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(57) ABSTRACT

Provided is a liquid crystal display device includes: a first
substrate (6); a second substrate (7); a liquid crystal layer
(LC); afirst alignment film (606) placed on the first substrate;
asecond alignment film (705) placed on the second substrate;
and at least one of: a transparent layer (610) contacting the
first alignment film on the other side of the liquid crystal layer
and being lower in volume resistivity than the first alignment
film; and a transparent layer (710) contacting the second
alignment film on the other side of the liquid crystal layer and
being lower in volume resistivity than the second alignment
film, wherein the transparent layer contains polysiloxane
expressed by Chemical Formula 1:

n

GO2EF 171337 (2006.01) where R1 and R2 each represent an alkyl group or alkoxy
group having 1 to 3 carbon atoms, or a hydroxyl group, and at
(52) US.CL oo sercvcieneneinsenennes 349/123 least 30% of hydroxyl groups are contained.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2009-200758 filed on Aug. 31, 2009, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device thatincludes an alignment film for aligning liquid
crystal molecules in a liquid crystal layer which is sand-
wiched between two substrates.

[0004] 2. Description of the Related Art

[0005] Liquid crystal display devices are being applied to
increasingly wide range of uses because of their features such
as high display quality, thinness, light weight, and low power
consumption. The various uses of liquid crystal display
devices include monitors for portable devices, e.g., cell phone
monitors and digital still camera monitors, monitors for desk-
top personal computers, monitors for printing and designing,
monitors for medical practice, and liquid crystal television
sets. The expansion of uses has brought about demands for
liquid crystal display devices that are even higher in image
quality and product quality, and there are particularly strong
demands for higher luminance, which is to be accomplished
by enhancing the transmittance, and for lower power con-
sumption. A demand for lower cost is also increasing as liquid
crystal display devices grow popular.

[0006] A liquid crystal display device usually displays an
image or the like by applying an electric field to liquid crystal
molecules in a liquid crystal layer sandwiched between a pair
of substrates, which changes the alignment direction of the
liquid crystal molecules and consequently changes the optical
characteristics of the liquid crystal layer. The direction in
which the liquid crystal molecules are aligned during no-
electric field application is controlled by an alignment film
obtained by subjecting a surface of a thin polyimide film to
rubbing treatment. Conventionally, an active drive liquid
crystal display device, which includes a switching element
such as a thin-film transistor (TFT) for each pixel, includes
electrodes on both of two substrates paired to sandwich a
liquid crystal layer, in order to apply a vertical field, i.e., an
electric field oriented substantially perpendicular to the sub-
strate plane, to the liquid crystal layer, and displays an image
or the like by utilizing the optical rotatory power of liquid
crystal molecules that constitute the liquid crystal layer. A
typical vertical field type liquid crystal display device is a
twisted nematic (TN) liquid crystal display device. One of
major problems of TN liquid crystal display devices is their
narrow viewing angle. Known display methods that widen the
viewing angle include in-plane switching (IPS) and fringe
field switching (FFS). IPS and FFS are lateral field display
methods in which a comb tooth-shaped electrode is formed
on one of paired substrates and a generated electric field
includes a component substantially parallel to the substrate
plane. An IPS or FFS liquid crystal display device displays an
image or the like by rotating liquid crystal molecules that
constitute a liquid crystal layer within a plane substantially
parallel to substrates and utilizing the birefringence of the
liquid crystal layer. IPS and FFS liquid crystal display
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devices, which involve in-plane switching of liquid crystal
molecules, have such advantages over conventional TN liquid
crystal display devices as wider viewing angle and smaller
load capacity and, in recent years, are advancing rapidly as
promising new liquid crystal display devices to replace TN
liquid crystal display devices.

[0007] Whichever display method a liquid crystal display
device uses, an image sticking phenomenon of a displayed
image happens in some cases. Japanese Patent Application
Laid-open No. 2008-216858 states that FFS liquid crystal
display devices are prone to the image sticking phenomenon
due to the asymmetric electrode structure, and describes a
solution to this matter.

SUMMARY OF THE INVENTION

[0008] Inliquidcrystal display devices, image sticking may
happen when, for example, the same image is kept displayed
for a long time, and the image faintly remains on the screen
after the screen switches to the next image. It is therefore an
object of the present invention to provide a liquid crystal
display device in which image sticking is inhibited.

[0009] In order to solve the above-mentioned problem, a
liquid crystal display device according to the present inven-
tion includes: a first substrate; a second substrate; a liquid
crystal layer interposed between the first substrate and the
second substrate; a pixel electrode placed on the first substrate
for applying an electric field to the liquid crystal layer to
control liquid crystal molecules; a first alignment film placed
on the first substrate; a second alignment film placed on the
second substrate; and at least one of: a transparent layer that
is in contact with an opposite side of the first alignment film
from the liquid crystal layer and that is lower in volume
resistivity than the first alignment film; and a transparent layer
that is in contact with an opposite side of the second align-
ment film from the liquid crystal layer and that is lower in
volume resistivity than the second alignment film, in which
the transparent layer contains polysiloxane expressed by the
following general formula [Chemical Formula 2]:

[Chemical Formula 2]

n

where R1 and R2 each represent an alkyl group or alkoxy
group having 1 to 3 carbon atoms, or a hydroxyl group, and at
least 30% of hydroxyl groups are contained.

[0010] Further, inorderto solve the above-mentioned prob-
lem, a liquid crystal display device according to the present
invention includes: a first substrate; a second substrate; a
liquid crystal layer interposed between the first substrate and
the second substrate; a pixel electrode placed on the first
substrate for applying an electric field to the liquid crystal
layer to control liquid crystal molecules; a first alignment film
placed on the first substrate; a second alignment film placed
on the second substrate; and at least one of: a transparent layer
that is in contact with an opposite side of the first alignment
film from the liquid crystal layer and that is lower in volume
resistivity than the first alignment film; and a transparent layer
that is in contact with an opposite side of the second align-
ment film from the liquid crystal layer and that is lower in
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volume resistivity than the second alignment film, in which
the transparent layer is formed from an organic resin material
selected from the group consisting of polyisothianaphthene,
poly-3,4-ethylenedioxythiophene, and polypyrrole.

[0011] Further, in one aspect of the liquid crystal display
device according to the present invention, the transparent
layer may have a volume resistivity of 1.0E+9 Qcm or more
and 5.0E+13 Qcm or less, at least one of the first alignment
film and the second alignment film may be in contact with the
transparent layer, and the at least one of the first alignment
film and the second alignment film may have a volume resis-
tivity of 1.0E+14 Qcm or more.

[0012] Further, in one aspect of the liquid crystal display
device according to the present invention, the transparent
layer may contain fine particles of at least one of silica and
metal.

[0013] Further, in one aspect of the liquid crystal display
device according to the present invention, the liquid crystal
layer may have has a volume resistivity of 1.0E+13 Qcm or
more.

[0014] Further, in one aspect of the liquid crystal display
device according to the present invention, at least one of the
first alignment film and the second alignment film may be in
contact with the transparent layer, and the at least one of the
first alignment film and the second alignment film may be
formed from polyimide that has polyamic acid ester as a
precursor.

[0015] Further, in one aspect of the liquid crystal display
device according to the present invention, at least one of the
first alignment film and the second alignment film may be in
contact with the transparent layer, and the at least one of the
first alignment film and the second alignment film may con-
tain a photo-reactive group and may be given an ability of
aligning liquid crystal molecules when irradiated with ultra-
violet rays.

[0016] Further, in one aspect of the liquid crystal display
device according to the present invention, the transparent
layer may have a volume resistivity of 1.0E+9 Qcm or more
and 1.0E+13 Qcm or less, and the transparent layer may be 20
nm or more and 130 nm or less in thickness.

[0017] Further, in one aspect of the liquid crystal display
device according to the present invention, further comprising
a common electrode formed on the first substrate, the trans-
parent layer may include a first alignment film-side transpar-
ent layer, which is in contact with the first alignment film, one
of the pixel electrode and the common electrode may be
placed on the side near the liquid crystal layer, and the first
alignment film-side transparent layer and the one of the pixel
electrode and the common electrode may be formed on a
common base.

[0018] Further, in one aspect of the liquid crystal display
device according to the present invention, the first alignment
film-side transparent layer may be, when measured with the
common base as a reference, thicker than the one of the pixel
electrode and the common electrode, and an interface
between the first alignment film-side transparent layer and the
first alignment film may be formed flatly.

[0019] Further, in one aspect of the liquid crystal display
device according to the present invention, a combined thick-
ness of the first alignment film and the thickness of the first
alignment film-side transparent layer measured with the com-
mon base as the reference may be 50 nm or more and 150 nm
or less, a thickness of the first alignment film may be 20 nm or
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more, and a thickness of the first alignment film-side trans-
parent layer measured with the common base as the reference
may be 20 nm or more.

[0020] Further, in one aspect of the liquid crystal display
device according to the present invention, the transparent
layer may include a second alignment film-side transparent
layer, which is in contact with the second alignment film, and
the second alignment film-side transparent layer may have a
volume resistivity of 1.0E+9 Qcm or more and 5.05+13 Qcm
or less.

[0021] Further, in one aspect of the liquid crystal display
device according to the present invention, the transparent
layer may further include a second alignment film-side trans-
parent layer, which is in contact with the second alignment
film, and each of the first alignment film-side transparent
layer and the second alignment film-side transparent layer
may have a volume resistivity of 1.0E+9 Qcm or more and
5.0E+13 Qcm or less.

[0022] Further, in one aspect of the liquid crystal display
device according to the present invention, acombined volume
resistivity of the first alignment film and the first alignment
film-side transparent layer in a film thickness direction may
be 1.0E+9 Qcm or more and 1.0E+13 Qcm or less, and a
combined volume resistivity of the second alignment film and
the second alignment film-side transparent layer in the film
thickness direction may be 1.0E+15 Qcm or more.

[0023] Further, in one aspect of the liquid crystal display
device according to the present invention, the transparent
layer may contain an alcohol-based solvent as a residual
solvent.

[0024] According to the present invention, there may be
provided a liquid crystal display device of high transmittance
in which image sticking of displayed images is inhibited.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] In the accompanying drawings:

[0026] FIG. 1A is a schematic block diagram illustrating
the schematic structure of a liquid crystal display device
according to an embodiment of the present invention;
[0027] FIG. 1B is a schematic circuit diagram illustrating
an example of the circuit structure of a single pixel in a liquid
crystal panel according to the embodiment;

[0028] FIG. 1C is a schematic plan view illustrating an
example of the schematic structure of the liquid crystal panel
according to the embodiment;

[0029] FIG. 1D is a schematic sectional view illustrating a
sectional structure cut along the line A-A of FIG. 1C;
[0030] FIG. 2A is a schematic plan view illustrating the
planar structure of a single pixel of an active matrix substrate
in aliquid crystal panel according to Example 1 of the present
invention;

[0031] FIG. 2B is a schematic plan view illustrating the
planar structure of the pixel in which a counter substrate is
laid on top of the area shown in F1G. 2A;

[0032] FIG. 2C is a schematic sectional view illustrating a
sectional structure cut along the lines B-B of FIGS. 2A and
2B;

[0033] FIG. 2D is a schematic sectional view illustrating a
sectional structure cut along the lines C-C of FIGS. 2A and
2B,

[0034] FIG. 2E is a schematic sectional view illustrating a
sectional structure cut along the lines D-D of FIGS. 2A and
2B,
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[0035] FIG. 2F is a schematic sectional view illustrating a
sectional structure cut along the lines E-E of FIGS. 2A and
2B,

[0036] FIG. 3A is a schematic plan view illustrating the
planar structure of a single pixel of an active matrix substrate
in aliquid crystal panel according to Example 2 of the present
invention;

[0037] FIG. 3B is a schematic sectional view illustrating a
sectional structure cut along the line F-F of FIG. 3A;

[0038] FIG. 3C is a schematic sectional view illustrating a
sectional structure cut along the line G-G of F1G. 3A;
[0039] FIG. 4 is a schematic sectional view illustrating the
sectional structure of a main part of a VA liquid crystal panel
according to Example 3 of the present invention;

[0040] FIG. 5 is a schematic sectional view illustrating the
sectional structure of a main part of a liquid crystal panel
according to Example 7 of the present invention;

[0041] FIG. 6 is a schematic sectional view illustrating the
sectional structure of a main part of a liquid crystal panel
according to Example 8 of the present invention;

[0042] FIG. 7 is a schematic sectional view illustrating the
sectional structure of a main part of a liquid crystal panel
according to Example 9 of the present invention; and

[0043] FIG. 8 is a schematic sectional view illustrating the
sectional structure of a main part of a liquid crystal panel
according to Example 10 of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0044] Liquid crystal display devices according to an
embodiment and examples of the present invention are
described below in detail with reference to the accompanying
drawings. Throughout the drawings, components that have
the same functions are denoted by the same reference sym-
bols in order to omit repetitive descriptions from the descrip-
tion of the embodiment and the examples.

[0045] FIGS. 1A to 1D are schematic diagrams each illus-
trating the schematic structure of a liquid crystal display
device according to an embodiment of the present invention.
FIG. 1A is a schematic block diagram illustrating the sche-
matic structure of the liquid crystal display device according
to the embodiment of the present invention. FIG. 1B is a
schematic circuit diagram illustrating an example of the cir-
cuit structure of a liquid crystal panel. FIG. 1C is a schematic
plan view illustrating an example of the schematic structure
of the liquid crystal panel. FIG. 1D is a schematic sectional
view illustrating a sectional structure cut along the line A-A of
FIG. 1C.

[0046] The present invention is applied to an active matrix
liquid crystal display device, for example. The active matrix
liquid crystal display device is used in, for example, a display
(monitor) for portable electronic devices, a display for per-
sonal computers, a display for printing and designing, a dis-
play for medical equipment, and a liquid crystal television set.
[0047] The active matrix liquid crystal display device
includes, for example, a liquid crystal panel 1, a first driver
circuit 2, a second driver circuit 3, a control circuit 4, and a
backlight 5 as illustrated in FIG. 1A.

[0048] The liquid crystal panel 1 includes a plurality of
scanning signal lines (gate lines) GL and a plurality of video
signal lines (drain lines) DL. The video signal lines DL are
connected to the first driver circuit 2 and the scanning signal
lines GL are connected to the second driver circuit 3. FIG. 1A
illustrates only some of the plurality of scanning signal lines
GL. In the actual liquid crystal panel 1, many more scanning
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signal lines GL are arranged densely. Similarly, FIG. 1A
illustrates only some of the plurality of video signal lines DL,
and many more video signal lines DL are arranged densely in
the actual liquid crystal panel 1.

[0049] A display area DA of the liquid crystal panel 1
according to this embodiment is an aggregation of many
pixels. A single pixel occupies an area in the display area DA
that corresponds to an area surrounded by two adjacent scan-
ning signal lines GL and two adjacent video signal lines DL.
The circuit structure of a single pixel is structured as illus-
trated in FIG. 1B, and includes a TFT element Tr, which
functions as an active element, a pixel electrode PX, a com-
mon electrode CT (also called a counter electrode), and a
liquid crystal layer L.C. The liquid crystal panel 1 in this
embodiment is provided with, for example, a common wiring
line CL for applying a reference voltage that is common
among the common electrodes CT of a plurality of pixels.
[0050] Theliquid crystal panel 1 is structured, for example,
asillustrated in FIGS. 1C and 1D, where a first alignment film
606 and a second alignment film 705 are formed on surfaces
of an active matrix substrate (hereinafter referred to as first
substrate) 6 and a counter substrate (hereinafter referred to as
second substrate) 7, respectively, and the liquid crystal layer
LC (aliquid crystal material) is placed between the alignment
films. The first substrate 6 and the second substrate 7 are
bonded to each other with a ring-like sealing agent 8, which is
placed outside the display area DA. The liquid crystal layer
LC is tightly sealed in a space surrounded by the first align-
ment film 606 on the side of the first substrate 6, the second
alignment film 705 on the side of the second substrate 7, and
the sealing agent 8. The liquid crystal panel 1 of the liquid
crystal display device including the backlight 5 also includes
a pair of polarizing plates 9a and 95 opposed to each other
sandwiching the first substrate 6, the liquid crystal layer LC,
and the second substrate 7.

[0051] The first substrate 6 is an insulating substrate, such
as a glass substrate, on which the scanning signal lines GL,
the video signal lines DL, the active elements (TFT elements
Tr), the pixel electrodes PX, and other components are dis-
posed. In a case where the liquid crystal panel 1 is driven by
an in-plane switching (IPS) method or other lateral field driv-
ing method, the common electrodes CT and the common
wiring line CL are formed on the first substrate 6. In a case
where the liquid crystal panel 1 is driven by twisted nematic
(TN) method, vertically alignment (VA) method, or other
vertical field driving method, the common electrode CT is
formed on the second substrate 7. In a case of the liquid
crystal panel 1 driven by the vertical field driving method, the
common electrode CT is usually a large sheet of flat electrode
shared by all pixels, and the common wiring line CL is not
provided.

[0052] Inthe liquid crystal display device according to this
embodiment, the space in which the liquid crystal layer LC is
tightly sealed is provided with a plurality of column spacers
10 for making the thickness of the liquid crystal layer LC
(also referred to as cell gap) uniform in each pixel. The
plurality of column spacers 10 are formed on, for example,
the second substrate 7.

[0053] The first driver circuit 2 is a driver circuit for gen-
erating video signals (also referred to as gray scale voltages)
to be applied to the pixel electrodes PX of the individual
pixels through the video signal lines DL, which is generally
called a source driver or a data driver. The second driver
circuit 3 is a driver circuit for generating scanning signals to
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be applied to the scanning signal lines GL, which is generally
called a gate driver or a scanning driver. The control circuit 4
is a control circuit for controlling the operation of the first
driver circuit 2, the operation of the second driver circuit 3,
and the luminance of the backlight 5, which is commonly
calleda TFT controller or a timing controller. The backlight 5
is a light source such as a fluorescent light (e.g., cold cathode
fluorescent light) or a light emitting diode (LED). Light emit-
ted from the backlight 5 is transformed into a planar beam of
light through a reflector panel, optical waveguide, light dif-
fuser panel, prism sheet, or the like (not shown), and the beam
is cast on the liquid crystal panel 1.

[0054] The present invention is centered on the liquid crys-
tal panel 1 out of the components of the active matrix liquid
crystal display device structured as above, in particular, the
structure of parts of the first substrate 6 and the second sub-
strate 7 that are in contact with the liquid crystal layer LC and
the structure of their surroundings. Detailed descriptions on
the structures of the first driver circuit 2, the second driver
circuit 3, the control circuit 4, and the backlight 5 are there-
fore omitted.

[0055] In liquid crystal display devices, as illustrated in
FIG. 1B, a TFT element Tr is turned on when a voltage is
applied to the pixel’s scanning signal line GL, a voltage
applied to the pixel’s video signal line DL is applied to the
pixel electrode PX via the TFT element Tr, and an electric
potential difference between the pixel electrode PX and the
common electrode CT is applied to the liquid crystal layer LC
as a drive voltage. The voltage applied to the liquid crystal
layer LC is retained even after the TFT element Tr is turned
off because of the capacitive properties of the liquid crystal
layer LC. The voltage applied to the liquid crystal layer LC,
which is an alternating current (AC) voltage, is superimposed
with a small direct current (DC) voltage when the liquid
crystal layer LC is driven in practice. Components of this DC
voltage accumulate at the interface between the first align-
ment film 606 on the side of the first substrate 6 and the liquid
crystal layer LC, or at the interface between the second align-
ment film 705 on the side of the second substrate 7 and the
liquid crystal layer LC. The degree of the accumulation of the
DC components varies depending on the display gray scale of
the liquid crystal display device, which results in image stick-
ing of a displayed image in cases such as when the same
image is kept displayed for a longtime. The image sticking
becomes more conspicuous as the specific resistance of the
alignment film increases, and is very noticeable when the
specific resistance of the alignment film exceeds 1.0E+14.

[0056] Inthe liquid crystal display device according to this
embodiment, a transparent layer to be described later is
formed as a base under at least one of the first alignment film
606 on the side of the first substrate 6 and the second align-
ment film 705 on the side of the second substrate 7. A trans-
parent layer (first alignment film-side transparent layer) that
serves as the base of the first alignment film 606 is formed in
a manner that makes the first alignment film-side transparent
layer lower in volume resistivity than the first alignment film
606. Similarly, a transparent layer (second alignment film-
side transparent layer) that serves as the base of the second
alignment film 705 is formed in a manner that makes the
second alignment film-side transparent layer lower in volume
resistivity than the second alignment film 705. Owing to the
transparent layers lower in volume resistivity than the first
alignment film 606 and the second alignment film 705, DC
charges accumulated at the interface between the liquid crys-
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tal layer LC and the first alignment film 606 or the second
alignment film 705 are dispersed efficiently and image stick-
ing is inhibited. The first alignment film-side transparent
layer and the second alignment film-side transparent layer
each have a thickness equal to or larger than 20 nm and equal
to or smaller than 130 nm to disperse the DC charges and
inhibit image sticking.

[0057] Inthe liquid crystal display device according to this
embodiment, the first alignment film-side transparent layer or
the second alignment film-side transparent layer is formed by
a wet process from an inorganic material such as polysilox-
ane, or from an organic resin material such as poly-
isothianaphthene, poly-3,4-ethylenedioxythiophene, or poly-
pyrrole. Forming the transparent layer by a wet process
improves the adhesion with the first alignment film 606 or the
second alignment film 705 which is, in general, similarly
formed by a wet process. In the case where the transparent
layer 1s formed to be in contact with the comb tooth-shaped
pixel electrode PX and the common electrode CT, too, using
a wet process to form the transparent layer creates a smaller
gap during the formation of the film than when a dry process
is used, and improves the adhesion with these electrodes. The
improved adhesion with the alignment film and with the
electrodes means that electric charges that cause image stick-
ing are freed more easily than when the transparent layer is
formed from silicon nitride or other similar materials by adry
process.

[0058] Forming the transparent layer by a wet process to be
thicker than the pixel electrode PX and the common electrode
CT, the interface between the transparent layer and the align-
ment film 1s formed flatly. This way, the intensity of an elec-
tric field applied around the edges of the pixel electrode PX
and the common electrode CT is lessened, and the risk of
image sticking is reduced further. Forming the transparent
layer flat also makes the alignment film flat and improves the
controllability of the liquid crystal layer LC.

[0059] For instance, when it is the first alignment film-side
transparent layer that is formed, electric charges that cause
image sticking travel through the transparent layer in an in-
plane direction or a depth direction, arrive at one of the pixel
electrode PX and the common electrode CT that is on the side
of the liquid crystal layer LC from the first alignment film
606, and are freed at that point. It is therefore desirable to set
the volume resistivity and thickness of the transparent layer
formed as a base under at least one of the first alignment film
606 and the second alignment film 705 such that image stick-
ing characteristics are improved. Desirably, the combined
thickness of the first alignment film 606 or the second align-
ment film 705 and the transparent layer serving as the base of
the alignment film is set to 50 nm or more and 150 nm or less,
the alignment film and the transparent layer each have a
thickness of at least 20 nm, and the combined volume resis-
tivity of the alignment film and the transparent layer in the
film thickness direction is 1.0E+9 Qcm or more and 1.0E+14
Qcm or less. [f the combined thickness of the first alignment
film 606 and its base transparent layer is 150 nm or thicker, an
electric field applied to the liquid crystal layer is weakened,
which is undesirable. If the transparent layer is formed from
a material whose volume resistivity is lower than 1.0E+9
Qcm, it makes retaining an applied voltage difficult.

[0060] Inthis embodiment, the transparent layer formed as
the base of the first alignment film 606 or the second align-
ment film 705 is made of polysiloxane, or made of an organic
resin material such as polyisothianaphthene, poly-3,4-ethyl-
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enedioxythiophene, or polypyrrole. The volume resistivity of
the transparent layer is desirably 1.0E+9 Qcm to 1.0E+13
Qcm, more desirably, 1.0E+9 Qcm to 1.0E+12 Qcm. Polysi-
loxyane contains a molecular structure expressed by the fol-
lowing general formula [Chemical Formula 3]:

[Chemical Formula 3]
R

I
§i—0

|
R,

i

[0061] In Chemical Formula 3, R1 and R2 each represent
an alkyl group or alkoxy group having 1 to 3 carbon atoms, or
a hydroxyl group. The volume resistivity of polysiloxyane
may be controlled by controlling the number of hydroxyl
groups in the general formula [Chemical Formula 3], and a
lower volume resistivity is obtained by increasing the number
of hydroxyl groups. Polysiloxane is therefore preferred as the
material of the transparent layer serving as the base of the first
alignment film 606 or the second alignment film 705.

[0062] The transparent layer is formed from one of the
materials given above by a wet process in which the material
in a solution state is printed and then heated to evaporate the
solvent, and is therefore lower in cost than one formed by a
dry process. The solvent used in this process is, for example,
ethanol and contained as a residual solvent in the transparent
layer serving as the base of at least one of the first alignment
film 606 and the second alignment film 705.

[0063] The transparent layer in this embodiment may con-
tain Si-based fine particles or metal fine particles. Adding fine
particles to the transparent layer lowers the specific resistance
of the transparent layer. The diameter of fine particles added
to the transparent layer is desirably 30 nm or less, more
desirably, 20 nm or less, or 10 nm or less, i.e., smaller the
better. Fine particles having a smaller diameter are preferred
because electric charges are dispersed in the transparent layer
more easily and the lowering of transmittance is consequently
avoided.

[0064] Whentheliquidcrystal layer LC of theliquid crystal
display device according to this embodiment has a volume
resistivity higher than 1.0E+13 Qcm, it is difficult for the
liquid crystal layer LC to remedy the accumulation of electric
charges at the interface between one of the alignment films
and the liquid crystal layer LC, and the risk of image sticking
rises as a result. When the volume resistivity of the liquid
crystal layer LC is higher than 5.0E+13 Qcm or 1.0E+14
Qcm, the risk of image sticking is even greater. In these cases,
providing a transparent layer as the base of the alignment film
which is in contact with the liquid crystal layer LC is an
effective way to disperse electric charges accumulated at the
interface between the alignment film and the liquid crystal
layer LC.

[0065] When one of the alignment films according to this
embodiment has a volume resistivity higher than 1.0E+14
Qcm or 1.0E+15 Qcem, many electric charges accumulate at
the interface between the alignment film and the liquid crystal
layer L.C and the risk of image sticking accordingly rises. In
this case, too, providing a transparent layer as the base of the
alignment film which is in contact with the liquid crystal layer
LC is an effective way to disperse electric charges accumu-
lated at the interface between the alignment film and the
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liquid crystal layer LC. An alignment film that is made of
polyimide having polyamic acid ester as a precursor has a
high volume resistivity and increases the risk of image stick-
ing. An alignment film that obtains the ability of aligning
liquid crystal molecules when irradiated with ultraviolet rays
also has a high volume resistivity because impurities to act as
carriers are removed by the cleansing effect of ultraviolet
rays, with the result that the risk of image sticking rises
consequently.

[0066] The transmittance, Y value, of the transparent layer
in this embodiment is desirably 99.0% or higher, more desir-
ably, 99.5% or higher. A transparent layer having a higher
transmittance Y value improves the luminance of the liquid
crystal display device more. The Y value is a transmittance
(%) calculated from the transmission spectrum of the trans-
parent layer according to the JIS standard Z-8722.

Example 1

[0067] FIGS.2A to 2F are schematic diagrams illustrating
the schematic structure of an in-plane switching (IPS) liquid
crystal panel according to Example 1 of the present invention.
FIG. 2A is a schematic plan view illustrating the planar struc-
ture of a single pixel of an active matrix substrate (first sub-
strate) 6 in the liquid crystal panel of Example 1. FIG. 2Bisa
schematic plan view illustrating the planar structure of the
pixel in which a counter substrate (second substrate) is laid on
top of an area illustrated in FIG. 2A. FIG. 2C is a schematic
sectional view illustrating a sectional structure cut along the
lines B-B of FIGS. 2A and 2B. FIG. 2D is a schematic
sectional view illustrating an example of a sectional structure
cut along the lines C-C of FIGS. 2A and 2B. FIG. 2E is a
schematic sectional view illustrating a sectional structure cut
along the lines D-D of FIGS. 2A and 2B. FIG. 2F is a sche-
matic sectional view illustrating a sectional structure cut
along the lines B-E of FIGS. 2A and 2B.

[0068] The lines B-B, C-C, D-D, and E-E in FIG. 2A are
respectively projections of the lines B-B, C-C, D-D, and E-E
in FIG. 2B on the first substrate 6, and FIGS. 2C to 2F
illustrate sectional structures with the second substrate 7 laid
on top of the first substrate 6. FIG. 2F illustrates a partial
sectional structure which shows only the liquid crystal layer
LC plus the first substrate 6 and the second substrate 7 in the
vicinity of the liquid crystal layer LC.

[0069] Example 1 takes an IPS liquid crystal panel, which
is a lateral field driving liquid crystal panel, as an example of
the liquid crystal panel 1 to which the present invention is
applied. A single pixel and its peripheries in the liquid crystal
panel 1 of Example 1 are structured as illustrated in FIGS. 2A
to 2F.

[0070] Thefirst substrate 6 is an insulating substrate such as
aglass substrate 601 on a surface of which the scanning signal
lines GL, the common wiring line CL, and a first insulating
layer 602 are formed, with the first insulating layer 602 cov-
ering the scanning signal lines GL and the common wiring
line CL. Formed on the first insulating layer 602 are a semi-
conductor layer 603 of the TFT element Tr, the video signal
lines DL, and the pixel electrode PX, which are covered with
asecond insulating layer 604. The semiconductor layer 603 is
formed above one scanning signal line GL, and a part of the
scanning signal line GL thatis below the semiconductor layer
603 functions as a gate electrode of the TFT element Tr. The
semiconductor layer 603 includes, for example, an active
layer (channel forming layer) formed of first amorphous sili-
con, and a source diffusion layer and a drain diffusion layer,
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which are formed of second amorphous silicon to be lami-
nated on the active layer. The second amorphous silicon dif-
fers from the first amorphous silicon in impurity type and
impurity concentration. One video signal line DL and the
pixel electrode PX partially rest on the semiconductor layer
603, and the parts resting on the semiconductor layer 603
function as a drain electrode and a source electrode of the TFT
element Tr.

[0071] The source and the drain of the TFT element Tr are
switched in accordance with a bias relation, namely, a high-
low relation between the electric potential of the pixel elec-
trode PX and the electric potential of the video signal line DL
when the TFT element Tr is turned on. In the following
description, however, an electrode connected to the video
signal line DL is referred to as drain electrode and an elec-
trode connected to the pixel electrode PX is referred to as
source electrode.

[0072] On the second insulating layer 604, a third insulat-
ing layer 605 (overcoat layer) having a leveled surface is
formed as the base of the common electrode CT. On the third
insulating layer 605, the common electrode CT and a trans-
parent layer (first alignment film-side transparent layer) 610,
which covers the common electrode CT and the third insu-
lating layer 605, are formed. The first alignment film 606 is
formed on the first alignment film-side transparent layer 610.
The common electrode CT and the first alignment film-side
transparent layer 610 are both formed with the third insulat-
ing layer 605 as a base, and a part of the third insulating layer
605 that is not covered with the common electrode CT is in
contact with the first alignment film-side transparent layer
610. The common electrode CT is connected to the common
wiring line CL via a contact hole CH (through hole), which
passes through the first insulating layer 602, the second insu-
lating layer 604, and the third insulating layer 605. The com-
mon electrode CT is formed, for example, such that a gap Pg
from the pixel electrode PX in the plan view of FIG. 2A is
approximately 7 pum.

[0073] In this example, the first alignment film-side trans-
parent layer 610 is formed from a polysiloxane-based mate-
rial (also simply referred to as polysiloxane), but may instead
be formed from a transparent organic resin material (such as
polyisothianaphthene, poly-3,4-ethylenedioxythiophene, or
polypyrrole). The first alignment film 606 is formed from
polyimide resin obtained by heating polyamic acid, and has a
surface subjected to rubbing treatment for giving the first
alignment film 606 the ability of aligning liquid crystal mol-
ecules.

[0074] Polysiloxane used for the first alignment film-side
transparent layer 610 in this example is obtained by dissolv-
ing a silane-based monomer in alcohol such as ethanol as a
solvent, and printing and drying the resultant solution to
hydrolyze and polymerize the silane-based monomer. Alter-
natively, the first alignment film-side transparent layer 610
may be formed from an organic resin material obtained by
printing and drying varnish. In order to conduct electric
charges accumulated at the interface between the liquid crys-
tal layer LC and the first alignment film 606 which cause
image sticking of a displayed image to the pixel electrode PX,
the volume resistivity (or simply specific resistance) of the
first alignment film-side transparent layer 610 is set lower
than that of the first alignment film 606. The specific resis-
tance of the first alignment film 606 which is made of poly-
imide-based resin is usually 1.0E+14 (Qcm) or more. It is
therefore desirable to set the specific resistance of the first
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alignment film-side transparent layer 610 to a value lower
than 5.0E+13 (Qcm) inorder to conduct electric charges more
efficiently and obtain a high-quality liquid crystal display
device that does not allow image sticking of a displayed
image. The specific resistance of'the first alignment film-side
transparent layer 610 is also desirably set to a value higher
than 1.0E+9 (Qcm) in order to prevent a short circuit between
one common electrode CT and another common electrode
CT.

[0075] The molecular structure of polysiloxane that forms
the first alignment film-side transparent layer 610 in this
example is as shown in Chemical Formula 3, where R1 and
R2 each represent an alkyl group or alkoxy group having 1 to
3 carbon atoms, or a hydroxyl group. The specific resistance
of the first alignment film-side transparent layer 610 may
therefore be controlled by controlling the number of hydroxyl
groups in polysiloxane, and a lower specific resistance may
be obtained by increasing the number of hydroxyl groups.
[0076] The second substrate 7 is an insulating substrate
such as a glass substrate 701 on a surface of which a black
matrix 702, color filters 703R, 703G, and 703B, and an over-
coat layer 704 are formed, with the overcoat layer 704 cov-
ering the black matrix 702 and the color filters 703R, 703G,
and 703B. The black matrix 702 is, for example, a grid-
patterned light-shielding film for providing the display area
DA with opening regions on a pixel basis. The color filters
703R, 703G, and 703B are each a film for transmitting only
light of a specific wavelength range (color) out of white light
from the backlight 5, for example, and, when the liquid crys-
tal display device is capable of displaying RGB color the
color filters 703R, 703G, and 703B transmitting red light,
green light, and blue light are arranged, respectively. The
overcoat layer 704 levels the surface of the second substrate 7
on which the color filters 703 and the black matrix 702 are
formed.

[0077] The plurality of column spacers 10 and a second
alignment film 705 are formed on the overcoat layer 704. The
plurality of column spacers 10 have, for example, a conical
frustum shape with a flat top (also referred to as body of
rotation obtained by rotating a trapezoid). Each column
spacer 10 is formed in a place overlapping with a part of one
scanning signal line GL on the first substrate 6 that is not a part
where the TFT element Tr is disposed nor a part where the
scanning signal line GL intersects the video signal line DL.
The second alignment film 705 is formed from, for example,
a polyimide-based resin, and has a surface on which rubbing
has been performed.

[0078] Liquid crystal molecules 11 of the liquid crystal
layer LC in the liquid crystal panel 1 of Example 1 are aligned
to be substantially parallel to the surfaces of the glass sub-
strates 601 and 701 during no-electric field application in
which the pixel electrode PX and the common electrode CT
have an equal electric potential, and are homogeneously
aligned in an initial alignment direction which is determined
by the rubbing performed on the first alignment film 606 and
the second alignment film 705.

[0079] When the TFT element Tr is turned on to write a
gray scale voltage applied to the video signal line DL in the
pixel electrode PX and an electric potential difference is
generated between the pixel electrode PX and the common
electrode CT as a result, an electric field 12 (electric flux
lines) as illustrated in FIGS. 2C and 2D is generated and
applied to the liquid crystal molecules 11. The intensity of the
applied electric field 12 is dependent on the electric potential
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difference between the pixel electrode PX and the common
electrode CT. Upon application, an interaction between the
dielectric anisotropy of the liquid crystal layer LC and the
electric field 12 changes the orientation of the liquid crystal
molecules 11 constituting the liquid crystal layer LC in the
direction of the electric field 12, thereby changing the refrac-
tive anisotropy of the liquid crystal layer L.C. The orientation
of the liquid crystal molecules 11 is determined by the inten-
sity of the electric field 12 applied (the magnitude of the
electric potential difference between the pixel electrode PX
and the common electrode CT). The liquid crystal display
device may therefore display a video or an image by, for
example, performing a pixel-based control of the gray scale
voltage to be applied to the pixel electrode PX and thus
changing the light transmittance in individual pixels while
fixing the electric potential of the common electrode CT.
[0080] Anexample of amethod of manufacturing the liquid
crystal panel 1 according to Example 1 is described below.
The method of manufacturing the liquid crystal panel 1 of
Example 1 includes some steps which may be executed by the
same procedure as in a conventional liquid crystal panel
manufacturing method, and a detailed description of those
steps is omitted.

[0081] The method of manufacturing the liquid crystal
panel 1 of Example 1 roughly includes three steps: a step of
forming the first substrate 6; a step of forming the second
substrate 7; and a step of bonding the first substrate 6 and the
second substrate 7 together to enclose a liquid crystal material
(liquid crystal layer LC).

[0082] The step of forming the first substrate 6 uses the
glass substrate 601 with a polished surface which has a thick-
ness of 0.7 mm, for example. First, the scanning signal lines
GL and the common wiring line CL are formed on the surface
of the glass substrate 601. The scanning signal lines GL and
the common wiring line CL. are formed by, for example,
forming a metal film such as a chromium film (Cr film) on the
entire surface of the glass substrate 601 and etching the metal
film.

[0083] Next, the first insulating layer 602 is formed. The
first insulating layer 602 is formed by, for example, forming a
silicon nitride film having a thickness of about 0.3 um on the
entire surface of the glass substrate 601.

[0084] An insular semiconductor film is formed next to be
used as the semiconductor layer 603 of the TFT element Tr.
The insular semiconductor film is formed by, for example,
forming an amorphous silicon film on the entire surface of the
first insulating layer 602 and etching the amorphous silicon
film. The amorphous silicon film has, for example, a lami-
nated structure in which a first amorphous silicon layer is
topped with a second amorphous silicon layer different from
the first amorphous silicon layer in conductivity type or in
impurity type or impurity concentration. Other layers includ-
ing a short-circuit preventing layer, which is interposed
between one scanning signal line GL and one video signal
line DL in an area where the signal lines GL and DL intersect
each other, are formed at the same time when the insular
semiconductor film is formed.

[0085] Thevideo signal lines DL and the pixel electrode PX
are formed next. The video signal lines DL and the pixel
electrode PX are formed by, for example, forming a metal
film such as a chromium film on the first insulating layer 602
and etching the metal film. The etching is performed so as to
shape the video signal lines DL such that a portion of each
video signal line DL rests on the insular semiconductor film,
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in other words, a portion of each video signal line DL func-
tions as the drain electrode of the TET element Tr. The etching
is also performed so as to shape the pixel electrode PX such
that a portion of the pixel electrode PX rests on the insular
semiconductor film, in other words, a portion of the pixel
electrode PX functions as the source electrode of the TFT
element Tr.

[0086] Next, with the video signal lines DL and the pixel
electrode PX as a mask, the second amorphous silicon layer
of the insular semiconductor film is etched to be divided into
adrain diffusion layer and a source diffusion layer. The semi-
conductor layer 603 of the TFT element Tr is thus obtained.
[0087] The second insulating layer 604 and the third insu-
lating layer 605 are formed next. The second insulating layer
604 is formed of, for example, a silicon nitride film that is
approximately 0.3 um in thickness. The third insulating layer
605 is formed by, for example, applying an uncured acrylic-
based resin and then curing the resin under given conditions
such as heating at a temperature of 220° C. for an hour.
Alternatively, the third insulating layer 605 may be formed,
for example, of a heat-curable resin that has excellent insula-
tive properties and transparency, such as epoxy acrylic-based
resin or polyimide-based resin. Still alternatively, the third
insulating layer 605 may be formed of a photo-curable trans-
parent resin.

[0088] Next, the contact hole CH passing through the first
insulating layer 602, the second insulating layer 604, and the
third insulating layer 605 is formed above a given area of the
common wiring line CL. The contact hole CH is formed by
etching the first insulating layer 602, the second insulating
layer 604, and the third insulating layer 605.

[0089] Thecommon electrode CT is formed next. The com-
mon electrode CT is formed by, for example, forming a trans-
parent conductive film such as an indium tin oxide (ITO) film
on the third insulating layer 605 to a thickness of about S0 nm
and etching the transparent conductive film.

[0090] Thefirstalignment film-side transparent layer 610 is
formed next. The first alignment film-side transparent layer
610 in this example used a polysiloxane-based material that
had a molecular structure expressed by Chemical Formula 3,
and was formed to a thickness of 60 nm by dissolving the
material in ethanol as a solvent, printing the resultant solution
(4 wt %) on the third insulating layer 605 and the common
electrode CT, leveling at 80° C. for approximately two min-
utes, and heating at 150° C. for ten minutes. The ethanol-
based solvent may be allowed to remain in the formed first
alignment film-side transparent layer 610 because the
residual solvent has an effect of lowering the specific resis-
tance.

[0091] In this example, three different polysiloxane-based
materials A, B, and C, were prepared by varying the compo-
sitions of R1 and R2 to fabricate three types of liquid crystal
panel 1. R1 and R2 each represent an ethoxy group
(—OCH,CHj;) or a hydroxyl group (—OH). The composi-
tion ratio of R1 and R2 was 7:3 in the polysiloxane-based
material A, 5:5 in the material B, and 3:7 in the material C.
The specific resistance was 1.0E+13 Qcm in the polysilox-
ane-based material A, 1.0E+11 Qcm in the material B, and
1.0E+9 Qcm in the material C. The transmittance Y value was
99.5% in all of the materials A, B, and C.

[0092] While R1 and R2 were an ethoxy group and a
hydroxyl group in this example, it was confirmed that the
same effect was obtained when the ethoxy group was
replaced by a methyl group, an ethyl group, a propyl group, a
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methoxy group, or a propoxy group, and that a lower specific
resistance was obtained when the hydroxyl group was intro-
duced at a higher ratio.

[0093] The first alignment film 606 is formed next. The first
alignment film 606 is formed by, for example, dissolving
polyimide resin, or a precursor of polyimide resin such as
polyamic acid or polyamic acid ester, in a given solvent,
applying the resultant solution (alignment film varnish),
vaporizing the solvent through heating that is executed under
given conditions to promote imidization reaction, and then
performing rubbing treatment.

[0094] The inventors of the present invention formed the
first alignment film 606 by preparing alignment film varnish
in which polyamic acid, N-methyl-2-pyrrolidone (NMP),
y-butyrolactone (GBL), and butyl cellosolve (BC) were
mixed ata weight ratio of 6:20:54:20, applying the alignment
film varnish through flexography, drying at 70° C., and sub-
sequently heating at 220° C. for thirty minutes. The obtained
first alignment film 606 had a thickness of approximately 60
nm in a part that was formed on the first alignment film-side
transparent layer 610. The specific resistance of polyimide
that was used in this example and had polyamic acid as a
precursor was 1.0E+14 Qcm.

[0095] The counter substrate 7 of the liquid crystal panel 1
of Example 1 can be formed by a conventional procedure and
adescription on the procedure is omitted. The inventors of the
present invention formed the column spacers 10 that are
approximately 4.2 pm tall on the overcoat layer 704, and then
formed the second alignment film 705 on the second substrate
7 by the same procedure as the one used for the first alignment
film 606 on the first substrate 6. The thickness of the second
alignment film 705 was approximately 100 nm in an opening
area (an area above a color filter).

[0096] The step of bonding together the first substrate 6 and
the second substrate 7 which have been formed by the proce-
dure described above to enclose a liquid crystal material
includes, for example, forming the ring-like sealing agent 8
by application in the perimeter of the display area DA of the
counter substrate 7, dripping the liquid crystal material in an
area thatis surrounded by the sealing agent 8, and bonding the
first substrate 6 to the second substrate 7. The substrates are
bonded such that the initial alignment direction of the first
alignment film 606 on the first substrate 6 and the initial
alignment direction of the second alignment film 705 on the
second substrate 7 are substantially parallel to each other. The
liquid crystal material used here is a nematic liquid crystal
composition A, which has, for example, a positive dielectric
anisotropy A€ at a value of 10.2 (1 kHz, 20° C.), a refractive
anisotropy An of 0.075 (wavelength: 590 nm, 20° C.), a twist
elastic constant K2 of 7.0 pN, a nematic-isotropic phase tran-
sition temperature T (N-I) of about 76° C., and a specific
resistance of 1.0E+13 Qcm. The first substrate 6 and the
second substrate 7 are bonded with the thickness of the liquid
crystal layer L.C (cell gap) set to a value that is substantially
the same as the height of the column spacers 10, for example,
4.2 um.

[0097] The retardation (An-d) of the liquid crystal panel 1
manufactured by the procedure described above is approxi-
mately 0.31 um. The retardation An-d desirably satisfies 0.2
pum=An-d=0.5 um, and a retardation value outside this range
causes such problems as the presence of unintended colors in
an image that is to be displayed in white.

[0098] A procedure subsequent to the sealing of the liquid
crystal material between the bonded first substrate 6 and
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second substrate 7 is, for example, cutting off an unnecessary
portion (margin) along the perimeter of the glass substrates
601 and 701 and bonding the polarizing plates 9a and 95
together. In bonding the polarizing plates 9a and 95, the
polarization transmission axis of one of the polarizing plates
is set substantially parallel to the initial alignment direction of
the first alignment film 606 on the first substrate 6 and the
initial alignment direction of the second alignment film 705
on the second substrate 7, and the polarization transmission
axis of the other polarizing plate is set orthogonal to that of the
one polarizing plate. Thereafter, the first driver circuit 2, the
second driver circuit 3, the control circuit 4, the backlight 5,
and other components are connected to operate as modules, at
which point a liquid crystal display device including the
liquid crystal panel 1 of Example 1 is obtained. The liquid
crystal panel 1 of Example 1 has normally-closed character-
istics which cause the liquid crystal panel 1 to display a dark
screen (to display at a low luminance) when the electric
potential difference between the pixel electrode PX and the
common electrode CT is small, and to display a bright screen
(to display at a high luminance) when the electric potential
difference between the pixel electrode PX and the common
electrode CT is large.

[0099] The inventors of the present invention tested three
liquid crystal display devices including the three types of
liquid crystal panel 1 of Example 1 for image sticking of a
displayed image. In the image sticking test, a monochrome
window pattern is displayed for eight hours on each liquid
crystal display device, gradation display is subsequently
executed by setting the entire screen to a gray level, and how
long it takes for the window pattern (also referred to as image
sticking or residual image) to fade is measured. A satisfactory
image sticking fading time is thirty minutes or less. The image
sticking fading time of the liquid crystal display device
including the liquid crystal panel 1 according to this example
was twelve minutes in the case of the liquid crystal panel 1
using the polysiloxane-based material A whose specific resis-
tance was 1.0E+13 Qm, six minutes in the case of the liquid
crystal panel 1 using the polysiloxane-based material B
whose specific resistance was 1.0E+11 Qm, and two minutes
in the case of the liquid crystal panel 1 using the polysiloxane-
based material C whose specific resistance was 1.0E+9 Qm.
It was thus confirmed that the tested liquid crystal display
devices all had fine image sticking characteristics.

[0100] The liquid crystal display device including the lig-
uid crystal panel 1 of Example 1 was also measured for
transmittance and luminance. It was confirmed as a result that
every measured liquid crystal display device had as fine char-
acteristics as those of conventional liquid crystal display
devices in terms of both transmittance and luminance.
[0101] Example 1 takes as an example the lateral field
driving liquid crystal panel 1 that has pixels structured as
illustrated in FIGS. 2A to 2F. However, the pixel structure
(e.g., the shapes of the TFT element Tr, the pixel electrode
PX, and the common electrode CT in plan view (planar lay-
out)) is not limited to the one illustrated in FIGS. 2A to 2F and
may be modified to suit individual purposes.

[0102] The TFT element Tr of FIGS. 2A and 2C has a
bottom gate structure in which the semiconductor layer 603 is
placed above the scanning signal lines GL, but may instead
have a top gate structure in which the semiconductor layer
603 is placed between the glass substrate 601 and the scan-
ning signal lines GL.

Example 2

[0103] FIGS. 3A to 3C are schematic diagrams illustrating
an example of the schematic structure of an FFS liquid crystal
panel according to Example 2 of the present invention.
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[0104] FIG. 3A is a schematic plan view illustrating the
planar structure of a single pixel of an active matrix substrate
(first substrate) in the liquid crystal panel of Example 2. FIG.
3B is a schematic sectional view illustrating a sectional struc-
ture cut along the line F-F of FIG. 3A. FIG. 3C is a schematic
sectional view illustrating a sectional structure cut along the
line G-G of FIG. 3A. FIGS. 3B and 3C also illustrate the
sectional structure of the liquid crystal layer LC (liquid crys-
tal material) and the second substrate 7 which are located
above the first substrate 6.

[0105] Example 2 takes a lateral field driving liquid crystal
panel as an example of the liquid crystal panel 1 according to
the present invention. In the liquid crystal panel 1 of Example
2, a single pixel and its surroundings are structured as illus-
trated in FIGS. 3A to 3C.

[0106] Thefirst substrate 6 is an insulating substrate such as
the glass substrate 601 on a surface of which the common
electrode CT, the scanning signal lines GL, the common
wiring line CL, and the first insulating layer 602 are formed,
with the first insulating layer 602 covering the common elec-
trode CT, the scanning signal lines GL, and the common
wiring line CL.

[0107] Formed on the first insulating layer 602 are the
semiconductor layer 603 of the TFT element Tr, the video
signal lines DL, and a source electrode 607, which are cov-
ered with the second insulating layer 604. A part of the video
signal line DL and a part of the source electrode 607 rest on
the semiconductor layer 603, and the parts resting on the
semiconductor layer 603 function as a drain electrode and
source electrode of the TFT element Tr.

[0108] Inthe liquid crystal panel 1 of Example 2, the third
insulating layer 605 is not formed, and the pixel electrode PX
and the first alignment film 606, which covers the pixel elec-
trode PX, are formed on the second insulating layer 604. The
pixel electrode PX is connected to the source electrode 607
through the contact hole CH (through hole) that passes
through the second insulating layer 604.

[0109] The common electrode CT formed on the surface of
the glass substrate 601 has a flat shape and located in an area
surrounded by two adjacent scanning signal lines GL and two
adjacent video signal lines DL (opening area). The pixel
electrode PX that has a plurality of slits (four slits in FIG. 3A)
is laid on top of the flat common electrode CT. The common
electrodes CT of pixels that are side by side in the running
direction of the scanning signal lines GL are made common
by the common wiring line CL.

[0110] The second substrate 7 in the liquid crystal panel 1
of Exaniple 2 has the same structure as that of the second
substrate 7 in the liquid crystal panel 1 of Example 1. A
detailed description on the structure of the second substrate 7
is therefore omitted here.

[0111] In forming the first substrate 6 of the liquid crystal
panel 1 of Example 2, the common electrode CT, the scanning
signal lines GL, and the common wiring line CL are formed
first on a surface of the glass substrate 601. The common
electrode CT is formed by, for example, forming an indium
tin oxide (ITO) film with a thickness of about 0.05 pm and
etching the ITO film. The scanning signal lines GL and the
common wiring line CL are formed by, for example, forming
achromium film with a thickness ofabout 0.4 pm, and etching
the chromium film.

[0112] When the procedure described above is used to form
the common electrode CT and to form the scanning signal
lines GL, and the common wiring line CL, it is desirable to
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form a conductive layer 608 interposed between the glass
substrate 601 and the scanning signal lines GL along with the
commor electrode CT at the time when the ITO film is etched.
However, the conductive layer 608 may be omitted when the
common electrode CT is sufficiently thinner than the scan-
ning signal lines GL as in the case described above.

[0113] FIGS. 3B and 3C illustrate a sectional structure that
is obtained when the scanning signal lines GL. and the com-
mon wiring line CL are formed by forming and etching the
chromium film after the common electrode CT is formed by
etching the ITO film. Other procedures than this may be used
to form the common electrode CT and to form the scanning
signal lines GL and the common wiring line CL. For instance,
the ITO film and the chromium film may be formed in suc-
cession, followed by the etching of the chromium film and the
ITO film to form the common electrode CT and the conduc-
tive layer 608, and subsequently the etching of the chromium
film alone to form the scanning signal lines GL and the
common wiring line CL.

[0114] The first insulating layer 602 is formed next. The
first insulating layer 602 is formed from, for example, a
silicon nitride film with a thickness of about 0.2 um. A depo-
sition method such as CVD is generally used to form the first
insulating layer 602. Level differences (surface irregularities)
are therefore created on the surface of the first insulating layer
602 which reflect the shapes in plan view and thicknesses of
the scanning signal lines GL, the common electrode CT, and
the common wiring line CL.

[0115] Formed next are the semiconductor layer 603 of the
TFT element Tr, the video signal lines DL, and the source
electrode 607. The semiconductor layer 603, the video signal
lines DL, and the source electrode 607 may be formed by the
same procedure as the procedure of forming the semiconduc-
tor layer 603, the video signal lines DL, and the pixel elec-
trode PX which has been described in Example 1. Specifi-
cally, an insular semiconductor film in which a first
amorphous silicon layer and a second amorphous silicon
layer are laminated is formed, then a chromium film is formed
and etched to form the video signal lines DL and the source
electrode 607, and subsequently the second amorphous sili-
con layer of the insular semiconductor film is etched to form
the semiconductor layer 603.

[0116] Next, the second insulating layer 604 is formed. The
second insulating layer 604 is formed from, for example, a
silicon nitride film with a thickness of about 0.3 um. A depo-
sition method such as CVD is generally used to form the
second insulating layer 604. Level differences (surface
irregularities) are therefore created on the surface of the sec-
ond insulating layer 604 which reflect the surface irregulari-
ties of the first insulating layer 602 and the shapes in plan view
and thicknesses of the semiconductor layer 603, the video
signal lines DL, and the source electrode 607. The level
differences in the second insulating layer 604 include a con-
cavity (concave portion) created along the running direction
of the scanning signal lines GL between each scanning signal
line GL and each common wiring line CL (common electrode
CT).

[0117] Next, a contact hole passing through the second
insulating layer 604 is formed above a predetermined area of
the source electrode 607.

[0118] Next, the pixel electrode PX is formed. The pixel
electrode PX is formed by, for example, forming an ITO film
with a thickness ofabout 0.05 pm and etching the ITO film. At
this time, the pixel electrode PX is formed to have a comb
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shape, so as to have a plurality of slits in plan view. The
second insulating layer 604 acting as the base layer of the
pixel electrode PX therefore has an exposed part which is not
covered with the pixel electrode PX.

[0119] Next, the first alignment film-side transparent layer
610 is formed on the second insulating layer 604 as a base
layer. In short, the first alignment film-side transparent layer
610 and the pixel electrode PX are both formed with the
second insulating layer 604 as a base layer. The first align-
ment film-side transparent layer 610 in this example is a
polysiloxane-based material that has a molecular structure
expressed by Chemical Formula 3, and is formed to a thick-
ness of 60 nm by dissolving the material in ethanol as a
solvent, printing the resultant solution (4 wt %) on the second
insulating layer 604, leveling at 80° C. for approximately two
minutes, and heating at 150° C. for ten minutes.

[0120] In this example, three different polysiloxane-based
materials, A, B, and C, were prepared by varying the compo-
sitions of R1 and R2 to fabricate three types of liquid crystal
panel 1. R1 and R2 each represent an ethoxy group
(—OCH,CH,) or a hydroxyl group (—OH). The composi-
tion ratio of R1 and R2 was 7:3 in the polysiloxane-based
material A, 5:5 in the material B, and 3:7 in the material C.
The specific resistance was 1.0E+13 Qcm in the polysilox-
ane-based material A, 1.0E+11 Qcm in the material B, and
1.0E+9 Qcm in the material C. The transmittance Y value is
99.5% in all of the materials A, B, and C.

[0121] The firstalignment film 606 is formed next. The first
alignment film 606 is formed by, for example, dissolving
polyimide resin, or a precursor of polyimide resin, in a given
solvent, applying the resultant solution (alignment film var-
nish), vaporizing the solvent through heating that is executed
under given conditions to promote imidization reaction, and
then performing rubbing treatment.

[0122] The inventors of the present invention prepared
alignment film varnish obtained by blending polyamide acid
ester, N-methyl-2-pyrrolidone (NMP), y-butyrolactone
(GBL), and butyl cellosolve (BC) at a weight ratio of 6:10:
64:20. The alignment film varnish was printed (applied) by
ink jet printing, dried at 70° C., and then continuously heated
(baked) at 220° C. for thirty minutes to form the first align-
ment film 606. A portion of the obtained first alignment film
606 where the first alignment film 606 is formed directly on
the first alignment film-side transparent layer 610 is approxi-
mately 50 nm in thickness.

[0123] The second substrate 7 of the liquid crystal panel 1
of Example 2 may be formed by a conventional procedure,
and therefore a description thereofis omitted here. The inven-
tors of the present invention formed the column spacer 10
approximately 4.2 um in height on the overcoat layer 704, and
then formed the second alignment film 705 of the second
substrate 7 by the same procedure used to form the first
alignment film 606 of the first substrate 6. The obtained
second alignment film 705 is approximately 100 nm in thick-
ness in an opening area (where the second alignment film 705
is formed directly on the color filter).

[0124] The inventors of the present invention tested three
liquid crystal display devices including the three types of
liquid crystal panel 1 of Example 2 for image sticking of a
displayed image. In the image sticking test, a monochrome
window pattern is displayed for eight hours on each liquid
crystal display device, gradation display is subsequently
executed by setting the entire screen to a gray level, and how
long it takes for the window pattern (also referred to as image
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sticking or residual image) to fade is measured. A satisfactory
image sticking fading time is thirty minutes orless. The image
sticking fading time of the liquid crystal display device
including the liquid crystal panel 1 according to this example
was fifteen minutes in the case of the liquid crystal panel 1
using the polysiloxane-based material A whose specific resis-
tance was 1.0E+13 Qm, nine minutes in the case of the liquid
crystal panel 1 using the polysiloxane-based material B
whose specific resistance was 1.0E+11 Qm, and four minutes
in the case of the liquid crystal panel 1 using the polysiloxane-
based material C whose specific resistance was 1.0E+9 Qm.
It was thus confirmed that the tested liquid crystal display
devices all had fine image sticking characteristics.

[0125] Each liquid crystal display device including the lig-
uid crystal panel 1 of Example 2 was also measured for
transmittance and luminance. It was confirmed as a result that
every measured liquid crystal display device had as fine char-
acteristics as those of conventional liquid crystal display
devices in terms of both transmittance and luminance.
[0126] Example 2 takes as an example the lateral field
driving liquid crystal panel 1 that has pixels structured as
illustrated in FIGS. 3A to 3C. However, the pixel structure
(e.g., the shapes of the TFT element, the pixel electrode, and
the common electrode in plan view (planar layout)) is not
limited to the one illustrated in FIGS. 3A to 3C and may be
modified to suit individual purposes.

Example 3

[0127] FIG. 4 is a schematic sectional view illustrating the
sectional structure of a main part of a VA liquid crystal panel
according to Example 3 of the present invention.

[0128] Example 3 takes a vertical field driving liquid crys-
tal panel as an example of the liquid crystal panel 1 to which
the present invention is applied. The vertical field driving
liquid crystal panel 1 is structured, for example, as illustrated
in FIG. 4, where the pixel electrode PX is formed on the first
substrate 6 and the common electrode CT is formed on the
second substrate 7.

[0129] Inthe case where the liquid crystal panel 1 employs
VA, which is one of the vertical field driving methods, the
pixel electrode PX and the common electrode CT are formed
from a transparent conductor such as ITO into a simple flat
shape. Theliquid crystal molecules 11 in this case are aligned
vertically with respect to the surfaces of the glass substrates
601 and 701 by the first alignment film 606 and the second
alignment film 705 during a no-electric field application
period in which the pixel electrode PX and the common
electrode CT have an equal electric potential. When an elec-
tric potential difference is created between the pixel electrode
PX and the common electrode CT, the electric field 12 (elec-
tric flux lines) substantially perpendicular to the glass sub-
strates 601 and 701 is generated, flattening the liquid crystal
molecules 11 in a direction parallel to the glass substrates 601
and 701 and changing the polarization state of incident light.
At this time, the orientation of the liquid crystal molecules 11
1s determined by the intensity of the electric field 12 applied.
The liquid crystal display device can therefore display avideo
or animage by, for example, performing a pixel-based control
of avideo signal (gray scale voltage) to be applied to the pixel
electrode PX and thus changing the light transmittance in
individual pixels while fixing the electric potential of the
commou electrode CT.

[0130] Various structures are known as a pixel structure
(e.g., shapes in plan view (planar layout) of the TFT element



US 2011/0051064 Al

Tr and the pixel electrode PX) that is employed in the VA
liquid crystal panel 1. The liquid crystal panel 1 of Example
3 employs one of those pixel structures. A detailed descrip-
tion on the pixel structure in the liquid crystal panel 1 is
therefore omitted in Example 3.

[0131] Intheliquid crystal panel 1 according to Example 3,
the first alignment film-side transparent layer 610 is formed
on the pixel electrode PX and the first alignment film 606 is
formed on the first alignment film-side transparent layer 610.
The first alignment film-side transparent layer 610 of
Example 3 is formed from a polysiloxane-based inorganic
material (also simply referred to as polysiloxane), but may
instead be formed from a transparent organic resin material
(polyisothianaphthene,  poly-3,4-ethylenedioxythiophene,
polypyrrole, or the like). The first alignment film 606 is
formed from polyimide-based resin to a thickness of approxi-
mately 80 nm. The first alignment film 606 was measured to
have a specific resistance of 1.0E+15 Qcm.

[0132] Steps for forming the first alignment film-side trans-
parent layer 610 are described next. The first alignment film-
side transparent layer 610 in this example is a polysiloxane-
based material that has a molecular structure expressed by
Chemical Formula 1, and was formed to a thickness of 60 nm
by dissolving the material in ethanol as a solvent, printing the
resultant solution (4 wt %) on the second insulating layer 604
and the pixel electrode PX, leveling at 80° C. for approxi-
mately two minutes, and heating at 150° C. for ten minutes.
[0133] In this example, three different polysiloxane-based
materials, A, B, and C, were prepared by varying the compo-
sitions of R1 and R2 to fabricate three types of liquid crystal
panel 1. R1 and R2 each represent an ethoxy group
(—OCH,CHj,) or a hydroxyl group (—OH). The composi-
tion ratio of R1 and R2 was 7:3 in the polysiloxane-based
material A, 5:5 in the material B, and 3:7 in the material C.
The specific resistance was 1.0E+13 Qcm in the polysilox-
ane-based material A, 1.0E+11 Qcm in the material B, and
1.0E+9 Qcm in the material C. The transmittance Y value was
99.5% in all of the materials A, B, and C.

[0134] The second substrate 7 of the liquid crystal panel 1
of Example 3 is obtained by forming the black matrix 702, the
color filters 703R, 703G, and 703B, the overcoat layer 704,
and the column spacers 10 on a surface of the glass substrate
701 and subsequently forming the common electrode CT
from a transparent conductive film such as an ITO film. A
transparent layer (second alignment film-side transparent
layer) 710 is formed on the common electrode CT as the first
alignment film-side transparent layer 610 is formed on the
side of the first substrate 6. The second alignment film 705 is
formed on the second alignment film-side transparent layer
710 as the first alignment film 606 is formed on the side of the
first substrate 6.

[0135] The liquid crystal panel 1 of Example 3 can be
manufactured by the same procedure that is used to manufac-
ture a conventional VA liquid crystal panel. The first align-
ment film-side transparent layer 610 and the second align-
ment film-side transparent layer 710 can be formed by the
same method that is used to form the first alignment film-side
transparent layer 610 in Example 1 and Example 2. A detailed
description on a method of manufacturing the liquid crystal
panel 1 of Example 3 is therefore omitted.

[0136] The inventors of the present invention tested three
liquid crystal display devices for image sticking of a dis-
played image in the manner described in Example 1. The
three liquid crystal display devices respectively include three

Mar. 3, 2011

types of liquid crystal panel 1 of Example 3 obtained by
sealing a VA-use liquid crystal material, which has a negative
dielectric anisotropy AE, between the first substrate 6 and the
second substrate 7 that are structured as above.

[0137] The image sticking fading time of the liquid crystal
display device including the liquid crystal panel 1 according
to this example was nine minutes in the case of the liquid
crystal panel 1 using the polysiloxane-based material A
whose specific resistance was 1.0E+13 Qm, four minutes in
the case of the liquid crystal panel 1 using the polysiloxane-
based material B whose specific resistance was 1.0E+11 Qm,
and one minute in the case of the liquid crystal panel 1 using
the polysiloxane-based material C whose specific resistance
was 1.0E+9 Qm. It was thus confirmed that the tested liquid
crystal display devices all had fine image sticking character-
istics.

[0138] The liquid crystal display device including the lig-
uid crystal panel 1 of Example 3 was also measured for
transmittance and luminance. It was confirmed as a result that
every measured liquid crystal display device had as fine char-
acteristics as those of conventional liquid crystal display
devices in terms of both transmittance and luminance.
[0139] Example 3 takes the VA liquid crystal panel 1 as an
example. However, Example 3 is not limited to this structure,
and is applicable to other vertical field driving liquid crystal
panels such as a TN liquid crystal panel. In that case, the pixel
structure such as the shapes in plan view (planar layout) of the
TFT element and the pixel electrode may be modified to suit
individual cases.

Example 4

[0140] In this example, a liquid crystal display device was
manufactured the same way as in Example 1, except that the
first alignment film-side transparent layer 610, which was
formed from a polysiloxane-based material in the liquid crys-
tal panel 1 of Example 1, was formed from poly-3,4-ethyl-
enedioxythiophene, which was an organic resin material. The
thickness of a poly-3,4-ethylenedioxythiophene film consti-
tuting the first alignment film-side transparent layer 610 was
set to 30 nm. The poly-3,4-ethylenedioxythiophene film had
a specific resistance of 5.0E+13 Qcm and a transmittance Y
value of 98.0%.

[0141] Theinventors ofthe present invention tested a liquid
crystal display device including the liquid crystal panel 1 of
Example 4 for image sticking of a displayed image in the
manner described in Example 1. It was confirmed as a result
that the image sticking fading time of the tested liquid crystal
display device was 20 minutes, which was a satisfactory level.
[0142] The liquid crystal display device including the lig-
uid crystal panel 1 of Example 4 was also measured for
transmittance and luminance. It was confirmed as a result that
the measured liquid crystal display device had as fine char-
acteristics as those of conventional liquid crystal display
devices in terms of both transmittance and luminance.
[0143] While poly-3,4-ethylenedioxythiophene was used
for the first alignment film-side transparent layer 610 in this
example, it was confirmed that a polyisothianaphthene
derivative and a polypyrrole derivative, too, brought about the
same effect.

Example 5

[0144] In this example, a liquid crystal display device was
manufactured the same way as in Example 2, except that the
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first alignment film-side transparent layer 610, which was
formed from a polysiloxane-based material in the liquid crys-
tal panel 1 of Example 2, was formed from poly-3,4-ethyl-
enedioxythiophene, which was an organic resin material. The
thickness of a poly-3,4-ethylenedioxythiophene film consti-
tuting the first alignment film-side transparent layer 610 was
set to 30 nm. The poly-3,4-ethylenedioxythiophene film had
a specific resistance of 5.0E+13 Qcm and a transmittance Y
value of 98.0%.

[0145] Theinventors ofthe present invention tested a liquid
crystal display device including the liquid crystal panel 1 of
Example 5 for image sticking of a displayed image in the
manner described in Example 1. It was confirmed as a result
that the image sticking fading time of the tested liquid crystal
display device was 25 minutes, which was a satisfactory level.
[0146] The liquid crystal display device including the lig-
uid crystal panel 1 of Example 5 was also measured for
transmittance and luminance. It was confirmed as a result that
the measured liquid crystal display device had as fine char-
acteristics as those of conventional liquid crystal display
devices in terms of both transmittance and luminance.
[0147] While poly-3,4-ethylenedioxythiophene was used
for the first alignment film-side transparent layer 610 in this
example, it was confirmed that a polyisothianaphthene
derivative and a polypyrrole derivative, too, brought about the
same effect.

Example 6

[0148] In this example, a liquid crystal display device was
manufactured the same way as in Example 3, except that the
first alignment film-side transparent layer 610 and the second
alignment film-side transparent layer 710, which were
formed from a polysiloxane-based material in the liquid crys-
tal panel 1 of Example 3, were formed from poly-3,4-ethyl-
enedioxythiophene. The thickness of a poly-3,4-ethylene-
dioxythiophene film constituting each of the first alignment
film-side transparent layer 610 and the second alignment
film-side transparent layer 710 was set to 30 nm. The poly-3,
4-ethylenedioxythiophene film had a specific resistance of
5.0E+13 Qcm and a transmittance Y value of 98.0%.

[0149] Theinventors ofthe present invention tested a liquid
crystal display device including the liquid crystal panel 1 of
Example 6 for image sticking of a displayed image in the
manner described in Example 1. It was confirmed as a result
that the image sticking fading time of the tested liquid crystal
display device was 18 minutes, which was a satisfactory level.
[0150] The liquid crystal display device including the lig-
uid crystal panel 1 of Example 6 was al so measured for
transmittance and luminance. It was confirmed as a result that
the measured liquid crystal display device had as fine char-
acteristics as those of conventional liquid crystal display
devices in terms of both transmittance and luminance.
[0151] While poly-3,4-ethylenedioxythiophene was used
for the first alignment film-side transparent layer 610 and the
second alignment film-side transparent layer 710 in this
example, it was confirmed that a polyisothianaphthene
derivative and a polypyrrole derivative, too, brought about the
same effect.

Example 7

[0152] In this example, a liquid crystal display device was
manufactured the same way as in Example 1, except that the
second alignment film-side transparent layer 710 was added
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on the side of the counter substrate (second substrate) 7 to the
liquid crystal panel 1 of Example 1 as illustrated in FIG. 5.
The first alignment film-side transparent layer 610 and the
second alignment film-side transparent layer 710 in this
example were formed from the polysiloxane-based material
A by the same method as in Example 1.

[0153] Theinventors ofthe present invention tested a liquid
crystal display device including the liquid crystal panel 1 of
BExample 7 for image sticking of a displayed image in the
manner described in Example 1. It was confirmed as a result
that the image sticking fading time of the tested liquid crystal
display device was nine minutes, which was a satisfactory
level.

[0154] The liquid crystal display device including the lig-
uid crystal panel 1 of Example 7 was al so measured for
transmittance and luminance. It was confirmed as a result that
the measured liquid crystal display device had as fine char-
acteristics as those of conventional liquid crystal display
devices in terms of both transmittance and luminance.

Example 8

[0155] In this example, a liquid crystal display device was
manufactured the same way as in Example 2, except that the
second alignment film-side transparent layer 710 was added
on the side of the counter substrate (second substrate) 7 to the
liquid crystal panel 1 of Example 2 as illustrated in FIG. 6.
The first alignment film-side transparent layer 610 and the
second alignment film-side transparent layer 710 in this
example were formed from the polysiloxane-based material
A by the same method as in Example 2.

[0156] Theinventors ofthe present invention tested a liquid
crystal display device including the liquid crystal panel 1 of
Example 8 for image sticking of a displayed image in the
manner described in Example 1. It was confirmed as a result
that the image sticking fading time of the tested liquid crystal
display device was ten minutes, which was a satisfactory
level.

[0157] The liquid crystal display device including the lig-
uid crystal panel 1 of Example 8 was al so measured for
transmittance and luminance. It was confirmed as a result that
the measured liquid crystal display device had as fine char-
acteristics as those of conventional liquid crystal display
devices in terms of both transmittance and luminance.

Example 9

[0158] In this example, a liquid crystal display device was
manufactured the same way as in Example 7, except that the
second alignment film-side transparent layer 710 on the side
of the second substrate 7 was formed alone in the liquid
crystal panel 1 of Example 7, without forming the first align-
ment film-side transparent layer 610 on the side of the first
substrate 6, as illustrated in FIG. 7. The second alignment
film-side transparent layer 710 in this example was formed
from the polysiloxane-based material A by the same method
as in Example 7.

[0159] Theinventors ofthe present invention tested a liquid
crystal display device including the liquid crystal panel 1 of
Example 9 for image sticking of a displayed image in the
manner described in Example 1. It was confirmed as a result
that the image sticking fading time of the tested liquid crystal
display device was 25 minutes, which was a satisfactory level.
[0160] The liquid crystal display device including the lig-
uid crystal panel 1 of Example 9 was also measured for
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transmittance and luminance. It was confirmed as a result that
the measured liquid crystal display device had as fine char-
acteristics as those of conventional liquid crystal display
devices in terms of both transmittance and luminance.

Example 10

[0161] In this example, a liquid crystal display device was
manufactured the same way as in Example 8, except that the
second alignment film-side transparent layer 710 on the side
of the second substrate 7 was formed alone in the liquid
crystal panel 1 of Example 8, without forming the first align-
ment film-side transparent layer 610 on the side of the first
substrate 6, as illustrated in FIG. 8. The second alignment
film-side transparent layer 710 in this example was formed
from the polysiloxane-based material A by the same method
as in Example 8.

[0162] Theinventors ofthe present invention tested a liquid
crystal display device including the liquid crystal panel 1 of
Example 10 for image sticking of a displayed image in the
manner described in Example 1. It was confirmed as a result
that the image sticking fading time of the tested liquid crystal
display device was 28 minutes, which was a satisfactory level.
[0163] The liquid crystal display device including the lig-
uid crystal panel 1 of Example 10 was also measured for
transmittance and luminance. It was confirmed as a result that
the measured liquid crystal display device had as fine char-
acteristics as those of conventional liquid crystal display
devices in terms of both transmittance and luminance.

Example 11

[0164] In this example, a liquid crystal display device was
manufactured in the same way as in Example 2, except that
the first alignment film-side transparent layer 610 was formed
from the polysiloxane-based material A in the liquid crystal
panel 1 of Example 2 while varying its thickness in four
conditions of 10 nm, 30 nm, 60 nm, and 100 nm.

[0165] The inventors of the present invention tested four
liquid crystal display devices including the four types of
liquid crystal panel 1 of Example 11 for image sticking of a
displayed image in the manner described in Example 1. The
image sticking fading time was fifty-five minutes in the case
of the liquid crystal display device whose first alignment
film-side transparent layer 610 was 10 nm in thickness, forty-
five minutes in the case of the liquid crystal display device
whose first alignment film-side transparent layer 610 was 30
nm in thickness, fifteen minutes in the case of the liquid
crystal display device whose first alignment film-side trans-
parent layer 610 was 60 nm in thickness, and five minutes in
the case of the liquid crystal display device whose first align-
ment film-side transparent layer 610 was 100 nm in thickness.
The thickness of the first alignment film-side transparent
layer 610 is defined herein by a gap formed between the
interface of the first alignment film-side transparent layer 610
with its base layer (in FIG. 2C, third insulating layer 605) and
the interface of the first alignment film-side transparent layer
610 with the first alignment film 606. According to this
example, it was thus confirmed that, although the first align-
ment film-side transparent layer 610 that was 10 nm in thick-
ness had an effect of reducing image sticking, a greater image
sticking reduction effect may be obtained when the first align-
ment film-side transparent layer 610 was thicker than the 50
nm-thick pixel electrode PX and had a thickness of 60 nm or
more.
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[0166] Around the edges of the pixel electrode PX close to
the first alignment film 606, a very intense electric field is
applied to the liquid crystal layer L.C and the concentration of
electric field causes image sticking, which results in a prob-
lem. In this example, the first alignment film-side transparent
layer 610 is formed by a wet process to a thickness thicker
than the pixel electrode PX, and the first alignment film-side
transparent layer 610 is used as a planarizing layer for
evening out the level differences of the pixel electrode P.
Thus, the intensity of the electric field to be applied around
the edges of the pixel electrode PX is lessened, and the risk of
image sticking is reduced further. Desirably, the first align-
ment film 606 and the first alignment film-side transparent
layer 610 may be formed to have a combined thickness of 50
nm or more.

[0167] Ifthe firstalignment film-side transparent layer 610
and the first alignment film 606 are too thick, the intensity of
an electric field applied to the liquid crystal layer LC is
diminished. In view of this, the combined thickness of these
films may desirably be 150 nm or less. In this specification,
the thickness of the first alignment film 606 and the thickness
of the first alignment film-side transparent layer 610 each
refers to the thickness of a part that does not have a groove
formed by rubbing treatment.

[0168] The liquid crystal display device including the lig-
uid crystal panel 1 of Example 11 was also measured for
transmittance and luminance. It was confirmed as a result that
the measured liquid crystal display device had as fine char-
acteristics as those of conventional liquid crystal display
devices in terms of both transmittance and luminance.

Example 12

[0169] In this example, a liquid crystal display device was
manufactured in the same way as in Example 2, except that
the first alignment film-side transparent layer 610 in the liquid
crystal panel 1 of Example 2 was formed by dispersing silica
fine particles having hydroxy! groups on the surface in the
polysiloxane-based material A.

[0170] Silica fine particles (mean particle size: 10 nm) hav-
ing hydroxyl groups on the surface were mixed in the ethanol-
based solvent of the polysiloxane-based material A so that the
weight ratio of the polysiloxane-based material A and the
silica fine particles is 1:1. The mixture was printed on the
second insulating layer 604 and the pixel electrode PX, lev-
eled at 80° C. for approximately two minutes, and heated at
150° C. for ten minutes, to thereby form the film to a thickness
of 60 nm. The first alignment film-side transparent layer 610
according to this example had a specific resistance of 1.0E+
12 Qcm and a transmittance Y value of 99.3%. Adding silica
fine particles that have hydroxyl groups on the surface to the
transparent layer thus lowers the specific resistance of the
transparent layer.

[0171] The inventors ofthe present invention tested a liquid
crystal display device including the liquid crystal panel 1 of
Bxample 12 for image sticking of a displayed image in the
manner described in Example 1. It was confirmed as a result
that the image sticking fading time of the tested liquid crystal
display device was 5 minutes, which was a satisfactory level.
[0172] The liquid crystal display device including the lig-
uid crystal panel 1 of Example 12 was also measured for
transmittance and luminance. It was confirmed as a result that
the measured liquid crystal display device had as fine char-
acteristics as those of conventional liquid crystal display
devices in terms of both transmittance and luminance.
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[0173] Aside from the liquid crystal display device of this
example, liquid crystal display devices were manufactured
with the mean particle size of the silica fine particles being set
to 30 nm and 50 nm. The first alignment film-side transparent
layer 610 in which the mean particle size of the silica fine
particles was 30 nm was 98.0% in transmittance Y value,
while the first alignment film-side transparent layer 610 in
which the mean particle size of the silica fine particles was 50
nm was 97.0% in transmittance Y value. These liquid crystal
display devices were measured for transmittance and lumi-
nance. As a result, the liquid crystal display device in which
the mean particle size of the silica fine particles is 30 nm has
been found to have as fine characteristics as conventional
liquid crystal display devices in terms of both transmittance
and luminance. The liquid crystal display device in which the
mean particle size of the silica fine particles was 50 nm, on the
other hand, registered a luminance that was 92% of the lumi-
nance of conventional liquid crystal display devices, and was
confirmed to be lower in luminance.

Example 13

[0174] In this example, a liquid crystal display device was
manufactured in the same way as in Example 2, except that
the first alignment film-side transparent layer 610 in the liquid
crystal panel 610 of Example 2 was formed by dispersing
gold fine particles as metal fine particles on the surface in the
polysiloxane-based material A.

[0175] Gold fine particles (mean particle size: 10 nm) were
mixed in the ethanol-based solvent of the polysiloxane-based
material A so that the weight ratio of the polysiloxane-based
material A and the silica fine particles was 10:1. The mixture
was printed on the gold insulating layer 604 and the pixel
electrode PX, leveled at 80° C. for approximately two min-
utes, and heated at 150° C. for ten minutes, to thereby form the
film to a thickness of 60 nm. The first alignment film-side
transparent layer 610 according to this example had a specific
resistance of 1.0E+9 Qcm and a transmittance Y value of
98.0%. Adding gold fine particles to the transparent layer thus
lowers the specific resistance of the transparent layer.

[0176] Theinventors ofthe present invention tested a liquid
crystal display device including the liquid crystal panel 1 of
Example 13 for image sticking of a displayed image in the
manner described in Example 1. It was confirmed as a result
that the image sticking fading time of the tested liquid crystal
display device was 1 minute, which was a satisfactory level.
[0177] The liquid crystal display device including the lig-
uid crystal panel 1 of Example 13 was also measured for
transmittance and luminance. It was confirmed as a result that
the measured liquid crystal display device had as fine char-
acteristics as those of conventional liquid crystal display
devices in terms of both transmittance and luminance.
[0178] The metal fine particles used in this example were
gold fine particles, but fine particles of other types of metal
such as silver particles or copper particles may be employed
instead.

Example 14

[0179] In this example, a liquid crystal display device was
manufactured in the same way as in Example 2, except that
the polysiloxane-based material B was used as a polysilox-
ane-based material that forms the first alignment film-side
transparent layer 610 in the liquid crystal panel 1 of Example
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2, while polyimide having polyamic acid ester as a precursor
was used to form the first alignment film 606 and the second
alignment film 705.

[0180] The polyimide having polyamic acid ester as a pre-
cursor had a specific resistance of 1.0E+15 Qcm in this
example. Compared to polyimide that has polyamic acid as a
precursor, polyimide that has polyamic acid ester as a precur-
sor is higher in specific resistance and accordingly increases
the risk of image sticking.

[0181] Theinventors ofthe present invention tested a liquid
crystal display device including the liquid crystal panel 1 of
Example 14 for image sticking of a displayed image in the
manner described in Example 1. It was confirmed as a result
that the image sticking fading time of the tested liquid crystal
display device was 15 minutes, which was a satisfactory level.
[0182] The liquid crystal display device including the lig-
uid crystal panel 1 of Example 14 was also measured for
transmittance and luminance. It was confirmed as a result that
the measured liquid crystal display device had as fine char-
acteristics as those of conventional liquid crystal display
devices in terms of both transmittance and luminance.

Example 15

[0183] In this example, the polysiloxane-based material B
was used as a polysiloxane-based material for forming the
first alignment film-side transparent layer 610 in the liquid
crystal panel 1 of Example 2. The first alignment film 606 and
the second alignment film 705 were formed from polyimide
that has as a precursor polyamic acid ester containing photo-
reactive groups. The alignment treatment employed was
photo-alignment in which the films were irradiated with
polarized ultraviolet rays. The rest of a liquid crystal display
device manufactured in this example was the same as the
liquid crystal display device of Example 2.

[0184] The specific resistance of the polyimide forming the
first alignment film 606 and the second alignment film 705
was 3.0E+15 Qem inthis example. With photo-alignment, the
specific resistance of the alignment films becomes higher
than in rubbing, and the risk of image sticking consequently
rises.

[0185] Theinventors ofthe present invention tested a liquid
crystal display device including the liquid crystal panel 1 of
Example 15 for image sticking of a displayed image in the
manner described in Example 1. It was confirmed as a result
that the image sticking fading time of the tested liquid crystal
display device was 26 minutes, which was a satisfactory level.
[0186] The liquid crystal display device including the lig-
uid crystal panel 1 of Example 15 was also measured for
transmittance and luminance. It was confirmed as a result that
the measured liquid crystal display device had as fine char-
acteristics as those of conventional liquid crystal display
devices in terms of both transmittance and luminance.

Example 16

[0187] In this example, a liquid crystal display device was
manufactured in the same way as in Example 2, except that
the polysiloxane-based material C was used as a polysilox-
ane-based for forming the first alignment film-side transpar-
ent layer 610 in the liquid crystal panel 1 of Example 2, while
the liquid crystal composition A forming the liquid crystal
layer LC was replaced by a liquid crystal composition B
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having a specific resistance of 5.0E+13 Qcm or a liquid
crystal composition C having a specific resistance of 1.0E+14
Qcm.

[0188] The inventors of the present invention tested two
liquid crystal display devices including the two types ofliquid
crystal panel 1 of Example 16 for image sticking of a dis-
played image in the manner described in Example 1. The
image sticking fading time was fourteen minutes in the liquid
crystal display device using the liquid crystal composition B,
and twenty-four minutes in the liquid crystal display device
using the liquid crystal composition C. It was thus confirmed
that the tested liquid crystal display devices had fine image
sticking characteristics.

[0189] When a liquid crystal composition forming the lig-
uid crystal layer LC has a high specific resistance, it becomes
difficult for the liquid crystal layer LC to remedy the accu-
mulation of DC charges at the interface between the liquid
crystal layer LC and the alignment films 606 and 705, which
rises the risk of image sticking as a result.

[0190] The liquid crystal display devices including the two
types of liquid crystal panel 1 of Example 16 were also
measured for transmittance and luminance. It was confirmed
as aresult that the measured liquid crystal display device had
as fine characteristics as those of conventional liquid crystal
display devices in terms of both transmittance and luminance.

Example 17

[0191] In this example, a liquid crystal display device was
manufactured in the same way as in Example 2, except that
the first alignment film-side transparent layer 610 in the liquid
crystal panel 1 of Example 2 was formed froma polysiloxane-
based material having a specific resistance of 1.0E+10 Qcm,
in so-called sea-island shapes respectively making the display
area coverage of 50% and 80% provided by the polysiloxane-
based material.

[0192] The inventors of the present invention tested two
liquid crystal display devices including the two types ofliquid
crystal panel 1 of Example 17 for image sticking of a dis-
played image in the manner described in Example 1. The
image sticking fading time was twenty-seven minutes in the
liquid crystal display device in which the coverage provided
by the polysiloxane-based material is 50%, and sixteen min-
utes in the liquid crystal display device in which the coverage
provided by the polysiloxane-based material is 80%. The
image sticking reduction effect in these cases is smaller than
in the cases where the first alignment film-side transparent
layer 610 is thicker than the electrode formed on the third
insulating layer, which is the base layer of the first alignment
film-side transparent layer 610, and covers the entire display
area. However, it was thus confirmed that even the first align-
ment film-side transparent layer 610 that did not cover the
entiredisplay area as in this example had an effect of reducing
image sticking.

[0193] The liquid crystal display devices including the two
types of liquid crystal panel 1 of Example 17 were also
measured for transmittance and luminance. It was confirmed
as a result that the measured liquid crystal display device had
as fine characteristics as those of conventional liquid crystal
display devices in terms of both transmittance and luminance.

Example 18

[0194] This example is the same as Example 2, except that
the thickness of the first alignment film 606 and the thickness
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of the first alignment film-side transparent layer 610 are var-
ied in three stages as illustrated in the following Table 1,in the
liquid crystal panel 1 of Example 2 that uses the polysiloxane-
based material B. Three liquid crystal display devices 181 to
183 were thus manufactured.

TABLE 1
Liquid crystal First alignment film Transparent layer
display thickness (nm) thickness (nm;
181 20 130
182 50 50
183 30 20
[0195] InTable 1, “transparent layer thickness” refers to, as

described above, the thickness of the first alignment film-side
transparent layer 610 measured with an exposed part of the
base layer (the insulating layer 604) which is not covered with
the pixel electrode PX as the reference. It should be noted
that, for stable film formation, the first alignment film 606 and
the first alignment film-side transparent layer 610 each may
need to have a thickness of 20 nm.

[0196] In each of the three sets of an alignment film and a
transparent layer, the combined specific resistance of the
alignment film and the transparent layer in their film thick-
ness direction was 1.0E+14 Qcm or less, and the combined
transmittance of the alignment film and the transparent layer
was 97.5% or higher. The specific resistance of the second
alignment film 705 formed on the side of the second substrate
7 was 1.0E+15 Qcem.

[0197] The inventors of the present invention tested three
liquid crystal display devices including the two types of liquid
crystal panel 1 of Example 17 for image sticking of a dis-
played image in the manner described in Example 1. The
image sticking fading time was thirty minutes or less in each
of the three liquid crystal display devices. It was thus con-
firmed that the tested liquid crystal display devices had fine
image sticking characteristics.

[0198] Thethree liquid crystal display devices that have the
three types of liquid crystal panel 1 of Example 17 were also
measured for transmittance and luminance. It was confirmed
as a result that the measured liquid crystal display device had
as fine characteristics as those of conventional liquid crystal
display devices in terms of both transmittance and luminance.

Example 19

[0199] This example is the same as Example 8, except that
the combined specific resistance of the first alignment film
606 and the first alignment film-side transparent layer 610 on
the side of the first substrate 6 and the combined specific
resistance of the second alignment film 705 and the second
alignment film-side transparent layer 710 on the side of the
second substrate 7 are varied in three conditions as illustrated
in the following Table 2, in the liquid crystal panel 1 of
Example 8. Three liquid crystal display devices 191 to 193
were thus manufactured. The first alignment film-side trans-
parent layer 610 and the second alignment film-side transpar-
ent layer 710 use the polysiloxane-based material A as in
Example 8.
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TABLE 2
Liquid crystal First substrate side Second substrate side
display (Qcm) (Qecm)
191 1.0E+14 1.0E+15
192 5.0E+12 8.0E+15
193 1.0E+11 1.0E+16
[0200] In each of the three sets of an alignment film and a

transparent layer, the combined transmittance of the align-
ment film and the transparent layer was 97.5% or higher. Each
value of specific resistance in Table 2 is a value obtained by
combining two layers, an alignment film and a transparent
layer, in their film thickness direction.

[0201] The inventors of the present invention tested three
liquid crystal display devices that have the three types of
liquid crystal panel 1 of Example 19 for image sticking of a
displayed image in the manner described in Example 1. The
image sticking fading time was thirty minutes or less in each
of the three liquid crystal display devices. It was thus con-
firmed that the tested liquid crystal display devices had fine
image sticking characteristics.

[0202] The three liquid crystal display devices including
the three types of liquid crystal panel 1 of Example 19 were
also measured for transmittance and luminance. It was con-
firmed as a result that the measured liquid crystal display
device had as fine characteristics as those of conventional
liquid crystal display devices in terms of both transmittance
and luminance.

Comparative Example 1

[0203] Inthis comparative example, a liquid crystal display
device was manufactured in the same way as in Example 1,
except that the first alignment film-side transparent layer 610
was not formed in the liquid crystal panel 1 of Example 1. The
inventors of the present invention tested a liquid crystal dis-
play device including the liquid crystal panel 1 of Compara-
tive Example 1 for image sticking of a displayed image in the
manner described in Example 1. The result showed that the
image sticking fading time was three hours.

Comparative Example 2

[0204] Inthis comparative example, a liquid crystal display
device was manufactured in the same way as in Example 2,
except that the first alignment film-side transparent layer 610
was not formed in the liquid crystal panel 1 of Example 2. The
inventors of the present invention tested a liquid crystal dis-
play device including the liquid crystal panel 1 of Compara-
tive Example 2 for image sticking of a displayed image in the
manner described in Example 2. The result showed that the
image sticking fading time was four hours.

Comparative Example 3

[0205] Inthis comparative example, a liquid crystal display
device was manufactured in the same way as in Example 3,
except that the first alignment film-side transparent layer 610
and the second alignment film-side transparent layer 710
were not formed in the liquid crystal panel 1 of Example 3.
The inventors of the present invention tested a liquid crystal
display device including the liquid crystal panel 1 of Com-
parative Example 1 for image sticking of a displayed image in
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the manner described in Example 3. The result showed that
the image sticking fading time was two hours.

Comparative Example 4

[0206] Inthis comparative example, a liquid crystal display
device was manufactured in the same way as in Example 14,
except that the first alignment film-side transparent layer 610
was not formed in the liquid crystal panel 1 of Example 14.
[0207] Theinventors ofthe present invention tested a liquid
crystal display device including the liquid crystal panel 1 of
Comparative Example 4 for image sticking of a displayed
image in the manner described in Example 14. The result
showed that the image sticking fading time was five and a half
hours.

Comparative Example 5

[0208] Inthis comparative example, a liquid crystal display
device was manufactured in the same way as in Example 15,
except that the first alignment film-side transparent layer 610
was not formed in the liquid crystal panel 1 of Example 15.
The inventors of the present invention tested a liquid crystal
display device including the liquid crystal panel 1 of Com-
parative Example 5 for image sticking of a displayed image in
the manner described in Example 15. The result showed that
the image sticking fading time was six and a half hours.
[0209] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:

1. A liquid crystal display device comprising:

a first substrate;

a second substrate;

aliquid crystal layer interposed between the first substrate
and the second substrate;

a pixel electrode placed on the first substrate for applying
an electric field to the liquid crystal layer to control
liquid crystal molecules;

a first alignment film placed on the first substrate;

a second alignment film placed on the second substrate;
and

at least one of: a transparent layer that is in contact with an
opposite side of the first alignment film from the liquid
crystal layer and that is lower in volume resistivity than
the first alignment film; and a transparent layer that is in
contact with an opposite side of the second alignment
film from the liquid crystal layer and that is lower in
volume resistivity than the second alignment film,

wherein the transparent layer contains polysiloxane
expressed by the following general formula [Chemical
Formula 1]:

[Chemical Formula 1]
Ry

Si—0
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where R1 and R2 each represent an alkyl group or alkoxy
group having 1 to 3 carbon atoms, or a hydroxyl group,
and at least 30% of hydroxyl groups are contained.

2. A liquid crystal display device comprising:

a first substrate;

a second substrate;

aliquid crystal layer interposed between the first substrate
and the second substrate;

a pixel electrode placed on the first substrate for applying
an electric field to the liquid crystal layer to control
liquid crystal molecules;

a first alignment film placed on the first substrate;

a second alignment film placed on the second substrate;
and

at least one of: a transparent layer that is in contact with an
opposite side of the first alignment film from the liquid
crystal layer and that is lower in volume resistivity than
the first alignment film; and a transparent layer that is in
contact with an opposite side of the second alignment
film from the liquid crystal layer and that is lower in
volume resistivity than the second alignment film,

wherein the transparent layer is formed from an organic
resin material selected from the group consisting of
polyisothianaphthene, poly-3,4-ethylenediox-
ythiophene, and polypyrrole.

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

wherein the transparent layer has a volume resistivity of
1.0E+49 Qcm or more and 5.0E+13 Qcm or less,

wherein at least one of the first alignment film and the
second alignment film is in contact with the transparent
layer, and

wherein the at least one of the first alignment film and the
second alignment film has a volume resistivity of 1.0E+
14 Qcm or more.

4. The liquid crystal display device according to claim 1,
wherein the transparent layer contains fine particles of at least
one of silica and metal.

5. The liquid crystal display device according to claim 1,
wherein the liquid crystal layer has a volume resistivity of
1.0E+13 Qcm or more.

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

wherein at least one of the first alignment film and the
second alignment film is in contact with the transparent
layer, and

wherein the at least one of the first alignment film and the
second alignment film is formed from polyimide that has
polyamic acid ester as a precursor.

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

wherein at least one of the first alignment film and the
second alignment film is in contact with the transparent
layer, and

wherein the at least one of the first alignment film and the
second alignment film contains a photo-reactive group
and is given an ability of aligning liquid crystal mol-
ecules when irradiated with ultraviolet rays.

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

wherein the transparent layer has a volume resistivity of
1.0E+9 Qcm or more and 1.0E+13 Qcm or less, and
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wherein the transparent layer is formed with an insulating
layer as a base and, when measured with the insulating
layer as a reference, 1s 20 nm or more and 130 nm or less
in thickness.

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

further comprising acommon electrode formed on the first
substrate, wherein the transparent layer comprises a first
alignment film-side transparent layer, which is in con-
tact with the first alignment film,

wherein one of the pixel electrode and the common elec-
trode is placed on the side near the liquid crystal layer,
and

wherein the first alignment film-side transparent layer and
the one of the pixel electrode and the common electrode
are formed on a common base.

10. The liquid crystal display device according to claim 9,

wherein the first alignment film-side transparent layer is,
when measured with the common base as a reference,
thicker than the one of the pixel electrode and the com-
mon electrode, and

wherein an interface between the first alignment film-side
transparent layer and the first alignment film is formed
flatly.

11. The liquid crystal display device according to claim 10,

wherein a combined thickness of the first alignment film
and the first alignment film-side transparent layer mea-
sured with the common base as the reference is 50 nm or
more and 150 nm or less,

wherein a thickness of the first alignment film is 20 nm or
more, and

wherein a thickness of the first alignment film-side trans-
parent layer measured with the common base as the
reference is at least 20 nm or more.

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

wherein the transparent layer comprises a second align-
ment film-side transparent layer, which is in contact with
the second alignment film, and

wherein the second alignment film-side transparent layer
has a volume resistivity of 1.0E+9 Qcm or more and
5.0E+13 Qcm or less.

13. The liquid crystal display device according to claim 9,

wherein the transparent layer further comprises a second
alignment film-side transparent layer, which is in con-
tact with the second alignment film, and

wherein each of the first alignment film-side transparent
layer and the second alignment film-side transparent
layer has a volume resistivity of 1.0E+9 Qcm or more
and 5.0E+13 Qcm or less.

14. The liquid crystal display device according to claim 12,

wherein a combined volume resistivity of the first align-
ment film and the first alignment film-side transparent
layer in a film thickness direction is 1.0E+9 Qcm or
more and 1.0E+13 Qcm or less, and

wherein a combined volume resistivity of the second align-
ment film and the second alignment film-side transpar-
ent layer in the film thickness direction is 1.0E+15 Qcm
or more.

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

wherein the transparent layer contains an alcohol-based sol-
vent as a residual solvent.
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