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(57) ABSTRACT

An image retention phenomenon and black unevenness gen-
erated after long-time operation in the liquid crystal device
are prevented. By using a material having a polyamide acid
ester as a precursor less likely to adsorb impurities on a
boundary for an alignment film and a material having a
dielectric constant anisotropy Ae of 5 or less for liquid crys-
tals, adsorption of an antioxidant dispersed in the liquid crys-

21) Appl. No.: 12/472,402
(21) Appl.No ? tals is suppressed to prevent oxidation of the liquid crystals.
(22) Filed: May 27, 2009 The extent that impurities are intruded into the liquid crystals
is reduced by restricting the dielectric constant anisotropy Ae
(30) Foreign Application Priority Data of the liquid crystals to 5 or less, thereby capable of prevent-
ing the image retention phenomenon and the black uneven-
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LIQUID CRYSTAL DISPLAY DEVICE

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese Patent Application JP 2008-137967 filed on May 27,
2008, the content of which is hereby incorporated by refer-
ence into this application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention concerns a display device and
it relates to a liquid crystal display device with less image
sticking during operation and not causing image defects such
as black unevenness even after operation for a long time.
[0004] 2. Description of Related Art

[0005] In a liquid crystal display device, a TFT substrate
having pixel electrodes and thin film transistors (TFT) formed
in a matrix and a counter substrate opposed to the TFT sub-
strate and having color filters, etc, formed at portions corre-
sponding to the pixel electrodes of the TFT substrate are
disposed, and liquid crystals are put between the TFT sub-
strate and the counter substrate. Then, images are formed by
controlling the transmittance of a light by liquid crystal mol-
ecules on every pixel.

[0006] Since the liquid crystal display device is flat and
light in weight, the application use thereof has been extended
in various fields including large sized display devices such as
TV, and cellular phones or DSC (digital still cameras). On the
other hand, view angle characteristics become a problem in
the liquid crystal display devices. The view angle character-
istics concern a phenomenon that luminance or chromaticity
changes between a case of observing a screen from the front
and a case of observing the screen obliquely. For the view
angle characteristics, an IPS (in plane switching) system of
operating liquid crystal molecules by an electric field in a
horizontal direction has excellent characteristics.

[0007] Anexample of such liquid crystal display devices of
the IPS system is disclosed, for example, in Japanese Patent
Laid Open No. Hei 09-73101.

[0008] The liquid crystal display device is used for a long
time. When the liquid crystal display device is used for a long
time, it sometimes causes image defects. The image defects
can be classified into two types. The first defect is irreversible
change of the displayed images after long-time use which
includes, for example, those defects referred to as black
unevenness in a normally black mode of displaying black in a
state of not applying a voltage. The second type defect is a
phenomenon that an image remains on a screen when it is
displayed for a long time and this is referred to, for example,
as DC image retention.

[0009] An example of the black unevenness is shown in
FIG. 12. In FIG. 12, the black unevenness is depicted as BB.
Black variation is a phenomenon that a certain region on the
screen is blackened more compared with other regions. The
phenomenon may be caused when a liquid crystal display
device is operated for a long time, for example, 1,000 hours or
more. The phenomenon is considered to be attributable to
contamination of liquid crystals with impurities which lowers
the insulation resistance of liquid crystals by long-time opera-
tion of the liquid crystal display device.

[0010] The DC image retention is a phenomenon that a
pattern as shown in FIG. 10 remains sickly on the screenin a
case where a halftone solid gray pattern is displayed after
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displaying a pattern as shown in FIG. 10 for a predetermined
time. Such a phenomenon may be explained, for example, as
that when impurities are deposited to alignment films that put
liquid crystals therebetween, the impurities are charged by
video signals and image retention remains when the charges
are maintained for a predetermined time. Since the DC image
retention disappears when the charges of the impurities on the
alignment film are eliminated, this is a reversible phenom-
enon.

[0011] The present invention intends to eliminate the black
unevenness and the DC image retention as described above.

SUMMARY OF THE INVENTION

[0012] In accordance with the present invention, the prob-
lems described above can be solved by the following specific
liquid crystal display devices.

(1) A liquid crystal display device having a TFT substrate in
which an alignment film is formed on a pixel having a pixel
electrode and a TFT, a counter substrate opposed to the TFT
substrate in which an alignment film is formed on a color
filter, and liquid crystals put between the alignment film of the
TFT substrate and the alignment film of the counter substrate,
[0013] wherein the alignment film includes a polyamide
acid ester having a structure of the chemical formula (1), the
liquid crystals contain an antioxidant, and dielectric constant
anisotropy of the liquid crystal is 5 or less:

[ka-1]
1)
0 0
R, R
Ar—N 2 2 0—R,
H
R—O
! R, R, o
0 0

where R, represents each independently an alkyl group hav-
ing 1 to 8 carbon atoms, R, represents each independently a
hydrogen atom, a fluorine atom, a chlorine atom, a bromine
atom, a phenyl group, an alkyl group having 1 to 6 carbon
atoms, an alkoxy group having 1 to 6 carbon atoms, a vinyl
group (—(CH,),,—CH=CH,, m=0, 1, 2) or an acetyl group
(—(CH,),,—C=CH, m=0, 1, 2), and Ar represents an aro-
matic compound.

(2) The liquid crystal display device according to (1)
described above, wherein the alignment film includes the
polyamide acid ester as a precursor.

(3) The liquid crystal display device according to (1)
described above, wherein the device is a liquid crystal display
device of an IPS system in which a common electrode
opposed to the pixel electrode is formed to the TFT substrate.
(4) The liquid crystal display device according to (1)
described above, wherein the alignment film is aligned by
optical alignment.

(5) A liquid crystal display device including a TFT substrate
having a first electrode formed in a planar shape, a second
electrode disposed above the first electrode by way of an
insulative film, and an alignment film formed above a pixel
formed with a TFT, a counter substrate opposed to the TFT
substrate in which an alignment film is formed on a color
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filter, and liquid crystals put between the alignment film of the
TFT substrate and the alignment film of the counter substrate,
[0014] wherein the alignment film includes a polyamide
acid ester having the structure of the chemical formula
(1), the liquid crystals contain an antioxidant, and
dielectric constant anisotropy of the liquid crystal is 5 or

less:

[ka-2]

where R, represents each independently an alkyl group hav-
ing 1 to 8 carbon atoms, R, represents each independently a
hydrogen atom, a fluorine atom, a chlorine atom, a bromine
atom, a phenyl group, an alkyl group having 1 to 6 carbon
atoms, an alkoxy group having 1 to 6 carbon atoms, a vinyl
group (—(CH,),,—CH=CH,, m=0, 1, 2) or an acetyl group
(—(CH,),—C=CH, m=0, 1, 2), and Ar represents an aro-
matic compound.

(6) The liquid crystal display device according to (5)
described above, wherein the alignment film includes the
polyamide acid ester as a precursor.

(7) The liquid crystal display device according to (5)
described above, wherein the alignment film is aligned by
optical alignment.

(8) The liquid crystal display device according to (5)
described above, wherein the first electrode is a common
electrode and the second electrode is a pixel electrode formed
in an interdigitated shape.

(9) The liquid crystal display device according to (5)
described above, wherein the first electrode is a pixel elec-
trode and the second electrode is a common electrode formed
in an interdigitated shape.

[0015] According to the invention, since oxidation or
decomposition of the liquid crystals is prevented, the pres-
ence of oxidation products or decomposition products of the
liquid crystals as impurities in the liquid crystals can prevent
lowering of the insulation resistance of the liquid crystals.
Therefore, black unevenness generated by long-time opera-
tion of the liquid crystal display device can be prevented.
[0016] In the invention, since a material including the
polyamide acid ester less likely to adsorb impurities on the
boundary is used as the precursor for the alignment film,
image retention due to the retention DC generated upon
charging of the impurities at the boundary of the alignment
film can be prevented.

[0017] In the invention, since liquid crystals having a spe-
cific dielectric constant Ae of 5 or less are used, impurities are
less likely to intrude into the liquid crystals. Further, since the
material including the polyamide acid ester alignment film as
the precursor is used, the impurities are less likely to be
absorbed to the boundary of the alignment film. Accordingly,
image retention due to the retention DC and the black uneven-
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ness caused after long-time operation of the liquid crystal
display device can be prevented.

DESCRIPTION OF THE ACCOMPANYING
DRAWINGS

[0018] FIG. 1 is a cross sectional view of a liquid crystal
display device of an IPS system;

[0019] FIG. 2is a plan view of a pixel electrode in FIG. 1;
[0020] FIG. 3A is a schematic view showing an embodi-
ment of the invention for comparison with an existent
embodiment;

[0021] FIG. 3B is a schematic view showing the existent
embodiment for comparison with the embodiment of the
invention;

[0022] FIG. 4A is a schematic view showing another
embodiment of the invention for comparison with another
existent embodiment:

[0023] FIG. 4B is a schematic view showing another exis-
tent embodiment for comparison with another embodiment of
the invention;

[0024] FIG. 5A is a schematic view showing a further
embodiment of the invention for comparison with a further
existent embodiment:

[0025] FIG. 5B is a schematic view showing the further
existent embodiment for comparison with the further
embodiment of the invention;

[0026] FIG. 6 is a graph for comparing characteristics
between the embodiment of the invention and existent
examples;

[0027] FIG. 7 shows a method of measuring a voltage hold-
ing ratio;

[0028] FIG. 8 shows a relation between a retention DC and
a specific resistivity of liquid crystals;

[0029] FIG. 9 shows a relation between a specific dielectric
constant and a specific resistivity of liquid crystals;

[0030] FIG. 10 shows a checker flag pattern used for the
evaluation of image retention;

[0031] FIG.11A is a schematic view showing the principle
of optical alignment;

[0032] FIG. 11B is another schematic view showing the
principle of optical alignment; and

[0033] FIG. 12 shows an example of black unevenness.
PREFERRED EMBODIMENTS OF THE
INVENTION
[0034] The present invention is to be described specifically

by way of the following embodiments.

Embodiment 1

[0035] FIG. 1 is a cross sectional view showing the struc-
ture in a display region of a liquid crystal display device.
Various electrode structures for the liquid crystal display
devices of an IPS system have been proposed and put to
practical use. The structure shown in FIG. 1 is used generally
at present and, referring to the structure briefly, an interdigi-
tated pixel electrode 110 is formed above a common electrode
108 which is formed in a planar solid state with an insulative
film being put between them. Then, images are formed by
controlling the transmittance of a light in a liquid crystal layer
300 on every pixel by rotating liquid crystal molecules 301 by
a voltage between the pixel electrode 110 and the common
electrode 108. The structure shown in FIG. 1 is to be
described specifically. While the invention is to be described
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with reference to the constitution of FIG. 1 as an example, the
invention is also applicable to other liquid crystal display
devices of the IPS type than that shown in FIG. 1.

[0036] In FIG. 1, a gate electrode 101 is formed above a
TFT substrate 100 formed of glass. The gate electrode 101 is
formed coplanar with scanning lines. In the gate electrode
101, an MoCer alloy is stacked above an AINd alloy.

[0037] A gate insulator 102 is formed of SiN while cover-
ing the gate electrode 101. A semiconductor layer 103 is
formed of an a-Si film above the gate insulator 102 at a
position opposing to the gate electrode 101. The a-Si film is
formed by plasma CVD. The a-Si film forms a channel por-
tion of the TFT, and a source electrode 104 and a drain
electrode 105 are formed above the a-Si film while putting the
channel portion therebetween. An unillustrated n*Si layer is
formed between the a-Si film and the source electrode 104 or
the drain electrode 105 for establishing an ohmic contact
between the semiconductor layer 103 and the source elec-
trode 104 or the drain electrode 105.

[0038] The source electrode 104 also serves as video signal
lines 40 and the drain electrode 105 is connected with a pixel
electrode 110. The source electrode 104 and the drain elec-
trode 105 are formed simultaneously as a coplanar layer. In
this embodiment, the source electrode 104 and the drain
electrode 105 are formed of an MoCr alloy. When it is
intended to lower the electric resistance of the source elec-
trode 104 or the drain electrode 105, an electrode structure,
for example, including an AINd alloy sandwiched between
MoCr alloys is used.

[0039] An inorganic passivation film 106 is formed of SiN
while covering the TFT. The inorganic passivation film 106
protects the TFT, particularly, the channel portion thereof
from impurities 401. An organic passivation film 107 is
formed above the inorganic passivation film 106. Since the
organic passivation film 107 also has a role of planarizing the
surface together with protection of the TFT, it is formed at an
increased thickness. The thickness is from 1 pm to 4 pm.
[0040] For the organic passivation film 107, a photosensi-
tive acrylic resin, a silicon resin, a polyimide resin, or the like
is used. Itis necessary for the organic passivation film 107 that
a through hole 111 is formed at a portion where the pixel
electrode 110 and the drain electrode 105 are connected.
Since the organic passivation film 107 is photosensitive, the
through hole 111 can be formed by performing exposure and
development to the organic passivation film 107 per se with-
out using a photoresist.

[0041] A common electrode 108 is formed above the
organic passivation film 107. The common electrode 108 is
formed by sputtering ITO (indium tin oxide) as a transparent
conductive film over the entire display region. That is, the
common electrode 108 is formed in a planar shape. After
forming the common electrode 108 by sputtering over the
entire surface, only the portion for the through hole 111 for
conducting the pixel electrode 110 and the drain electrode
105 is removed by etching the common electrode 108.
[0042] Anupper insulative film 109 is formed of SiN while
covering the common electrode 108. After forming the upper
electrode, the through hole 111 is formed by etching. The
through hole 111 is formed by etching the inorganic passiva-
tion film 106 using the upper insulative film 109 as a resist.
Then, ITO as the pixel electrode 110 is formed by sputtering
while covering the upper insulative film 109 and the through
hole 111. The pixel electrode 110 is formed by pattering the
sputtered ITO. The ITO as the pixel electrode 110 is deposited
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also in the through hole 111. In the through hole 111, the drain
electrode 105 extended from the TFT and the pixel electrode
110 are conducted, through which video signals are supplied
to the pixel electrode 110.

[0043] FIG. 2 shows an example of the pixel electrode 110.
The pixel electrode 110 is an interdigitated electrode closed
on both ends. A slit 112 is formed between digits. Below the
pixel electrode 110, the planar common electrode 108 is
formed (not illustrated). When the video signals are supplied
to the pixel electrode 110, liquid crystal molecules 301 are
rotated by lines of electric force generated between the com-
mon electrode 108 and the pixel electrode 110 through the slit
112. This controls a light passing through the liquid crystal
layer 300 to form images.

[0044] FIG.1 explains the state described above in the cross
sectional view. The slit 112 is defined between adjacent inter-
digitated electrodes. A reference voltage is applied to the
common electrode 108 and a voltage by the video signal is
applied to the pixel electrode 110. When the voltage is applied
to the pixel electrode 110, as shown in FIG. 1, lines of electric
force are generated to rotate the liquid crystal molecules 301
in the direction of the lines of electric force thereby control-
ling the transmittance of a light from a back light. Since the
transmittance from the back light is controlled on every pixel,
images are formed. An alignment film 113 is formed above
the pixel electrode 110 for aligning the liquid crystal mol-
ecules 301.

[0045] Inthe example of FIG. 1, the common electrode 108
formed in a planar shape is disposed above the organic pas-
sivation film 107 and the interdigitated electrode 110 is dis-
posed above the upper insulative film 109. On the contrary, a
pixel electrode 110 formed in a planar shape may be disposed
above the organic passivation film 107 and the interdigitated
common electrode 108 may be disposed above the insulation
film 109.

[0046] InFIG. 1, a counter substrate 200 is disposed while
sandwiching a liquid crystal layer 300. A color filter 201 is
formed on the inside of the counter substrate 200. In the color
filter 201, red, green, and blue color filters 201 are formed on
every pixel to form color images. A black matrix 202 is
formed between the color filters 201, 201 adjacent with each
other to improve the contrast of images. The black matrix 202
also has a role as a light shield film for the TFT and prevents
flowing of a photo-current to the TFT.

[0047] An overcoat film 203 is formed while covering the
color filter 201 and the black matrix 202. Since the surface of
the color filter 201 and the black matrix 202 is uneven, the
surface is planarized by the overcoat film 203. An alignment
film 113 for determining the initial alignment of liquid crys-
tals is formed on the overcoat film 203. Since FIG. 2 shows
the IPS system, the common electrode 108 is formed on the
side of the TFT substrate 100 and not formed on the side of the
common electrode 200.

[0048] As shown in FIG. 1, a conductive film is not formed
to the inside of the counter substrate 200 in the IPS system.
Then, the potential of the counter substrate 200 becomes
instable. Further, electromagnetic noises from the outside
intrude into the liquid crystal layer 300 to give undesired
effects on the images. In order to eliminate such a problem, a
surface conductive film 210 is formed to the outside of the
counter substrate 200. The surface conductive film 210 is
formed by sputtering ITO as a transparent conductive film.
[0049] When the liquid crystals of the liquid crystal layer
300 shown in FIG. 1 are oxidized or decomposed, the display
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characteristics of the liquid crystal display device are dete-
riorated. This remarkably occurs particularly due to the pres-
ence oflight or heat. Accordingly, an antioxidant 400 is mixed
in the liquid crystal layer 300 to prevent the oxidation of the
liquid crystals. The antioxidant incorporated in the liquid
crystal material includes, for example, phenol, phosphate,
phosphite, or sulfur type materials. The effect can be obtained
by incorporating such a material within a range from 0.0005
to 10 wt %. For obtaining a higher effect, the content is within
a range preferably from 0.001 to 5 wt % but the material and
the range described above are not limitative.

[0050] As shown in FIG. 1, the liquid crystal layer 300 is
put between the alignment films 113. A material having a
polyamide acid 1132 as a precursor has conventionally been
used as the material of the alignment film 113. The polyamide
acid 1132 is partially formed into a polyamide and another
portion remains as an unreacted polyamide acid 1132 by
heating at about 200° C. which is referred to as imidation
baking. However, the residual polyamide acid 1132 has a high
polarity in view of the property of the material and tends to
adsorb the antioxidant 400 as will be described later.

[0051] When the antioxidant 400 is adsorbed to the align-
ment film 113, the antioxidant 400 in the liquid crystal layer
300 is decreased. Then, the liquid crystals are liable to be
oxidized or decomposed under the presence of light or heat to
generate impurities 401. When the impurities 401 are present
in the liquid crystal layer 300, they lower the insulation resis-
tance of the liquid crystal layer 300 to deteriorate the voltage
holding characteristics. When the impurities are adsorbed to
the alignment films 113, they are charged up to cause DC
image retention during operation of the liquid crystal display
device.

[0052] Intheinvention, adsorption of the antioxidant 400 to
the alignment films 113 is prevented by using a material
having the polyamide acid ester 1131 as a precursor for the
alignment film 113. FIGS. 3A and 3B show such situations.
FIG. 3A is a schematic cross sectional view showing the
constitution for an embodiment of the invention and FIG. 3B
is a schematic cross sectional view showing the constitution
for an existent embodiment. In FIG. 3A and FIG. 3B, a
detailed structure for the liquid crystal display device shown
in FIG. 1 is not shown. Further, blank arrows in FIG. 3A and
FIG. 3B show a light from a backlight that promotes oxidation
or decomposition of liquid crystals.

[0053] In FIG. 3A, a material having the polyamide acid
ester 1131 as the precursor is used for the alignment film 113.
Like the polyamide acid, the polyamide acid ester 1131 is also
transformed partially into a polyamide and partially remains
as an unreacted polyamide acid ester 1131 by imidation bak-
ing. However, the remaining polyamide acid ester 1131 has a
lower polarity and is less likely to adsorb the antioxidant 400
in view of the property of the material compared with the
polyamide acid 1132 as will be described later. Accordingly,
since a sufficient amount of the antioxidant 400 is present in
the liquid crystal layer 300, oxidation of the liquid crystal
molecules 301 can be prevented. On the other hand, in the
existent example, since the material having the polyamide
acid 1132 as the precursor is used for the alignment film 113,
this tends to adsorb the antioxidant 400. Then, the amount of
the antioxidant 400 in the liquid crystal layer 300 is decreased
relatively, so that the liquid crystals are oxidized or decom-
posed to bring about a problem such as black unevenness or
DC image retention.
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[0054] Chemical formula (1) is a structural formula for the
polyamide acid ester 1131 used in FIG. 3A.

[ka-3]

R, R

i
=z

O_Rl

R—O R, R, N

where R, represents each independently an alkyl group hav-
ing 1 to 8 carbon atoms, R, represents each independently a
hydrogen atom, a fluorine atom, a chlorine atom, a bromine
atom, a phenyl group, an alkyl group having 1 to 6 carbon
atoms, an alkoxy group having 1 to 6 carbon atoms, a vinyl
group (—(CH,),,—CH=CH,, m=0, 1, 2) or an acetyl group
(—(CH,),,—C=CH, m=0, 1, 2), and Ar represents an aro-
matic compound.

[0055] The characteristic feature of the polyamide acid
ester 1131 resides in R; in the chemical formula (1). In the
polyamide acid ester 1131, R, is C,H,, , in whichnis 1 or
more. In the polyamide acid 1132 used in the existent align-
ment film 113 shown in FIG. 3B, n=0 and only hydrogen is
present at the position for R, in the chemical formula (1).
Hydrogen is partially ionized as a hydrogen ion while the
extent of ionization is different depending on the amount of
water present at the periphery thereof, and the species and the
amount of the compound. The polyamide acid 1132 after
ionization of the hydrogen ions is transformed into carboxylic
acid ions having a negative charge. Then, they tend to adsorb
the antioxidant 400 and the various impurities 401 in the
liquid crystal layer 300. On the contrary, in the invention,
adsorption of the antioxidant 400 to the alignment film 113 is
prevented by using the polyamide acid ester 1131 from which
the hydrogen ions are not ionized as the material for the
alignment film 113.

[0056] On the other hand, the various impurities 401 are
intruded in addition to the antioxidant in the liquid crystal
layer 300. Some of the impurities 401 are present in the liquid
crystals before sealing in the liquid crystal display panel, and
others are intruded from various kinds of materials forming
the structure in the liquid crystal display panel after injection
of'the liquid crystals. When the specific dielectric constant of
the liquid crystal is high, such impurities 401 tend to be
intruded in the liquid crystals. On the contrary, when the
specific dielectric constant of the liquid crystal is low, such
impurities 401 are less likely to be incorporated.

[0057] When such impurities 401 are contained in the lig-
uid crystal layer 300, they cause black unevenness, DC image
retention, etc. In the invention, the dielectric constant anisot-
ropy of liquid crystals is taken up as a parameter having a high
correlation with the specific dielectric constant of the liquid
crystals, and the black unevenness, DC image retention, etc.
are suppressed by using a material having the dielectric con-
stant anisotropy of 5 or less, thereby decreasing the amount of
the impurities 401 intruded into the liquid crystals. FIGS. 4A
and 4B show the state described above. FIG. 4A shows a case
where the dielectric constant anisotropy of the liquid crystals
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is 5 or less as in the invention and FIG. 4B shows a case where
the dielectric constant anisotropy of the liquid crystal is 5 or
more. FIGS. 4A and 4B show that more impurities 401 are
contained in the liquid crystal layer 300 when the dielectric
constant anisotropy of the liquid crystals is higher even when
an identical alignment film material is used.

[0058] For reducing the black unevenness and the DC
image retention, it is necessary not only to decrease the oxi-
dation products or decomposition products of the liquid crys-
tals by preventing oxidation or decomposition of the liquid
crystals but also to decrease the impurities 401 intruded into
the liquid crystals. In the invention, the black unevenness and
the DC image retention are reduced by using both of the
means. FIGS. 5A and 5B are schematic cross sectional views
showing the state described above.

[0059] FIG.5A isaschematic cross sectional view showing
the constitution of the invention. In FIG. 5A, a material hav-
ing the polyamide acid ester 1131 as a precursor is used for
the material of the alignment film. Further, a material having
the dielectric constant anisotropy of 5 or less is used for the
liquid crystal material. On the other hand, FIG. 5B is a sche-
matic cross sectional view showing the constitution of an
existent example. In FIG. 5B, a material having the polya-
mide acid 1132 as a precursor is used as the alignment film
113. Further, a material having a dielectric constant anisot-
ropy of 5 or more is used for the liquid crystals.

[0060] In the existent example shown in FIG. 5B, more of
the impurities 401 are put between the alighment films 113, in
which the impurities 401 are also present in the liquid crystal
layer 300 and are also adsorbed to the alignment film 113. On
the other hand, in the present invention shown in FIG. 5A, the
impurities 401 are not adsorbed to the alignment film 113 and
less of the impurities 401 are present in the liquid crystal layer
300 compared with the existent example. Accordingly, in
FIG. 5A showing the constitution of the invention, both the
black unevenness attributable to the impurities 401 in the
liquid crystals and the DC image retention attributable to the
impurities 401 at the boundary of the alignment film 113 can
be reduced.

[0061] FIG. 6 is a graph showing the result of evaluation
concerned with generation of the black unevenness after
operating a liquid crystal display device for a long time. In
FIG. 6, the ordinate represents a voltage holding ratio SVR
and the abscissa represents a lighting time of a backlight. FIG.
6 shows the result of an experiment of setting a specimen
shown in FIG. 7 on plural backlights and measuring the
voltage holding ratio SVR per hour. The voltage holding ratio
SVR provides a marker for the deterioration of liquid crystals.
[0062] FIG. 7 shows the outline for the method of measur-
ing the voltage holding ratio SVR. In FI1G. 7, conductive films
51 as electrodes are formed at the inside of two sheets of glass
substrates 500. An alignment film 113 is formed on the con-
ductive film 501. An AC pulse voltage is applied to the con-
ductive films 501 while putting the liquid crystal layer 300
therebetween. The liquid crystal molecules 301 are rotated by
the AC pulse voltage. The voltage between the terminals of
the conductive films 501 of the specimen is a holding voltage
SV. When the insulation resistance of the liquid crystals low-
ers, the holding voltage SV between the conductive film
terminals is lowered. This is because an internal resistance R
is present in the power source. When the liquid crystals are
deteriorated by oxidation or the like by being operated for a
long time or exposed to the backlight for a long time, the
insulation resistance of the liquid crystals lowers. Then, the
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holding voltage SV is lowered. The voltage holding ratio
SVR is represented as a ratio for the decrement of the holding
voltage SV. Then, the extent of deterioration of the liquid
crystals can be evaluated by measuring the voltage holding
ratio SVR per operation time.

[0063] InFIG. 6, plural samples of different specifications
are placed on the backlight of the liquid crystals and the
backlight is lit as in a usual liquid crystal display device. The
voltage holding ratio SVR is measured on every lighting time.
It can be said that the black unevenness is less likely to be
caused in an actual liquid crystal display device as the low-
ering of the voltage holding ratio SVR is smaller. In FIG. 6,
comparison s for the alignment film 113 made between a case
of'using materials having the polyamide acid ester 1131 as the
precursor and the case of using materials having the polya-
mide acid 1132 as the precursor. Comparison is made for the
dielectric constant anisotropy Ae of the liquid crystals
between the case where Ae is 4 and the case where Ae is 7.
[0064] In FIG. 6, those using materials having the polya-
mide acid ester 1131 as the precursor for the alignment film
113 show better life time characteristics of the voltage hold-
ing ratio compared with those using materials having the
polyamide acid 1132 as the precursor. Further, the voltage
holding ratio is better in the case where A€ is 4 than in the case
where Ae is 7. As shown in FIG. 6, in a case of using the
materials having the polyamide acid ester 1131 as the precur-
sor for the alignment film 113 and using the materials having
the dielectric constant anisotropy at Ae=4 which is smaller
than 5 for the liquid crystals as the constitution of the inven-
tion, the life time characteristics of the voltage holding ratio
are excellent compared with the case of other specifications.
Accordingly, the black unevenness is less likely to be gener-
ated in the invention even after the long-time operation.
[0065] FIG. 8 shows the result of evaluation as to whether
or not the DC image retention is generated depending on the
specific resistivity of the liquid crystals in a case of using
materials having the polyamide acid ester 1131 as the precur-
sor for the alignment film 113.

[0066] DC image retention was evaluated as described
below. That is, a black and white 8x8 checker flag pattern as
shown in FIG. 10 was displayed for 12 hours. Then, it was
returned to a solid gray half tone. Gradation for the half tone
was 64/256. The intensity of the DC image retention was
evaluated by measuring the difference between the luminance
at a portion which was displayed black and the luminance at
a portion which was displayed white in the checker flag
pattern just after returning to the half tone. In FIG. 8, the
abscissa p represents the specific resistivity of the liquid
crystals, and the ordinate LD represents the rate of change of
the luminance by percentage. As can be seen from FIG. 8, the
difference of luminance, that is, the intensity of the DC image
retention had a correlation with the specific resistivity of the
liquid crystals. In the actual judgment of the image retention,
it is judged as “NG” when the checker flag pattern can be
recognized and judged as “OK” when it can not be recognized
10 minutes after returning to the solid gray half tone.

[0067] AsshowninFIG. 8, it can be seen that the DC image
retention is “OK” when the specific resistivity p of the liquid
crystals is 10'* or higher. On the other hand, as shown in FIG.
9, the specific resistivity p of the liquid crystals changes
depending on the dielectric constant anisotropy of the liquid
crystals. When the dielectric constant anisotropy Ae of the
liquid crystals is 5 or less, the specific resistivity p of the
liquid crystals can be increased to 10** or more. When the
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dielectric constant anisotropy of the liquid crystals is small,
the impurities 401 that are intruded into the liquid crystals can
be decreased. Further, by using the material having the polya-
mide acid ester 1131 as the precursor for the alignment film
113, the extent where the impurities 401 are adsorbed to the
alignment film 113 is reduced. Accordingly, the amount of the
impurities 401 adsorbed to the alignment film 113 is
decreased, or the image retention DC can be suppressed.
[0068] As has been described above, according to the
invention, the black unevenness which is an irreversible phe-
nomenon and the image retention DC which is a reversible
phenomenon causing the image retention generated after
long-time operation can be reduced and a liquid crystal dis-
play device of excellent life time characteristics can be
attained.

Embodiment 2

[0069] Generally, in the IPS system, unlike the vertical
alignment system typically represented by existent TN sys-
tems, tilting at the boundary with the substrate surface is not
necessary in principle and the view angle characteristics are
improved more as the tilt angle at the boundary is smaller.
Since the color change and the lightness change depending on
the view angle of the liquid crystal display device can be
decreased to less than allowable limits by decreasing the tilt
angle to 1° or less, this is particularly effective. Accordingly,
optical alignment capable of decreasing the tilt angle at the
boundary substantially to 0° is an effective process in the IPS
system.

[0070] The material having the polyamide acid ester 1131
as the precursor explained for the Embodiment 1 is suitable as
the alignment film 113 for optical alignment. The polyimide
obtained by imidation baking has a network structure gener-
ally as shown in FIG. 11A in a state when it is formed into a
film. A polarized UV-ray is irradiated to such a film at an
energy, for example, of 6 J/cm®. Then, the structure in the
polyimide in the polarization direction of the polarized UV-
ray is decomposed by the UV-ray as shown in FIG. 11B.
[0071] When a liquid crystal display device is manufac-
tured by using the alignment film 113 formed as described
above, the liquid crystal molecules 301 are aligned in a direc-
tion perpendicular to the polarization direction of the polar-
ized UV-ray as shown in FIG. 11B. One of the problems in the
optical alignment is that the portion of the alignment film 113
decomposed by the UV-ray has a polarity and may possibly
be intruded as the impurities 401 into the liquid crystal dis-
play device.

[0072] Such a problem can be mitigated by using the mate-
rial having the polyamide acid ester 1131 as the precursor for
the alignment film 113 as in the invention. That is, since the
polyamide acid ester 1131 remaining after the imidation bak-
ing has less polarity as the nature of the material as explained
in the Embodiment 1, it is less likely to adsorb the decompo-
sition products of the alignment film 113 and, accordingly,
less likely to allow them to introduce to the inside of the liquid
crystal display device.

[0073] Further, by lowering the dielectric constant anisot-
ropy Ae of the liquid crystals to 5 or less as in the invention,
the possibility of intruding the decomposition products of the
alignment film into the liquid crystal can be reduced. Accord-
ingly, the phenomenon of causing the black unevenness due
to the effect of the impurities 401 in the liquid crystal layer
300 can also be reduced.
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[0074] Ashasbeendescribed above, aliquid crystal display
device of excellent life time characteristics using optical
alignment can be attained by using the material having the
polyamide acid ester 1131 as the precursor for the alignment
film 113 and using the material having the dielectric constant
anisotropy Ae of 5 or less for the liquid crystals.

[0075] While descriptions have been made to the liquid
crystal display device of the IPS system in the embodiments
described above, the invention is not restricted only to the
application for the IPS system but is applicable also to liquid
crystal display devices of a TN (twisted nematic) system or a
VA (vertical alignment) system.

What is claimed is:

1. A liquid crystal display device having a TFT substrate in
which an alignment film is formed on a pixel having a pixel
electrode and a TFT, a counter substrate opposed to the TFT
substrate in which an alignment film is formed on a color
filter, and liquid crystals put between the alignment film of the
TFT substrate and the alignment film of the counter substrate,

wherein the alignment film includes a polyamide acid ester

having a structure of the chemical formula (1), the liquid
crystals contain an antioxidant, and dielectric constant
anisotropy of the liquid crystal is 5 or less:

[ka-1]
)

0 0
Ar—N Ry Ry 0—R,
H
R—0 R, Ry N
o] 0

where R, represents each independently an alkyl group
having 1 to 8 carbon atoms, R, represents each indepen-
dently a hydrogen atom, a fluorine atom, a chlorine
atom, a bromine atom, a phenyl group, an alkyl group
having 1 to 6 carbon atoms, an alkoxy group having 1 to
6 carbon atoms, a vinyl group (—(CH,),,—CH=CH,,
m=0, 1, 2) or an acetyl group (—(CH,),,—C=CH, m=0,
1, 2), and Ar represents an aromatic compound.

2. The liquid crystal display device according to claim 1,
wherein the alignment film includes the polyamide acid ester
as a precursor.

3. The liquid crystal display device according to claim 1,
wherein the device is a liquid crystal display device of an IPS
system in which a common electrode opposed to the pixel
electrode is formed to the TFT substrate.

4. The liquid crystal display device according to claim 1,
wherein the alignment film is aligned by optical alignment.

5. Aliquid crystal display device including a TFT substrate
having a first electrode formed in a planar shape, a second
electrode disposed above the first electrode by way of an
insulative film, and an alignment film formed above a pixel
formed with a TFT, a counter substrate opposed to the TFT
substrate in which an alignment film is formed on a color
filter, and liquid crystals put between the alignment film of the
TFT substrate and the alignment film of the counter substrate,

wherein the alignment film includes a polyamide acid ester

having a structure of the chemical formula (1), the liquid
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crystals contain an antioxidant, and dielectric constant
anisotropy of the liquid crystal is 5 or less:

[ka-2]

0 0

Ar—N Ry R, 0—R&R,
H

R—0 R, R g

where R, represents each independently an alkyl group hav-
ing 1 to 8 carbon atoms, R, represents each independently a
hydrogen atom, a fluorine atom, a chlorine atom, a bromine
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atom, a phenyl group, an alkyl group having 1 to 6 carbon
atoms, an alkoxy group having 1 to 6 carbon atoms, a vinyl
group (—(CH,),,—CH=CH,, m=0, 1, 2) or an acetyl group
(—(CH,),,—C=CH, m=0, 1, 2), and Ar represents an aro-
matic compound.

6. The liquid crystal display device according to claim 5,
wherein the alignment film includes the polyamide acid ester
as a precursor.

7. The liquid crystal display device according to claim 5,
wherein the alignment film is aligned by optical alignment.

8. The liquid crystal display device according to claim 5,
wherein the first electrode is a common electrode and the
second electrode is a pixel electrode formed in an interdigi-
tated shape.

9. The liquid crystal display device according to claim 5,
wherein the first electrode is a pixel electrode and the second
electrode is a common electrode formed in an interdigitated
shape.
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