R R
0 0]

wherein each R2 is individually a hydrogen atom, a fluorine
atom, a chlorine atom, a bromine atom, a phenyl group, an
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alkyl group containing 1 to 6 carbon atoms, an alkoxy group
containing 1 to 6 carbon atoms, a vinyl group (—(CH2)m-
CH—CH2, m=0, 1, 2), or an alkynyl group (—(CH2)m-
C=CH, m=0, 1, 2), and Ar is an aromatic compound,

[Formula 51]

Gn

=

[Formula 52]

(42

:

[Formula 53]

(53
[Formula 54]

(54)
[Formula 55]

(55)

&

wherein: each hydrogen molecule of the aromatic rings indi-
vidually may instead be a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group; and 7 is any of the following functional groups,
(—CH2-, —CO2-, —NH—, —O—, —S—, —SO—,
—S02-), wherein each hydrogen atom may instead be a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 8 carbon atoms, an
alkoxy group, a vinyl group or an alkynyl group.

13. A material for an orientation control film of a liquid
crystal display device according to claim 1, wherein the
polyamide acid ester contains a polymer unit given by the
following formula (117)

Feb. 13,2014
[Formula 117]
amn
0} (6]
Ar—N kBB N
H H
R—O L& O—R;
0} (0]

whereineach R1 is individually an alkyl group containing 1 to
8 carbon atoms, each R2 is individually a hydrogen atom, a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 6 carbon atoms, an
alkoxy group containing 1 to 6 carbon atoms, a vinyl group
(—(CH2)m-CH—CH2, m=0, 1, 2), or an alkynyl group
(—(CH2)m-C=CH, m=0, 1, 2), and Ar is an aromatic com-
pound, and further contains a polyamide acid that contains a
polymer unit given by the following formula (122) wherein
the cyclobutane section is replaced with a section given by at
least one of the following general formulae (51) through (55)

[Formula 122]
(122)
[0} (0]
Ar—Y R Ry oH
2
HO
R R H
[0} (6]

wherein each R2 is individually a hydrogen atom, a fluorine
atom, a chlorine atom, a bromine atom, a phenyl group, an
alkyl group containing 1 to 6 carbon atoms, an alkoxy group
containing 1 to 6 carbon atoms, a vinyl group (—(CH2)m-
CH—CH2, m=0, 1, 2), or an alkynyl group (—(CH2)m-
C=CH, m=0, 1, 2), and Ar is an aromatic compound,

[Formula 51]

(&)Y

[Formula 52]

42)

[Formula 53]

(43)
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-continued
[Formula 54]
4
[Formula 55]
(55

wherein: each hydrogen molecule of the aromatic rings indi-
vidually may instead be a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group; and 7 is any of the following functional groups,
(—CH2-, —CO2-, —NH—, —O—, —S—, —SO—,
—S02-), wherein each hydrogen atom may instead be a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 8 carbon atoms, an
alkoxy group, a vinyl group or an alkynyl group.

14. A material for an orientation control film of a liquid
crystal display device according to claim 1, wherein the aro-
matic compound Ar contains at least one of those given by the
following general formulae (1) through (6) and (9) through

(11)

[Formula 1]

(6]
7 A\
X

[Formula 2]

[

[Formula 3]

@

®
X
_ \_/

[Formula 4]

VAR

4

&)

I\\

aa

[Formula 5]

&)
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-continued

[Formula 6]

6

©)

(10)

| X x
—r —_
PN, NS
[Formula 11]

, 1n
Q¢
|
PN, NG

wherein: each hydrogen molecule of the aromatic rings indi-
vidually may instead be a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group; X is an alkyl group containing 1 to 8 carbon atoms, an
alkoxy group, an vinyl group, an alkynyl group, or an alkyl
group containing 0 to 8 carbon atoms and any of the following
functional groups, (—O—, —CO—, —COO—, —S—,
—SO—, —S02-, —NH—, —N—N—, phenyl group); Y is
an aromatic ring such as a phenyl group, a naphthyl group, an
anthracene group, or a pyrene group wherein each hydrogen
atom of the aromatic ring individually may instead be a fluo-
rine atom, a chlorine atom, a bromine atom, a phenyl group,
an alkyl group containing 1 to 8 carbon atoms, an alkoxy
group, a vinyl group, or an alkynyl group; and Z is any of the
following functional groups, (—CH2-, —CO2-, —NH—,
—0—, —S—, —SO—, —S02-), wherein each hydrogen
atom may instead be a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group.

15. A material for an orientation control film of a liquid
crystal display device according to claim 1, wherein the aro-
matic compound Ar contains at least one of those given by the
following general formulae (7) and (8)

[Formula 7]
YX— %)
[Formula §]
Y XY ()

wherein: X is an alkyl group containing 1 to 8 carbon atoms,
an alkoxy group, an vinyl group, an alkyny! group, or an alkyl
group containing 0 to 8 carbon atoms and any of the following
fanctional groups, (—O—, —CO—, —COO—, —S—,
—SO—, —S02-, —NH—, —N—N—, phenyl group); and
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Y is an aromatic ring such as a phenyl group, a naphthyl
group, an anthracene group, or a pyrene group wherein each
hydrogen atom of the aromatic ring individually may instead
be a fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 8 carbon atoms, an
alkoxy group, a vinyl group, or an alkynyl group.

16. A material for an orientation control film of a liquid
crystal display device according to claim 1, wherein the
polyamide acid ester is a copolymer that contains a polymer
unit given by the following formula (116)

[Formula 116]

0] O
Ar—N R Ry 0—R,
H
MO R R TR
0 (0]
wherein each R1 is individually an alkyl group containing 1 to
8 carbon atoms, each R2 is individually a hydrogen atom, a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 6 carbon atoms, an
alkoxy group containing 1 to 6 carbon atoms, a vinyl group
(—(CH2)m-CH—CH2, m=0, 1, 2), or an alkynyl group
(—(CH2)m-C=CH, m=0, 1, 2), and Ar is an aromatic com-
pound, and a polymer unit given by the general formula (116)
wherein the cyclobutane section is replaced with at least one

section given by the following general formulae (51) through
(35)

(116)

[Formula 51]

&y
[Formula 52]

(32
[Formula 53]

(53)
[Formula 54]

(54
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-continued
[Formula 55]

%)

wherein: each hydrogen molecule of the aromatic rings indi-
vidually may instead be a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group; and Z is any of the following functional groups,
(—CH2-, —CO2-, —NH—, —O0—, —S—, —SO0—,
—S802-), wherein each hydrogen atom may instead be a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 8 carbon atoms, an
alkoxy group, a vinyl group or an alkynyl group.

17. A material for an orientation control film of a liquid
crystal display device according to claim 1, wherein the
polyamide acid ester is a copolymer that contains a polymer
unit given by the following formula (116)

[Formula 116]

(116)

0 0
Ar—N R Ry 0—R,
H
R—O N
! R: Ry H
0 0

whereineach R1 is individually an alkyl group containing 1 to
8 carbon atoms, each R2 is individually a hydrogen atom, a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 6 carbon atoms, an
alkoxy group containing 1 to 6 carbon atoms, a vinyl group
(—(CH2)m-CH=CH2, m=0, 1, 2), or an alkynyl group
(—(CH2)m-C=CH, m=0, 1, 2), and Ar is an aromatic com-
pound, and a polymer unit given by the following general
formula (117)

[Formula 117]
amn
0} (@]
Ar—N Bk N
H H
R—O Lo O—R;
0} (0]

wherein the cyclobutane section is replaced with at least one
section given by the following general formulae (51) through
(55)
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[Formula 51]

4D

=

[Formula 52]

&)

:

[Formula 53]

(53)
[Formula 54]

4
[Formula 55]

(55

&

wherein: each hydrogen molecule of the aromatic rings indi-
vidually may instead be a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group; and Z is any of the following functional groups,
(—CH2-, —C02-, —NH—, —O0—, —S8—, —80—,
—S02-), wherein each hydrogen atom may instead be a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 8 carbon atoms, an
alkoxy group, a vinyl group or an alkynyl group.

18. A material for an orientation control film of a liquid
crystal display device according to claim 1, wherein the
polyamide acid ester is a copolymer that contains a polymer
unit given by the following formula (117)

[Formula 117]
117
0] (0]
R, R
Ar—N 2 N
H H
R—O R, R O0—R,
0] (0]

wherein each R1 is individually an alkyl group containing 1 to
8 carbon atoms, each R2 is individually a hydrogen atom, a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 6 carbon atoms, an

Feb. 13,2014

alkoxy group containing 1 to 6 carbon atoms, a vinyl group
(—(CH2)m-CH=—CH2, m=0. 1, 2), or an alkynyl group
(—(CH2)m-C=CH, m=0, 1, 2), and Ar is an aromatic com-
pound, and a polymer unit given by the general formula (116)

(116)

wherein the cyclobutane section is replaced with at least one
section given by the following general formulae (51) through

(5)

[Formula 51]

Gn

=

[Formula 52]

(52)

:

[Formula 53]

(53)
[Formula 54]

4
[Formula 55]

(%)

wherein: each hydrogen molecule of the aromatic rings indi-
vidually may instead be a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group; and 7 is any of the following functional groups,
(—CH2-, —CO2-, —NH—, —O—, —S—, —SO—,
—S02-), wherein each hydrogen atom may instead be a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 8 carbon atoms, an
alkoxy group, a vinyl group or an alkynyl group.

19. A material for an orientation control film of a liquid
crystal display device according to claim 1, wherein the
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polyamide acid ester is a copolymer that contains a polymer
unit given by the following formula (117)

[Formula 117]

(0] 0
R, R
Ar—N 2 N
H H
—0 0—R
R, R, R, 1
(6]

0]

a1

wherein each R1 is individually an alkyl group containing 1 to
8 carbon atoms, each R2 is individually a hydrogen atom, a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 6 carbon atoms, an
alkoxy group containing 1 to 6 carbon atoms, a vinyl group
(—(CH2)m-CH—CH2, m=0, 1, 2), or an alkynyl group
(—(CH2)m-C=CH. m=0, 1, 2), and Ar is an aromatic com-
pound, and a polymer unit given by the general formula (117)
wherein the cyclobutane section is replaced with at least one
section given by the following general formulae (52) through
(35)

[Formula 52]

(52
[Formula 53]

(53
[Formula 54]

4
[Formula 55]

(55

wherein: each hydrogen molecule of the aromatic rings indi-
vidually may instead be a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group; and 7 is any of the following functional groups,
(—CH2-, —C02-, —NH—, —O0—, —8—, —8S0—,
—S02-), wherein each hydrogen atom may instead be a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 8 carbon atoms, an
alkoxy group, a vinyl group or an alkynyl group.

Feb. 13,2014

20. A material for an orientation control film of a liquid
crystal display device according to claim 1, wherein the
polyamide acid ester contains a polymer unit given by the
following formula (116)

[Formula 116]
(116)
0 0
R, R
Ar—N 2 0—R,
H
R—O0 N
! R R i
0 0

whereineach R1 is individually an alkyl group containing 1 to
8 carbon atoms, each R2 is individually a hydrogen atom, a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 6 carbon atoms, an
alkoxy group containing 1 to 6 carbon atoms, a vinyl group
(—(CH2)m-CH=—CH2, m=0. 1, 2), or an alkynyl group
(—(CH2)m-C=CH, m=0, 1, 2), and Ar is an aromatic com-
pound, and further contains a polyamide acid ester that con-
tains a polymer unit given by the general formula (116)
wherein the cyclobutane section is replaced with at least one
section given by the following general formulae (51) through
(55)

[Formula 51]

(&Y

=

[Formula 52]

(2)

:

[Formula 53]

(33)
[Formula 54]

(34)
[Formula 55]

(5%

wherein: each hydrogen molecule of the aromatic rings indi-
vidually may instead be a fluorine atom, a chlorine atom, a



US 2014/0046004 A1l

bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group; and 7 is any of the following functional groups,
(—CH2-, —CO2-, —NH—, —O0—, —S8—, —SO—,
—S02-), wherein each hydrogen atom may instead be a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 8 carbon atoms, an
alkoxy group, a vinyl group or an alkynyl group.

21. A material for an orientation control film of a liquid
crystal display device according to claim 1, wherein the
polyamide acid ester contains a polymer unit given by the
following formula (116)

[Formula 116]

0 0
R, R
Ar—N 2 2 0—R,
i
R—O0 N
! R, R, iy
0

(116)

6]

wherein each R1 is individually an alkyl group containing 1 to
8 carbon atoms, each R2 is individually a hydrogen atom, a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 6 carbon atoms, an
alkoxy group containing 1 to 6 carbon atoms, a vinyl group
(—(CH2)m-CH—CH2, m=0, 1, 2), or an alkynyl group
(—(CH2)m-C=CH, m=0, 1, 2), and Ar is an aromatic com-
pound, and further contains a polyamide acid ester that con-
tains a polymer unit given by the following general formula
(117)

117

0 0
Ar—N R Ry N
H H
R—O O—R
1 R2 R2 1
0 0

wherein the cyclobutane section is replaced with at least one
section given by the following general formulae (51) through
(55)

[Formula 51]
G
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-continued
[Formula 52]
(52)
[Formula 53]
(33)

:

[Formula 54]
[Formula 55]

(%)
j@/ Z \©<

wherein: each hydrogen molecule of the aromatic rings indi-
vidually may instead be a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group; and Z is any of the following functional groups,
(—CH2-, —C02-, —NH—, —O0—, —S8—, —S0—,
—S802-), wherein each hydrogen atom may instead be a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 8 carbon atoms, an
alkoxy group, a vinyl group or an alkynyl group.

22. A material for an orientation control film of a liquid
crystal display device according to claim 1, wherein the
polyamide acid ester contains a polymer unit given by the
following formula (117)

[Formula 117]
(117
0 0]
Ar—N {R N
H H
R—0O O0—R
1 R R, 1
o] 0]

whereineach R1 is individually an alkyl group containing 1 to
8 carbon atoms, each R2 is individually a hydrogen atom, a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 6 carbon atoms, an
alkoxy group containing 1 to 6 carbon atoms, a vinyl group
(—(CH2)m-CH=—CH2, m=0. 1, 2), or an alkynyl group
(—(CH2)m-C=CH, m=0, 1, 2), and Ar is an aromatic com-
pound, and further contains a polyamide acid ester that con-
tains a polymer unit given by the following general formula
(116)
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[Formula 116]

0 0
Ar—N Rk 0—R,
H
R—0 N
1 Rz RZ H
o}

6]

a16)

wherein the cyclobutane section is replaced with at least one
section given by the following general formulae (51) through
(55)

[Formula 51]
Gn

=

[Formula 52]

:
:

[Formula 53]

(53
[Formula 54]

(54)
[Formula 55]

(%)

&

wherein: each hydrogen molecule of the aromatic rings indi-
vidually may instead be a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group; and 7 is any of the following functional groups,
(—CH2-, —CO2-, —NH—, —O—, —S8—, —SO—,
—S02-), wherein each hydrogen atom may instead be a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 8 carbon atoms, an
alkoxy group, a vinyl group or an alkynyl group.

23. A material for an orientation control film of a liquid
crystal display device according to claim 1, wherein the
polyamide acid ester contains a polymer unit given by the
following formula (117)

28

Feb. 13,2014

[Formula 117]
%)
0] o]
Ar—N bk N
H H
R—O LR 0—R,
(0] (6}

whereineach R1 is individually an alkyl group containing 1 to
8 carbon atoms, each R2 is individually a hydrogen atom, a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 6 carbon atoms, an
alkoxy group containing 1 to 6 carbon atoms, a vinyl group
(—(CH2)m-CH—CH2, m=0, 1, 2), or an alkynyl group
(—(CH2)m-C=CH, m=0, 1, 2), and Ar is an aromatic com-
pound, and further contains a polyamide acid ester that con-
tains a polymer unit given by the general formula (117)
wherein the cyclobutane section is replaced with at least one
section given by the following general formulae (51) through

(5)
[Formula 51]

b

[Formula 52]

(2)

:

[Formula 53]

(33)
[Formula 54]

(34
[Formula 55]

(35)

&

wherein: each hydrogen molecule of the aromatic rings indi-
vidually may instead be a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group; and Z is any of the following functional groups,
(—CH2-, —C02-, —NH—, —O0—, —S8—, —S0—,
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—S02-), wherein each hydrogen atom may instead be a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 8 carbon atoms, an
alkoxy group, a vinyl group or an alkynyl group.

24. A material for an orientation control film of a liquid
crystal display device according to claim 1, wherein the
polyamide acid ester contains a polymer unit given by the
following formula (116)

[Formula 116]

O 0]
Ar—N R R 0—R,
H
R—O R, R, g
O 0]
wherein each R1 is individually an alkyl group containing 1 to
8 carbon atoms, each R2 is individually a hydrogen atom, a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 6 carbon atoms, an
alkoxy group containing 1 to 6 carbon atoms, a vinyl group
(—(CH2)m-CH=CH2, m=0, 1, 2), or an alkynyl group
(—(CH2)m-C=CH. m=0, 1, 2), and Ar is an aromatic com-
pound, and further contains polyamide acid that contains a
polymer unit given by the following formula (121) wherein

the cyclobutane section is replaced with a section given by at
least one of the following general formulae (51) through (55)

(116)

[Formula 121]
(121)
o] (0]
Ar—N Rk N
H H
HO OH
| % %

wherein each R2 is individually a hydrogen atom, a fluorine
atom, a chlorine atom, a bromine atom, a pheny! group, an
alkyl group containing 1 to 6 carbon atoms, an alkoxy group
containing 1 to 6 carbon atoms, a viny! group (—(CH2)m-
CH=—CH2, m=0, 1, 2), or an alkynyl group (—(CH2)m-
C=CH, m=0, 1, 2), and Ar is an aromatic compound,

[Formula 51]

&)
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[Formula 52]
(52)
[Formula 53]
(53)

:

[Formula 54]

(4
[Formula 55]

(%)

&

wherein: each hydrogen molecule of the aromatic rings indi-
vidually may instead be a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group; and 7 is any of the following functional groups,
(—CH2-, —C0O2-, —NH—, —O—, —S—, —SO—,
—S02-), wherein each hydrogen atom may instead be a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 8 carbon atoms, an
alkoxy group, a vinyl group or an alkynyl group.

25. A material for an orientation control film of a liquid
crystal display device according to claim 1, wherein the
polyamide acid ester contains a polymer unit given by the
following formula (116)

[Formula 116]
(116)
0 0
Ar—N R R 0—R,
i1
R—O
! Ry R ff H
0 0

whereineach R1 is individually an alkyl group containing 1 to
8 carbon atoms, each R2 is individually a hydrogen atom, a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 6 carbon atoms, an
alkoxy group containing 1 to 6 carbon atoms, a vinyl group
(—(CH2)m-CH=—CH2, m=0, 1, 2), or an alkynyl group
(—(CH2)m-C=CH, m=0, 1, 2), and Ar is an aromatic com-
pound, and further contains polyamide acid that contains a
polymer unit given by the following formula (122) wherein
the cyclobutane section is replaced with a section given by at
least one of the following general formulae (51) through (55)
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[Formula 122]

0] (0]
Ar—N Bk OH
H
N
HO R, R, H
0 ¢}
wherein each R2 is individually a hydrogen atom, a fluorine
atom, a chlorine atom, a bromine atom, a pheny! group, an
alkyl group containing 1 to 6 carbon atoms, an alkoxy group
containing 1 to 6 carbon atoms, a vinyl group (—(CH2)m-

CH—CH2, m=0, 1, 2), or an alkynyl group (—(CH2)m-
C=CH, m=0, 1, 2), and Ar is an aromatic compound,

122)

[Formula 51]

(b

=

[Formula 52]

:

[Formula 53]

(33)
[Formula 54]

(54)
[Formula 55]

(55)

&

wherein: each hydrogen molecule of the aromatic rings indi-
vidually may instead be a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group; and Z is any of the following functional groups,
(—CH2-, —CO2-, —NH—, —O—, —S—, —SO—,
—S02-), wherein each hydrogen atom may instead be a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 8 carbon atoms, an
alkoxy group, a vinyl group or an alkynyl group.
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26. A material for an orientation control film of a liquid
crystal display device according to claim 1, wherein the
polyamide acid ester contains a polymer unit given by the
following formula (117)

[Formula 117]
(117)
0] 0
Ar—N bR N
H H
—0 0—R
R R, R 1
0] 0

whereineach R1 is individually an alkyl group containing 1 to
8 carbon atoms, each R2 is individually a hydrogen atom, a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 6 carbon atoms, an
alkoxy group containing 1 to 6 carbon atoms, a vinyl group
(—(CH2)m-CH=—CH2, m=0, 1, 2), or an alkynyl group
(—(CH2)m-C=CH, m=0, 1, 2), and Ar is an aromatic com-
pound, and further contains polyamide acid that contains a
polymer unit given by the following formula (121) wherein
the cyclobutane section is replaced with a section given by at
least one of the following general formulae (51) through (55)

[Formula 121]
1z
0 0
Ar—N B Ry N
H H
HO | R, Ry | OH
e}

wherein each R2 is individually a hydrogen atom, a fluorine
atom, a chlorine atom, a bromine atom, a phenyl group, an
alkyl group containing 1 to 6 carbon atoms, an alkoxy group
containing 1 to 6 carbon atoms, a vinyl group (—(CH2)m-
CH—CH2, m=0, 1, 2), or an alkynyl group (—(CH2)m-—
C=CH, m=0, 1, 2), and Ar is an aromatic compound,

[Formula 51]

b

[Formula 52]

(52)
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-continued

(53
[Formula 54]

(54)
[Formula 55]

(33

Z

[Formula 53]

wherein: each hydrogen molecule of the aromatic rings indi-
vidually may instead be a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group; and Z is any of the following functional groups,
(—CH2-, —CO2-, —NH—, —O—, —S—, —SO0—,
—S02-), wherein each hydrogen atom may instead be a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 8 carbon atoms, an
alkoxy group, a vinyl group or an alkynyl group.

27. A material for an orientation control film of a liquid
crystal display device according to claim 1, wherein the
polyamide acid ester contains a polymer unit given by the
following formula (117)

[Formula 117]

O O
Ar—N R Ry N
H H
R—O LR 0—R,
0 ¢}
wherein each R1 is individually an alkyl group containing 1 to
8 carbon atoms, each R2 is individually a hydrogen atom, a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 6 carbon atoms, an
alkoxy group containing 1 to 6 carbon atoms, a vinyl group
(—(CH2)m-CH=CH2, m=0, 1, 2), or an alkynyl group
(—(CH2)m-C=CH. m=0, 1, 2), and Ar is an aromatic com-
pound, and further contains polyamide acid that contains a
polymer unit given by the following formula (122) wherein

the cyclobutane section is replaced with a section given by at
least one of the following general formulae (51) through (55)

(1nn
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[Formula 122]
(122)

HO

wherein each R2 is individually a hydrogen atom, a fluorine
atom, a chlorine atom, a bromine atom, a phenyl group, an
alkyl group containing 1 to 6 carbon atoms, an alkoxy group
containing 1 to 6 carbon atoms, a vinyl group (—(CH2)m-
CH=—CH2, m=0, 1, 2), or an alkynyl group (—(CH2)m-—
C=CH, m=0, 1, 2), and Ar is an aromatic compound,

[Formula 51]

(1)

=

[Formula 52]

(42)

:

[Formula 53]

(53)
[Formula 54]

4
[Formula 55]

(55)

&

wherein: each hydrogen molecule of the aromatic rings indi-
vidually may instead be a fluorine atom, a chlorine atom, a
bromine atom, a phenyl group, an alkyl group containing 1 to
8 carbon atoms, an alkoxy group, a vinyl group, or an alkynyl
group; and Z is any of the following functional groups,
(—CH2-, —C0O2-, —NH—, —O0—, —8—, —S0—,
—S02-), wherein each hydrogen atom may instead be a
fluorine atom, a chlorine atom, a bromine atom, a phenyl
group, an alkyl group containing 1 to 8 carbon atoms, an
alkoxy group, a vinyl group or an alkynyl group.

ok % k&
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