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&) ABSTRACT

One aspect of the invention provides a liquid crystal display
device producing method for irradiating a liquid crystal dis-
play substrate, in which plural pixels are formed in a matrix
state and liquid crystal is sealed between a TFT substrate and
a counter electrode substrate, with light having a predeter-
mined wavelength to orient liquid crystal molecules toward a
predetermined direction in a state in which an electric field is
applied to each pixel of the liquid crystal display substrate.
The method includes the steps of: dipping the liquid crystal
display substrate and a lamp in a transparent liquid having
resistivity of a predetermined value or more and sufficiently
high transmittance to the light in a state in which the liquid
crystal display substrate and the lamp face each other; and
lighting the lamp to irradiate the liquid crystal display sub-
strate with the light having a predetermined light quantity in
a state in which the electric field is applied to each pixel.
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FIG. 20
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METHOD OF AND APPARATUS FOR
PRODUCING LIQUID CRYSTAL DISPLAY
DEVICE

[0001] This application is a continuation of PCT/JP2009/
056891, filed on Apr. 2, 2009.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device producing method for irradiating a liquid crystal
display substrate, in which the liquid crystal is sealed, with
ultraviolet light to orient liquid crystal molecules toward a
predetermined direction while an electric field is applied to
the liquid crystal display substrate, and in particular, to liquid
crystal display device producing method and apparatus in
which production efficiency of the liquid crystal display
device is improved while liquid crystal molecular orientation
is stabilized in a manner such that the liquid crystal is pre-
vented from absorbing the ultraviolet light to be heated to
high temperature.

[0004] 2. Description of the Related Art

[0005] Conventionally, in this kind ofliquid crystal display
device producing method, a liquid crystal material in which
monomers are mixed in the liquid crystal is sealed between a
pair of substrates, the liquid crystal material is irradiated with
the ultraviolet light while a voltage is applied between the
substrates to tilt the liquid crystal molecules, the monomers
are polymerized to define an orientation direction of the lig-
uid crystal molecules (for example, see Japanese Laid-open
(Kokai) Patent Application Publication No. 2003-228050).
[0006] One of the features of the liquid crystal display
device producing method is that generation of a defect can be
suppressed because the liquid crystal molecules can be ori-
ented in a noncontact manner compared with a method for
performing a rubbing treatment to the oriented film to orient
the liquid crystal molecules toward a predetermined direc-
tion.

SUMMARY OF THE INVENTION

[0007] However, in the conventional liquid crystal display
device producing method, occasionally, the liquid crystal
may absorb the ultraviolet light to be heated to 80° C. ormore,
and the liquid crystal loses a switching function of transmit-
ting and shutting off the light, which possibly results in a
problem in that an image may not appropriately be displayed.
[0008] The problem with the heat generation of the liquid
crystal can be dealt with in a manner such that the ultraviolet
light irradiation is time-shared and performed at constant
time intervals. However, in this case, unfortunately the pro-
duction efficiency of the liquid crystal display device is
decreased.

[0009] Therefore, taking the above-described existing
problems into consideration, an object of the invention is to
provide a liquid crystal display device producing method and
apparatus in which the production efficiency of the liquid
crystal display device is improved while the liquid crystal
molecular orientation is stabilized in a manner such that the
liquid crystal is prevented from absorbing the ultraviolet light
to be heated to high temperature.

[0010] In accordance with a first aspect of the invention, a
liquid crystal display device producing method forirradiating
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a liquid crystal display substrate, in which plural pixels are
formed in a matrix state and liquid crystal is sealed between a
TFT substrate and a counter electrode substrate, with light
having a predetermined wavelength to orient molecules of the
liquid crystal toward a predetermined direction in a state in
which a predetermined electric field is applied to each of the
pixels of the liquid crystal display substrate, the method
includes the steps of: dipping the liquid crystal display sub-
strate and a lamp in a transparent liquid having resistivity of
apredetermined value or more and sufficiently high transmit-
tance to the light in a state in which the liquid crystal display
substrate and the lamp face each other; and lighting the lamp
to irradiate the liquid crystal display substrate with the light
having a predetermined light quantity in a state in which the
predetermined electric field is applied to each of the pixels.
[0011] In the configuration of the first aspect of the inven-
tion, the liquid crystal display substrate in which the pixels
are formed in the matrix state and liquid crystal is sealed
between the TFT substrate and the counter electrode substrate
and the lamp that emits the light having the predetermined
wavelength are dipped in the transparent liquid having the
resistivity of the predetermined value or more and the suffi-
ciently high transmittance to the light while facing each other,
and the lamp 1s lighted to irradiate the liquid crystal display
substrate with the light having the predetermined light quan-
tity while the predetermined electric field is applied to each
pixel, thereby orienting the liquid crystal molecules toward a
predetermined direction.

[0012] In the liquid crystal display device producing
method according to the first aspect of the invention, prefer-
ably the liquid is pure water. Therefore, the transparent liquid
having the resistivity of a predetermined value or more and
the sufficiently high transmittance to the ultraviolet light can
easily be obtained.

[0013] Inaccordance with a second aspect of the invention,
aliquid crystal display device producing method for irradiat-
ing a liquid crystal display substrate, in which plural pixels
are formed in a matrix state and liquid crystal is sealed
between a TFT substrate and a counter electrode substrate,
with light having a predetermined wavelength to orient mol-
ecules of the liquid crystal toward a predetermined direction
in a state in which a predetermined electric field is applied to
each of the pixels of the liquid crystal display substrate, the
method includes the steps of: bringing one surface of the
liquid crystal display substrate into contact with a cooling
medium; and irradiating the liquid crystal display substrate
with the light having a predetermined light quantity in a state
in which the predetermined electric field is applied to each of
the pixels.

[0014] In the configuration of the second aspect of the
invention, one surface of the liquid crystal display substrate in
which the pixels are formed in the matrix state and liquid
crystal is sealed between the TFT substrate and the counter
electrode substrate is brought into contact with the cooling
medium, and the liquid crystal display substrate is irradiated
with the light having the predetermined light quantity and the
predetermined wavelength in a state in which the predeter-
mined electric field is applied to each pixel, thereby orienting
the liquid crystal molecules toward a predetermined direc-
tion.

[0015] In the liquid crystal display device producing
method according to the second aspect of the invention, pref-
erably the liquid crystal display substrate is irradiated with
the light from a side of the counter electrode substrate in the
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step of irradiating the liquid crystal display substrate with the
light. Therefore, the liquid crystal display substrate is irradi-
ated with the light having the predetermined wavelength from
the side of the counter electrode substrate.

[0016] In the liquid crystal display device producing
method according to the second aspect of the invention, pref-
erably, in the liquid crystal display substrate, a surface of the
TFT substrate on the side opposite from the counter electrode
substrate is brought into contact with the cooling medium in
the step of bringing one surface of the liquid crystal display
substrate into contact with the cooling medium. Therefore,
the liquid crystal display substrate is cooled while the surface
of the TFT substrate on the side opposite from the counter
electrode substrate is brought into contact with the cooling
medium.

[0017] Preferably the liquid crystal display device produc-
ing method according to the first or second aspects of the
invention further includes the step of irradiating the liquid
crystal display substrate with the light having the predeter-
mined light quantity in a state in which the application of the
electric field to each of the pixels is removed after the step of
irradiating the liquid crystal display substrate with the light
having the predetermined light quantity is performed. There-
fore, after the lamp is lighted to irradiate the liquid crystal
display substrate with the light having the predetermined
light quantity in a state in which the predetermined electric
field is applied to each pixel, the liquid crystal display sub-
strate is irradiated with the light having the predetermined
light quantity in a state in which the application of the electric
field to each pixel is removed.

[0018] Inaccordance with a third aspect of the invention, a
liquid crystal display device producing method forirradiating
a liquid crystal display substrate, in which plural pixels are
formed in a matrix state and liquid crystal is sealed between a
TFT substrate and a counter electrode substrate, with light
having a predetermined wavelength to orient molecules of the
liquid crystal toward a predetermined direction in a state in
which a predetermined electric field is applied to each of the
pixels of the liquid crystal display substrate, the method
includes the steps of’ bringing one surface of the liquid crystal
display substrate into contact with a cooling medium; irradi-
ating the liquid crystal display substrate with the light having
a predetermined light quantity in a state in which the prede-
termined electric field is applied to each of the pixels; and
changing intensity of the electric field applied to each of the
pixels at predetermined time intervals while the light irradia-
tion is maintained, when a predetermined time elapses in the
light irradiation.

[0019] In the configuration of the third aspect of the inven-
tion, one surface of the liquid crystal display substrate in
which the pixels are formed in the matrix state and liquid
crystal is sealed between the TFT substrate and the counter
electrode substrate 1s brought into contact with the cooling
medium, the liquid crystal display substrate is irradiated with
the light having the predetermined light quantity and the
predetermined wavelength in a state in which the predeter-
mined electric field is applied to each pixel, and the intensity
of the electric field applied to each pixel is changed while the
light irradiation is maintained when the predetermined time
elapses in the light irradiation, thereby orienting the liquid
crystal molecules toward a predetermined direction.

[0020] Preferably the liquid crystal display device produc-
ing method according to the third aspect of the invention
further includes the step of irradiating the liquid crystal dis-
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play substrate with the light having the predetermined light
quantity in a state in which the application of the electric field
to each of the pixels is removed after the step of changing the
intensity of the electric field applied to each of the pixels at
predetermined time intervals is performed. Therefore, after
the intensity of the electric field applied to each pixel is
changed at predetermined time intervals while the liquid crys-
tal display substrate is irradiated with the light having the
predetermined wavelength, the liquid crystal display sub-
strate is irradiated with the light having the predetermined
light quantity in a state in which the application of the electric
field to each pixel is removed.

[0021] In accordance with a fourth aspect of the invention,
aliquid crystal display device producing method for irradiat-
ing a liquid crystal display substrate, in which plural pixels
are formed in a matrix state and liquid crystal is sealed
between a TFT substrate and a counter electrode substrate,
with light having a predetermined wavelength to orient mol-
ecules of the liquid crystal toward a predetermined direction
in a state in which a predetermined electric field is applied to
each of the pixels of the liquid crystal display substrate, the
method includes the steps of: bringing one surface of the
liquid crystal display substrate into contact with a cooling
medium; and performing repeatedly one period, in which the
application of the electric field to each of the pixels is ON-
OFF-ON-switched, predetermined times to irradiate the lig-
uid crystal display substrate with the light having a predeter-
mined light quantity in an initial ON-time-frame of the one
period.

[0022] Inthe configuration of the fourth aspect of the inven-
tion, one surface of the liquid crystal display substrate in
which the pixels are formed in the matrix state and liquid
crystal is sealed between the TFT substrate and the counter
electrode substrate 1s brought into contact with the cooling
medium, and one period in which the application of the elec-
tric field to each pixel is ON-OFF-ON-switched is repeatedly
performed predetermined times to irradiate the liquid crystal
display substrate with the light having a predetermined light
quantity and the predetermined wavelength in the initial ON-
time-frame of the one period, thereby orienting the liquid
crystal molecules toward a predetermined direction.

[0023] Preferably the liquid crystal display device produc-
ing method according to the fourth aspect of the invention
further includes the step of irradiating the liquid crystal dis-
play substrate with the light having the predetermined light
quantity in a state in which the application of the electric field
to each of the pixels is removed after the step of repeatedly
switching the application of the electric field to each of the
pixels predetermined times is performed. Therefore, after the
switching of the application of the electric field to each pixel
is repeatedly performed predetermined times, the liquid crys-
tal display substrate is irradiated with the light having the
predetermined light quantity and the predetermined wave-
length in a state in which the application of the electric field to
each pixel is removed.

[0024] In the liquid crystal display device producing
method according to the second to fourth aspects of the inven-
tion, preferably the cooling medium is water cooled to a
predetermined temperature. Therefore, one surface of the
liquid crystal display substrate is cooled by the water cooled
to the predetermined temperature.

[0025] In the liquid crystal display device producing
method according to the first to fourth aspects of the inven-
tion, preferably the plural lamps are arrayed in a plane parallel
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to a surface of the liquid crystal display substrate. Therefore,
the liquid crystal display substrate is irradiated with the light
having the predetermined wavelength using the lamps that are
arrayed in the plane parallel to the surface of the liquid crystal
display substrate.

[0026] In the liquid crystal display device producing
method according to the first to fourth aspects of the inven-
tion, preferably the lamp is a flashlamp. Therefore, the water-
cooled flashlamp emits the light having the predetermined
wavelength while being dipped in the liquid and cooled by the
liquid.

[0027] In the liquid crystal display device producing
method according to the first to fourth aspects of the inven-
tion, preferably the TFT substrate has a COA (Color filter On
Array) configuration in which color filters are continuously
formed in an upper surface thereof. Therefore, the orientation
of the liquid crystal molecules is performed in the TFT sub-
strate having the COA configuration in which the color filters
are continuously formed in the upper surface thereof.

[0028] In accordance with a fifth aspect of the invention, a
liquid crystal display device producing apparatus that irradi-
ates a liquid crystal display substrate, in which plural pixels
are formed in a matrix state and liquid crystal is sealed
between a pair of substrates and plural electrodes for driving
the pixels are formed in at least two adjacent edge portions,
with light having a predetermined wavelength to orient mol-
ecules of the liquid crystal toward a predetermined direction
in a state in which a current is passed through each of the
electrodes of the liquid crystal display substrate to apply a
predetermined electric field to each of the pixels, the liquid
crystal display device producing apparatus includes: a stage
in which a recessed portion for reserving a cooling medium in
contact with one surface of the liquid crystal display substrate
to cool the liquid crystal display substrate, is formed in a
center thereof and a portion near a peripheral edge in one
surface of the liquid crystal display substrate is sucked to an
upper surface of a sidewall surrounding the recessed portion
to retain the liquid crystal display substrate; a prober that is
disposed near at least two adjacent edge portions of the stage,
and provided with plural terminals to which a current is
passed by connecting with the plural electrodes of the liquid
crystal display substrate retained by the stage; and a light
source device that is disposed above the stage to irradiate the
liquid crystal display substrate retained by the state with the
light.

[0029] In the configuration of the fifth aspect of the inven-
tion, the portion near the peripheral edge in one surface of the
liquid crystal display substrate in which the pixels are formed
in the matrix state and liquid crystal is sealed between the pair
of substrates is retained while sucked to the upper surface of
the sidewall surrounding the recessed portion formed in the
center of the stage, the cooling medium is reserved in the
recessed portion, the cooling medium is brought into contact
with one surface of the liquid crystal display substrate to cool
the liquid crystal display substrate, the terminals of the prober
provided near at least two adjacent edge portions of the stage
are connected to the electrodes formed in at least two adjacent
edge portions of the liquid crystal display substrate to pass the
current, and the light source device provided above the stage
irradiates the liquid crystal display substrate with the light
having the predetermined wavelength in a state in which the
electric field is applied to each pixel, thereby orienting the
liquid crystal molecules toward a predetermined direction.
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[0030] Inaccordance with a sixth aspect of the invention, a
liquid crystal display device producing apparatus that irradi-
ates a liquid crystal display substrate, in which plural pixels
are formed in a matrix state and liquid crystal is sealed
between a pair of substrates and plural electrodes for driving
the pixels are formed in at least two adjacent edge portions,
with light having a predetermined wavelength to orient mol-
ecules of the liquid crystal toward a predetermined direction
in a state in which a current is passed through each of the
electrodes of the liquid crystal display substrate to apply a
predetermined electric field to each of the pixels, the liquid
crystal display device producing apparatus includes: a stage
for reserving a cooling medium in contact with one surface of
the liquid crystal display substrate to cool the liquid crystal
display substrate, is formed in a center thereof and a portion
near a peripheral edge in one surface of the liquid crystal
display substrate is sucked to an upper surface to retain the
liquid crystal display substrate; plural wires that are strung on
an opening side of the recessed portion to support the one
surface of the liquid crystal display substrate retained by the
stage; a prober that is disposed near at least two adjacent edge
portions of the stage, and provided with plural terminals to
which a current is passed by connecting with the plural elec-
trodes of the liquid crystal display substrate retained by the
stage; and a light source device that is disposed above the
stage to irradiate the liquid crystal display substrate retained
by the state with the light.

[0031] Inthe configuration of the sixth aspect of the inven-
tion, the portion near the peripheral edge in one surface of the
liquid crystal display substrate in which the pixels are formed
in the matrix state and liquid crystal is sealed between the pair
of substrates is retained while sucked to the upper surface of
the sidewall surrounding the recessed portion formed in the
center of the stage, one surface of the liquid crystal display
substrate retained by the stage is supported by the wires
strung on the opening side in the recessed portion, the cooling
medium is reserved in the recessed portion, the cooling
medium is brought into contact with one surface of the liquid
crystal display substrate to cool the liquid crystal display
substrate, the terminals of the prober provided near at least
two adjacent edge portions of the stage are connected to the
electrodes formed in at least two adjacent edge portions of the
liquid crystal display substrate to pass the current, and the
light source device provided above the stage irradiates the
liquid crystal display substrate with the light having the pre-
determined wavelength in a state in which the electric field is
applied to each pixel, thereby orienting the liquid crystal
molecules toward a predetermined direction.

[0032] Preferably, the liquid crystal display device produc-
ing apparatus according to the sixth aspect of the invention
includes at least one beam portion that is entrained to support
the plural wires from below while intersecting the plural
wires. Therefore, the wires are supported from below by at
least one beam portion that is entrained while intersecting the
wires.

[0033] Inaccordance with a seventh aspect of the invention,
a liquid crystal display device producing apparatus that irra-
diates a liquid crystal display substrate, in which plural pixels
are formed in a matrix state and liquid crystal is sealed
between a pair of substrates and plural electrodes for driving
the pixels are formed in at least two adjacent edge portions,
with light having a predetermined wavelength to orient mol-
ecules of the liquid crystal toward a predetermined direction
in a state in which a current is passed through each of the
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electrodes of the liquid crystal display substrate to apply a
predetermined electric field to each of the pixels, the liquid
crystal display device producing apparatus includes: a stage
in which a recessed portion forreserving a cooling medium in
contact with one surface of the liquid crystal display substrate
to cool the liquid crystal display substrate, is formed in a
center thereof and a portion near a peripheral edge in one
surface of the liquid crystal display substrate is sucked to an
upper surface to retain the liquid crystal display substrate; a
prober that is disposed near at least two adjacent edge por-
tions of the stage, and provided with plural terminals to which
acurrent is passed by connecting with the plural electrodes of
the liquid crystal display substrate retained by the stage; a
voltage supply source that supplies a voltage through the
prober to apply the electric field to each of the pixels of the
liquid crystal display substrate; and a light source device that
is disposed above the stage to irradiate the liquid crystal
display substrate retained by the state with the light, in which
intensity of the electric field applied to each of the pixels is
changed at predetermined time intervals by the voltage sup-
ply source, when a predetermined time elapses in the irradia-
tion of the liquid crystal display substrate with the light by the
light source device in a state in which the electric field is
applied to each of the pixels, or one period, at which the
application of the electric field to each of the pixels is ON-
OFF-ON-switched, is repeatedly performed predetermined
times to irradiate the liquid crystal display substrate with the
light having a predetermined light quantity in an initial ON-
time-frame of the one period.

[0034] In the configuration of the seventh aspect of the
invention, the portion near the peripheral edge in one surface
of the liquid crystal display substrate in which the pixels are
formed in the matrix state and liquid crystal is sealed between
the pair of substrates and the electrodes for driving the pixels
are formed in at least two adjacent edge portions is retained
while sucked to the upper surface of the stage in which the
recessed portion is formed in the center in order to reserve the
cooling medium coming into contact with one surface of the
liquid crystal display substrate to cool the liquid crystal dis-
play substrate, the terminals of the prober provided near at
least two adjacent edge portions of the stage are connected to
the electrodes of the liquid crystal display substrate retained
by the stage to be able to pass the current, the liquid crystal
display substrate that is retained by the light source device
provided above the stage is irradiated with the light having the
predetermined wavelength in a state in which the voltage
supply source supplies the voltage through the probertoapply
the predetermined electric field to each pixel of the liquid
crystal display substrate, and the voltage supply source
changes the intensity of the electric field applied to each pixel
at predetermined time intervals when the predetermined time
elapses in the irradiation of the liquid crystal display substrate
with the light. Alternatively, one period in which the applica-
tion of the electric field to each of the pixels is ON-OFF-ON-
switched is repeatedly performed predetermined times to
irradiate the liquid crystal display substrate with the light
having a predetermined light quantity in an initial ON-time-
frame of the one period.

[0035] In the liquid crystal display device producing appa-
ratus according to the seventh aspect of the invention, pref-
erably plural wires that support the one surface of the liquid
crystal display substrate are strung on an opening side in
recessed portion of the stage. Therefore, one surface of the
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liquid crystal display substrate retained by the stage is sup-
ported by the wires that are strung on the opening side in the
recessed portion of the stage.

[0036] Inthe liquid crystal display device producing appa-
ratus according to the fifth to seventh aspects of the invention,
preferably, in the light source device, plural lamp units
including plural flashlamps are disposed in a matrix state.
Therefore, the liquid crystal display substrate is irradiated
with the light having the predetermined wavelength using the
flashlamps included in the lamp units arrayed in the matrix
state.

[0037] Inthe liquid crystal display device producing appa-
ratus according to the fifth to seventh aspect of the invention,
preferably the light source device can move relative to the
stage in a plane parallel to the stage. Therefore, the light
source device moves relative to the stage in the plane parallel
to the stage.

[0038] Inthe liquid crystal display device producing appa-
ratus according to the fifth to seventh aspects of the invention,
preferably the light source device generates simmer discharge
of the plural flashlamps before the light having the predeter-
mined wavelength is lighted. Therefore, the simmer dis-
charge is generated in the flashlamps before the light having
the predetermined wavelength is lighted.

[0039] Inthe liquid crystal display device producing appa-
ratus according to the fifth to seventh aspects of the invention,
preferably the plural flashlamps are sequentially lighted only
for a predetermined time at a predetermined delay time.
Therefore, the flashlamps are sequentially lighted only for the
predetermined time at the predetermined delay time.

[0040] Preferably, the liquid crystal display device produc-
ing apparatus according to the fifth to seventh aspects of the
invention includes plural photosensors in a bottom surface of
the recessed portion of the stage. Therefore, the photosensors
in the bottom surface of the recessed portion of the stage
detect the light transmitted through the liquid crystal display
substrate.

[0041] Preferably the liquid crystal display device produc-
ing apparatus according to the fifth to seventh aspects of the
invention includes a blowoff port and a discharge port in the
bottom surface of the recessed portion of the stage, the cool-
ing medium being blown off through the blowoft port to spray
the cooling medium to one surface of the sucked and retained
liquid crystal display substrate, the cooling medium being
discharged through the discharge port. Therefore, the cooling
medium is blown off through the blowoff port provided in the
bottom surface of the recessed portion of the stage in order to
spray the cooling medium to one surface of the sucked and
retained liquid crystal display substrate, and the cooling
medium is discharged through the discharge port provided in
the bottom surface of the recessed portion.

[0042] Preferably, the liquid crystal display device produc-
ing apparatus according to the fifth to seventh aspects of the
invention includes a conveyance unit that carries and carries
out the liquid crystal display substrate in and from the stage.
Therefore, the conveyance unit carries and carries out the
liquid crystal display substrate in and from the stage.

[0043] Inthe liquid crystal display device producing appa-
ratus according to the fifth to seventh aspects of the invention,
preferably the conveyance unit conveys the liquid crystal
display substrate while sucking a surface on the side opposite
from the stage. Therefore, the conveyance unit conveys the
liquid crystal display substrate while sucking the surface on
the side opposite from the stage.
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[0044] 1In the liquid crystal display device producing appa-
ratus according to the fifth to seventh aspects of the invention,
preferably an air knife is provided beside the stage on a
carry-in and carry-out side of the liquid crystal display sub-
strate to inject compressed air to one surface of the liquid
crystal display substrate to thereby blow off the adhering
cooling medium. Therefore, the air knife that is provided
beside the stage on the carry-inand carry-out side of the liquid
crystal display substrate injects the compressed air to one
surface of the liquid crystal display substrate to blow off the
adhering cooling medium.

[0045] In the liquid crystal display device producing appa-
ratus according to the fifth to seventh aspects of the invention,
preferably the cooling medium is water cooled to a predeter-
mined temperature. Therefore, one surface of the liquid crys-
tal display substrate is cooled by the water cooled to the
predetermined temperature.

[0046] Inaccordancewithan eighth aspect of the invention,
a liquid crystal display device producing apparatus that irra-
diates a liquid crystal display substrate, in which plural pixels
are formed in a matrix state and liquid crystal is sealed
between a pair of substrates, with light having a predeter-
mined wavelength to orient molecules of the liquid crystal
toward a predetermined direction in a state in which a prede-
termined electric field is applied to each of the pixels of the
liquid crystal display substrate, the liquid crystal display
device producing apparatus includes: a stage in which a
recessed portion for reserving a cooling medium in contact
with one surface of the liquid crystal display substrate to cool
the liquid crystal display substrate, is formed in a center
thereof and a portion near a peripheral edge in one surface of
the liquid crystal display substrate is sucked to an upper
surface to retain the liquid crystal display substrate; and a
light source device that is disposed above the stage, in which
plural flashlamps that emit the light are provided in a reflector
having an opening, the opening having a size corresponding
to at least a display region of the liquid crystal display sub-
strate, and plural square-shaped filters are arrayed vertically
and horizontally in the opening of the light source device, the
filter cutting off transmission of light having a specific wave-
length, in which the light source device lights the plural
flashlamps in each time the light source device moves by one
step while moving vertically and horizontally a distance of an
integral multiple of an array pitch of the filters.

[0047] In the configuration of the eighth aspect of the
invention, the portion near the peripheral edge in one surface
of the liquid crystal display substrate in which the pixels are
formed in the matrix state and liquid crystal is sealed between
the pair of substrates is retained while sucked to the upper
surface of a sidewall surrounding the recessed portion formed
in the center of the stage, the cooling medium is reserved in
the recessed portion formed in the center of the stage in a state
in which the electric field is applied to each pixel of the liquid
crystal display substrate, the cooling medium is brought into
contact with one surface of the liquid crystal display substrate
to cool the liquid crystal display substrate, the flashlamps that
emit the light having the predetermined wavelength are pro-
vided in the reflector having the opening having the size
corresponding to at least the display region of the liquid
crystal display substrate, and the light source device in which
the square-shaped filters cutting off transmission of the light
having the specific wavelength are arrayed vertically and
horizontally in the opening lights the flashlamps in each time
the light source device moves by one step while moving
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vertically and horizontally the distance of the integral mul-
tiple of the array pitch of the filters, thereby orienting the
liquid crystal molecules toward a predetermined direction.
[0048] Inthe liquid crystal display device producing appa-
ratus according to the eighth aspect of the invention, prefer-
ably the plural filters cut off the transmission of the ultraviolet
light whose wavelength is about 300 nm or less. Therefore,
the filters cut off the transmission of the ultraviolet light
whose wavelength is about 300 nm or less.

[0049] Inthe liquid crystal display device producing appa-
ratus according to the eighth aspect of the invention, prefer-
ably a support member that supports an edge portion of each
filter is provided between the plural filters. Therefore, the
edge portion of each filteris supported by the support member
provided between the plural filters.

[0050] Inthe liquid crystal display device producing appa-
ratus according to the eighth aspect of the invention, prefer-
ably the light source device generates simmer discharge of the
plural flashlamps before the light having the predetermined
wavelength is lighted. Therefore, the simmer discharge is
generated in the flashlamps before the light having predeter-
mined wavelength is lighted.

[0051] In the liquid crystal display device producing
method according to the first or second aspect of the inven-
tion, the liquid crystal display substrate can be cooled at the
same time as the lamp is cooled by the liquid, and the liquid
crystal can be prevented from absorbing the light having the
predetermined wavelength to be heated to high temperature.
Accordingly, the stabilization of the orientation of the liquid
crystal molecules can be achieved to stably produce the high-
display-quality liquid crystal display device. Itis unnecessary
to irradiate the liquid crystal display substrate with the light
having the predetermined wavelength in a time-division man-
ner, so that production efficiency of the liquid crystal display
substrate can be improved.

[0052] In the liquid crystal display device producing
method according to the first aspect of the invention, the
transparent liquid having the resistivity of the predetermined
value or more and the sufficiently high transmittance to the
ultraviolet light can easily be obtained.

[0053] In the liquid crystal display device producing
method according to the second aspect of the invention, the
liquid crystal display substrate can be irradiated with the light
having the predetermined wavelength from the counter elec-
trode substrate side. Accordingly, the liquid crystal orienta-
tion can easily be performed in the liquid crystal display
substrate including the TFT substrate having the COA (Color
filter On Array) configuration in which the color filters are
continuously formed in the upper surface, for example.
[0054] In the liquid crystal display device producing
method according to the second aspect of the invention, the
liquid crystal molecules can be oriented while the liquid
crystal display substrate is cooled by bringing the surface on
the side opposite from the counter electrode substrate of the
TFT substrate. Accordingly, when the liquid crystal orienta-
tion treatment is performed to the liquid crystal display sub-
strate including the TFT substrate having the COA configu-
ration, for example, because the lamp is disposed on the
counter electrode substrate side, the non-water-resistant lamp
may be used, and the general, inexpensive lamp can be used.
[0055] In the liquid crystal display device producing
method according to the first or second aspects of the inven-
tion, the liquid crystal molecules oriented toward a predeter-
mined direction can be fixed, and the liquid crystal molecules
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can be prevented from returning to the initial state after the
electric field applied to the pixel is removed. Accordingly,
orientation of the liquid crystal molecules can further be
stabilized.

[0056] In the liquid crystal display device producing
method according to the third aspect of the invention, the
liquid crystal display substrate can be cooled by the cooling
medium, and the liquid crystal can be prevented from absorb-
ing the light having the predetermined wavelength to be
heated to high temperature. Accordingly, the stabilization of
the orientation of the liquid crystal molecules can be achieved
to stably produce the high-display-quality liquid crystal dis-
play device. It is unnecessary to irradiate the liquid crystal
display substrate with the light having the predetermined
wavelength in a time-division manner, so that the production
efficiency of the liquid crystal display device can be
improved. When the predetermined time elapses in the irra-
diation of the light having the predetermined wavelength,
because the orientation of the electric field applied to each
pixel is changed at predetermined time intervals while the
light irradiation is maintained, the monomers oscillate in the
liquid crystal layer to diffuse easily in the thickness direction
of the liquid crystal layer, and the oriented layer is easily
formed in the inside surface of the substrate. Accordingly, the
orientation treatment time of the liquid crystal display sub-
strate can be shortened to improve the production efficiency
of the liquid crystal display device.

[0057] In the liquid crystal display device producing
method according to the fourth aspect of the invention, the
liquid crystal display substrate can be cooled by the cooling
medium, and the liquid crystal can be prevented from absorb-
ing the light having the predetermined wavelength to be
heated to high temperature. Accordingly, the stabilization of
the orientation of the liquid crystal molecules can be achieved
to stably produce the high-display-quality liquid crystal dis-
play device. It is unnecessary to irradiate the liquid crystal
display substrate with the light having the predetermined
wavelength in a time-division manner, so that the production
efficiency of the liquid crystal display device can be
improved. Additionally, one period in which the application
of the electric field to each pixel is ON-OFF-ON-switched is
repeatedly performed predetermined times to irradiate the
liquid crystal display substrate with the light having a prede-
termined light quantity and the predetermined wavelength in
the initial ON-time-frame of the one period. Therefore, the
monomers oscillate in the liquid crystal layer to diffuse easily
in the thickness direction of the liquid crystal layer and the
oriented layer is easily formed in the inside surface of the
substrate. Accordingly, the orientation treatment time of the
liquid crystal display substrate can be shortened to improve
the production efficiency of the liquid crystal display device.
[0058] In the liquid crystal display device producing
method according to the third or fourth aspects of the inven-
tion, the liquid crystal molecules oriented toward a predeter-
mined direction can be fixed, and the liquid crystal molecules
can be prevented from returning to the initial state after the
electric field applied to the pixel is removed. Accordingly, the
orientation of the liquid crystal molecules can further be
stabilized.

[0059] In the liquid crystal display device producing
method according to the second to fourth aspects of the inven-
tion, the water cooled to a predetermined temperature can be
used as the cooling medium, and the cooling medium is
safely, hygienically, and easily handled.
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[0060] In the liquid crystal display device producing
method according to the first to fourth aspects of the inven-
tion, the broad surface of the liquid crystal display substrate
can evenly be irradiated with the light having the predeter-
mined wavelength. Accordingly, the orientation evenness of
the liquid crystal molecules can be secured.

[0061] In the liquid crystal display device producing
method according to the first to fourth aspects of the inven-
tion, the general-purpose lamp can be used, and the apparatus
production cost can be reduced.

[0062] In the liquid crystal display device producing
method according to the first to fourth aspects of the inven-
tion, the liquid crystal orientation can easily be performed in
the liquid crystal display substrate including the TFT sub-
strate having the COA (Color filter On Array) configuration in
which the color filters are continuously formed in the upper
surface.

[0063] Inthe liquid crystal display device producing appa-
ratus according to the fifth aspect of the invention, the liquid
crystal display substrate can be cooled by the cooling
medium, and the liquid crystal can be prevented from absorb-
ing the light having the predetermined wavelength to be
heated to high temperature. Accordingly, the stabilization of
the orientation of the liquid crystal molecules can be achieved
to stably produce the high-display-quality liquid crystal dis-
play device. It is unnecessary to irradiate the liquid crystal
display substrate with the light having the predetermined
wavelength in a time-division manner, so that the production
efficiency of the liquid crystal display device can be
improved.

[0064] Inthe liquid crystal display device producing appa-
ratus according to the sixth aspect of the invention, the liquid
crystal display substrate can be cooled by the cooling
medium, and the liquid crystal can efficiently be prevented
from absorbing the light having the predetermined wave-
length to be heated to high temperature. Accordingly, the
stabilization of the orientation of the liquid crystal molecules
can be achieved to stably produce the high-display-quality
liquid crystal display device. It is unnecessary to irradiate the
liquid crystal display substrate with the light having the pre-
determined wavelength in a time-division manner, so that the
production efficiency of the liquid crystal display device can
be improved. The liquid crystal display substrate sucked to
and retained by the stage is supported from below by the
wires, so that the warp of the liquid crystal display substrate
can be suppressed. Because the liquid crystal display sub-
strate is not received by pins, there is no risk that the liquid
crystal in the surrounding portion of the pin moves partially
by a pin pressure to change the orientation state or polymer
distribution surrounding the pin. Accordingly, the orientation
of the liquid crystal molecules can further be stabilized.
[0065] Inthe liquid crystal display device producing appa-
ratus according to the sixth aspect of the invention, the flexure
of the wires is suppressed, and the warp of the liquid crystal
display substrate can further be suppressed. Accordingly, the
orientation of the liquid crystal molecules can further be
stabilized. In such cases, because the liquid crystal display
substrate is supported by the wires, the contact between the
liquid crystal display substrate and the wire becomes the line
contact, the cooling medium can be brought into substantially
even contact with one surface of the substrate. Accordingly,
one surface of the liquid crystal display substrate can substan-
tially evenly be cooled to prevent the generation of the
unevenness of the liquid crystal orientation.
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[0066] 1In the liquid crystal display device producing appa-
ratus according to the seventh aspect of the invention, the
liquid crystal display substrate can be cooled by the cooling
medium, and the liquid crystal can be prevented from absorb-
ing the light having the predetermined wavelength to be
heated to high temperature. Accordingly, the stabilization of
the orientation of the liquid crystal molecules can be achieved
to stably produce the high-display-quality liquid crystal dis-
play device. It is unnecessary to irradiate the liquid crystal
display substrate with the light having the predetermined
wavelength in a time-division manner, so that the production
efficiency of the liquid crystal display device can be
improved. Additionally, when the predetermined time elapses
in irradiating the liquid crystal display substrate with the light
having the predetermined wavelength in a state in which the
predetermined electric field is applied to each pixel, the inten-
sity of the electric field applied to each pixel is changed at
predetermined time intervals, or one period in which the
application of the electric field to each pixel is ON-OFF-ON-
switched is repeatedly performed predetermined times to
irradiate the liquid crystal display substrate with the light
having a predetermined light quantity and the predetermined
wavelength in the initial ON-time-frame of the one period.
Therefore, the monomers oscillate in the liquid crystal layer
to diffuse easily in the thickness direction of the liquid crystal
layer and the oriented layer is easily formed in the inside
surface of the substrate. Accordingly, the orientation treat-
ment time of the liquid crystal display substrate can be short-
ened to improve the production efficiency of the liquid crystal
display device.

[0067] In the liquid crystal display device producing appa-
ratus according to the seventh aspect of the invention, the
liquid crystal display substrate sucked to and retained by the
stage 1s supported from below by the wires to be able to
suppress the warp of the liquid crystal display substrate.
Accordingly, the orientation of the liquid crystal molecules
can further be stabilized.

[0068] In the liquid crystal display device producing appa-
ratus according to the fifth to seventh aspects of the invention,
the lighting of the lamp is easily controlled, and the large-size
liquid crystal display substrate can collectively be irradiated
with the light having the predetermined wavelength. Accord-
ingly, the production efficiency of the liquid crystal display
device can be improved.

[0069] In the liquid crystal display device producing appa-
ratus according to the fifth to seventh aspects of the invention,
the large-size liquid crystal display substrate can evenly be
irradiated with the light having the predetermined wave-
length. Accordingly, the orientation of the liquid crystal mol-
ecules can substantially be aligned in a constant direction in
the whole display region of the liquid crystal display sub-
strate.

[0070] In the liquid crystal display device producing appa-
ratus according to the fifth to seventh aspects of the invention,
the flashlamp can be lighted at high speed. Accordingly, the
efficiency of the liquid crystal orientation treatment by the
irradiation of the light having the predetermined wavelength
can be improved.

[0071] In the liquid crystal display device producing appa-
ratus according to the fifth to seventh aspects of the invention,
irradiation energy of the light having the predetermined
wavelength can be dispersed. Accordingly, temperature rise
of the liquid crystal can be suppressed in the liquid crystal
display substrate.
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[0072] Inthe liquid crystal display device producing appa-
ratus according to the fifth to seventh aspects of the invention,
the lighting state of the liquid crystal display substrate can be
inspected. In such cases, when the flashlamp that emits the
white light by the simmer discharge is used as the backlight,
the need to provide another backlight is eliminated, so that the
apparatus configuration can be simplified.

[0073] Inthe liquid crystal display device producing appa-
ratus according to the fifth to seventh aspects of the invention,
generation of an air layer can be prevented in a contact inter-
face between the liquid crystal display substrate and the cool-
ing medium to improve cooling efficiency of the liquid crystal
display substrate.

[0074] Inthe liquid crystal display device producing appa-
ratus according to the fifth to seventh aspects of the invention,
the large-size liquid crystal display substrate can safely and
easily be carried in and carried out.

[0075] Inthe liquid crystal display device producing appa-
ratus according to the fifth to seventh aspects of the invention,
because the cooling medium adhering to the liquid crystal
display substrate surface is vacuumed in, the defective suc-
tion of the liquid crystal display substrate surface is not gen-
erated. Accordingly, there is no risk that the liquid crystal
display substrate drops during carry-out and get broken.
[0076] Inthe liquid crystal display device producing appa-
ratus according to the fifth to seventh aspects of the invention,
the cooling medium adhering to one surface of the liquid
crystal display substrate can be blown off to rapidly dry the
substrate.

[0077] Inthe liquid crystal display device producing appa-
ratus according to the fifth to seventh aspects of the invention,
the water cooled to a predetermined temperature can be used
as the cooling medium, and the cooling medium is safely,
hygienically, and easily handled.

[0078] Inthe liquid crystal display device producing appa-
ratus according to the eighth aspect of the invention, one
surface of the liquid crystal display substrate is cooled by the
cooling medium, so that the liquid crystal can be prevented
from absorbing the light having the predetermined wave-
length to be heated to high temperature. The flashlamps that
emit the light having the predetermined wavelength are pro-
vided in the reflector including the opening having the size
corresponding to at least the display region of the liquid
crystal display device, and the light source device in which
the square-shaped filters cutting off the transmission of the
light having the specific wavelength are arrayed vertically and
horizontally in the opening lights the flashlamps in each time
the light source device moves by one step while moving
vertically and horizontally the distance of the integral mul-
tiple of the array pitch of the filters by predetermined steps, so
that the large-area substrate can evenly be irradiated with the
light having the predetermined wavelength. Accordingly, the
orientation of the liquid crystal molecules can be stabilized in
the whole surface of the display region of the liquid crystal
display substrate.

[0079] Inthe liquid crystal display device producing appa-
ratus according to the eighth aspect of the invention, the filter
can cut off the transmission of the ultraviolet light whose
wavelength is about 300 nm or less, and the liquid crystal can
be prevented from receiving the damage of the ultraviolet
light.

[0080] Inthe liquid crystal display device producing appa-
ratus according to the eighth aspect of the invention, the filters
can easily be attached to the opening of the reflector.
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[0081] In the liquid crystal display device producing appa-
ratus according to the eighth aspect of the invention, the
flashlamp can be lighted at high speed while the flashlamp
that emits the white light by the simmer discharge is used as
the backlight. Accordingly, the efficiency of the liquid crystal
orientation treatment by the ultraviolet light irradiation can be
improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0082] FIG. 1 is a plan view illustrating a liquid crystal
display device producing apparatus according to a first
embodiment of the invention;

[0083] FIG. 2 is a plan view illustrating a configuration
example of a liquid crystal display substrate used in the first
embodiment;

[0084] FIG. 3 is a flowchart illustrating a liquid crystal
display device producing method of the first embodiment;
[0085] FIG. 4 is a front view illustrating a liquid crystal
display device producing apparatus according to a second
embodiment of the invention;

[0086] FIG.51s a sectional view taken on line O-O of FIG.
4;

[0087] FIG. 6 is a partially sectional view of FIG. 4;
[0088] FIG. 7 is a side view of FIG. 4;

[0089] FIG. 8 is a plan view illustrating a configuration

example of a liquid crystal display substrate used in the pro-
ducing apparatus of the second embodiment;

[0090] FIG.9is a sectional view taken on center line of the
liquid crystal display substrate of FIG. 8;

[0091] FIG. 10 is asectional view taken on line P-P of FIG.
5;
[0092] FIG. 11 is an explanatory view illustrating a con-

figuration example of a driving circuit of a light source device
used in the producing apparatus of the second embodiment;
[0093] FIGS. 12A to 12F are a timing chart for driving the
light source device of FIG. 11,

[0094] FIG. 13 is a flowchart illustrating a liquid crystal
display device producing method using the producing appa-
ratus of the second embodiment;

[0095] FIGS. 14A and 14B are explanatory views illustrat-
ing alignment of the liquid crystal display substrate and a
prober using an alignment camera;

[0096] FIG. 15 is a sectional view illustrating a liquid crys-
tal display device producing apparatus according to a third
embodiment of the invention;

[0097] FIG.161sasectional view taken on line Q-Q of FIG.
15;
[0098] FIG. 17 is a sectional view illustrating a state in

which a liquid crystal display substrate placed on a stage of
the producing apparatus of the third embodiment is supported
by plural wires and a beam portion;

[0099] FIG. 18 is a plan view illustrating a schematic con-
figuration of a liquid crystal display device producing appa-
ratus according to a fourth embodiment of the invention;

[0100] FIG.19 is a sectional view taken on line R-R of FIG.
18;
[0101] FIG. 20 is a flowchart illustrating a liquid crystal

display device producing method using the producing appa-
ratus of the fourth embodiment;

[0102] FIGS.21A to 21D are explanatory views schemati-
cally illustrating a state ofa liquid crystal orientation obtained
by the liquid crystal display device producing method of FIG.
20,
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[0103] FIGS. 22A to 22C are a timing chart illustrating
another example of driving timing between a voltage supply
source and a light source device in the liquid crystal display
device producing method of FIG. 20;

[0104] FIG. 23 is an enlarged view illustrating a main part
of aliquid crystal display device producing apparatus accord-
ing to a fifth embodiment of the invention and a partially
sectional bottom view illustrating a light source device;
[0105] FIG. 24 is an explanatory view illustrating a proper
movement example of the light source device of FIG. 23;
[0106] FIG. 25 is an explanatory view illustrating analysis
result of an illuminance distribution in the movement of the
light source device of FIG. 24;

[0107] FIG. 26 is an explanatory view illustrating an
improper movement example of the light source device of
FIG. 23; and

[0108] FIG. 27 is an explanatory view illustrating analysis
result of an illuminance distribution in the movement of the
light source device of FIG. 26.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0109] Hereunder is a detailed description of exemplary
embodiments of the present invention with reference to the
accompanying drawings. FIG. 1 is a plan view illustrating a
liquid crystal display device producing apparatus according
to a first embodiment of the invention. In the liquid crystal
display device producing apparatus of the first embodiment, a
liquid crystal display substrate in which liquid crystal is
sealed between a TFT substrate and a counter electrode sub-
strate is irradiated with ultraviolet light while an electric field
1s applied to the liquid crystal display substrate, thereby ori-
enting liquid crystal molecules toward a predetermined direc-
tion. The liquid crystal display device producing apparatus
includes a lighting inspection device 1, a water tank 2, a first
lamp 3, and a second lamp 4.

[0110] The lighting inspection device 1 performs lighting
inspection of a liquid crystal display substrate 5 in which the
liquidcrystalis sealed. A device body 6 of the lighting inspec-
tion device 1 includes a movable portion 7, a stage 8, a probe
unit 9, an alignment camera 10, a backlight 11, and a lighting
inspection camera 12. At this point, the liquid crystal display
substrate 5 has a COA (Color filter On Array) configuration in
which color filters are continuously formed above the TFT
substrate. As illustrated in FIG. 2, the liquid crystal display
substrate 5 includes a display region 14 located in a central
portion and plural electrode groups 16 located near three edge
portions 5a, 5b, and 5¢. The display region 14 includes plural
pixels 13 in a matrix state. In each of the electrode groups 16,
plural electrodes 15 are arrayed in order to supply driving
signals to the pixels 13.

[0111] The movable portion 7 supports the stage 8 and the
probe unit 9 described later. The movable portion 7 moves in
an X-axis direction in an XY-plane of FIG. 1 by a movement
mechanism (not illustrated) while moving in a depth direction
(Z-axis direction) of FIG. 1 on the water tank 2 described
later.

[0112] Thestage 8is provided inside the movable portion 7.
In the stage 8, the liquid crystal display substrate 5 conveyed
in adirection of anarrow A of FIG. 1 by aloader, for example,
is sucked and retained while placed on an upper surface, and
a rectangular opening 17 is provided in a central portion
according to the display region 14 of the placed liquid crystal
display substrate 5 such that the light of the backlight 11
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described later can pass therethrough. In side portions of a
back side of two sides orthogonal to the arrow A of the
opening 17 and one (the right side in FIG. 1) of two sides
parallel to the arrow A, plural positioning pins (not illus-
trated) are rigidly provided in an upper surface of the stage 8.
Two edge portions 56 and 5¢ orthogonal to each other in the
liquid crystal display substrate 5 placed on the stage 8 are
controlled by the positioning pins, which allows the liquid
crystal display substrate 5 to be positioned at a predetermined
position. Movable pins (not illustrated) are provided in diago-
nal directions of the stage 8 according to the positioning pins,
and the movable pins push edge portions 5a and 54 on the
opposite side to the edge portions 55 and 5¢ of the placed
liquid crystal display substrate 5 and press the liquid crystal
display substrate 5 against the positioning pins. The stage 8
raises and lowers the inside of the movable portion 7 by using
a lifting mechanism (not illustrated).

[0113] Inside portions of a back side of two sides orthogo-
nal to the arrow A in FIG. 1 of the opening 17 and two sides
parallel to the arrow A, the plural probe units 9 are provided
on the movable portion 7. The probe unit 9 is used to supply
a bias voltage from an externally provided power supply (not
illustrated) to the plural pixels 13 of the liquid crystal display
substrate 5. The probe unit 9 includes plural probes that come
into contact with plural electrodes 15 formed near the three
edge portions 5a to 5¢ of the liquid crystal display substrate 5,
and the probes are raised and lowered to bring and separate
probe leading end portions into contact with and from the
electrodes 15 of the liquid crystal display substrate 5. The
plural probe units 9 are configured to turn integrally about a
shaft parallel to a Z-axis, which allows each of the probe
leading end portions to be aligned with the electrodes 15 of
the liquid crystal display substrate 5.

[0114] The alignment cameras 10 are provided near four
corner portions of the stage 8 while retained in the device
body 6 by support members 18. Each of the alignment cam-
eras 10 takes images of both the electrode 15 of the liquid
crystal display substrate 5 and the probe leading end portion
of the probe unit 9 such that all the probe leading end portions
are correctly positioned on the corresponding electrodes 15.
The alignment camera 10 includes a CCD camera, which
enables the alignment to be automatically adjusted by pattern
matching. The support members 18 are slid in a longitudinal
axis direction thereof, and the support members 18 are
retreated out ofa visual field of the lighting inspection camera
12 described later during the lighting inspection of the liquid
crystal display substrate 5.

[0115] The backlight 11 is provided below the stage 8
according to the opening 17. The backlight 11 irradiates the
liquid crystal display substrate 5 placed on the stage 8 with
white light from a rear surface side of the liquid crystal
display substrate 5 to enable the lighting inspection of the
liquid crystal display substrate 5. For example, the backlight
11 includes a cold cathode discharge tube.

[0116] Thelighting inspection camera12 is provided above
the stage 8 according to the opening 17. The lighting inspec-
tion camera 12 takes an image ofa surface of the liquid crystal
display substrate 5 to inspect whether a non-lighting portion
exists in the liquid crystal display substrate 5. For example,
the lighting inspection camera 12 includes a CCD camera.
[0117] The water tank 2 is provided beside the lighting
inspection device 1. A transparent liquid 19 is reserved in the
water tank 2, and the liquid 19 has resistivity of a predeter-
mined value or more and has sufficiently high transmittance
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to the ultraviolet light. A top of the water tank 2 is opened, and
the liquid crystal display substrate 5 can be dipped in the
liquid 19 from above. A circulation pipe (not illustrated) for
the liquid 19 is connected to a side face of the water tank 2, the
liquid 19 in the water tank 2 is circulated with an externally
provided pump, and a temperature of the liquid 19 is kept
constant by a chiller provided on the way. When possibly the
resistivity of the liquid 19 is lowered because part of the liquid
19 is ionized by irradiating the liquid 19 with the ultraviolet
light, an ion exchanger may be connected to the circulation
pipe to perform ion exchange such that the resistivity of the
predetermined value or more is maintained.

[0118] In such cases, the pure water that includes distilled
water or ion-exchanged water having the resistivity (specific
resistance) of about 1x10° Qcm or more, preferably the resis-
tivity of about 1x10° Qcm or more is suitable to the liquid 19.
Alternatively, an anti-freeze solution may be used as the
liquid 19.

[0119] The first ultraviolet light (UV) lamp 3 is provided
abovethe water tank 2 so as to face the conveyed liquid crystal
display substrate 5. In the first lamp 3, the liquid crystal
display substrate 5 in which the electric field is applied to each
pixel 13 is irradiated with the light having a predetermined
wavelength including the ultraviolet light to orient the liquid
crystal molecules toward a predetermined direction. For
example, the first lamp 3 includes a long and thin water-
cooled xenon flashlamp. The plural first lamps 3 are arrayed
in parallel with the surface of the liquid crystal display sub-
strate 5 such that the surface of the liquid crystal display
substrate 5 can evenly be irradiated with the light. The first
lamp 3 and the movable portion 7 positioned therebelow
concurrently move in the Z-axis direction by the lamp move-
ment mechanism (not illustrated), and the first lamp 3 and the
liquid crystal display substrate 5 placed on the stage 8 are
concurrently dipped in the liquid 19 with which the water tank
2 is filled. The wavelength of the light ranges from about 300
nm to about 1100 nm, preferably about 300 nm to about 400
nm, more preferably about 300 nm to about 400 nm and about
800 nm to about 1100 nm. In the first embodiment, the case
where the light is “ultraviolet light” will be described below.

[0120] Above the water tank 2, the second lamp 4 is pro-
vided beside the first lamp 3. The second lamp 4 fixes the
orientation state in which the liquid crystal display substrate
5 is irradiated with the ultraviolet light of the first lamp 3 to
orient the liquid crystal molecules toward the predetermined
direction. In the second lamp 4, the liquid crystal display
substrate 5 in which the application of the electric field to each
pixel 13 is removed is irradiated with the ultraviolet light that
is identical to that of the first lamp 3 having a predetermined
light quantity. Similarly to the first lamp 3, the second lamp 4
includes the long and thin water-cooled xenon flashlamp, and
the plural second lamps 4 are arrayed in parallel with the
surface of the liquid crystal display substrate 5, which is
transferred from the stage 8 by a conveyance mechanism
provided in the water tank 2 and positioned below the second
lamps 4, such that the surface of the liquid crystal display
substrate 5 can evenly be irradiated with the ultraviolet light.
The second lamp 4 and a lifting table 20 provided therebelow
are concurrently raised and lowered in the Z-axis direction by
another movement mechanism (not illustrated), the second
lamps 4 and the liquid crystal display substrate 5 placed on the
lifting table 20 concurrently emerge from the liquid 19, so that
the liquid crystal display substrate 5 can be carried out with an
unloader. The first and second lamps 3 and 4 are not limited to
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the water-cooled xenon flashlamp but the first and second
lamps 3 and 4 may be a water-cooled lamp that continuously
emits the light.

[0121] An operation of the liquid crystal display device
producing apparatus of the first embodiment having the
above-described configuration and a liquid crystal display
device producing method that is performed with the produc-
ing apparatus will be described below with reference to a
flowchart of FIG. 3. In Step S1, the liquid crystal display
substrate 5 is conveyed with a counter electrode substrate side
up in the direction of the arrow A illustrated in FIG. 1 by the
loader (notillustrated), and the liquid crystal display substrate
5 is placed on the stage 8 of the lighting inspection device 1.
At this point, in the liquid crystal display substrate 5, the two
edge portions Sa and 54 are pressed in the diagonal direction
by the movable pins, and the two edge portions 55 and 5¢ on
the opposite sides are positioned by abutting evenly on the
positioning pins provided in the stage 8. Then the liquid
crystal display substrate 5 is sucked to and retained by the
stage 8. Therefore, the positions of the electrodes 15 provided
near the edge portions of the liquid crystal display substrate 5
and the positions of the probe leading end portions of the
probe units 9 are coarsely adjusted.

[0122] In Step S2, the alignment cameras 10 are started up.
At the same time, the stage 8 is raised to a position at which
the alignment camera 10 can take images of both the electrode
15 of the liquid crystal display substrate 5 and the probe
leading end portion of the probe unit 9. At this point, the
whole probe units 9 turn integrally such that the electrodes 15
and the probe leading end portions are aligned by pattern
matching based on the taken image, whereby the electrodes
15 and the probe leading end portions are correctly posi-
tioned. When the alignment between the electrodes 15 and the
probe leading end portions are ended, the probes of the probe
units 9 are lowered to bring the probe leading end portions
into contact with the electrodes 15.

[0123] In Step S3, the lighting inspection of the liquid
crystal display substrate 5 is performed. Specifically, the
lighting inspection camera 12 is started up, and the bias
voltage is supplied from the externally provided power sup-
ply to the electrodes 15 to apply the predetermined electric
field to each pixel 13 of the liquid crystal display substrate 5.
The backlight 11 is lighted to irradiate the rear surface of the
liquid crystal display substrate 5 with the white light. The
alignment cameras 10 are retreated out of the visual field of
the lighting inspection camera 12 by sliding the support mem-
bers 18 in the longitudinal axis direction of the support mem-
bers 18. At this point, the lighting inspection camera 12 takes
the image of the liquid crystal display substrate 5 with the
light transmitted through the liquid crystal display substrate
5, and the lighting inspection is performed.

[0124] In Step S84, a determination whether the defective
lighting exists is made based on the image taken with the
lighting inspection camera 12. When the defective lighting is
detected to make a “YES” determination, the flow goes to
Step S5, and the liquid crystal display substrate 5 is deter-
mined to be defective and carried out.

[0125] On the other hand, when the defective lighting is not
detected in Step S4, a “NO” determination is made, and the
flow goes to Step S6.

[0126] In Step S6, the backlight 11, the alignment cameras
10 and the lighting inspection camera 12 are turned off. The
liquid crystal display substrate 5 and the movable portion 7
are concurrently and horizontally conveyed in the X-axis
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direction of FIG. 1 by the movement mechanism of the mov-
able portion 7, and the liquid crystal display substrate 5 and
the movable portion 7 are positioned below the first lamp 3
and above the water tank 2 to go into a standby state for the dip
in the liquid 19 of the water tank 2.

[0127] In Step S7, the liquid crystal display substrate 5 and
the first lamp 3 are lowered by the movement mechanism
together and dipped in the transparent liquid 19 (for example,
pure water) having the resistivity of the predetermined value
or more and the sufficiently high transmittance to the ultra-
violet light. At this point, the resistivity of the liquid 19 is
measured with a liquid resistivity measurement instrument to
confirm that the resistivity is not lower than the predeter-
mined value. When the resistivity is lower than the predeter-
mined value, the liquid 19 is passed through the ion exchanger
to wait for recovery of the resistivity. The circulation of the
liquid 19 is started, a flow rate is set to about 1 m/sec relative
to the substrate surface, and the liquid 19 is cooled such that
a temperature of the liquid 19 becomes about 24° C. The
lifting table 20 that is provided opposite the second lamp 4
and the lamp also are lowered when the liquid crystal display
substrate 5 and the first lamp 3 are lowered in the Z-direction.
[0128] In Step S8, in a state in which the predetermined
electric field is applied to each pixel 13 of the liquid crystal
display substrate 5, the first lamp 3 1s lighted to irradiate the
liquid crystal display substrate 5 with the ultraviolet light
having the predetermined light quantity. Therefore, the liquid
crystal molecules are oriented toward the predetermined
direction. At this point, usually the liquid crystal absorbs the
ultraviolet light to generate the heat. However, in the first
embodiment, because the liquid crystal display substrate 5 is
cooled by the liquid 19, the liquid crystal is maintained at the
temperature of about 24° C. The amount of electric field and
the amount of ultraviolet light irradiation are set to proper
values based on previous experiments.

[0129] In Step S9, while the application of the electric field
to each pixel 13 of the liquid crystal display substrate 5 is
removed, the second lamp 4 is lighted to irradiate the liquid
crystal display substrate 5 with the ultraviolet light having the
predetermined light quantity, thereby fixing the orientation
state of the liquid crystal molecules that are oriented toward
the predetermined direction in Step S8. Specifically, when the
orientation treatment is ended in Step S8, the probes are
raised to separate the probe leading end portions from the
electrodes 15 of the liquid crystal display substrate 5. Then
the liquid crystal display substrate 5 is transferred onto the
lifting table 20 by the conveyance mechanism and disposed
opposite the second lamp 4. At this point, the second lamp 4
is lighted to irradiate the liquid crystal display substrate 5 with
the ultraviolet light having the light quantity larger than that
of the ultraviolet light in Step S8, thereby fixing the orienta-
tion state of the liquid crystal molecules. Because the liquid
crystal display substrate 5 is cooled by the liquid 19, the
temperature of the liquid crystal can be suppressed to about
24° C. When the liquid crystal display substrate 5 is trans-
ferred to the lifting table 20, the first lamp 3 and the movable
portion 7 are raised together, the first lamp 3 is stopped at the
moving-up position, and the movable portion 7 further moves
in the X-axis direction by the movement mechanism to return
to a predetermined position of the lighting inspection device
1.

[0130] In Step S10, when the orientation treatment of the
liquid crystal is completed, the circulation of the liquid 19 is
stopped. Similarly the second lamp 4 and the lifting table 20
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are raised together to carryout the liquid crystal display sub-
strate 5 from the liquid 19. The liquid crystal display substrate
5 is carried out by the unloader to end all the processes of the
liquid crystal display device producing method of the first
embodiment.

[0131] In Step S8, in which the first lamp 3 irradiates the
liquid crystal display substrate 5 with the ultraviolet light, the
process in Step S9 may be eliminated when the liquid crystal
molecules are stably oriented.

[0132] The processes of irradiating the liquid crystal dis-
play substrate 5 with the ultraviolet light in Steps S8 and S9
may be performed only by the first lamp 3. In such cases, after
the process of irradiating the liquid crystal display substrate 5
with the ultraviolet light in Step S8 is performed, the process
of irradiating the liquid crystal display substrate 5 with the
ultraviolet light in Step S9 is performed using the first lamp 3
while the application of the electric field to each pixel 13 of
the liquid crystal display substrate 5 is removed.

[0133] Inthe first embodiment, the first and second lamps 3
and 4 are raised and lowered, and the first and second lamps
3 and 4 are lowered and placed in the liquid 19 during the
ultraviolet light irradiation. The invention is not limited to the
first embodiment, but each lamp may rigidly be disposed
while sunk in the liquid 19 of the water tank 2. At this point,
the liquid crystal display substrate 5 is conveyed with the
counter electrode substrate side down, and the liquid crystal
display substrate 5 may be irradiated with the ultraviolet light
from below.

[0134] FIG. 4 is a front view illustrating a liquid crystal
display device producing apparatus according to a second
embodiment of the invention, FIG. 5 1s a sectional view taken
on line O-O of FIG. 4, FIG. 6 is a partially sectional view of
FIG. 4, and FIG. 7 is a right side view of FIG. 4. The liquid
crystal display device producing apparatus of the second
embodiment includes a stage 21, a prober 22, a light source
device 23, a conveyance unit 24, an alignment camera 25, and
an air knife 26.

[0135] Similarly to the first embodiment, a liquid crystal
display substrate 27 used in the second embodiment has the
COA (Color filter On Array) configuration in which the color
filters are continuously formed on the TFTs. As illustrated in
FIG. 8, the liquid crystal display substrate 27 includes a
display region 29 located in the central portion thereof, and
the display region 29 includes plural pixels 28 arrayed in the
matrix state. As illustrated in FIG. 9, a size of a counter
electrode substrate 31 is larger than that of a TFT substrate 30.
In at least two edge portions 315 and 31¢ adjacent to each
other (see FIG. 8), the liquid crystal display substrate 27
includes plural electrode groups 33 in a surface 31a of the
counter electrode substrate 31 on the side of the TFT substrate
30. In the electrode group 33, plural electrodes 32 are arrayed
in order to supply driving signals to the pixels 28. In FIG. 9,
the numeral 34 designates a liquid crystal layer and the
numeral 35 designates a sealing material.

[0136] The stage 21 sucks and retains the liquid crystal
display substrate 27. As illustrated in FIGS. 5 and 10, a
recessed portion 36 is formed in the central portion of the
stage 21. Cooling water, such as water for household use,
industrial water, and pure water, which is cooled at about 24°
C. can be reserved in the recessed portion 36 as a cooling
medium that comes into contact and cools one surface of the
liquid crystal display substrate 27. An upper surface of a
sidewall portion 37 surrounding the recessed portion 36 is
smoothly formed, plural suction and blowoff ports 38 are

Apr. 14,2011

formed in the upper surface, air is vacuumed in from each of
the suction and blowoff ports 38 to suck a peripheral edge
neighboring portion in a rear surface 30a of the TFT substrate
30 of the liquid crystal display substrate 27 to the upper
surface of the sidewall portion 37, and air is blown off from
each of the suction and blowoff ports 38 to float the liquid
crystal display substrate 27. A pipe (not illustrated) is con-
nected to each of the suction and blowoff ports 38. Tail ends
of the pipes are unified and connected to change-over valves
of two systems, one of the change-over valves is connected to
a suction pump (not illustrated), and the other is connected to
an air compressor (not illustrated). When the liquid crystal
display substrate 27 is sucked and retained on the stage 21, the
change-over valve is switched onto the suction pump side to
vacuum in air from the suction and blowoff port 38. In
coarsely adjusting the alignment between the liquid crystal
display substrate 27 and probers 22 described later, and in
carrying out the liquid crystal display substrate 27, the
change-over valve is switched onto the air compressor side,
and air is blown off from the suction and blowoff port 38 to
float the liquid crystal display substrate 27.

[0137] At this point, plural blowoff ports 39 and a discharge
port (not illustrated) are provided in a bottom surface of the
recessed portion 36. The blowofT ports 39 blow off the cool-
ing water to spay the cooling water to the rear surface 30a of
the TFT substrate 30 of the liquid crystal display substrate 27
that is sucked and retained by the stage 21. The cooling water
is discharged through the discharge port. The discharge port is
provided so as to be connected to plural drain grooves 40 that
are provided while crossed lengthwise and crosswise as illus-
trated in FIG. 5. Each of the blowoff ports 39 is provided
inside plural islands 41 surrounded by the drain grooves 40,
and one end of a feed-water path 63 constitutes each of the
blowoff ports 39 as illustrated in FIG. 10. A feed-water pipe
(notillustrated)is connected to the other end of the feed-water
path 63, and a tail end of the feed-water pipe is connected to
a feed-water pump that pipes up the cooling water from a
water storage tank (not illustrated). A drain pipe (not illus-
trated) is connected to the discharge port, and a tail end of the
drain pipe 1s connected to the water storage tank to be able to
circulate the cooling water.

[0138] In the bottom surface of the recessed portion 36,
plural photosensors 42 are provided in each of the islands 41.
The photosensor 42 inspects the lighting state of the liquid
crystal display substrate 27 and receives the light transmitted
through the liquid crystal display substrate 27.

[0139] In the bottom surface of the recessed portion 36,
plural lift pins 43 are provided in the drain groove 40. The lift
pins 43 and the rear surface 30a of the TFT substrate 30 of the
liquid crystal display substrate 27 are raised and lowered
together while the lift pins 43 support the rear surface 30q,
and leading end positions of the lift pins 43 are formed so as
to be substantially flush with one another. A water leakage
prevention treatment is performed to the surroundings of the
lift pin 43 such that the cooling water does not leak through
the lift pin 43.

[0140] The probers 22 are provided in at least two edge
portions 64a and 644 adjacent to each other (see FIG. 5) ina
frame-shaped prober retaining portion 64 that is provided
while surrounding the stage 21. In the prober 22, plural prober
units 22a including plural terminals 47 are arrayed. The ter-
minals 47 come into contact with plural electrodes 32 formed
in the edge portion of the liquid crystal display substrate 27,
thereby passing a current. The leading end portions of the
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terminals 47 are projected upward from the upper surface of
the sidewall portion 37 of the stage 21 (see FIG. 10) so as to
be able to come into contact with the electrodes 32 formed in
the counter electrode substrate 31 of the liquid crystal display
substrate 27 placed on the stage 21. The terminals 47 are
contact pins that are formed in stretchable manner so as to
contract in externally applying a pressing force and so as to
return to the original state in removing the pressing force. The
terminals 47 are configured to come into contact with the
electrodes 32 of the liquid crystal display substrate 27 placed
on the stage 21 at a substantially constant pressure. The
prober retaining portion 64 is formed while being movable in
the X-axis and Y-axis directions, and the prober retaining
portion 64 is formed while being turnable about an axis
thereof. This enables the terminals 47 of the probers 22 to be
aligned with the electrodes 32 of the liquid crystal display
substrate 27.

[0141] The stage 21 and the prober retaining portion 64 are
accommodated inside a chassis 44 that is provided while
surrounding the stage 21 and the prober retaining portion 64.
The liquid crystal display substrate 27 can be carried in and
carried out from the stage 21 through a carry-in and carry-out
port 45 formed in a side face of the chassis 44. A shutter 46 is
attached to the carry-in and carry-out port 45 in order to turn
in the arrow direction indicated by a broken line of FIG. 7 to
openand close the carry-in and carry-out port 45. The carry-in
and carry-out port 45 is closed during the ultraviolet light
irradiation such that the ultraviolet light does not leak to the
outside.

[0142] The light source device 23 is provided above the
stage 21. The light source device 23 irradiates the liquid
crystal display substrate 27 retained by the stage 21 with the
light having the predetermined wavelength including the
ultraviolet light. As illustrated in FIG. 6, in the light source
device 23, plural lamp units 49 including plural flashlamps 48
are arrayed in the matrix state. Similarly to the first embodi-
ment, the wavelength of the light ranges from about 300 nm to
about 1100 nm, preferably about 300 nm to about 400 nm,
more preferably about 300 nm to about 400 nm and about 800
nm to about 1100 nm. In the second embodiment, the case
where the light is “ultraviolet light” will be described below.
For example, the lamp unit 49 includes the four flashlamps 48
and reflectors 50. The reflector 50 is provided while surround-
ing the flashlamp 48, a lower surface side of the reflector 50 is
opened, and the reflector 50 multiply reflects the light emitted
from the flashlamp 48 and equalizes the light to release the
light from the opening. A rear end portion of the reflector 50
is formed so as to be able to be detached from a front end
portion, which facilitates exchange of the flashlamps 48.

[0143] The light source device 23 can move in the X-axis
and Y-axis directions in a plane parallel to the upper surface of
the stage 21 by a movement unit (not illustrated). The light
source device 23 oscillates back and forth and around (X -axis
and Y-axis directions) in the plane at a predetermined ampli-
tude during the lighting of the flashlamp 48 such that a region
of the surface of the liquid crystal display substrate 27 corre-
sponding to a gap between the adjacent lamp units 49 can
evenly be irradiated with the ultraviolet light.

[0144] A driving circuit illustrated in FIG. 11 is connected
to the four flashlamps 48. Switching transistors 51a to S1d are
ON/OFF-driven at predetermined time intervals to sequen-
tially light the four flashlamps 48 at a predetermined delay
time for a predetermined time.
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[0145] The lighting of the four flashlamps 48 will be
described below with reference to a timing chart of FIG. 12.
[0146] When a voltage of AC200V is supplied, an AC/DC
converter 52 of FIG. 11 converts the AC voltage into a DC
voltage. Therefore, predetermined charges are accumulated
in a capacitor 53 as illustrated in FIG. 12A. Faint current are
supplied to the flashlamps 48a to 484 as illustrated in FIG.
12B, and simmer discharge (preliminary lighting) is gener-
ated in each of the flashlamps 48a to 484. In the simmer
discharge state, because the flashlamp 48 emits the white
light, the flashlamp 48 can be used as the lighting inspection
backlight for the liquid crystal display substrate 27. When an
A flash pulse illustrated in FIG. 12C is supplied to the switch-
ing transistor 51a, the switching transistor 51a is ON-driven
to supply the DC voltage to the flashlamp 48a, and the
flashlamp 48a is lighted only for, for example, Tw=200 us.
Then, as illustrated in FIGS. 12D to 12F, B to D flash pulses
are sequentially supplied to the switching transistors 515 to
51d while delayed by a time of Td. Therefore, the switching
transistors 515 to 51d are sequentially ON/OFF-driven, and
the flashlamps 485 to 484 are sequentially lighted only for, for
example, Tw=200 ps. The A to D flash pulses are repeatedly
supplied only for the predetermined time to sequentially light
the flashlamps 484 to 484, thereby obtaining a predetermined
irradiation light quantity.

[0147] Theconveyance unit 24 is provided beside the stage
21. The conveyance unit 24 carries and carries out the liquid
crystal display substrate 27 in and from the stage 21. The
conveyance unit 24 is a robot including plural arms 54 that
suick and retain the surface on the opposite side from the stage
21 of the liquid crystal display substrate 27, that is, an upper
surface 31d (see F1G. 9) of the counter electrode substrate 31.
The conveyance unit 24 proceeds and recedes in the Y-axis
direction on a rail 55 illustrated in FIG. 7, and a head portion
56 rotates 360 degrees about a rotating axis 57. Plural suckers
are formed in the lower surface of each arm 54, and a suction
port 58 is formed in the center portion of each of the suckers.
As illustrated in FIG. 5, each suction port 58 is connected to
a groove 59 formed in the arm 54, and the suction can be
performed by another suction pump through a tube (not illus-
trated) connected to a hole 60 (see FIG. 6) made in a base
portion of each arm 54.

[0148] The alignment cameras 25 are provided above the
stage 21. The alignment camera 25 detects an alignment mark
provided in the liquid crystal display substrate 27 to achieve
the alignment between the electrodes 32 of the liquid crystal
display substrate 27 and the terminals 47 of the prober 22. The
alignment camera 25 and the prober retaining portion 64
concurrently move in the X-axis and Y-axis directions while
the alignment camera 25 is fixed to the prober retaining por-
tion 64, and the alignment camera 25 turns about the center of
the prober retaining portion 64.

[0149] An air knife 26 is provided on the carry-in and
carry-out side of the liquid crystal display substrate 27 of the
stage 21. The air knife 26 injects compressed air to one
surface of the liquid crystal display substrate 27, that is, the
rear surface 30a (see FIG. 6) of the TFT substrate 30 to blow
out the adhering cooling water, thereby rapidly drying the rear
surface 30a of the TFT substrate 30. The air knife 26 is
connected to an air compressor (not illustrated) through pip-
ing. The injecting gas is not limited to the air, but nitrogen or
inert gas such as argon may be used as the injecting gas.
[0150] An operation of the liquid crystal display device
producing apparatus of the second embodiment having the
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above-described configuration and a liquid crystal display
device producing method will be described below with refer-
ence to a flowchart of FIG. 13.

[0151] In Step S11, the conveyance unit 24 conveys the
liquid crystal display substrate 27 in the Y-axis direction
while the upper surface 31d of the counter electrode substrate
31 is sucked to the lower surface of the arm 54 of the convey-
ance unit 24, thereby positioning the liquid crystal display
substrate 27 on the stage 21.

[0152] In Step S12, the lift pins 43 are raised to strike
leading ends of the lift pins 43 on the rear surface 30a of the
TFT substrate 30 of the liquid crystal display substrate 27.
Whena sensor (not illustrated) detects that the leading ends of
the lift pins 43 abut on the liquid crystal display substrate 27,
the suction of the liquid crystal display substrate 27 to the
arms 54 of the conveyance unit 24 is released. Therefore, the
liquid crystal display substrate 27 is transferred from the
conveyance unit 24 to the lift pins 43. When the transfer of the
liquid crystal display substrate 27 is ended, the conveyance
unit 24 moves in the Y-axis direction to retreat to the original
position.

[0153] In Step S13, as illustrated in FIG. 10, the lift pins 43
are lowered in the Z-axis direction to place the liquid crystal
display substrate 27 on the stage 21. When a sensor (not
illustrated) detects that the liquid crystal display substrate 27
is placed on the stage 21, a controller drives the air compres-
sor (not illustrated) while switching the change-over valve
onto the air compressor side, and the air is blown off from the
suction and blowoff ports 38 in the upper surface of the
sidewall portion 37 of the recessed portion 36 to float the
liquid crystal display substrate 27. At this point, the pressing
pins (not illustrated) press the liquid crystal display substrate
27 in the diagonal direction against the positioning projec-
tions (not illustrated) provided in the two adjacent edge por-
tions of the stage 21. Therefore, the liquid crystal display
substrate 27 is disposed in a predetermined position on the
stage 21 to coarsely adjust the alignment between the elec-
trodes 32 of the liquid crystal display substrate 27 and the
terminals 47 of the probers 22. Then the change-over valve is
switched onto the suction pump side, and the liquid crystal
display substrate 27 is vacuumed in from the suction and
blowoff ports 38 to suck and retain the liquid crystal display
substrate 27 to and in the upper surface of the sidewall portion
37 of the recessed portion 36. At this point, the terminals 47 of
the probers 22 provided on the prober retaining portion 64 are
pushed down by the liquid crystal display substrate 27, and
the terminals 47 are brought into press-contact with the elec-
trodes 32 provided in the edge portion of the counter electrode
substrate 31 of the liquid crystal display substrate 27.

[0154] In Step S14, the alignment cameras 25 are ON-
driven to take the images of the alignment marks 61 provided
in the four corner portions of the liquid crystal display sub-
strate 27. When the alignment marks 61 deviate from the
centers of the visual fields 62 of the alignment cameras 25 as
illustrated in FIG. 14A, the controller (not illustrated) com-
putes deviation amounts of the alignment marks 61 from the
centers of the visual fields 62 of the alignment cameras 25,
that is, deviation amounts in the X-axis and Y-axis directions
and rotation angles based on the taken images of the align-
ment mark 61, the prober retaining portion 64 moves in the
X-axis and Y-axis directions and rotates according to the
deviation amounts and the rotation angles, and the alignment
marks 61 are positioned in the centers of the visual fields 62
ofthe alignment cameras 25 as illustrated in FIG. 14B. There-
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fore, the terminals 47 of the probers 22 are correctly aligned
with the electrodes 32 of the liquid crystal display substrate
27.

[0155] In Step S15, the light source device 23 is driven.
First the faint currents are supplied to the flashlamps 484 to
48d of the lamp units 49 to generate the simmer discharge in
the flashlamps 48a to 48d. Accordingly, each of the
flashlamps 48a to 484 emits the white light. At the same time,
the current is passed from a signal source (not illustrated)
through the prober 22 to the electrodes 32 of the liquid crystal
display substrate 27, the predetermined electric field is
applied to the pixels 28 to ON-drive the pixels 28, which
allows the white light to be transmitted through the liquid
crystal display substrate 27. The photosensors 42 provided in
the bottom surface in the recessed portion 36 of the stage 21
detect the transmitted light to confirm the lighting state of the
liquid crystal display substrate 27.

[0156] In Step S16, when the whole lighting of the liquid
crystal display substrate 27 is confirmed, the feed-water
pump is driven to pipe up the cooling water from the water
storage tank, the cooling water is blown off from the blowoff
ports 39 provided in the bottom surface in the recessed por-
tion 36 of the stage 21, and the cooling water 1s sprayed to the
rear surface 30a of the TFT substrate 30 of the liquid crystal
display substrate 27. Then, the cooling water is drained from
the drain port through the drain groove 40, returned to the
water storage tank, and cooled to a predetermined tempera-
ture (for example, about 24° C.) by the separately provided
chiller, whereby the cooling water is circularly used.

[0157] InStep S17, while the predetermined electric field is
applied to each pixel 28, the A to D flash pulses illustrated in
FIGS. 12C to 12F are sequentially supplied to the switching
transistors 51a to 51d illustrated in FIG. 11 at a delay time Td
to sequentially light the flashlamps 48a to 484 only for a time
Tw. The A to D flash pulses are repeatedly supplied for a
predetermined time until a predetermined irradiation light
quantity is obtained. Accordingly, a large amount of irradia-
tion energy is not intensively supplied unlike the case where
the flashlamps 48a to 484 are simultaneously lighted, but the
irradiation energy can be dispersed to further suppress the
heat generation of the liquid crystal. In performing the pro-
cess in Step S17, the light source device 23 oscillates in the
X-axis and Y-axis directions at a predetermined amplitude
such that the region of the liquid crystal display substrate 27
corresponding to the gap between the adjacent lamp units 49
can evenly be irradiated with the ultraviolet light. Therefore,
the liquid crystal molecules in the display region 29 of the
liquid crystal display substrate 27 can evenly be oriented
toward a predetermined direction.

[0158] InStep S18, similarly to the process in Step S17, the
liquid crystal display substrate 27 is irradiated with the ultra-
violet light having the predetermined light quantity while the
application of the electric field to each pixel 28 is removed.
Therefore, the orientation of the liquid crystal molecules of
each pixel 28 is fixed, and the liquid crystal molecules are
prevented from returning to the initial state after the electric
field applied to each pixel 28 is removed, which allows the
orientation of the liquid crystal molecules to be stabilized.
[0159] In Step S19, while the light source device 23 is
OFF-driven, the feed-water pump is stopped to drain the
cooling water in the recessed portion 36 of the stage 21.
[0160] In Step S20, the conveyance unit 24 moves in the
Y-axis direction to position the arms 54 above the stage 21.
Then the suction pump of the stage 21 is stopped to release the
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suction of the liquid crystal display substrate 27 to the upper
surface of the sidewall portion 37 of the recessed portion 36.
[0161] In Step S21, the air compressor is driven while the
change-over valve is switched, and the air is blown off from
the suction and blowoff ports 38 to float the liquid crystal
display substrate 27. Then the lift pins 43 are raised, and the
liquid crystal display substrate 27 is lifted until the upper
surface 31d of the counter electrode substrate 31 abuts on the
lower surfaces of the arms 54. When the sensor detects that
the liquid crystal display substrate 27 abuts on the arms 54,
the suction pump of the conveyance unit 24 is driven to suck
the liquid crystal display substrate 27 to the lower surfaces of
the arms 54, and the liquid crystal display substrate 27 is
transferred from the lift pin 43 to the conveyance unit 24.
When the transfer of the liquid crystal display substrate 27 is
ended, the lift pins 43 are lowered to a predetermined posi-
tion.

[0162] InStep S22, conveyance unit 24 moves in the Y-axis
direction to carry out the liquid crystal display substrate 27.
At this point, the compressed air is injected from the air knife
26 provided on the carry-in and carry-out side of the stage 21,
and the cooling water adhering to the rear surface 30a of the
TFT substrate 30 of the liquid crystal display substrate 27 is
blown off to dry the substrate.

[0163] Inthesecondembodiment, the liquid crystal display
substrate 27 is irradiated with the ultraviolet light having the
predetermined light quantity while the application ofthe elec-
tric field to each pixel 28 is removed in Step S18. However,
the invention is not limited to the second embodiment. For
example, the process in Step S18 may be eliminated when the
stable orientation of the liquid crystal molecules is suffi-
ciently obtained in Step S17.

[0164] In the second embodiment, the probers 22 are pro-
vided in the frame-shaped prober retaining portions 64 that
are provided while being movable and surrounding the stage
21. However, the invention is not limited to the second
embodiment. For example, the probers 22 may be provided in
at least two adjacent edge portions of the stage 21 while being
movable in the X-axis and Y-axis directions or rotatable about
the center of the probers 22. At this point, the alignment
camera 25 may be provided so as to be able to observe both
the electrodes 32 of the liquid crystal display substrate 27 and
the leading end portions of the terminals 47 of the probers 22.
Alternatively, the probers 22 may be fixed to the edge portion
of the stage 21 when the electrodes 32 of the liquid crystal
display substrate 27 and the terminals 47 of the probers 22
may be aligned within a predetermined allowable range in
Step S13. In such cases, the process in Step S14 can be
removed to eliminate the alignment camera 25.

[0165] Inthe second embodiment, the electrodes 32 of the
liquid crystal display substrate 27 are provided on the side of
the counter electrode substrate 31. However, the invention is
not limited to the second embodiment. For example, the elec-
trodes 32 may be provided on the side of the TF'T substrate 30.
In such cases, the probers 22 are retreated to the standby
position beside the stage 21 when the liquid crystal display
substrate 27 is placed on the stage 21, and the probers 22 may
move above the electrodes 32 of the liquid crystal display
substrate 27 to bring the terminals 47 of the probers 22 into
contact with the electrodes 32 from above when the liquid
crystal display substrate 27 is placed on the stage 21.

[0166] In the second embodiment, the rear surface 30a of
the TFT substrate 30 is brought into contact with the cooling
water. However, the invention is not limited to the second
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embodiment. For example, the upper surface 31d of the
counter electrode substrate 31 may be brought into contact
with the cooling water. In such cases, the light source device
23 is disposed in the bottom surface of the recessed portion 36
of the stage 21, and a water-resistant flashlamp is used as the
flashlamp 48.

[0167] Inthesecond embodiment, the cooling water is used
as the cooling medium. However, the invention is not limited
to the second embodiment. For example, the any liquid such
as anti-freeze solution may be used as the cooling medium as
long as the liquid comes into contact with one surface of the
substrate to cool the substrate.

[0168] In the first and second embodiments, the TFT sub-
strate 30 has the COA configuration. However, the invention
is not limited to the first and second embodiment. For
example, the TFT substrate 30 may have any configuration as
long as the orientation of the liquid crystal molecules is con-
trolled by the ultraviolet light irradiation.

[0169] FIG. 15 s a sectional view illustrating a liquid crys-
tal display device producing apparatus according to a third
embodiment of the invention. In the third embodiment, the
same elements as the second embodiment are designated by
the same numerals, and portions different from those of the
second embodiment will be described.

[0170] In the third embodiment, plural wires 65 are strung
on the opening side of the recessed portion 36 of the second
embodiment. The wires 65 support the liquid crystal display
substrate 27 from below by abutting on the rear surface 30a of
the TFT substrate 30 of the liquid crystal display substrate 27
sucked to and retained by the stage 21. For example, the wires
65 are formed by metal wires or a metal net and strung in the
upper end portions of the wire retaining frames 66 that are
projected in the recessed portion 36 surrounding the islands
41.

[0171] Therefore, when the liquid crystal display substrate
27 is disposed in a predetermined position on the stage 21, the
liquid crystal display substrate 27 is supported from below by
the wires 65 strung in the upper end portions of the wire
retaining frame 66 on the opening side in the recessed portion
36 as illustrated in FIG. 16. Accordingly, the warp of the
liquid crystal display substrate 27 is suppressed.

[0172] Inthe third embodiment, the wires 65 are strung on
the opening side of the recessed portion 36. However, the
invention is not limited to the third embodiment. For example,
at least one beam portion 67 may be provided as illustrated in
FIG. 17. The beam portion 67 is entrained between opposite
sides of the wire retaining frame 66 while intersecting the
wires 65, and the beam portion 67 supports the wires 65 from
below. Therefore, the flexure of the wire 65 is suppressed to
be able to further suppress the warp of the liquid crystal
display substrate 27. Insuch cases, because the wires 65 come
into contact with the rear surface 30a of the TFT substrate 30
of the liquid crystal display substrate 27, a line contact
between the wires 65 and the rear surface 30a of the TFT
substrate 30 is maintained, and cooling efficiency of the liquid
crystal display substrate 27 by the cooling water is maintained
substantially identical to that of the case where the liquid
crystal display substrate 27 is supported only by the wires 65.
[0173] FIG. 18 is an enlarged plan view illustrating a main
part of a schematic configuration of a liquid crystal display
device producing apparatus according to a fourth embodi-
ment of the invention, and F1G. 19 is a sectional view taken on
line R-R of FIG. 18. In the fourth embodiment, the same
elements as the second and third embodiments are designated
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by the same numerals, and portions different from those of the
second and third embodiments will be described.

[0174] The liquid crystal display device producing appara-
tus of the fourth embodiment includes a voltage supply source
68. The voltage supply source 68 supplies the voltage to the
electrodes 32 of the liquid crystal display substrate 27
through the probers 22 in order to apply the electric field to the
pixels 28 of the liquid crystal display substrate 27. The volt-
age supply source 68 can generate a DC voltage and an AC
voltage or a pulse voltage. A voltage value varies at predeter-
mined time intervals in the AC voltage or a pulse voltage.
[0175] An operation of the liquid crystal display device
producing apparatus of the fourth embodiment having the
above-described configuration and a liquid crystal display
device producing method will be described below with refer-
ence to a flowchart of FIG. 20.

[0176] InStep S31, as indicated by a broken line of FIG. 19,
the lift pins 43 are raised, and the liquid crystal display sub-
strate 27 carried in from the outside in the direction of the
arrow A is received by the leasing ends of the lift pins 43.
[0177] In Step S32, as indicated by a solid line of FIG. 19,
the lift pins 43 are lowered in the Z-axis direction to place the
liquid crystal display substrate 27 on the stage 21. At this
point, the lift pins 43 are further lowered and separated from
the rear surface 30a of the TFT substrate 30 of the liquid
crystal display substrate 27. When the sensor (not illustrated)
detects that the liquid crystal display substrate 27 is placed on
the stage 21, the controller (not illustrated) drives the air
compressor (not illustrated) while switching the path change-
over valve onto the air compressor side, and the air is blown
out from the suction and blowoff ports 38 in the upper surface
21a of the stage 21 to float the liquid crystal display substrate
27. At this point, the pressing pins (not illustrated) press the
liquid crystal display substrate 27 in the diagonal direction
against the positioning projections (not illustrated) provided
in the two adjacent edge portions of the stage 21. Therefore,
the liquid crystal display substrate 27 is disposed in a prede-
termined position on the stage 21 to coarsely adjust the align-
ment between the electrodes 32 of the liquid crystal display
substrate 27 and the terminals 47 of the probers 22. Then the
change-over valve is switched onto the suction pump side,
and the liquid crystal display substrate 27 is vacuumed in
from the suction and blowoff ports 38 to suck and retain the
liquid crystal display substrate 27 to and in the upper surface
21a of the stage 21. At this point, the terminals 47 of the
probers 22 provided on the prober retaining portion 64 are
pushed down by the liquid crystal display substrate 27, and
the terminals 47 are brought into press-contact with the elec-
trodes 32 provided in the edge portion of the counter electrode
substrate 31 of the liquid crystal display substrate 27. The rear
surface 30a of the TFT substrate 30 is supported from below
by the wires 65 strung in the upper end portions of the wire
retaining frame 66 on the opening side of the recessed portion
36, thereby suppressing the warp of the liquid crystal display
substrate 27.

[0178] In Step S33, the alignment cameras (not illustrated)
take the images of the alignment marks provided in the four
corner portions of the liquid crystal display substrate 27, and
the prober retaining portions 64 move in the X-axis and Y-axis
directions and rotates to perform the alignment such that the
alignment marks are matched with the centers of the visual
fields of the alignment cameras.

[0179] In Step S34, the voltage supply source 68 supplies a
predetermined voltage to the electrodes 32 of the liquid crys-
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tal display substrate 27 through the probers 22. Therefore, as
illustrated in FIG. 21B, the voltage is applied between a pixel
electrode 69 of the TFT substrate 30 and a counter electrode
70 of the counter electrode substrate 31, and the predeter-
mined electric field is applied to the pixels 28. At this point,
monomers 71 mixed in the liquid crystal material at a constant
ratio act similarly to liquid crystal molecules 72 as illustrated
in FIG. 21A, and the monomets 71 are oriented toward the
same direction as the oriented direction of the liquid crystal
molecules 72 as illustrated in FIG. 21B.

[0180] In Step S35, the feed-water pump is driven to pipe
up the cooling water from the water storage tank, the cooling
water is blown off in the arrow direction of FIG. 19 from the
blowoff ports 39 provided in the bottom surface in the
recessed portion 36 of the stage 21, and the cooling water is
sprayed to the rear surface 30a of the TFT substrate 30 of the
liquid crystal display substrate 27. At this point, because the
wires 65 and the rear surface 30a of the TFT substrate 30 of
the liquid crystal display substrate 27 are in line contact with
each other, the cooling water sprayed to the rear surface 30a
of the TFT substrate 30 strikes evenly on the substantially
whole surface in the portion facing the recessed portion 36 of
the TFT substrate 30, thereby efficiently cooling the liquid
crystal display substrate 27. Then, the cooling water is
drained from the drain port through the drain groove, returned
to the water storage tank, and cooled to a predetermined
temperature (for example, about 24° C.) by the separately
provided chiller, whereby the cooling water is circularly used.
[0181] In Step S36, as illustrated in FIG. 21C, while the
predetermined electric field is applied to each pixel 28, the
light source device 23 is ON-driven to light the flashlamps 48
to irradiate the liquid crystal display substrate 27 with the
ultraviolet light 73 having the predetermined light quantity.
Therefore, the monomers 71 bridge therebetween to form the
polymer, and the polymers grow in the inside surface of the
liquid crystal display substrate 27 to form an oriented layer
having a polymer structure. In such cases, because a diffusion
rate of the monomer 71 is kept constant in the liquid crystal
layer 34, a reaction rate to the polymer structure depends on
the diffusion rate. That is, a time until the polymer structure is
formed in the surface layer inside the substrate surface since
the monomers 71 in the liquid crystal layer 34 of the liquid
crystal display substrate 27 diffuse in a thickness direction to
reach the substrate surface depends on the diffusion rate of the
monomer 71.

[0182] In the fourth embodiment, in Step S37, when a pre-
determined time elapses in the irradiation of the ultraviolet
light 73, intensity of the electric field applied to each pixel 28
is changed in an alternating-current or pulsating manner at
predetermined time intervals while the irradiation of the ultra-
violet light 73 is maintained. Therefore, the liquid crystal
molecules 72 and the monomers 71 oscillate together, and the
monomers 71 diffuse easily in the thickness direction of the
liquid crystal layer 34.

[0183] In Step S38, as illustrated in FIG. 21D, the liquid
crystal display substrate 27 is irradiated with the ultraviolet
light 73 having the predetermined light quantity while the
application of the electric field to each pixel 28 is removed.
Therefore, the orientation of the liquid crystal molecules 72
of each pixel 28 is fixed, and the liquid crystal molecules 72
of the surface layer are prevented from returning to the initial
state even after the electric field applied to each pixel 28 is
removed, so that the orientation of the liquid crystal mol-
ecules 72 can be stabilized.
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[0184] In Step S39, while the light source device 23 is
OFF-driven, the feed-water pump is stopped to drain the
cooling water in the recessed portion 36 of the stage 21.
[0185] In Step S40, the suction pump of the stage 21 is
stopped to release the suction of the liquid crystal display
substrate 27 to the upper surface 21a of the stage 21. Then, the
air compressor is driven while the change-over valve is
switched, and the air is blown off from the suction and blow-
off ports 38 to float the liquid crystal display substrate 27.
Then the lift pins 43 are raised to transfer the liquid crystal
display substrate 27 to the arms of the conveying robot (not
illustrated) (for example, the conveyance unit 24 of the sec-
ond embodiment), and the liquid crystal display substrate 27
is carried out to the outside. On the other hand, the lift pins 43
are lowered to the predetermined position when the transfer
of the liquid crystal display substrate 27 is ended.

[0186] In the fourth embodiment, in Step S38, the liquid
crystal display substrate 27 is irradiated with the ultraviolet
light 73 having the predetermined light quantity while the
application of the electric field to each pixel 28 is removed.
However, the invention is not limited to the fourth embodi-
ment. For example, the process in Step S38 may be eliminated
when the stable orientation of the liquid crystal molecules 72
is sufficiently obtained in Step S37.

[0187] Inthe fourth embodiment, the liquid crystal display
substrate 27 is irradiated with the ultraviolet light 73 having
the predetermined light quantity while the predetermined
electric field is applied to each pixel 28 in Step S36, and the
intensity of the electric field applied to each pixel 28 is
changed at predetermined time intervals while the irradiation
of the ultraviolet light 73 is maintained when the predeter-
mined time elapses in the irradiation of the ultraviolet light 73
by the light source device 23 in Step S37. However, the
invention is not limited to the fourth embodiment. For
example, as illustrated in FIG. 22A, one period at which the
liquid crystal is ON-OFF-ON-driven at predetermined time
intervals by the voltage supply source 68 to switch the appli-
cation of the electric field to each pixel 28 may be repeated
predetermined times. In such cases, the plural flashlamps 48
(eight flashlamps in FIG. 22) may sequentially be lighted in
an initial ON driving period of the one period at which the
liquid crystal is driven. In the sequential lighting of the
flashlamps 48, a flashlamp voltage having a pulse width Tw is
sequentially supplied to the flashlamps 48 at time intervals Td
(see FIG. 22C), and a flashlamp trigger pulse is sequentially
supplied to the flashlamps 48 in synchronization with the
supply of the flashlamp voltage (see FIG. 22B). The
flashlamps 48 are sequentially lighted in the initial ON driv-
ing period of the one period at which the liquid crystal is
driven, the liquid crystal display substrate 27 is irradiated
with the ultraviolet light 73, and the monomers in the sub-
strate surface layer bridge therebetween to form the polymer,
thereby forming the oriented layer. Then, the liquid crystal
molecules oscillate by switching liquid crystal driving volt-
age from ON to OFF and from OFF to ON, thereby promoting
the diffusion of the unreacted monomers in the thickness
direction of the liquid crystal layer 34. The repetition can
promote the formation of the oriented layer to shorten the
orientation treatment time of the liquid crystal display sub-
strate.

[0188] FIG. 23 is an enlarged view illustrating a main part
of aliquid crystal display device producing apparatus accord-
ing to a fifth embodiment of the invention and a partially
sectional bottom view illustrating a light source device. In the
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fifth embodiment, the same elements as the second to fourth
embodiments are designated by the same numerals, and por-
tions different from those of the second to fourth embodi-
ments will be described.

[0189] As illustrated in FIG. 23, the liquid crystal display
device producing apparatus of the fifth embodiment includes
the light source device 23 having the plural flashlamps 48 and
plural square-shaped filters 74. The flashlamps 48 that emit
the ultraviolet light are provided in the reflector 50, and the
reflector 50 has the opening 50a having a size corresponding
to at least the display region 29 of the liquid crystal display
substrate 27 illustrated in FIG. 8. The plural square-shaped
filters 74 are horizontally and vertically arrayed on the open-
ing 50a of the reflector 50, and the filter 74 selectively trans-
mits the ultraviolet light having a predetermined wavelength.
The whole surface of at least the display region 29 of the
liquid crystal display substrate 27 retained by the stage 21
illustrated in FIG. 16 is irradiated with the ultraviolet light.
Specifically, the filter 74 cuts off the transmission of the
ultraviolet light whose wavelength is about 300 nm or less,
and the ultraviolet light whose wavelength is about 300 nm or
less damages the liquid crystal. An edge portion of the filter
74 1s supported by a support member 75 provided between the
filters 74. The light source device 23 lights the flashlamps 48
in each time the light source device 23 moves by one step
while horizontally and vertically (X-axis and Y-axis direc-
tions) moving a distance of an integral multiple of an array
pitch of the filters 74 by predetermined steps. The flashlamp
48 generates the simmer discharge (preliminary lighting) to
emit the white light when the faint current is supplied, so that
the flashlamp 48 can be used as the lighting inspection back-
light of the liquid crystal display substrate 27.

[0190] When the whole surface ofatleast the display region
29 of the liquid crystal display substrate 27 is irradiated with
the ultraviolet light, the light source device 23 moves the
distance of the integral multiple of the array pitch of the filters
74 (in FI1G. 24, the distance corresponding to the array pitch of
the filters 74) by predetermined steps (for example, six steps)
in the X-axis and Y-axis directions as illustrated in FIG. 24.
Specifically, as illustrated in FIG. 24, the light source device
23 moves by one step from the top toward the bottom along
the Y-axis after moving by six steps from the left toward the
right along the X-axis, and the light source device 23 moves
by one step from the top toward the bottom along the Y-axis
after moving by six steps from the right toward the left along
the X-axis. Then the light source device 23 moves the distance
corresponding to the array pitch of the filters 74 in the zigzag
manner by the similar movement to the above-mentioned
movement. Then the light source device 23 returns to the
original position by following the reverse pathway. At this
point, the light source device 23 is controlled to light the
flashlamps 48 in each time the light source device 23 moves
by one step. Therefore, as illustrated in FIG. 25, the whole
surface of the display region 29 of the liquid crystal display
substrate 27 can evenly be irradiated with the ultraviolet light
to evenly orient the liquid crystal molecules toward a prede-
termined direction.

[0191] Ontheother hand, as illustrated in FIG. 26, when the
light source device 23 lights the flashlamps 48 in each time
the light source device 23 moves by one step while moving
the distance corresponding to a half of the array pitch of the
filters 74 by three steps in the X-axis and Y-axis directions, the
illuminance distribution illustrated in FIG. 27 is obtained in
the display region 29 of the liquid crystal display substrate 27.
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When the light source device 23 moves the inappropriate
distance in the X-axis and Y-axis directions, the illuminance
distribution becomes uneven compared with the case of FIG.
25.

[0192] In the fifth embodiment, the light source device 23
moves in the zigzag manner. However, the invention is not
limited to the fifth embodiment. For example, the light source
device 23 may move spirally when the maximum movement
amount of the light source device 23 is equal to the integral
multiple of the array pitch of the filters 74.

[0193] It should be noted that the entire contents of Japa-
nese Patent Applications No. 2008-100089, filed on Apr. 8§,
2008, No. 2008-147947, filed on Jun. 5, 2008, No. 2008-
257006, filed on Oct. 2, 2008, No. 2008-249682, filed on Sep.
29, 2008, and No. 2008-292999, filed on Nov. 17, 2008 on
which the convention priority are claimed are incorporated
herein by reference.

[0194] It should also be understood that many modifica-
tions and variations of the described embodiments of the
invention will occur to a person having an ordinary skill in the
art without departing from the spirit and scope of the present
invention as claimed in the appended claims.

What is claimed is:

1. A liquid crystal display device producing method for
irradiating a liquid crystal display substrate, in which a plu-
rality of pixels are formed in a matrix state and liquid crystal
is sealed between a TFT substrate and a counter electrode
substrate, with light having a predetermined wavelength to
orient molecules of the liquid crystal toward a predetermined
direction in a state in which a predetermined electric field is
applied to each of the pixels of the liquid crystal display
substrate,

the method comprising the steps of:

dipping the liquid crystal display substrate and a lamp in a

transparent liquid having resistivity of a predetermined
value or more and sufficiently high transmittance to the
light in a state in which the liquid crystal display sub-
strate and the lamp face each other; and

lighting the lamp to irradiate the liquid crystal display

substrate with the light having a predetermined light
quantity in a state in which the electric field having a
predetermined quantity is applied to each of the pixels.

2. The liquid crystal display device producing method
according to claim 1, wherein the liquid is pure water.

3. A liquid crystal display device producing method for
irradiating a liquid crystal display substrate, in which a plu-
rality of pixels are formed in a matrix state and liquid crystal
is sealed between a TFT substrate and a counter electrode
substrate, with light having a predetermined wavelength to
orient molecules of the liquid crystal toward a predetermined
direction in a state in which a predetermined electric field is
applied to each of the pixels of the liquid crystal display
substrate,

the method comprising the steps of:

bringing one surface of the liquid crystal display substrate

into contact with a cooling medium; and

irradiating the liquid crystal display substrate with the light

having a predetermined light quantity in a state in which
the electric field having a predetermined quantity is
applied to each of the pixels.

4. The liquid crystal display device producing method
according to claim 3, wherein in the step of irradiating the
liquid crystal display substrate with the light, the liquid crys-
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tal display substrate is irradiated with the light from a side of
the counter electrode substrate.

5. The liquid crystal display device producing method
according to claim 4, wherein, in the step of bringing one
surface of the liquid crystal display substrate into contact with
the cooling medium, in the liquid crystal display substrate, a
surface of the TFT substrate on a side opposite from the
counter electrode substrate is brought into contact with the
cooling medium.

6. The liquid crystal display device producing method
according to claim 1 or 3, further comprising the step of
irradiating the liquid crystal display substrate with the light
having the predetermined light quantity in a state in which the
application of the electric field to each of the pixels is
removed after the step of irradiating the liquid crystal display
substrate with the light having the predetermined light quan-
tity is performed.

7. A liquid crystal display device producing method for
irradiating a liquid crystal display substrate, in which a plu-
rality of pixels are formed in a matrix state and liquid crystal
is sealed between a TFT substrate and a counter electrode
substrate, with light having a predetermined wavelength to
orient molecules of the liquid crystal toward a predetermined
direction in a state in which a predetermined electric field is
applied to each of the pixels of the liquid crystal display
substrate,

the method comprising the steps of:

bringing one surface of the liquid crystal display substrate

into contact with a cooling medium;

irradiating the liquid crystal display substrate with the light

having a predetermined light quantity in a state in which
the electric field having a predetermined quantity is
applied to each of the pixels; and

changing intensity of the electric field applied to each of the

pixels at predetermined time intervals while the light
irradiation is maintained, when a predetermined time
elapses in the light irradiation.

8. The liquid crystal display device producing method
according to claim 7, further comprising the step of irradiat-
ing the liquid crystal display substrate with the light having
the predetermined light quantity in a state in which the appli-
cation of the electric field to each of the pixels is removed
after the step of changing the intensity of the electric field
applied to each of the pixels at predetermined time intervals is
performed.

9. A liquid crystal display device producing method for
irradiating a liquid crystal display substrate, in which a plu-
rality of pixels are formed in a matrix state and liquid crystal
is sealed between a TFT substrate and a counter electrode
substrate, with light having a predetermined wavelength to
orient molecules of the liquid crystal toward a predetermined
direction in a state in which a predetermined electric field is
applied to each of the pixels of the liquid crystal display
substrate,

the method comprising the steps of:

bringing one surface of the liquid crystal display substrate

into contact with a cooling medium; and

performing repeatedly one period, in which the application

of the electric field to each of the pixels is ON-OFF-ON-
switched, predetermined times to irradiate the liquid
crystal display substrate with the light having a prede-
termined light quantity in an initial ON-time-frame of
the one period.
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10. The liquid crystal display device producing method
according to claim 9, further comprising the step of irradiat-
ing the liquid crystal display substrate with the light having
the predetermined light quantity in a state in which the appli-
cation of the electric field to each of the pixels is removed
after the step of repeatedly switching the application of the
electric field to each of the pixels predetermined times is
performed.

11. The liquid crystal display device producing method
according to any one of claims 3, 7 and 9, wherein the cooling
medium is water cooled to a predetermined temperature.

12. The liquid crystal display device producing method
according to any one of claims 1, 3, 7 and 9, wherein the
plurality of lamps are arrayed in a plane parallel to a surface
of the liquid crystal display substrate.

13. The liquid crystal display device producing method
according to any one of claims 1, 3, 7 and 9, wherein the lamp
is a flashlamp.

14. The liquid crystal display device producing method
according to any one of claims 1, 3,7 and 9, wherein the TFT
substrate has a COA (Color filter On Array) configuration in
which color filters are continuously formed in an upper sur-
face thereof.

15. A liquid crystal display device producing apparatus that
irradiates a liquid crystal display substrate, in which a plural-
ity of pixels are formed in a matrix state and liquid crystal is
sealed between a pair of substrates and a plurality of elec-
trodes for driving the pixels are formed in at least two adjacent
edge portions, with light having a predetermined wavelength
to orient molecules of the liquid crystal toward a predeter-
mined direction in a state in which a current is passed through
each of the electrodes of the liquid crystal display substrate to
apply a predetermined electric field to each of the pixels,

the liquid crystal display device producing apparatus com-
prising:

a stage in which a recessed portion for reserving a cooling
medium in contact with one surface of the liquid crystal
display substrate to cool the liquid crystal display sub-
strate, is formed in a center thereof; and a portion near a
peripheral edge in one surface of the liquid crystal dis-
play substrate is sucked to an upper surface of a sidewall
surrounding the recessed portion to retain the liquid
crystal display substrate;

a prober that is disposed near at least two adjacent edge
portions of the stage, and provided with a plurality of
terminals to which a current is passed by connecting
with the plurality of electrodes of the liquid crystal dis-
play substrate retained by the stage; and

a light source device that is disposed above the stage to
irradiate the liquid crystal display substrate retained by
the state with the light.

16. A liquid crystal display device producing apparatus that
irradiates a liquid crystal display substrate, in which a plural-
ity of pixels are formed in a matrix state and liquid crystal is
sealed between a pair of substrates and a plurality of elec-
trodes for driving the pixels are formed in at least two adjacent
edge portions, with light having a predetermined wavelength
to orient molecules of the liquid crystal toward a predeter-
mined direction in a state in which a current is passed through
each of the electrodes of the liquid crystal display substrate to
apply a predetermined electric field to each of the pixels,

the liquid crystal display device producing apparatus com-
prising:
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a stage in which a recessed portion for reserving a cooling
medium in contact with one surface of the liquid crystal
display substrate to cool the liquid crystal display sub-
strate, is formed in a center thereof and a portion near a
peripheral edge in one surface of the liquid crystal dis-
play substrate is sucked to an upper surface to retain the
liquid crystal display substrate;

a plurality of wires that are strung on an opening side of the
recessed portion to support the one surface of the liquid
crystal display substrate retained by the stage;

a prober that is disposed near at least two adjacent edge
portions of the stage, and provided with a plurality of
terminals to which a current is passed by connecting
with the plurality of electrodes of the liquid crystal dis-
play substrate retained by the stage; and

a light source device that is disposed above the stage to
irradiate the liquid crystal display substrate retained by
the state with the light.

17. The liquid crystal display device producing apparatus
according to claim 16, comprising at least one beam portion
that is entrained to support the plurality of wires from below
while intersecting the plurality of wires.

18. A liquid crystal display device producing apparatus that
irradiates a liquid crystal display substrate, in which a plural-
ity of pixels are formed in a matrix state and liquid crystal is
sealed between a pair of substrates and a plurality of elec-
trodes for driving the pixels are formed in at least two adjacent
edge portions, with light having a predetermined wavelength
to orient molecules of the liquid crystal toward a predeter-
mined direction in a state in which a current is passed through
each of the electrodes of the liquid crystal display substrate to
apply a predetermined electric field to each of the pixels,

the liquid crystal display device producing apparatus com-
prising:

a stage in which a recessed portion for reserving a cooling
medium in contact with one surface of the liquid crystal
display substrate to cool the liquid crystal display sub-
strate, is formed in a center thereof and a portion near a
peripheral edge in one surface of the liquid crystal dis-
play substrate is sucked to an upper surface to retain the
liquid crystal display substrate;

a prober that is disposed near at least two adjacent edge
portions of the stage, and provided with a plurality of
terminals to which a current is passed by connecting
with the plurality of electrodes of the liquid crystal dis-
play substrate retained by the stage;

a voltage supply source that supplies a voltage through the
prober to apply the electric field to each of the pixels of
the liquid crystal display substrate; and

a light source device that is disposed above the stage to
irradiate the liquid crystal display substrate retained by
the state with the light,

wherein intensity of the electric field applied to each ofthe
pixels is changed at predetermined time intervals by the
voltage supply source, when a predetermined time
elapses in the irradiation of the liquid crystal display
substrate with the light by the light source device in a
state in which the electric field is applied to each of the
pixels, or

one period, in which the application of the electric field to
each of the pixels is ON-OFF-ON-switched, is repeat-
edly performed predetermined times to irradiate the lig-
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uid crystal display substrate with the light having a pre-
determined light quantity in an initial ON-time-frame of
the one period.

19. The liquid crystal display device producing apparatus
according to claim 18, wherein a plurality of wires that sup-
port the one surface of the liquid crystal display substrate are
strung on an opening side in the recessed portion of the stage.

20. The liquid crystal display device producing apparatus
according to any one of claims 15, 16 and 18, wherein, in the
light source device, a plurality of lamp units including a
plurality of flashlamps are disposed in a matrix state.

21. The liquid crystal display device producing apparatus
according to claim 20, wherein the light source device is able
to move relative to the stage in a plane parallel to the stage.

22. The liquid crystal display device producing apparatus
according to claim 20, wherein the light source device gen-
erates simmer discharge of the plurality of flashlamps before
the light having the predetermined wavelength is lighted.

23. The liquid crystal display device producing apparatus
according to claim 22, wherein the plurality of flashlamps are
sequentially lighted only for a predetermined time at a pre-
determined delay time.

24. The liquid crystal display device producing apparatus
according to claim 22, further comprising a plurality of pho-
tosensors in a bottom surface of the recessed portion of the
stage.

25. The liquid crystal display device producing apparatus
according to any one of claims 15, 16 and 18, further com-
prising a blowoff port and a discharge port in the bottom
surface of the recessed portion of the stage, the cooling
medium being blown off through the blowoff port to spray the
cooling medium to one surface of the sucked and retained
liquid crystal display substrate, the cooling medium being
discharged through the discharge port.

26. The liquid crystal display device producing apparatus
according to any one of claims 15, 16 and 18, further com-
prising a conveyance unit that carries and carries out the
liquid crystal display substrate in and from the stage.

27. The liquid crystal display device producing apparatus
according to claim 26, wherein the conveyance unit conveys
the liquid crystal display substrate while sucking a surface on
a side opposite from the stage.

28. The liquid crystal display device producing apparatus
according to claim 26, wherein an air knife is provided beside
the stage on a carry-in and carry-out side of the liquid crystal
display substrate to inject compressed air to one surface of the
liquid crystal display substrate to thereby blow off the adher-
ing cooling medium.
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29. The liquid crystal display device producing apparatus
according to any one of claims 15, 16 and 18, wherein the
cooling medium is water cooled to a predetermined tempera-
ture.

30. A liquid crystal display device producing apparatus that
irradiates a liquid crystal display substrate, in which a plural-
ity of pixels are formed in a matrix state and liquid crystal is
sealed between a pair of substrates, with light having a pre-
determined wavelength to orient molecules of the liquid crys-
tal toward a predetermined direction in a state in which a
predetermined electric field is applied to each of the pixels of
the liquid crystal display substrate,

the liquid crystal display device producing apparatus com-
prising:

a stage in which a recessed portion for reserving a cooling
medium in contact with one surface of the liquid crystal
display substrate to cool the liquid crystal display sub-
strate, is formed in a center thereof| and a portion near a
peripheral edge in one surface of the liquid crystal dis-
play substrate is sucked to an upper surface to retain the
liquid crystal display substrate; and

a light source device disposed above the stage, in which a
plurality of flashlamps that emit the light is provided in
a reflector having an opening, the opening having a size
corresponding to at least a display region of the liquid
crystal display substrate, and a plurality of square-
shaped filters is arrayed vertically and horizontally inthe
opening of the light source device, the filter cutting off
transmission of light having a specific wavelength,

wherein the light source device lights the plurality of
flashlamps in each time the light source device moves by
one step while moving vertically and horizontally a dis-
tance of an integral multiple of an array pitch of the
filters.

31. The liquid crystal display device producing apparatus
according to claim 30, wherein the plurality of filters cut off
the transmission of the ultraviolet light whose wavelength is
about 300 nm or less.

32. The liquid crystal display device producing apparatus
according to claim 30 or 31, wherein a support member that
supports an edge portion of each filter is provided between the
plurality of filters.

33. The liquid crystal display device producing apparatus
according to claims 30, wherein the light source device gen-
erates simmer discharge of the plurality of flashlamps before
the light having the predetermined wavelength is lighted.
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