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(57) ABSTRACT

A method for manufacturing an LCD panel comprises: (a)
continuously feeding an LC cell comprising first and second
substrates, the first substrate being relatively less susceptible
to electrostatic decay than the second substrate, (b) laminat-
ing a first polarizing plate to the first substrate of the LC cell
while avoiding direct contact between the first laminating
member and the first substrate; (c) laminating a second polar-
izing plate to the second substrate with the first substrate
being in contact with a second laminating member through
the first polarizing plate laminated to the first substrate in the
step (b) while avoiding direct contact between the second
laminating member and the first substrate, thereby obtaining
an LCD panel, and (d) conducting an inspection of the LCD
panel without applying voltage, wherein steps (a), (b), (¢) and
(d) are performed sequentially in a single continuous feed
line.
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METHOD FOR MANUFACTURING LIQUID
CRYSTAL DISPLAY PANELS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of U.S. applica-
tion Ser. No. 13/154,023 filed Jun. 6, 2011, which is based
upon and claims the benefit of priority from the prior Japanese
Patent Application Nos. 2010-143718 and 2010-257424,
filed on Jun. 24, 2010 and Nov. 18, 2010, respectively, the
entire contents of which being incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates a system and a method for
continuously manufacturing liquid crystal display panels.
More specifically, the invention relates to a system and a
method for manufacturing liquid crystal display panels by a
process that includes sequentially bonding first and second
polarizing plates, which are drawn and supplied from first and
second polarizing plate rolls, respectively, to both surfaces of
aliquid crystal cell to form a liquid crystal display panel; and
optically inspecting the liquid crystal display panel.

[0004] 2. Background Art

[0005] A system for continuously manufacturing liquid
crystal display panels is disclosed, in which first and second
polarizing plates, which are drawn and supplied from first and
second polarizing plate rolls, respectively, are sequentially
bonded to both surfaces of a liquid crystal cell to form a liquid
crystal display panel (Japanese Patent Application Laid-Open
(JP-A) No. 2005-37417). An apparatus for inspecting liquid
crystal display panels is also disclosed, in which light is
irradiated to one side of a liquid crystal display panel, and
light transmitted through the liquid crystal display panel is
imaged at the other side of the liquid crystal display panel
(JP-A No. 2007-256106). Prior art document: Japanese
Patent Application Laid-Open (JP-A) No. 2005-37417 and
Japanese Patent Application Laid-Open (JP-A) No. 2007-
256106.

[0006] In view of continuous production of high-quality
liquid crystal display panels, it is advantageous that bonding
means and inspection means placedina series of feed lines (in
a continuously line) for feeding a liquid crystal cell and a
liquid crystal display panel are used in a process including
bonding polarizing plates to both surfaces of a liquid crystal
cell and then quickly performing optical inspection of the
liquid crystal display panel. This is because when the process
is performed in the continuous line with the bonding speed
and the inspection speed set equal to each other (or with the
inspection speed set higher than the bonding speed), the lig-
uid crystal display panel is prevented from waiting for a long
time for the inspection after the bonding process, so that
high-quality liquid crystal display panels can be continuously
produced at high speed.

[0007] According to findings by the inventors, when a
bonding process and an inspection process are performed at
high speed in a series of feed lines (in a continuous line) for
feeding a liquid crystal cell and a liquid crystal display panel,
non-defective products with no quality problem are some-
times misjudged to be defective in the inspection process. It
has been found that as a result of re-inspection of such liquid
crystal display panels determined to be defective, they are
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determined to be non-defective. This is considered to be
because during the bonding of the polarizing plate, the liquid
crystal cell is electrostatically charged so that the alignment
of the liquid crystal molecules are changed, and due to such an
effect, the product, which has been once determined to be
defective in the inspection process performed in the continu-
ous line, regains the aligned state of the liquid crystal mol-
ecules after a lapse of time, and is determined to be non-
defective when re-inspected in such a state.

[0008] This problem is a new problem with high-speed
continuous production of liquid crystal display panels, which
is caused by a process in which a bonding process with
bonding means and an inspection process with inspection
means are performed at high speed in a series of feed lines (in
a continuous line) for feeding a liquid crystal cell and a liquid
crystal display panel.

SUMMARY OF THE INVENTION

[0009] The invention has been made under the circum-
stances described above, and an object of the invention is to
provide a system and a method for continuously manufactur-
ing a liquid crystal display panel, which have high productiv-
ity and can inspect products for proper quality even when a
bonding step and an optical inspection step are performed at
high speed in serried feed lines (in a continuous line) for
feeding a liquid crystal cell and a liquid crystal display panel.
[0010] As a result of investigations to solve the problems,
the invention described below has been accomplished.
[0011] The invention is directed to a system for continu-
ously manufacturing an inspected liquid crystal display
panel, includes:

[0012] a liquid crystal cell supply means that supplies a
liquid crystal cell having a first substrate and a second sub-
strate;

[0013] a first polarizing plate supply means that supplies a
first polarizing plate from a first polarizing plate roll;

[0014] afirst polarizing plate bonding means that bonds the
first polarizing plate to the first substrate;

[0015] asecond polarizing plate supply means that supplies
a second polarizing plate from a second polarizing plate roll;
[0016] asecond polarizing plate bonding means that bonds
the second polarizing plate to the second substrate to form a
liquid crystal display panel after laminating the first polariz-
ing plate to the first substrate; and

[0017] an inspection means that optically inspects the lig-
uid crystal display panel without applying voltage to the
liquid crystal panel,

[0018] wherein the first substrate is less susceptible to elec-
trostatic decay in the liquid crystal cell than the second sub-
strate.

[0019] In the invention, the first polarizing plate bonding
means, the second polarizing plate bonding means and the
inspection means are placed in a continuous feed line for
feeing the liquid crystal cell and the liquid crystal display
panel.

[0020] Therefore, the order of bonding the polarizing plates
is such that the polarizing plate is first bonded to the first
substrate of the liquid crystal cell, “which is relatively less
susceptible to electrostatic decay,” and then the polarizing
plate is bonded to the second substrate of the liquid crystal
cell, “which is relatively more susceptible to electrostatic
decay”. In this case, even when the liquid crystal cell is
electrostatically charged during the bonding of the polarizing
plate, the electrostatic charge on the liquid crystal cell can be
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quickly attenuated, so that the resulting liquid crystal display
panel can be quickly and optically inspected for proper qual-
ity (by non-lighting inspection). After the bonding of the
polarizing plates, therefore, the liquid crystal display panel
can be prevented for waiting for a long time until the electro-
static charge on the liquid crystal cell is attenuated, or there is
no need to apply a voltage to the liquid crystal cell (more
specifically, the liquid crystal layer) for removal of the elec-
trostatic charge on the liquid crystal cell, so that non-lighting
inspection of the liquid crystal display panel can be quickly
performed for proper quality. In addition, non-lighting
inspection of the liquid crystal display panel does not need to
apply a voltage to the liquid crystal cell during the inspection,
in contrast to a lighting inspection in which a voltage is
applied to the liquid crystal cell, and therefore allows high-
speed inspection. Therefore, the inspection of the liquid crys-
tal display panel can be performed at a speed equal to or
higher than the polarizing plate-bonding speed, in a series of
feed lines (in a continuous line) for feeing the liquid crystal
cell and the liquid crystal display panel. As a result, the
polarizing plate-bonding speed and the liquid crystal display
panel-inspection speed, and thus the line speed itself can be
increased in a series of feed lines (in a continuous line) for
feeding the liquid crystal cell and the liquid crystal display
panel (according to the invention, the electrostatic charge on
the liquid crystal cell can be quickly attenuated after the
bonding of the polarizing plates, so that the non-lighting
inspection of the products can be performed for proper qual-
ity, even when the line speed is increased so that the time
period between the bonding of the polarizing plate and the
non-lighting inspection can be reduced. According to the
invention, therefore, liquid crystal display panels can be con-
tinuously manufactured at high speed in a series of feed lines
(in a continuous line) for feeding the liquid crystal cell and the
liquid crystal display panel.

[0021] Examples of the polarizing plate include (1) aroll of
a belt-shaped film including a belt-shaped carrier film and a
belt-shaped polarizing plate formed on the belt-shaped carrier
film; and (2) a roll of a belt-shaped film including a belt-
shaped carrier film and polarizing plates (polarizing plate
pieces) formed on the belt-shaped carrier film (a so-called
scored polarizing plate roll). In the case of (1), the system of
the invention for continuously manufacturing a liquid crystal
display panel has cutting means that cut the belt-shaped polar-
izing plates at predetermined intervals to form polarizing
plates (polarizing plate pieces).

[0022] The term “continuous line” means a line in which a
liquid crystal cell is continuously fed to bonding of polarizing
plates (bonding of a first polarizing plate and bonding of a
second polarizing plate), an optical inspection (optical
inspection of the liquid crystal display panel), and so on.

[0023] Inanembodiment of the invention, the first polariz-
ing plate bonding means bonds the first polarizing plate to the
first substrate of the liquid crystal cell, while it feeds the liquid
crystal cell from a feed-in side to a feed-out side along the
feed line,

[0024] the second polarizing plate bonding means bonds
the second polarizing plate to the second substrate of the
liquid crystal cell, while it feeds the liquid crystal cell from a
feed-in side to a feed-out side along the feed line, and

[0025] the inspection means inspects, in a line mode, the
liquid crystal display panel formed by the first polarizing
plate bonding means and the second polarizing plate bonding
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means, while the liquid crystal display panel is fed from the
feed-in side to the feed-out side along the feed line.

[0026] According to this feature, the electrostatic charge on
the panel, which is produce during the bonding of the polar-
izing plates, can be quickly attenuated, and therefore, when a
line inspection is used, the tact time can be reduced with no
trouble (when a line inspection is used, the panel can be
inspected for proper quality, even when the liquid crystal cell
and liquid crystal display panel-feed speed is further
increased so that the time period between the bonding of the
polarizing plate and the inspection of the panel is further
reduced). As a result, high-speed continuous productivity of
high-quality liquid crystal display panels can be particularly
increased. For example, the line-mode inspection of the liquid
crystal display panel being fed can be achieved using light
irradiation means for irradiating light to the liquid crystal
display panel and a plurality of imaging means for imaging
the liquid crystal display panel irradiated with light, which are
arranged in a line pattern (linearly) along a direction perpen-
dicular to the feed direction of the liquid crystal display panel.
In this configuration, the feed direction of the liquid crystal
cell during the bonding of the first polarizing plate and the
bonding of the second polarizing plate, and the feed direction
of the liquid crystal display panel during the line inspection
may be parallel to one another, reverse to one another, or
crossing or perpendicular to one another, as long as the liquid
crystal cell and the liquid crystal display panel are fed in a
direction from the feed-in side (the side where the liquid
crystal cell is fed in) to the feed-out side (the side where the
liquid crystal display panel is fed out) along the feed line.

[0027] In an embodiment of the invention, the inspection
means includes: transmitted light inspection means has light
irradiation means that is placed on one side of the feed line
and irradiates light to one side of the liquid crystal display
panel; and imaging means that is placed on another side of the
feed line and images the liquid crystal display panel irradiated
with the light irradiation means.

[0028] According to this feature, light transmitted through
the liquid crystal display panel is imaged, so that foreign
bodies on the surface, surface scratches, and foreign bodies
between the liquid crystal cell and the polarizing plate can be
detected as bright spots. According to the invention, the
inspection can be performed after the electrostatic charge on
the liquid crystal cell is attenuated, and therefore, the inspec-
tion can be performed for proper quality. Besides the trans-
mitted light inspection means, the inspection means may
further include reflected light inspection means that irradiates
light to one side of the liquid crystal display panel from an
oblique direction and receives reflected light from the one
side of the liquid crystal display panel to optically inspect the
liquid crystal display panel. This makes it possible to more
reliably detect foreign bodies interposed between the liquid
crystal cell and the polarizing plate without lighting the liquid
crystal cell itself.

[0029] Inanembodiment of the invention, the first polariz-
ing plate bonding means includes: a pair of first bonding
rollers between which the liquid crystal cell and the first
polarizing plate are caught so that the first polarizing plate is
bonded to the first substrate of the liquid crystal cell, and

[0030] the second polarizing plate bonding means
includes: a pair of second bonding rollers between which the
liquid crystal cell with the first polarizing plate bonded
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thereto and the second polarizing plate are caught so that the
second polarizing plate is bonded to the second substrate of
the liquid crystal cell.

[0031] According to this feature, the polarizing plates can
be bonded to both sides of the liquid crystal cell at higher
speed in a continuous manner, and the electrostatic charge on
the liquid crystal cell can be quickly attenuated to a level
where the inspection is not interfered with, even when the
liquid crystal cell is electrostatically charged by the friction
between the bonding rollers, which makes the invention par-
ticularly effective. It will be understood that one of the rollers
may be the same as or different from the other.

[0032] The invention is directed to a method for continu-
ously manufacturing an inspected liquid crystal display
panel, includes:

[0033] aliquid crystal cell feeding step including feeding a
liquid crystal cell having a first substrate and a second sub-
strate;

[0034] a first polarizing plate providing step including pro-
viding a first polarizing plate from a first polarizing plate roll;
[0035] a first polarizing plate laminating step including
laminating the first polarizing plate to the first substrate;
[0036] a second polarizing plate providing step including
providing a second polarizing plate from a second polarizing
plate roll;

[0037] asecond polarizing plate laminating step including
laminating the second polarizing plate to the second substrate
to obtain a liquid crystal display panel after laminating the
first polarizing plate to the first substrate; and

[0038] aninspecting step including optically inspecting the
liquid crystal display panel without applying voltage to the
liquid crystal panel,

[0039] wherein the first substrate is less susceptible to elec-
trostatic decay in the liquid crystal cell than the second sub-
strate.

[0040] Inthe invention, the first polarizing plate laminating
step, the second polarizing plate laminating step and the
inspecting step are performed in a continuous feed line for
feeing the liquid crystal cell and the liquid crystal display
panel.

[0041] Therefore, the order of bonding the polarizing plates
is such that the polarizing plate is first bonded to the first
substrate of the liquid crystal cell, “which is relatively less
susceptible to electrostatic decay,” and then the polarizing
plate is bonded to the second substrate of the liquid crystal
cell, “which is relatively more susceptible to electrostatic
decay”. In this case, even when the liquid crystal cell is
electrostatically charged during the bonding of the polarizing
plate, the electrostatic charge on the liquid crystal cell can be
quickly attenuated, so that the resulting liquid crystal display
panel can be quickly and optically inspected for proper qual-
ity (by non-lighting inspection). After the bonding of the
polarizing plates, therefore, the liquid crystal display panel
can be prevented for waiting for a long time until the electro-
static charge on the liquid crystal cell is attenuated, or there is
no need to apply a voltage to the liquid crystal cell (more
specifically, the liquid crystal layer) for removal of the elec-
trostatic charge on the liquid crystal cell, so that non-lighting
inspection of the liquid crystal display panel can be quickly
performed for proper quality. In addition, non-lighting
inspection of the liquid crystal display panel does not need to
apply a voltage to the liquid crystal cell during the inspection,
in contrast to a lighting inspection in which a voltage is
applied to the liquid crystal cell, and therefore allows high-
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speed inspection. Therefore, the inspection of the liquid crys-
tal display panel can be performed at a speed equal to or
higher than the polarizing plate-bonding speed, in a series of
feed lines (in a continuous line) for feeing the liquid crystal
cell and the liquid crystal display panel. As a result, the
polarizing plate-bonding speed and the liquid crystal display
panel-inspection speed, and thus the line speed itself can be
increased in a series of feed lines (in a continuous line) for
feeding the liquid crystal cell and the liquid crystal display
panel (according to the invention, the electrostatic charge on
the liquid crystal cell can be quickly attenuated after the
bonding of the polarizing plates, so that the non-lighting
inspection of the products can be performed for proper qual-
ity, even when the line speed is increased so that the time
period between the bonding of the polarizing plate and the
non-lighting inspection can be reduced. According to the
invention, therefore, liquid crystal display panels can be con-
tinuously manufactured at high speed in a series of feed lines
(ina continuous line) for feeding the liquid crystal cell and the
liquid crystal display panel.

[0042] Inanembodiment of the invention, the first polariz-
ing plate laminating step includes bonding the first polarizing
plate to the first substrate of the liquid crystal cell while
feeding the liquid crystal cell from a feed-in side to a feed-out
side along the feed line,

[0043] the second polarizing plate laminating step includes
bonding the second polarizing plate to the second substrate of
the liquid crystal cell while feeding the liquid crystal cell from
a feed-in side to a feed-out side along the feed line, and

[0044] the inspection step includes inspecting, in a line
mode, the liquid crystal display panel formed by the first
polarizing plate laminating step and the second polarizing
plate laminating step, while feeding the liquid crystal display
panel from the feed-in side to the feed-out side along the feed
line.

[0045] According to this feature, the electrostatic charge on
the panel, which is produce during the bonding of the polar-
izing plates, can be quickly attenuated, and therefore, when a
line inspection is used, the tact time can be reduced with no
trouble (when a line inspection is used, the panel can be
inspected for proper quality, even when the liquid crystal cell
and liquid crystal display panel-feed speed is further
increased so that the time period between the bonding of the
polarizing plate and the inspection of the panel is further
reduced). As a result, high-speed continuous productivity of
high-quality liquid crystal display panels can be particularly
increased.

[0046] In an embodiment of the invention, the inspection
steps includes: a transmitted light inspection step comprising
irradiating light to one side of the liquid crystal display panel
and receiving, at another side of the liquid crystal display
panel, light transmitted through the liquid crystal display
panel to inspect the liquid crystal display panel.

[0047] Besides the transmitted light inspection step, the
inspection step may further include a reflective light inspec-
tion step which includes irradiating light to one side of the
liquid crystal display panel from an oblique direction and
receiving reflected light from the one side of the liquid crystal
display panel to optically inspect the liquid crystal display
panel.

[0048] Inan embodiment of the invention, the first polariz-
ing plate laminating step includes catching, between a pair of
first bonding rollers, the liquid crystal cell and the first polar-
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izing plate to bond the first polarizing plate to the first sub-
strate of the liquid crystal cell, and

[0049] the second polarizing plate laminating step includes
catching, between a pair of second rollers, the liquid crystal
cell with the first polarizing plate bonded thereto and the
second polarizing plate to bond the second polarizing plate to
the second substrate of the liquid crystal cell.

[0050] In the system and method of the invention for con-
tinuously manufacturing a liquid crystal display panel, the
first polarizing plate preferably has an electrically-conductive
layer. The electrically-conductive layer preferably has a sur-
face resistance of 1.0x10'2 Q/square or less. When an elec-
trically-conductive layer is provided in the first polarizing
plate, the first substrate (liquid crystal cell) can be inhibited
from being electrostatically charged during the bonding of
the first and the second polarizing plates, so that any electro-
static charge on the liquid crystal cell can be more quickly
attenuated. In the system and method of the invention for
continuously manufacturing a liquid crystal display panel,
the second polarizing plate also preferably has an electrically-
conductive layer. The electrically-conductive layer also pref-
erably has a surface resistance of 1.0x10"? Q/square or less.
When an electrically-conductive layer is provided in the sec-
ond polarizing plate, the second substrate (liquid crystal cell)
can be inhibited from being electrostatically charged during
the bonding of the second polarizing plate, so that any elec-
trostatic charge on the liquid crystal cell can be more quickly
attenuated.

[0051] The liquid crystal display panel includes the liquid
crystal cell and at least the first and the second polarizing
plates bonded to both surfaces of the liquid crystal cell, in
which a driving circuit is incorporated as needed. The liquid
crystal cell to be used may be of any type such as a vertical
alignment (VA) type, an in-plane switching (IPS) type, a
twisted nematic (TN) type, or a super twisted nematic (STN)
type.

[0052] Forexample, the polarizing plate generally includes
a polarizer (about 10 to 30 um in thickness) and a polarizer-
protecting film or films (about 20 to 80 pum in thickness)
formed on one or both sides of the polarizer with an adhesive
or a pressure-sensitive adhesive interposed therebetween.
The polarizing plate may include an additional film such as a
retardation film (20 to 80 um in thickness), a viewing angle
compensation film, a brightness enhancement film, or a sur-
face protecting film (about 20 to 50 um in thickness). These
films may also be stacked through an adhesive or a pressure-
sensitive adhesive. The polarizing plate generally includes a
pressure-sensitive adhesive layer for bonding the polarizing
plate to a liquid crystal cell. A pressure-sensitive adhesive
such as an acrylic pressure-sensitive adhesive or a silicone
pressure-sensitive adhesive may be used to form the pressure-
sensitive adhesive layer. The pressure-sensitive adhesive
layer typically has a thickness of 10 to 40 um. In general, a
(belt-shaped) carrier film (also called “release film”) is
attached to the pressure-sensitive adhesive layer so that the
surface of the pressure-sensitive adhesive layer can be pro-
tected until the polarizing plate is bonded to a liquid crystal
cell. The polarizing plate typically has a thickness in therange
of 50 um to 400 um.

[0053] Aknown conventional film such as aplastic film (for
example, a polyethylene terephthalate film) may be used as
the (belt-shaped) carrier film (generally 20 to 50 um in thick-
ness). If necessary, an appropriate film coated with an appro-
priate release agent such as a silicone release agent, a long-
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chain alkyl release agent, a fluoride release agent, or
molybdenum sulfide may also be used according to conven-
tional techniques.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] FIG. 1is aschematic cross-sectional view of a liquid
crystal display panel in embodiment 1;

[0055] FIG. 2 is a schematic diagram showing an example
of the system according to embodiment 1 for continuously
manufacturing a liquid crystal display panel,

[0056] FIG. 3is aschematic cross-sectional view of a liquid
crystal display panel in embodiment 2;

[0057] FIG. 4 is a graph showing the result of the measure-
ment of vertical alignment (VA)-type CF and TFT substrates
for a tendency to be electrostatically charged,

[0058] FIG. 5is a graph showing the result of the measure-
ment of in-plane switching (IPS)-type CF and TFT substrates
for a tendency to be electrostatically charged;

[0059] FIG. 6A is a diagram for illustrating a line inspec-
tion;

[0060] FIG. 6B is adiagram showing the process flow of the
line inspection;

[0061] FIG. 7Ais a diagram for illustrating an area inspec-
tion; and

[0062] FIG. 7B is adiagram showing the process flow of the

area inspection.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiment 1

[0063] FIG. 1 shows a schematic cross-sectional view of a
liquid crystal display panel Y. The liquid crystal display panel
Y includes a rectangular liquid crystal cell 4 including aliquid
crystal layer 43 placed between a pair of first and second
substrates 41 and 42; a first polarizing plate 10 placed on the
first substrate 41 side of the liquid crystal cell 4; and a second
polarizing plate 20 placed on the second substrate 42 side of
the liquid crystal cell 4.

[0064] Liquid Crystal Cell

[0065] Inthisembodiment, a vertical alignment-type (here-
inafter referred to as “VA-type”) liquid crystal cell is used as
the liquid crystal cell 4. The VA-type liquid crystal cell 4 is
described below.

[0066] The first substrate 41 (hereinafter also referred to as
the backside substrate) placed on the backside (backlight
side) of the liquid crystal cell 4 includes a transparent sub-
strate 411 of glass, plastic or the like; a circuit part that is
provided on the transparent substrate 411 and includes a
plurality of gate wirings and a plurality of source wirings
arranged perpendicular to the gate wirings and provided on
the gate wirings with an insulating film interposed therebe-
tween; thin film transistors (TFT) 412 provided as a plurality
of switching elements at the intersections of the gate wirings
and the source wirings; an interlayer insulating film 413 pro-
vided on the switching elements (thin film transistors); a
plurality of transparent electrodes (pixel electrodes) 414 pro-
vided on the interlayer insulating film 413 and connected to
the switching elements (thin film transistors 412), respec-
tively, through contact holes formed in the interlayer insulat-
ing film 413; and an alignment film 415 provided on the
transparent electrodes (pixel electrodes) 414.
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[0067] The thin film transistors 412 each include a gate
electrode, a semiconductor layer opposed to the gate elec-
trode with a gate insulating film interposed therebetween, and
source and drain electrodes independently connected to the
semiconductor layer. The gate wiring is connected to the gate
electrode, the source wiring is connected to the source elec-
trode, and the pixel electrode 414 is connected to the drain
electrode.

[0068] The gate wiring and gate electrode, the source wit-
ing and source electrode, and the drain electrode are typically
formed by a process including forming a metal film such as a
titanium, chromium, aluminum, or molybdenum film, a film
of an alloy thereof, or a laminated film thereof by sputtering
or the like, and then patterning the film by photo-etching or
the like.

[0069] For example, the semiconductor layer is formed by
a process including forming a film of a semiconductor mate-
rial such as amorphous silicon or polysilicon by plasma CVE
(Chemical Vapor Deposition) or the like and then patterning
the film by photo-etching or the like.

[0070] For example, the pixel electrodes 414 are formed by
a process including forming a film of a transparent electri-
cally-conductive material such as indium tin oxide (ITO),
indium zinc oxide, tin oxide, or zinc oxide by sputtering or the
like and then pattering the film by photo-etching or the like.
[0071] For example, the alignment film 415 is formed by a
process including applying polyimideresin to form a film and
rubbing the film.

[0072] On the other hand, in embodiment 1, the second
substrate 42 (hereinafter also referred to as the display surface
side substrate) placed on the image display side of the liquid
crystal cell 4 includes a transparent substrate 421; a color
filter 422 provided on the transparent substrate 421; an ovet-
coat layer (not shown) provided on the color filter 422; a
transparent electrode (common electrode) 424 provided on
the overcoat layer and opposed to the pixel electrodes 414;
and an alignment film 425 provided on the transparent elec-
trode (common electrode) 424.

[0073] The color filter 422 to be used is preferably config-
ured to include a black matrix for shielding light between
colored patterns, and red, green and blue colored layers each
corresponding to each pixel.

[0074] For example, the black matrix is made of chromium
metal and has a thickness of 100 to 150 nm. For example, the
colored layers used are made of a resin material colored with
adye orapigment and have a thickness of 1 to 3 um. The pixel
pattern arrangement used for the colored layers may be a delta
arrangement, a mosaic arrangement, or a stripe arrangement.
For example, the overcoat layer is made of acrylic resin,
epoxy resin, or the like and has a thickness of 0.5 to 2 pm.
[0075] Examples of the method for manufacturing the color
filter 422 include, but are not limited to, a staining method, a
pigment dispersion method, a printing method, and an elec-
tro-deposition method.

[0076] For example, the common electrode 424 is formed
by a process including forming a film of a transparent elec-
trically-conductive material such as indium tin oxide (ITO),
indium zinc oxide, tin oxide, or zinc oxide by sputtering or the
like, and then pattering the film by photo-etching or the like.
[0077] For example, the liquid crystal layer 43 of the liquid
crystal cell 4 is made of a nematic liquid crystal molecule 431
having negative dielectric anisotropy (AS<0). The liquid
crystal layer 43 is driven by a voltage applied in a direction
substantially perpendicular to the substrate surface between
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the pixel electrode 414 of the backside substrate 41 (first
substrate 41) and the common electrode 424 of the display
surface side substrate 42 (second substrate 42). Therefore,
when the voltage is less than the threshold voltage, the long
axis of the liquid crystal molecule is oriented substantially
perpendicular to the substrate surface, so that linearly polar-
ized light incident on the back side does not undergo a bire-
fringence effect when passing through the liquid crystal layer
43 and therefore cannot pass through the second polarizer 21
of the second polarizing plate 20 on the display surface side.
When the voltage becomes the threshold voltage or more, the
long axis of the liquid crystal molecule 431 is tilted at a
certain angle depending on the magnitude of the voltage with
respect to the substrate surface, so that linearly polarized light
incident on the back side undergoes a birefringence effect
when passing through the liquid crystal layer 43 and therefore
can partially pass through the second polarizer 21 of the
second polarizing plate 20 on the display surface side.
[0078] In the liquid crystal cell 4, because of the substrate
structure described above, the backside substrate 41 is less
susceptible to electrostatic decay (potential decay) after it is
electrostatically charged, while the display surface side sub-
strate 42 is more susceptible to electrostatic decay (potential
decay) than the backside substrate 41 after it is electrostati-
cally charged. Therefore, when the VA-type liquid crystal cell
4 is used, the backside substrate 41 is a substrate (first sub-
strate) to which a polarizing plate should be bonded first, and
the display surface side substrate 42 is a substrate (second
substrate) to which a polarizing plate should be bonded sub-
sequently.

[0079] Theliquid crystal cell 4is not restricted to a VA type,
and it is considered that a TN (Twisted Nematic) type, a STN
(Super-Twisted Nematic) type, or an OCB (Optically Com-
pensated Birefringence) type also shows the same tendency,
because similarly to the VA type, they have a backside sub-
strate containing pixel electrodes, a display surface side sub-
strate containing a common electrode, and a liquid crystal
layer that is driven by a voltage applied in a direction sub-
stantially perpendicular to the substrate surface between the
pixel electrode and the common electrode. Also in the case of
a TN, STN or OCB type, therefore, it is considered to be
necessary to bond a polarizing plate first to the backside
substrate and then to bond a polarizing plate to the display
surface side substrate as in the case of the VA type, so that the
effects of the invention can be obtained. Which of the back-
side substrate or the display surface side substrate corre-
sponds to the first or the second substrate may be determined
by the method described below.

[0080] Polarizing Plates

[0081] The first polarizing plate 10 includes at least a first
polarizer 11 (having an absorption axis in a direction parallel
to the short side of the liquid crystal cell 4). The first polar-
izing plate 10 includes the first polarizer 11; first and second
protective films 13 and 14 placed on both sides of the first
polarizer 11, wherein the first protective film is closer to the
liquid crystal cell; a first electrically-conductive layer 12
placed on the inner side of the first protective film 13; a first
pressure-sensitive adhesive layer 15 for bonding the first
polarizing plate 10 to the first substrate 41 of the liquid crystal
cell 4; and a first surface protecting film 17 placed on the
second protective film 14 with a first weak pressure-sensitive
adhesive layer 16 interposed therebetween.

[0082] The first polarizer 11 to be used may be any known
conventional polarizer, and for example, a polyvinyl alcohol
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film with an iodine complex or a dichroic dye adsorbed
thereon is preferably used. For example, the first protective
film 13 and the second protective film 14 to be used are each
preferably, but notlimited to, a film made of triacetylcellulose
resin, polyester resin, polycarbonate resin, cyclic polyolefin
resin, (meth) acrylic resin, or the like.

[0083] The first electrically-conductive layer 12 preferably
has a surface resistance of 1.0x10'* Q/square or less, more
preferably 1.0x10! Q/square or less. When the first electri-
cally-conductive layer is provided, the electrostatic charging
of the first substrate (liquid crystal cell) can be suppressed
during the bonding of the first and second polarizing plates, so
that the electrostatic charge on the liquid crystal cell can be
more quickly attenuated. The surface resistance may be mea-
sured by the method as shown in examples below. An elec-
trically-conductive layer is not necessarily formed in the first
polarizing plate, and the effects of the invention can be
obtained even when a polarizing plate with no electrically-
conductive layer formed therein is bonded to the liquid crystal
cell. It will be understood that the first electrically-conductive
layer is formed at any location in the first polarizing plate,
specifically, at any location from the first surface protecting
film to the first pressure-sensitive adhesive layer.

[0084] The material of the first electrically-conductive
layer 12 is not restricted. The first electrically-conductive
layer 12 may be made of a metal oxide such as ITO (Indium
Tin Oxide) composed mainly of indium oxide and doped with
tin oxide; an electrically-conductive polymer such as poly-
acetylene, polypyrrole, polythiophene, or polyphenylene
vinylene; the electrically-conductive polymer and a halogen
or a halide added thereto; or an ionic surfactant.

[0085] Themethod of forming the firstelectrically-conduc-
tive layer 12 is also not restricted. For example, the first
electrically-conductive layer 12 of a metal oxide is preferably
formed using vapor phase deposition such as sputtering,
vacuum deposition, ion plating, or plasma CVD, and the first
electrically-conductive 12 of an electrically-conductive poly-
mer may be formed using a known conventional coating
method such as bar coating, blade coating, spin coating,
reverse coating, die coating, or spraying.

[0086] The first electrically-conductive layer 12 preferably
has a thickness of 100 nm to 300 nm.

[0087] The second polarizing plate 20 includes at least a
second polarizer 21 (having an absorption axis in a direction
parallel to the long side of the liquid crystal cell 4). In this
embodiment, the second polarizing plate 20 includes the sec-
ond polarizer 21; third and fourth protective films 23 and 24
placed on both the inner and outer sides of the second polar-
izer 21; a second pressure-sensitive adhesive layer 25 for
bonding the second polarizing plate 20 to the second substrate
42 of the liquid crystal cell 4; and a second surface protecting
film 27 placed on the second protective film 24 with a second
weak pressure-sensitive adhesive layer 26 interposed ther-
ebetween.

[0088] While the second polarizing plate 20 may or may
not have an electrically-conductive layer, it preferably has an
electrically-conductive layer (second electrically-conductive
layer) in order to suppress the electrostatic charging of the
second substrate 42 (liquid crystal cell) during the bonding of
the second polarizing plate and to attenuate the electrostatic
charge on the liquid crystal cell 4 more quickly. The structure
of such an electrically-conductive layer may be the same as
that of the first electrically-conductive layer.
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[0089] Besides the layers described above, the first or sec-
ond polarizing plate may further include any other layer hav-
ing an optical function, a physical function or any other func-
tion, such as a brightness enhancement layer, a retardation
layer, or an anti-reflection layer, as needed.

[0090] Continuous Manufacturing System

[0091] A system for continuously manufacturing the liquid
crystal display panel Y is described with reference to FIG. 2.
[0092] The system according to this embodiment for con-
tinuously manufacturing the liquid crystal display panel
includes liquid crystal cell supply means 50, first polarizing
plate supply means 1004, first polarizing plate bonding means
1005, liquid crystal cell feed means 60, second polarizing
plate supply means 200¢, second polarizing plate bonding
means 2005, liquid crystal display panel feed means 70, and
inspection means 80. In this embodiment, the liquid crystal
cell supply means 50, the liquid crystal cell feed means 60,
and the liquid crystal display panel feed means 70 form a
continuous line 300, which includes a series of lines for
feeding the liquid crystal cell and the liquid crystal display
panel, and the bonding means (first polarizing plate bonding
means 10056 and second polarizing plate bonding means
200)) and the inspection means 80 are arranged in the con-
tinuous line 300.

[0093] Liquid Crystal Cell Supply Means

[0094] Theliquid crystal cell supply means 50 supplied the
liquid crystal cell 4 to the first polarizing plate bonding means
1005. In this embodiment, the liquid crystal cell supply
means 50 only includes a feeding mechanism 510, but such a
configuration is non-limiting.

[0095] First Polarizing Plate Supply Means

[0096] The first polarizing plate supply means 100a feeds a
first belt-shaped film 61 from a first polarizing plate roll 6,
which is a roll of the first belt-shaped film 61 including a first
belt-shaped carrier film 62 and a first belt-shaped polarizing
plate formed on the first belt-shaped carrier film 62, cuts the
first belt-shaped polarizing plate at predetermined intervals to
form a first polarizing plate 10, peels off the first polarizing
plate 10 from the first belt-shaped carrier film 62 by folding
back the first belt-shaped carrier film 62, and supplies the first
polarizing plate 10 to the first polarizing plate bonding means
1005. For the operation, the first polarizing plate supply
means 100q includes first cutting means 130, first peeling
means 140, and first take-up means 160.

[0097] The first cutting means 130 cuts the first belt-shaped
polarizing plate at predetermined intervals to form the first
polarizing plate 10 on the first belt-shaped carrier film 62. The
first cutting means 130 may be configured to cut the first
belt-shaped polarizing plate, which has a width correspond-
ing to the long side of the first substrate 41 of the liquid crystal
cell 4, into a length corresponding to the short side of the first
substrate 41 of the liquid crystal cell 4, or configured to cut the
first belt-shaped polarizing plate, which has a width corre-
sponding to the short side of the first substrate 41 of the liquid
crystal cell 4, into a length corresponding to the long side of
the first substrate 41 of the liquid crystal cell 4. In this embodi-
ment, the first cutting means 130 is configured to cut the first
belt-shaped polarizing plate, which has a width correspond-
ing to the long side of the first substrate 41 of the liquid crystal
cell 4, into a length corresponding to the short side of the first
substrate 41 of the liquid crystal cell 4. For example, the first
cutting means 130 may be a cutter, a laser, or the like.
[0098] The first peeling means 140 inwardly folds back the
first belt-shaped carrier film 62 to peel off the first polarizing
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plate 10 from the first belt-shaped carrier film 62. In this
embodiment, a sharp-ended knife edge part is used as a non-
limiting example of the first peeling means 140.

[0099] The first take-up means 160 takes up the belt-shaped
carrier film 62 from which the first polarizing plate 10 is
peeled off.

[0100] First Polarizing Plate Bonding Means

[0101] The first polarizing plate bonding means 1005
bonds the first polarizing plate 10 to the first substrate 41 of
the liquid crystal cell 4, wherein the liquid crystal cell 4 is
supplied by the liquid crystal cell supply means 50, and the
first polarizing plate 101s supplied by the first polarizing plate
supply means 100a. In this embodiment, the first polarizing
plate bonding means 1005 includes a pair of bonding rollers
(first bonding rollers) 150a and 1505.

[0102] Liquid Cell Feed Means

[0103] The liquid crystal cell feed means 60 transports and
supplies, to the second polarizing plate bonding means 2005,
the liquid crystal cell 4 with the first polarizing plate 10
bonded thereto by the first polarizing plate bonding means
1005. In this embodiment, the liquid crystal cell feed means
60 has a turning mechanism (not shown) for horizontally
turning by 90° the liquid crystal cell 4 with the first polarizing
plate 10 bonded thereto. The liquid crystal cell feeding
mechanism 60 may have a turnover mechanism for turning
over the liquid crystal cell 4 with the first polarizing plate 10
bonded thereto. Alternatively, the liquid crystal cell feeding
mechanism 60 may include only a mechanism for feeding the
liquid crystal cell 4 with the first polarizing plate 10 bonded
thereto.

[0104]

[0105] The second polarizing plate supply means 200a
feeds a second belt-shaped film 71 from a second polarizing
plate roll 7, which is a roll of the second belt-shaped film 71
including a second belt-shaped carrier film 72 and a second
belt-shaped polarizing plate formed on the second belt-
shaped carrier film 72, cuts the second belt-shaped polarizing
plate at predetermined intervals to form a second polarizing
plate 20, peels off the second polarizing plate 20 from the
second belt-shaped carrier film 72 by folding back the second
belt-shaped carrier film 72, and supplies the second polariz-
ing plate 20 to the second polarizing plate bonding means
200h. The second polarizing plate supply means 200a
includes second cutting means 230, second peeling means
240, and second take-up means 260. The second cutting
means 230 has the same configuration as the first cutting
means, the second peeling means has the same configuration
as the first peeling means, and the second take-up means has
the same configuration as the first take-up means. In this
embodiment, the second cutting means 230 is configured to
cut the second belt-shaped polarizing plate, which has a width
corresponding to the short side of the second substrate 42 of
the liquid crystal cell 4, into a length corresponding to the
long side of the second substrate 42 of the liquid crystal cell
4

[0106] Second Polarizing Plate Bonding Means

[0107] The second polarizing plate bonding means 2005
bonds the second polarizing plate 20 to the second substrate
42 of the liquid crystal cell 4 to form a liquid crystal display
panel Y, wherein the liquid crystal cell 4 is supplied by the
liquid crystal cell feed means 60, and the second polarizing
plate 20 is supplied by the second polarizing plate supply
means 200a. In this embodiment, the second polarizing plate

Second Polarizing Plate Supply Means
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bonding means 2005 includes a pair of bonding rollers (sec-
ond bonding rollers) 250a and 2505.

[0108]

[0109] Theliquid crystal display panel feed means 70 feeds
the liquid crystal display panel Y, which is formed by the
second polarizing plate bonding means 2004.

[0110]

[0111] The inspection means 80 optically inspects the lig-
uid crystal display panel Y, which is fed by the liquid crystal
display panel feed means 70, without applying a voltage to the
liquid crystal display panel Y (more specifically, the liquid
crystal layer 43). In this embodiment, the inspection means
80 includes a transmitted light inspection means having a
light source (light irradiation means) 31 that is placed on one
side of the liquid crystal display panel feed means 70 (on a
lower side in the case shown in F1G. 2) to irradiate light to the
lower surface of the liquid crystal display panel Y; and a CCD
cameral (imaging means) 33 thatis placed on the other side of
the liquid crystal display panel 70 (on an upper side in the case
shown in FIG. 2) to image the liquid crystal display panel Y
irradiated with the light source (light irradiation means) 31.
The presence or absence of foreign matter or air voids intet-
posed between the polarizing plate and the liquid crystal cell
is determined based on the amount of transmitted light
detected by the CCD camera (imaging means) 33. Besides the
transmitted light inspection means, the inspection means 80
may further include reflected light inspection means for opti-
cally inspecting the liquid crystal display panel Y by irradi-
ating light to one side of the liquid crystal display panel Y and
detecting light reflected from the one side of the liquid crystal
display panel Y. After the second polarizing plate is bonded,
the inspection means 80 is preferably placed within 1 minute,
more preferably within 40 seconds, even more preferably
within 20 seconds, in particular, preferably within 10 sec-
onds, in the position where the inspection will be started.

[0112] For example, the inspection means 80 may be con-
figured as line inspection means 81 or area inspection means
82. The line inspection means 81 is described with reference
to FIGS. 6A and 6B. The line inspection means 81 includes a
light source (light irradiation means) 811 that is placed on one
side of the liquid crystal display panel feed means 70 (on a
lower side in the case shown in FIG. 6A) to irradiate light to
the lower surface of the liquid crystal display panel Y; a light
receiving sensor (imaging means) 812 that is placed on the
other side of theliquid crystal display panel feed means 70 (an
upper side in the case shown in FIG. 6A) to image the liquid
crystal display panel Y in a line mode, wherein the liquid
crystal display panel Y is being irradiated with the light
source (light irradiation means) 811 and being fed by the
liquid crystal display panel feed means 70 in a direction from
the feed-in side to the feed-out side along the feed line; an
image processing unit 813 that sequentially stores, in a
memory, line image date taken by the light receiving sensor
812 and performs image processing on a group of line image
data stored in the memory; a control unit 814 that determines
the presence or absence of defects such as foreign bodies or
air voids interposed between the polarizing plate and the
liquid crystal cell based on the image date having undergone
image processing in the image processing unit 813; and a
storage unit 815 that stores the result of the determination in
the control unit 814 (whether the product is normal or defec-
tive) together with identification information about the liquid
crystal display panel.

Liquid Crystal Display Panel Feed means

Inspection Means
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[0113] A specific inspection process is described with ref-
erence to the process flow shown in FIG. 6B. First, the liquid
crystal display panel Y is stopped at a position for waiting for
the inspection (see “Position for waiting for inspection” in
part (c) of FIG. 6A). The control unit 814 controls the liquid
crystal display panel feed means 70 for feeding the liquid
crystal display panel Y to start the feeding of the liquid crystal
display panel Y (S1) and the inspection by the line inspection
means 81 (S2). The light receiving sensor 812 is arranged to
extend ina line shape (linearly) in a direction perpendicular to
the feed direction of the liquid crystal display panel Y and
images, in a line mode, the liquid crystal display panel Y
being fed in a direction from the feed-in side to the feed-out
side along the feed line (S3) (see Inspection position in part
(c) of FIG. 6A). The light receiving sensor 812 takes a line-
shaped image of the transmitted light produced by the light
source 811. Referring to part (b) of FIG. 6 A, the normal field
of view of the light receiving sensor 812 is narrowed to form
an inspection area so that line image date can be obtained. The
image processing unit 813 sequentially stores, in the memory
(not shown), the line image data taken by the light receiving
sensor 812. The liquid crystal display panel Y is fed to the
inspection end position (see Inspection end position in part
(¢) of FIG. 6A) and stopped (S5). The amount of the feed has
been previously determined, and the liquid crystal display
panel feed means 70 performs intermittent feeding. The
image processing unit 813 then performs image processing
on a group of the line image data stored in the memory (56).
The control unit 8§14 determines the presence or absence of
defects such as foreign bodies or air voids interposed between
the polarizing plate and the liquid crystal cell based on the
image data having undergone the image processing in the
image processing unit 813 (S7). When the control unit 814
determines the product to be normal, the control unit 814
stores, in the storage unit 815, the information that the liquid
crystal display panel Y is determined to be a normal product
(S8). The liquid crystal display panel Y determined to be a
normal product is fed to a non-defective product port (S9). On
the other hand, whenthe product is determined to be defective
by the control unit 814, the control unit 814 stores, in the
storage unit 815, the information that the liquid crystal dis-
play panel Y is determined to be a defective product (S10).
The liquid crystal display panel Y determined to be a defec-
tive product is fed to a defective product port (S11).

[0114] Next, a description is given of the area inspection
means 82 with reference to FIGS. 7A and 7B. The area
inspection means 82 includes a light source (light irradiation
means) 821 that is placed on one side of the liquid crystal
display panel feed means 70 (on a lower side in the case
shown in FIG. 7A) to irradiate light to the lower surface of the
liquid crystal display panel Y; a light receiving sensor (imag-
ing means) 822 that is placed on the other side of the liquid
crystal display panel feed means 70 (an upper side in the case
shown in FIG. 7A) to image the liquid crystal display panel Y
irradiated with the light source (light irradiation means) 821,
an image processing unit 823 that stores, in a memory, image
date taken by the light receiving sensor 822 and performs
image processing on the image data stored in the memory; a
control unit 824 that determines the presence or absence of
defects such as foreign bodies or air voids interposed between
the polarizing plate and the liquid crystal cell based on the
image date having undergone image processing in the image
processing unit 823; and a storage unit 825 that stores the
result ofthe determination in the control unit 824 (whether the

Oct. 2,2014

product is normal or defective) together with identification
information about the liquid crystal display panel.

[0115] A specific inspection process is described with ref-
erence to the process flow shown in FIG. 7B. First, the liquid
crystal display panel Y is stopped at a position for waiting for
the inspection (see “Position for waiting for inspection” in
part (¢) of FIG. 7A). The control unit 824 controls the liquid
crystal display panel feed means 70 for feeding the liquid
crystal display panel Y to start the feeding of the liquid crystal
display panel Y (S21) to the inspection position and to stop the
liquid crystal display panel Y at the inspection position (S22).
The light receiving sensor 8§22 images the liquid crystal dis-
play panel Y being stopped (S23) (see Inspection position in
part (c) of FIG. 7A). As shown in part (b) of FIG. 7A, the light
receiving sensor 822 takes, in a large inspection area, an
image of the transmitted light produced by the light source
821. For example, when the liquid crystal display panel as the
inspection object is too large, partial imaging may be per-
formed plural times using a single light receiving sensor. In
this case, the light receiving sensor may be shifted and
stopped for imaging as needed, or the liquid crystal display
panel Y may be shifted and stopped for imaging as needed. In
an alternative method, a plurality of light receiving sensors
may be placed so that the liquid crystal display panel can be
imaged in parts across the area to be imaged. The image
processing unit 823 stores, in the memory (not shown), the
image data taken by the light receiving sensor 822 (S24). The
image processing unit 823 performs image processing on the
image data stored in the memory (S25). The control unit 824
determines the presence or absence of defects such as foreign
bodies or air voids interposed between the polarizing plate
and the liquid crystal cell based on the image data having
undergone the image processing in the image processing unit
823 (S26). When the control unit 824 determines the product
to be normal, the control unit 824 stores, in the storage unit
825, the information that the liquid crystal display panel Y is
determined to be a normal product (S27). After the determi-
nation process, the liquid crystal display panel Y is fed to the
inspection end position (see Inspection end position in part
(¢) of FIG. 7A) and stopped. The amount of the feed has been
previously determined, and the liquid crystal display panel
feeding means 70 performs intermittent feeding. The liquid
crystal display panel Y determined to be a normal product is
then fed to a non-defective product port (S28). On the other
hand, when any defect is detected, the control unit 824 cal-
culates the position of the defect (S29), stores the position of
the defect in the storage unit 825 (S30), and determines the
liquid crystal display panel Y to be a defective product (S31).
After the determination process, the liquid crystal display
panel Y is fed to the inspection end position (see Inspection
end position in part (c) of FIG. 7A) and stopped. Subse-
quently, the liquid crystal display panel Y determined to be a
defective product is fed to a defective product port (S32).

[0116] The system according to this embodiment for con-
tinuously manufacturing a liquid crystal display panel is con-
figured to first bond the first polarizing plate, which has an
electrically-conductive layer, to the first substrate (backside
substrate), which is less susceptible to electrostatic decay
after it is electrostatically charged, and then bond the second
polarizing plate to the second substrate (display surface side
substrate) which is more susceptible to electrostatic decay
after it is electrostatically charged. Therefore, the electro-
static charge on the liquid crystal cell can be quickly attenu-
ated when the first and second polarizing plates are bonded,



US 2014/0290826 Al

so that the inspection (non-lighting inspection) of the liquid
crystal display panel can be quickly performed without the
adverse effect of the electrostatic charge on the liquid crystal
cell after the bonding of the polarizing plates. As a result,
high-quality VA-type liquid crystal display panels can be
continuously manufactured at high speed, which makes it
possible to substantially increase the production efficiency. In
addition, there is no need to perform re-inspection, which
makes it possible to reduce the number of processes and to
make the process control simpler than conventional tech-
niques. The liquid crystal display panel manufacturing line
can also be shortened.

[0117] Continuous Manufacturing Method

[0118] The method according to this embodiment for con-
tinuously manufacturing a liquid crystal display panel
includes: a bonding step including sequentially bonding a
first polarizing plate and a second polarizing plate to both
surfaces of a liquid crystal cell to form a liquid crystal display
panel, wherein the first and second polarizing plates are
drawn and supplied from a first polarizing plate roll and a
second polarizing plate roll, respectively; and an inspection
step including optically inspecting the liquid crystal display
panel formed in the bonding step, wherein the bonding step
and the inspection step are performed in a series of feed lines
for feeding the liquid crystal cell and the liquid crystal display
panel (in a continuous line). The bonding step includes: a first
polarizing plate bonding step including bonding the first
polarizing plate to a first substrate of the liquid crystal cell,
wherein the first substrate is relatively less susceptible to
electrostatic decay; and a second polarizing plate bonding
step including bonding the second polarizing plate to a sec-
ond substrate of the liquid crystal cell, wherein the second
substrate 1s relatively more susceptible to electrostatic decay.
In this embodiment, the first polarizing plate bonding step is
followed by the second polarizing plate bonding step. The
inspection step also includes optically inspecting the liquid
crystal display panel, which is formed by the first and second
polarizing plate bonding steps, without applying a voltage to
the liquid crystal display panel (non-lighting inspection step).
The first polarizing plate bonding step and the second polar-
izing plate bonding step preferably include sequentially
bonding the first polarizing plate and the second polarizing
plate to the liquid crystal cell, while feeding the liquid crystal
cell in a direction from the feed-in side to the feed-out side
along the feed line. The inspection step preferably includes
performing the inspection in a line mode, while feeding the
liquid crystal display panel, which is formed by the bonding
steps, in a direction from the feed-in side to the feed-out side
along the feed line.

[0119] First Polarizing Plate Bonding Step

[0120] In the first polarizing plate bonding step, the first
polarizing plate drawn and supplied from the first polarizing
plate roll is bonded to the first substrate of the liquid crystal
cell. In this embodiment, a first belt-shaped film 61 is first
drawn from a first polarizing plate roll 6, which is a roll of the
first belt-shaped film 61 including a first belt-shaped carrier
film 62 and a first belt-shaped polarizing plate formed on the
first belt-shaped carrier film 62. Subsequently, the first belt-
shaped polarizing plate is cut, while the first belt-shaped
carrier film 62 is left (uncut), so that a first polarizing plate 10
is formed on the first belt-shaped carrier film 62. Subse-
quently, the first polarizing plate 10 is peeled off from the first
belt-shaped carrier film 62, for example, by hooking and
reversing (backward feeding) the first belt-shaped carrier film
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62. Subsequently, the first polarizing plate 10 from which the
first belt-shaped carrier film 62 is peeled off (or from which
the first belt-shaped carrier film 62 is being peeled off) is
bonded to the first substrate 41 of the liquid crystal cell 4.
[0121] Second Polarizing Plate Bonding Step

[0122] In the second polarizing plate bonding step, the
second polarizing plate drawn and supplied from the second
polarizing plate roll is bonded to the second substrate of the
liquid crystal cell. In this embodiment, a second belt-shaped
film 71 is first drawn from a second polarizing plate roll 7,
which is a roll of the second belt-shaped film 71 including a
second belt-shaped carrier film 72 and a second belt-shaped
polarizing plate formed on the second belt-shaped carrier film
72. Subsequently, the second belt-shaped polarizing plate is
cut, while the second belt-shaped carrier film 72 is left (un-
cut), so that a second polarizing plate 20 is formed on the
second belt-shaped carrier film 72. Subsequently, the second
polarizing plate 20 is peeled off from the second belt-shaped
carrier film 72, for example, by hooking and reversing (back-
ward feeding) the second belt-shaped carrier film 72. Subse-
quently, the second polarizing plate 20 from which the second
belt-shaped carrier film 72 is peeled off (or from which the
second belt-shaped carrier film 72 is being peeled off) is
bonded to the second substrate 42 of the liquid crystal cell 4
to form a liquid crystal display panel Y.

[0123] Inspection Step

[0124] In the inspection step, the liquid crystal display
panel Y formed by the bonding steps (the first polarizing plate
bonding step and the second polarizing plate bonding step) is
optically inspected with no voltage applied to the liquid crys-
tal display panel Y (the liquid crystal cell, more specifically,
the liquid crystal layer 43). In this embodiment, light is irra-
diated to one side of the liquid crystal display panel Y, and
light transmitted through the liquid crystal display panel Y is
received at the other side of the liquid crystal display panel Y
so that a transmitted light inspection step can be performed to
optically inspect the liquid crystal display panel Y.

[0125] In this embodiment, the bonding steps (the first
polarizing plate bonding step and the second polarizing plate
bonding step) and the inspection step are performed in a series
of feed lines for feeing the liquid crystal cell and the liquid
crystal display panel (in a continuous line). In the bonding
steps, the electrostatic charging of the liquid crystal cell 4 is
inevitable. In this embodiment, however, the first polarizing
plate bonding step is followed by the second polarizing plate
bonding step, so that the electrostatic charge on the liquid
crystal cell 4 can be quickly attenuated. As a result, in the
continuous line, the optical inspection (non-lighting inspec-
tion) of the liquid crystal display panel Y can be quickly
performed without the influence of the electrostatic charge on
the liquid crystal cell 4 after the bonding of the polarizing
plates, so that high-quality liquid crystal display panels Y can
be continuously manufactured at high speed.

[0126] When the line inspection means 81 or the area
inspection means 82 is used, the inspection step can be pet-
formed as a line inspection step or an area inspection step.
Particularly to improve the high-speed continuous productiv-
ity ofhigh-quality liquid crystal display panels, the inspection
step is preferably performed as a line inspection step.
[0127] Although the mechanism of how the invention is
effective is not clear, it is considered thatin the VA-type liquid
crystal cell for this embodiment, the backside substrate (first
substrate) is less susceptible to electrostatic decay, once it is
electrostatically charged, so that the electrostatic charge pro-
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duced by the friction with a supporting roller remains on the
liquid crystal cell, because the backside substrate (first sub-
strate) has switching elements (thin film transistors) between
the circuit part such as gate wiring and the pixel electrodes.
[0128] Specifically, in the backside substrate (first sub-
strate), the electrostatic charge accumulated on the surface of
the substrate by electrostatic induction during the electro-
static charging is gradually transferred to the pixel electrodes
or the circuit part, so that the electrostatic charge builds up in
both sites. Thereafter, the electrostatic charge is quickly trans-
ferred from the circuit part during discharge. In contrast, the
electrostatic charge on the pixel electrodes cannot move
toward the circuit part and therefore is more likely to remain,
because the pixel electrodes are electrically isolated from the
circuit part by the switching elements (thin film transistors) in
the non-driving state. Itis considered that due to these factors,
the backside substrate in this embodiment is less susceptible
to electrostatic decay, after it is electrostatically charged. It is
considered that in the continuous manufacturing system and
method of this embodiment, a polarizing plate is bonded to
the backside substrate (first substrate) earlier than to the dis-
play surface side substrate (second substrate), so that friction
between the first substrate and the bonding roller is prevented
and that the first substrate itself is inhibited from being elec-
trostatically charged, which makes it possible to quickly
attenuate the electrostatic charge on the liquid crystal cell.
[0129] Other Manufacturing Methods

[0130] In this embodiment, the first polarizing plate is
bonded to the liquid crystal cell from the lower side, and the
second polarizing plate is bonded to the liquid crystal cell
from the upper side. However, the direction of the bonding of
the first and second polarizing plates is not limited to this
mode. For example, after the first polarizing plate is bonded to
the liquid crystal cell from the lower side, the liquid crystal
cell may be turned upside down, and the second polarizing
plate may also be bonded to the liquid crystal cell from the
lower side.

[0131] Alternatively, the timing of the cutting of the belt-
shaped polarizing plat may be after the bonding of the belt-
shaped polarizing plate to the liquid crystal cell. In this case,
the first belt-shaped film is drawn from the first polarizing
plate roll, and the first belt-shaped polarizing plate is bonded
to the first substrate of the liquid crystal cell using bonding
means, after (or while) the first belt-shaped polarizing plate is
peeled off from the first belt-shaped carrier film. Subse-
quently, the first belt-shaped polarizing plate is cut into a
piece depending on the size of the liquid crystal cell using
cutting means, so that a piece of the first polarizing plate is
formed on the first substrate of the liquid crystal cell. The
second belt-shaped film is drawn from the second polarizing
plate roll, and the second belt-shaped polarizing plate is
bonded to the second substrate of the liquid crystal cell using
bonding means, after (or while) the second belt-shaped polar-
izing plate is peeled off from the second belt-shaped carrier
film. Subsequently, the second belt-shaped polarizing plate is
cut into a piece depending on the size of the liquid crystal cell
using cutting means, so that a piece of the second polarizing
plate is formed on the second substrate of the liquid crystal
cell. Subsequently, the liquid crystal display panel is optically
inspected (preferably in a line mode) with no voltage applied
to the liquid crystal display panel.

[0132] Other Polarizing Plate Rolls

[0133] Inthisembodiment, the first and second belt-shaped
polarizing plates each have an absorption axis in the longitu-
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dinal direction. However, the direction of the absorption axis
of each of the first and second belt-shaped polarizing plates is
not limited thereto. Alternatively, for example, the first belt-
shaped polarizing plate may have an absorption axis in the
transverse (width) direction, and the second belt-shaped
polarizing plate may have an absorption axis in the longitu-
dinal direction. In this case, the turning mechanism for hori-
zontally turning by 90° the liquid crystal cell with the first
polarizing plate bonded thereto may be omitted as appropri-
ate.

[0134] The first and second belt-shaped polarizing plates in
the first and second polarizing plate rolls may also have
previously undergone cutting. Specifically, the first and sec-
ond polarizing plate rolls to be used may be so-called scored
polarizing plate rolls. In this case, the first cutting means (first
cutting step) and the second cutting means (second cutting
step) are unnecessary, so that the tact time can be reduced.

Embodiment 2

[0135] A description is given of a case where an in-plane
switching (TPS)-type liquid crystal cell is used.

[0136] FIG. 3is aschematic cross-sectional view of a liquid
crystal display panel Y with an IPS-type liquid crystal cell. In
FIG. 4, the same elements are represented by the same refer-
ence characters as in FIG. 1, and a repeated description
thereof will be omitted as appropriate. As shown in FIG. 4, an
IPS-type liquid crystal cell 4' is configured to have a liquid
crystal layer 43' placed between a pair of substrates 41' and
42' similarly to other liquid crystal cells. The display surface
side substrate 42' located on the display surface side of the
liquid crystal cell 4' does not have any electrically-conductive
components such as pixel electrodes and a common elec-
trode. In contrast, the backside substrate 41' located on the
back side of the liquid crystal cell 4' is configured to have a
commor electrode and pixel electrodes for driving the liquid
crystal layer 43', so that the liquid crystal layer 43' is driven by
an electric field applied between the common electrode and
the pixel electrodes, specifically. in a direction substantially
parallel to the surface of the substrate.

[0137] Specifically, the backside substrate 41' includes a
transparent substrate 411 of glass, plastic or the like; a circuit
part that is provided on the transparent substrate 411 and
includes a plurality of gate wirings and a plurality of common
electrode wirings, and a plurality of source wirings arranged
perpendicular to the gate wirings and the common electrode
wirings and provided thereon with a gate insulating film
interposed therebetween; thin film transistors (TFT) 412 pro-
vided as a plurality of switching elements at the intersections
of the gate wirings and the source wirings; a protective film
413 provided on the switching elements (thin film transistors)
412; a plurality of transparent electrodes (pixel electrodes)
414 provided on the protective film 413 and connected to the
switching elements 412, respectively, via contact holes
formed through the protective film 413; a plurality of com-
mon electrodes 416 provided on the protective film 413 and
connected to the common electrode wirings, respectively, via
contact holes formed through the gate insulating film and the
protective; and an alignment film 415 provided on the trans-
parent electrodes (pixel electrodes) 414 and the common
electrodes 416.

[0138] The thin film transistors 412 each include a gate
electrode, a semiconductor layer opposed to the gate elec-
trode with a gate insulating film interposed therebetween, and
source and drain electrodes independently connected to the
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semiconductor layer. The gate wiring is connected to the gate
electrode, the source wiring is connected to the source elec-
trode, and the pixel electrode 414 is connected to the drain
electrode.

[0139] On the other hand, the display surface side substrate
42'includes atransparent substrate 421 of glass, plastic, or the
like; a color filter 422 provided on the transparent substrate
421; an overcoat layer (not shown) provided on the color filter
422; and an alignment film 425 provided on the overcoat
layer.

[0140] The liquid crystal layer 43" of the liquid crystal cell
4' is generally made of a nematic liquid crystal molecule 431'
having positive dielectric anisotropy (A&>0) or negative
dielectric anisotropy (A€<0). The liquid crystal layer 43' is
driven by a voltage applied in a direction substantially paral-
lel to the substrate surface between the pixel electrode 414
and the common electrode 416. Therefore, when the voltage
is less than the threshold voltage, the long axis of the liquid
crystal molecule 431' is parallel to the substrate surface and
parallel or perpendicular to the absorption axis of the first
polarizer 11 of the first polarizing plate 10, so that linearly
polarized light incident on the back side does not undergo a
birefringence effect when passing through the liquid crystal
layer 43'. When the voltage becomes the threshold voltage or
more, the long axes of most of the liquid crystal molecules
431, exclusive of those in the vicinity of substrate surface, are
rotated in an in-plane direction parallel to the substrate sur-
face at a certain angle depending on the magnitude of the
voltage (and tilted with respect to the absorption axis of the
first polarizer 11 of the first polarizing plate 10), so that
linearly polarized incident light undergoes a birefringence
effect and is changed into elliptically polarized light. As a
result, a certain amount of light, which depends on the rota-
tion angle of the liquid crystal molecules, passes through the
first polarizer 11 of the first polarizing plate 10.

[0141] In such an IPS-type liquid crystal cell used, the
display surface side substrate 42' has a structure that is less
susceptible to electrostatic decay than the backside substrate
41", after it is electrostatically charged, because it does not
have electrically-conductive components such as pixel and
common electrodes. Therefore, when an IPS-type liquid crys-
tal cell is used, the display surface side substrate 42' is a
substrate (first substrate) to which a polatizing plate should be
bonded first, and the backside substrate 41' is a substrate
(second substrate) to which a polarizing plate should be
bonded subsequently.

[0142] Inthe system and method according to embodiment
2 for continuously manufacturing a liquid crystal display
panel, the display surface side substrate corresponds to the
first substrate, the display surface side polarizing plate corre-
sponds to the first polarizing plate, the backside substrates
corresponds to the second substrate, and the backside polar-
izing plate corresponds to the second polarizing plate. Other
features are the same as those of the continuous manufactur-
ing method and system in Embodiment 1 above, and therefore
a description thereof is omitted here.

[0143] Inthe system and method according to embodiment
2 for continuously manufacturing a liquid crystal display
panel, the above procedure is performed, specifically, the
display surface side substrate 42'is used as the first substrate,
to which the first polarizing plate is bonded, and subse-
quently, the backside substrate 41' is used as the second
substrate, to which the second polarizing plate is bonded. This
makes it possible to quickly attenuate the electrostatic charge
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on the liquid crystal cell 4' when the first and second polar-
izing plates are bonded, so that the inspection of the liquid
crystal display panel can be quickly performed without the
adverse effect of the electrostatic charge on the liquid crystal
cell after the bonding of the polarizing plates. As a result,
high-quality IPS-type liquid crystal display panels can be
continuously manufactured at high speed, which makes it
possible to substantially increase the production efficiency.
[0144] Although the mechanism of how this embodiment is
effective 1s not clear, it is considered that in embodiment 2
where an IPS-type liquid crystal cell is used, the display
surface side substrate is less susceptible to electrostatic decay,
once it is electrostatically charged, so that the electrostatic
charge produced by the friction with a bonding roller remains
on the liquid crystal cell, because the display surface side
substrate does not have electrically-conductive components
such as pixel and common electrodes. It is considered that in
the continuous manufacturing system and method according
to embodiment 2, a polarizing plate is bonded to the display
surface side substrate (first substrate) earlier than to the back-
side substrate (second substrate), so that friction between the
bonding roller and the display surface side substrate having
the above structure is prevented and that the first substrate
itself is inhibited from being electrostatically charged, which
makes it possible to quickly attenuate the electrostatic charge
on the liquid crystal cell.

[0145] The IPS type may also have the problem of electro-
static destruction of switching elements (thin film transis-
tors). It is considered that the mechanism of destruction of
switching elements in a liquid crystal cell involves allowing
excessive current to flow through switching elements when
the electrostatic charge accumulated on the display surface
side substrate (first substrate) is discharged toward the back-
side substrate (second substrate), so that the switching ele-
ments are destroyed. It is considered that in the continuous
manufacturing system and method according to this embodi-
ment, such electrostatic destruction of switching elements is
also suppressed.

[0146] In an embodiment of the invention, as long as the
effects of the invention are attained, any appropriate means
(step) may be interposed between the respective steps (for
example, between the second polarizing plate bonding means
(the second polarizing plate bonding step) and the inspection
means (the inspection step)). Any other means (step) may also
be provided before the first polarizing plate bonding means
(the first polarizing plate bonding step), before the second
polarizing plate bonding means (the second polarizing plate
bonding step), or after the inspection means (the inspection

step).
EXAMPLES

Measurement of Electrostatic Decay of Liquid
Crystal Cell Substrate

[0147] Electrostatic decay after electrification was mea-
sured for each of a CF substrate (color filter-containing sub-
strate) and a TFT substrate (thin film transistors-containing
substrate), each of which was a component of a VA-type
liquid crystal cell, and another CF substrate and another TFT
substrate, each of which was a component of an IPS-type
liquid crystal cell. The TFT substrate and the CF substrate
were each separated by cutting from the joint in the liquid
crystal cell, and the liquid crystal deposited on the inner side
of each substrate was wiped off with alcohol. For the mea-
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surement, both ends of the substrate was mounted and fixed
on a PTFE (polytetrafluoroethylene) support. Thereafter, a
laminated disc (0.8 mm thick, 250 mm ¢), which was formed
by stacking a PTFE disc and a SUS 304 disc, was electrostati-
cally charged by rubbing the SUS 304 disc side several times
with a cloth, and the SUS 304 disc was attached to the fixed
substrate and then separated from the substrate. While a series
of these procedures was performed, the amount of electro-
static charge on the substrate was measured using an electro-
static charge meter (IZH10 manufacture by SMC Corpora-
tion) from the back side opposite to the attached surface of the
substrate. The results are shown in Table 1 below, FIG. 4 (the
result on the VA-type), and FIG. 5 (the result on the IPS-type).
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sponding to the long side of the VA-type liquid crystal cell
was bonded to the liquid crystal cell (the first polarizing plate
bonding step), and then the liquid crystal cell was horizon-
tally turned by 90° and aligned. Subsequently, a second polar-
izing plate with a width corresponding to the short side of the
liquid crystal cell was bonded to the liquid crystal cell (the
second polarizing plate bonding step). In this manner, 2,000
liquid crystal display panels were continuously manufac-
tured. The speed at which each polarizing plate was bonded
and the speed at which the liquid crystal cell and the liquid
crystal display panel were fed were 200 mm/second. The
materials and apparatuses used were as described below. The
surface resistance of the electrically-conductive layer con-

TABLE 1
Initial
Liquid amount of During After electrostatic
crystal electrostatic  electrostatic charging (s)
cell charge charging 0 30 50 120 180 240
VAtype TFT 0.1 5.8 2.1 1.4 1.1 0.5 02 01
substrate
(First
substrate)
CF 0.05 6.1 0.05 0.05 0.05 0.05 000 005 0.05
substrate
(Second
substrate)
IPS TFT 0.08 6.8 0.6 0.09 008 006 005 005 0.02
type substrate
(Second
substrate)
CF 0.1 6.5 59 51 4.3 2.2 1.8 08
substrate
(First
substrate)
[0148] Table | and FIG. 4 show that even after the PTFE  tained as a part in the polarizing plate was measured accord-

disc was separated, the TFT substrate for the VA-type liquid
crystal cell remained electrostatically charged for a while. In
contrast, it was found that immediately after the PTFE disc
was separated, the CF substrate for the VA-type liquid crystal
cell returned to the initial state. In the VA-type liquid crystal
cell used in this test, therefore, the TFT substrate has such
properties that it is less susceptible to electrostatic decay after
electrostatically charged, and therefore corresponds to the
first substrate, and the CF substrate has such properties that it
is susceptible to electrostatic decay after electrostatically
charged, and therefore corresponds to the second substrate.
[0149] Table 1 and FIG. 5 show that the TFT substrate and
the CF substrate for the IPS-type liquid crystal cell have a
reverse tendency to the substrates for the VA-type liquid
crystal cell. Namely, in the IPS-type liquid crystal cell used in
the test, the CF substrate has such properties that it is less
susceptible to electrostatic decay after electrostatically
charged, and therefore corresponds to the first substrate, and
the TFT substrate has such properties that it is susceptible to
electrostatic decay after electrostatically charged, and there-
fore corresponds to the second substrate.

[0150] The examples and the comparative examples below
were performed using the VA-type liquid crystal cell, in
which a test was performed using the TFT substrate as the first
substrate and using the CF substrate as the second substrate.

Example 1

[0151] The continuous manufacturing system shown in
FIG. 2 was used. A first polarizing plate with a width corre-

ing to JISK 6911, 5.13. Specifically, the polarizing plate raw
material was cut into a test piece with a size of 150 mmx150
mm, and the surface resistance of the test piece was measured
using Hiresta UP (a high resistance/low efficiency meter,
model: MCP-HT450) manufactured by Mitsubishi Chemical
Analytech Co., Ltd. and a probe (model: MCP-SWBO01). The
bonding speed was the measured value of the speed at which
the polarizing plate and the liquid crystal cell passed between
the bonding roller and the supporting roller described below.
Therefore, the polarizing plate-bonding speed was equal to
the liquid crystal cell-feed speed.

[0152]

[0153] The liquid crystal cell was of a vertical alignment
type (with a screen size of 32 inches). The first polarizing
plate roll and the second polarizing plate roll were each
VEG1724DU-AC (trade name) manufactured by NITTO
DENKO CORPORATION (containing an electrically-con-
ductive layer with a surface resistance of 1.0x10"" Q/square
and a thickness of 150 um), and the structure and composition
ofthe first and second polarizing plates were as shown in FIG.
1. The bonding roller (on the bonding side) was Model
LM4070E manufactured by Katsura Roller Mfg. Co., Ltd.,
which was an electrically-conductive silicone roller with a
hardness of 70°, a surface resistance of 1.0x10° Q/square, and
a roller diameter of 100 mm. The supporting roller (on the
support side) was Model BLACK EC-N970 manufactured by

Materials and Apparatuses Used
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Katsura Roller Mfg. Co., Ltd., which was an electrically-
conductive urethane roller with a hardness of 70°, a surface
resistance of 1.0x10® Q/square, and a roller diameter of 200
mm.

Examples 2 to 4

[0154] Two thousand liquid crystal display panels were
manufactured as in example 1, except that the polarizing
plate-bonding speed and the liquid crystal cell and liquid
crystal display panel-feed speed were 150 mm/second (Ex-
ample 2), 100 mm/second (Example 3), or 50 mm/second
(example 4).

Comparative Example 1

[0155] Two thousand liquid crystal display panels were
manufactured as in example 1, except that the bonding order
was reverse to that in example 1, namely, the first polarizing
plate bonding step was performed after the second polarizing
plate bonding step.

Comparative Examples 2 to 4

[0156] Two thousand liquid crystal display panels were
manufactured as in comparative example 1, except that the
polarizing plate-bonding speed and the liquid crystal cell and
liquid crystal display panel-feed speed were 150 mm/second
(comparative example 2), 100 mm/second (comparative
example 3), or 50 mm/second (comparative example 4).
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liquid crystal cell (Table 1 and FIG. 4) and that the time
interval between the first polarizing plate bonding step and
the inspection step was 600 seconds.

[0158] Measurement of Amount of Flectrostatic Charge
[0159] In the examples and the comparative examples,
immediately after each bonding step, an electrostatic charge
meter (model SK-200 manufactured by KEYENCE CORPO-
RATION) was placed to measure the amount of electrostatic
charge after the bonding, and the average value was calcu-
lated for the 2,000 liquid crystal display panels. The results
are shown in Table 3 below.

[0160] Evaluation in Inspection Step

[0161] The liquid crystal display panels manufactured in
each of the examples and the comparative examples were
subjected to the inspection step using an optical inspection
apparatus placed downstream of the later bonding step. In the
inspection step, light was irradiated to the liquid crystal dis-
play panel from its lower surface side with no voltage applied
to the liquid crystal display panel, while the liquid crystal
display panel was fed. Above the upper side of the liquid
crystal display panel, a plurality of CCD cameras (line sensor
cameras) were arranged in a line pattern (linearly) along a
direction perpendicular to the feed direction of the liquid
crystal display panel. Transmission of light, which should
otherwise be blocked in the normal state, was detected in a
line pattern using the CCD cameras, and image analysis was
performed based on the result of the detection.

[0162] Table 2 below shows the conditions of each bonding
step and the inspection step, and the time required to perform
each step.

TABLE 2
Feed
speed Time required Time required
(Bonding  to bond the to bond the Inspection Total

speed) first piece Intervals (s) second piece  Interval (s) time time

(mm/s) (s) Feeding Turning Feeding Alignment (s) Feeding (s) (s)
Example 1 200 8 5 8 5 8 10 8 8 60
Comparative
Example 1
Example 2 150 11 7 11 7 11 13 11 11 80
Comparative
Example 2
Example 3 100 16 10 16 10 16 20 16 16 120
Comparative
Example 3
Example 4 50 32 20 32 20 32 40 32 32 240
Comparative
Example 4
Comparative 200 8 5 8 5 8 10 600 8 652
Example 5

Comparative Example 5 [0163] Thecase where at least one piece was determined to

[0157] Two thousand liquid crystal display panels were
manufactured as in comparative example 1, except that the
first polarizing plate bonding step and the inspection step
were separated from each other based on the result of the
measurement of the amount of electrostatic charge on the

be defective due to the electrostatic charge on the liquid
crystal cell (uneven alignment of the liquid crystal molecules)
was evaluated as “x”, and the case where no piece was deter-

w9

mined to be defective was evaluated as “o”. The results are

shown in Table 3 below.
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TABLE 3
Feed Amount (kV)of  Amount (kV) of
speed Amount (kV) of electrostatic electrostatic ~ Evaluation
(Bonding electrostatic charge after charge after in

speed) charge before bonding of the bonding of the  inspection Total time

(mm/s) bonding first piece second piece step (s)
Example 1 200 0.02 0.12 0.08 O 60
Example 2 150 0.04 0.09 0.11 O 80
Example 3 100 0.05 0.08 0.21 O 120
Example 4 50 0.01 0.11 0.17 O 240
Comparative 200 0.02 1.77 1.91 X 60
Example 1
Comparative 150 0.06 0.56 1.98 X 80
Example 2
Comparative 100 0.03 1.92 2.07 X 120
Example 3
Comparative 50 0.05 1.61 1.88 X 240
Example 4
Comparative 200 0.02 1.78 1.93 O 652
Example 5
[0164] As shown in Table 3, a product or products were second polarizing plate being provided from a second

determined to be defective due to the electrostatic charge on
the liquid crystal cell in the inspection step in Comparative
Examples 1 to 4 where the CF substrate (second substrate)
susceptible to electrostatic decay after electrostatic charging
was first subjected to the bonding step. However, no product
was determined to be defective in the inspection step in
Examples 1 to 4 where the TFT substrate (first substrate) less
susceptible to electrostatic decay after electrostatic charging
was first subjected to the bonding step. In comparative
example 5, it was able to prevent the product rejection, but the
productivity was significantly reduced, because the first
polarizing plate bonding step and the inspection step were
separated from each other and a long time for waiting for the
inspection was provided.

What is claimed is:

1. A method for continuously manufacturing a liquid crys-

tal display panel, comprising:

(a) feeding a liquid crystal cell in a continuous feed line, the
liquid crystal cell comprising first and second substrates
having different relative susceptibility to electrostatic
decay from each other, the first substrate being relatively
less susceptible to electrostatic decay and the second
substrate being relatively more susceptible to electro-
static decay;

(b) laminating a first polarizing plate to the first substrate of
the liquid crystal cell with a first laminating member
adapted to press the first polarizing plate to the first
substrate in a manner that a direct contact between the
first laminating member and the first substrate can be
avoided, the first polarizing plate being provided from a
first polarizing plate roll; then

(c) laminating a second polarizing plate to the second sub-
strate of the liquid crystal cell with the first substrate
being in contact with a second laminating member
through the first polarizing plate laminated to the first
substrate in the step (b) so that a direct contact between
the second laminating member and the first substrate can
be avoided, the second polarizing plate being laminated
to the second substrate of the liquid crystal cell with a
third laminating member adapted to press the second
polarizing plate to the second substrate, the second lami-
nating member being provided opposite to and in coop-
erative relation with the third laminating member, the

polarizing plate roll, thereby obtaining a liquid crystal
display panel, and

(d) conducting an inspection of the liquid crystal display

panel without applying voltage to the liquid crystal dis-
play panel,

wherein the steps (a), (b), (¢) and (d) are performed in a

single continuous feed line for feeding the liquid crystal
cell and the liquid crystal display panel.

2. The method according to claim 1, wherein the step (d) is
performed at a position where electrostatic has discharged
sufficiently for the inspection from the first and second sub-
strates in the continuous feed line.

3. The method according to claim 1, wherein the first
substrate and the second substrate are determined based on
the relative susceptibility to electrostatic decay of each of the
substrates, the first substrate being relatively less susceptible
to electrostatic decay and the second substrate being rela-
tively more susceptible to electrostatic decay.

4. The method according to claim 1, wherein the step (b)
comprises bonding the first polarizing plate to the first sub-
strate of the liquid crystal cell while feeding the liquid crystal
cell from a feed-in side to a feed-out side along the feed line,
and

the step (c) comprises bonding the second polarizing plate

to the second substrate of the liquid crystal cell while
feeding the liquid crystal cell from a feed-in side to a
feed-out side along the feed line.

5. The method according to claim 1, wherein the step (d)
comprises inspecting, in a line mode, the liquid crystal dis-
play panel formed by the step (b) and the step (c), while
feeding the liquid crystal display panel from the feed-in side
to the feed-out side along the feed line.

6. The method according to claim 1, wherein the step (d)
comprises:

irradiating light to one side of the liquid crystal display

panel and

receiving, at another side of the liquid crystal display panel,

the light transmitted through the liquid crystal display
panel to be inspected.

7. The method according to claim 1, wherein the first
polarizing plate laminating step comprises catching, between
a pair of first bonding rollers, the liquid crystal cell and the
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first polarizing plate to bond the first polarizing plate to the
first substrate of the liquid crystal cell, and

the second polarizing plate laminating step comprises
catching, between a pair of second rollers, the liquid
crystal cell with the first polarizing plate bonded thereto
and the second polarizing plate to bond the second polar-
izing plate to the second substrate of the liquid crystal
cell.

8. The method according to claim 1, wherein the first

polarizing plate has an electrically-conductive layer.

9. The method according to claim 8, wherein the electri-
cally-conductive layer has a surface resistance of 1.0x1012
Q/square or less.

10. The method according to claim 1, wherein the second
polarizing plate has an electrically-conductive layer.

11. The method according to claim 10, wherein the elec-
trically-conductive layer has a surface resistance of 1.0x1012
Q/square or less.

12. The method according to claim 1, wherein the step (b)
includes laminating the first polarizing plate to the first sub-
strate without contact between the first substrate and any
bonding roller, thereby inhibiting the first substrate from
being electrostatically charged.

13. A method for continuously manufacturing a liquid
crystal display panel, comprising:

(a) feeding a liquid crystal cell in a continuous feed line, the
liquid crystal cell comprising first and second substrates
having different relative susceptibility to electrostatic
decay from each other;

(b) laminating a first polarizing plate to the first substrate of
the liquid crystal cell with a first laminating member

Oct. 2,2014

adapted to press the first polarizing plate to the first
substrate in a manner that a direct contact between the
first laminating member and the first substrate can be
avoided, the first polarizing plate being provided from a
first polarizing plate roll; and then

(c) laminating a second polarizing plate to the second sub-

strate of the liquid crystal cell with the first substrate
being in contact with a second laminating member
through the first polarizing plate laminated to the first
substrate in the step (b) so that a direct contact between
the second laminating member and the first substrate can
be avoided, the second polarizing plate being laminated
to the second substrate of the liquid crystal cell with a
third laminating member adapted to press the second
polarizing plate to the second substrate, the second lami-
nating member being provided opposite to and in coop-
erative relation with the third laminating member, the
second polarizing plate being provided from a second
polarizing plate roll, thereby obtaining a liquid crystal
display panel, and

(d) conducting an inspection of the liquid crystal display

panel without applying voltage to the liquid crystal
panel,

wherein the first substrate and the second substrate are

determined based on the relative susceptibility to elec-
trostatic decay of each of the substrates.

14. The method according to claim 1, wherein the step (d)
is performed at a position where electrostatic has discharged
sufficiently for the inspection from the first and second sub-
strates in the continuous feed line.
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