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LIQUID CRYSTAL DISPLAY DEVICE, SUBSTRATE
BONDING APPARATUS, AND METHOD FOR
FABRICATING LIQUID CRYSTAL DISPLAY
DEVICE USING THE SAME

[0001] The present invention claims the benefit of Korean
Patent Application No. P2003-73056 filed in Korea on Oct.
20, 2003 and Korean Patent Application No. P2003-73057,
which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display device, and more particularly, to a liquid crystal
display device and a method for fabricating the same using
a liquid crystal dispensing method and a bonding apparatus
for bonding substrates at an atmospheric pressure.

[0004] 2. Discussion of the Related Art

[0005] Demands for display devices have increased with
development of an information society. Accordingly, many
efforts have been made to research and develop various flat
display devices, such as liquid crystal display (LCD)
devices, plasma display panel (PDP) devices, electro-lumi-
nescent display (ELD) devices, and vacuum fluorescent
display (VFD) devices. In particular, liquid crystal display
(LCD) devices have been most widely used as a substitute
for a cathode ray tube (CRT) because of their advantageous
characteristics of thin profile, lightness, and low power
consumption. LCD devices have been implemented as dis-
play devices for notebook computers, desktop computers,
televisions, and the like. One consideration in developing
LCD devices is to develop LCD devices having a high
quality picture, such as high resolution and high luminance
with a large-sized screen, while maintaining lightness, thin
profile, and low power consumption.

[0006] In general, the LCD device includes an LCD panel
for displaying an image and a driver for supplying a driving
signal to the LCD panel. In addition, the LCD panel includes
first and second substrates attached to each other with a cell
gap therebetween, and a liquid crystal layer formed in the
cell gap. Further, alignment layers are respectively formed
on facing surfaces of the first and second substrates, wherein
the alignment layers are rubbed to align the liquid crystal
layer. For maintaining fixed cell gaps between the first and
second substrates, spacers are spread or fixed between the
first and second substrates.

[0007] The first substrate or a thin film transistor array
substrate includes a plurality of gate lines arranged along a
first direction, a plurality of data lines arranged along a
second direction perpendicular to the first direction, a plu-
rality of pixel electrodes arranged in a matrix-type configu-
ration within pixel regions defined by the crossings of the
gate and data lines, and a plurality of thin film transistors for
switching signals from the data lines to the pixel electrodes
based on signals received from the gate lines.

[0008] Further, the second substrate or a color filter array
substrate includes a black matrix layer, a color filter layer,
and a common electrode. The color filter layer includes red,
green, and blue color filters, wherein the color filter layer is
formed by repetitively positioning the color filters in order
of red(R), green(G), and blue(B) within regions correspond-
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ing to the pixel regions of the first substrate. Alternatively,
in a liquid crystal display device of an In Plane Switching
(IPS) mode, the common electrode may be formed on the
first substrate. Accordingly, the liquid crystal layer controls
the intensity of light, and the light passes through the color
filter layers of red(R), green(G), and blue(B) to represent
color images.

[0009] In particular, the liquid crystal display layer is
formed by a liquid crystal injection method or a liquid
crystal dispensing method. In a liquid crystal injection
method, two substrates are bonded to each other with an
liquid crystal injection hole formed in the seal pattern, and
a liquid crystal material is injected between the two sub-
strates via the liquid crystal injection hole. In a liquid crystal
dispensing method, an appropriate amount of the liquid
crystal material is dispensed on one of the two substrates,
and the two substrates are bonded to each other.

[0010] FIG. 1 illustrates a system for bonding substrates
using a liquid crystal injection method according to the
related art. As shown in FIG. 1, the two bonded substrates
10 are placed into a vacuum chamber 20 having a container
30 holding a liquid crystal material 31 therein. Then, a
vacuum pump 25 evacuates the vacuum chamber 20, and the
liquid crystal injection hole (not shown) in the bonded
substrates 10 contacts the liquid crystal material 31 held in
the container 30. Further, air or N, gas is supplied to the
vacuum chamber 20 to bring the vacuum chamber 20 into an
atmospheric pressure state. As a result, the liquid crystal
material 31 is injected between the two bonded substrates 10
by the capillary tube phenomenon. When the liquid crystal
material 31 is filled between the two bonded substrates fully,
the liquid crystal injection hole is sealed.

[0011] FIG. 2 illustrates a system for bonding substrates
using a liquid crystal dispensing method according to the
related art. As shown in FIG. 2, a substrate bonding appa-
ratus is placed inside a vacuum chamber 21. The substrate
bonding apparatus includes an upper stage 40 for holding a
first substrate 104, a lower stage 41 for holding a second
substrate 105 having the liquid crystal material 31 dispensed
thereon, a vacuum pump 25 for evacuating the vacuum
chamber 21, and a vent means 26 for injecting gas or air into
the vacuum chamber 21. Although not shown, the upper, and
lower stages 40 and 41 are provided with vacuum holes, and
electrostatic chucks for adsorbing and holding the substrates
10z and 105, respectively.

[0012] In addition, a seal pattern 27 is formed on a
periphery of the second substrate 10b, and the liquid crystal
material 30 is dispensed inside the seal pattern 27. Although
not shown, column spacers are formed on one of the first and
second substrates 10a and 10b, and an alignment film also
is formed on one of the first and second substrates 10 and
105.

[0013] In particular, the first substrate 10¢ having no
liquid crystal material dispensed thereon is loaded on the
vacuum chamber 21, and the upper stage 40 is moved down
under the control of a moving means 42 to adsorb the first
substrate 10a. Then, the second substrate 10b having the
liquid crystal material 30 dispensed thereon is loaded on the
vacuum chamber 21 and positioned on the lower stage 41,
so that the lower stage 41 adsorbs the second substrate 10b
by vacuum.

[0014] Then, the upper and lower stages 40 and 41 respec-
tively hold the first and second substrates 10z and 10b using
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the electrostatic chucks for preventing the substrates 10a and
106 from falling off the respective stages 40 and 41 at the
time of evacuation of the vacuum chamber 21.

[0015] After securing the first and second substrates 10a
and 105 with the upper and lower stages 40 and 41, the
vacuum pump 25 is turned on to evacuate the vacuum
chamber 21. Then, the upper stage 40 is moved down to
bond the first and second substrates 102 and 105 with the
seal pattern, and air or gas is injected through the vent means
26 to bring the vacuum chamber 21 into an atmospheric
state. Then, because an inside of the two bonded substrates
is in a vacuum state and the vacuum chamber 21 is in the
atmospheric state, the two substrates are pressed and bonded
by a pressure difference.

[0016] In particular, the bonding of the first and second
substrates 10q and 106 are performed in a vacuum state for
increasing fluidity of the dispensed liquid crystal material 31
to uniformly distribute the liquid crystal material. If the
distribution of the liquid crystal material 31 is not uniform,
bubbles may be formed in the resultant liquid crystal layer,
thereby causing defects, such as picture distortion in the
resultant liquid crystal display panel.

[0017] In addition, the apparatus and method for fabricat-
ing a liquid crystal display device according to the related art
have the following problems. First, the related art liquid
crystal injection method requires the vacuum chamber, the
vacuum pump, and the like for injection of the liquid crystals
in a vacuum state, thereby requiring complex system and
increasing production cost. Further, the liquid crystal dis-
pensing method according to the related art also requires the
vacuum chamber, the vacuum pump, the electrostatic
chucks, and the vent means to perform bonding of the first
and second substrates in a vacuum state, thereby increasing
production cost. Moreover, since the vacuum chamber needs
to be evacuated, overall production time is prolonged,
thereby reducing fabrication efficiency.

[0018] Furthermore, in the related art, smooth spread of
the liquid crystals is achieved by creating a pressure state for
the dispensed liquid crystals at a vacuum. However, to create
the environment for the liquid crystals at a vacuum is
complicate since vacuum suction is not applicable to the
holding of the substrates at the stages due to the vacuum
state of an inside of the vacuum chamber.

SUMMARY OF THE INVENTION

[0019] Accordingly, the present invention is directed to a
liquid crystal display device, and a substrate bonding appa-
ratus, and a method for fabricating the liquid crystal display
device using the same that substantially obviate one or more
of the problems due to limitations and disadvantages of the
related art.

[0020] An object of the present invention is to provide a
liquid crystal display device, and method and bonding
apparatus for fabricating the liquid crystal display device
using the same that perform a substrate bonding process in
an atmospheric state, thereby simplifying a bonding appa-
ratus, shortening a process time period, improving produc-
tivity, and reducing production cost.

[0021] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
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learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0022] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, a liquid crystal
display device includes a plurality of guide walls formed at
regular intervals on a first substrate, the guide walls extend-
ing lengthwise or widthwise within an active region of the
first substrate, a liquid crystal material filled between the
guide walls, and a second substrate being attached to the first
substrate sandwiching the liquid crystal material therebe-
tween.

[0023] In another aspect, a method for fabricating a liquid
crystal display device includes providing first, and second
substrates having a plurality of pixel regions, forming guide
walls on the second substrate between the pixel regions,
dispensing a liquid crystal material on the second substrate
having the guide walls formed thereon, and bonding the first
and second substrates to each other.

[0024] 1In yet another aspect, a method for fabricating a
liquid crystal display device includes dispensing a liquid
crystal material on a first substrate, affixing the first substrate
having the liquid crystal material dispensed thereon at a
lower stage, affixing a second substrate at an upper stage,
heating the liquid crystals dispensed on the second substrate
to an isotropization temperature, and bonding the first and
second substrates to each other.

[0025] In another aspect, a liquid crystal display device
fabricated using a method including dispensing a liquid
crystal material on a first substrate, affixing the first substrate
having the liquid crystal material dispensed thereon at a
lower stage, affixing a second substrate at an upper stage,
heating the liquid crystals dispensed on the second substrate
to an isotropization temperature, and bonding the first and
second substrates to each other, the liquid crystal display
device includes a seal pattern at a peripheral of one of the
first and second substrates for bonding the first and second
substrates to each other.

[0026] Inyetanother aspect, a substrate bonding apparatus
for fabricating a liquid crystal display device includes an
upper stage for holding a first substrate, a lower stage for
holding a second substrate having a liquid crystal material
dispensed thereon, and heating means for heating the liquid
crystal material to an isotropization temperature.

[0027] In another aspect, a method for fabricating a liquid
crystal display device using a substrate bonding apparatus
including an upper stage for holding a first substrate, a lower
stage for holding a second substrate having a liquid crystal
material dispensed thereon, and heating means for heating
the liquid crystal material to an isotropization temperature,
includes dispensing the liquid crystal material from a dis-
penser onto the second substrate, and joining the first and
second substrates by contacting an inner surface of the first
substrate with the liquid crystal material dispensed on the
second substrate.

[0028] It is to be understood that both the foregoing
general description and the following detailed description
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are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion. In the drawings:

[0030] FIG. 1 illustrates a system for bonding substrates
using a liquid crystal injection method according to the
related art;

[0031] FIG. 2 illustrates a system for bonding substrates
using a liquid crystal dispensing method according to the
related art;

[0032] FIG. 3A is a cross-sectional view of a substrate in
accordance with an embodiment of the present invention;

[0033] FIG. 3B is a planar view of the substrate shown in
FIG. 3A;
[0034] FIG. 4illustrates a layout of a liquid crystal display

panel including the substrate shown in FIG. 3A,

[0035] FIG. 5 schematically illustrates a substrate bond-
ing apparatus for fabricating a liquid crystal display device
in accordance with an embodiment of the present invention;

[0036] FIG. 6 is a flow chart illustrating a method for
forming a liquid crystal display panel in accordance with an
embodiment of the present invention;

[0037] FIG. 7 schematically illustrates a substrate bond-
ing apparatus for fabricating a liquid crystal display device
in accordance with another embodiment of the present
invention;

[0038] FIG. 8 schematically illustrates a process for dis-
pensing a liquid crystal material in accordance with an
embodiment of the present invention;

[0039] FIG. 9A schematically illustrates an arrangement
of liquid crystal molecules at an atmospheric pressure and a
room temperature in accordance with an embodiment of the
present invention;

[0040] FIG. 9B schematically illustrates an arrangement
of liquid crystal molecules at an atmospheric pressure and in
a state heated at or over an isotropization temperature Ti in
accordance with an embodiment of the present invention;
and

[0041] FIG. 10 illustrates a planar view of a heating
means in accordance with an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0042] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0043] FIG. 3A is a cross-sectional view of a substrate in
accordance with an embodiment of the present invention,
and FIG. 3B is a planar view of the substrate shown in FIG.
3A. In FIG. 3A, a plurality of guide walls 160 are formed
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a substrate 110b. The substrate 1105 may be either an array
substrate having thin film transistors formed thereon or a
color filter substrate having color filters formed thereon. In
addition, the guide walls 160 may be formed projecting from
an upper surface of the substrate 1105 at regular intervals
within a display area of the substrate 10b. The guide walls
160 may include a transparent material, and a cross-section
of the guide walls 160 may be rectangular, triangular,
trapezoidal or curved. In particular, the guide walls 160 may
have a height such that they also function to maintain a cell
gap when the substrate 110 is attached to a second substrate
(not shown). In other words, the guide walls 160 may
function as spacers. Further, as shown in FIG. 3B, the guide
walls 160 may be formed parallel to one another in a
length-wise direction.

[0044] FIG. 4 illustrates a layout of a liquid crystal display
panel including the substrate shown in FIG. 3A. In FIG. 4,
as an example, the substrate 1105 is shown to be a color filter
substrate having a black matrix layer 1505 formed thereon.
In addition, the guide walls 160 are formed at regular
intervals corresponding to a plurality of pixel regions 150a.
The pixel regions 150z may be defined by the crossing of a
plurality of gate and data lines formed on a corresponding
substrate (not shown), and the guide walls 160 may be
formed in a vertical or horizontal direction of the pixel
regions 150a corresponding to the gate lines or the data
lines. Alternatively, although not shown, the guide walls 160
also may be formed in both the vertical and horizontal
directions similar to the black matrix layer 150b.

[0045] Further, a plurality of color filters, R, G and B, may
be formed within the pixel regions 150a. In particular, the
black matrix layer 1505 is a lattice formed on the substrate
1106 between the pixel regions 150a. Thus, a liquid crystal
material is kept within the pixel regions 150« for selectively
transmitting light to display a desired image, while the black
matrix layer 1505 shield light from regions overlapping the
black matrix layer 150b. Therefore, it is preferable that the
guide walls 160 are formed along the black matrix layer
1505 for not interfering light paths that display the image.
Accordingly, the guide walls 160 do not spread irregularly
and do not interfere with light paths as the spacers according
to the related art.

[0046] Since the pixel regions 1504 are micronite, the
guide walls 160 at the micronite intervals hold the liquid
crystal material dispensed on the substrate 1105 between the
guide walls 160. In particular, a surface tension of the liquid
crystal material is formed by a cohesive force of the liquid
crystal molecules, and a force between the guide walls 160
and the liquid crystal molecule is an adhesive force. If the
cohesive force is greater than the adhesive force, the liquid
crystals are filled between the guide walls 160 in a shape
convex upward due to the surface tension.

[0047] FIG. 5 schematically illustrates a substrate bond-
ing apparatus for fabricating a liquid crystal display device
in accordance with an embodiment of the present invention.
In FIG. 5, a substrate bonding apparatus includes an upper
stage 140 and a lower stage 141. In particular, the upper
stage 140 may be vertically movable under the control of a
stage moving means 142, while the lower stage 141 may
remain stationary. Alternatively, one of or both the upper and
lower stages 140 and 141 may be movable vertically and/or
horizontally.
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[0048] A liquid crystal material 131 is dispensed on the
first substrate 1105 which is placed on the lower stage 141.
In particular, the liquid crystal material 131 is filled between
the guide walls 160 and may have a convex surface shape
projecting upward between the guide walls 160 for the
reasons described above with respect to FIG. 4.

[0049] In addition, a second substrate 110a may be held by
the upper stage 140. As the upper stage 140 moves down-
ward controlled by the stage moving means 142 to bond the
first and second substrates 1105 and 110, the convex
portion/surface of the liquid crystal material 131 is brought
into close contact with an underside surface of the second
substrate 110a, thereby preventing formation of bubbles in
the liquid crystal material 131 even in a non-vacuum envi-
ronment. Accordingly, the substrate bonding apparatus
according to an embodiment of the present invention does
not require a vacuum state for operation, and can operate
satisfactorily at an atmospheric pressure by using the guide
walls 160.

[0050] In particular, the first and second substrates 1105
and 110z may be bonded to each other by a sealant 132
formed at a peripheral of one of the first and second
substrates 110b and 110a. Further, a predetermined cell gap
between the first and second substrates 1105 and 110z is
maintained by the guide walls 160. Thus, the guide walls
160 prevent the liquid crystal material 131 from containing
bubbles even if the first and second substrates 1105 and 110a
are bonded under the atmospheric pressure, and the guide
walls 160 also function as spacers for maintaining an
uniform cell gap.

[0051] Moreover, since the bonding is not performed in
the vacuum state, the first and second substrates 1105 and
110z can be respectively held at the upper and lower stages
140 and 141 and do not require a complicate electrostatic
chuck of the related art. Alternatively, although not shown,
a plurality of vacuum holes may be formed in a lower
surface of the upper stage 140 and a vacuum pump may be
connected to an upper surface of the lower stage 141,
thereby bonding the first and second substrates 1105 and
110 at the vacuum holes.

[0052] The guide walls 160 may be formed of an acryl
group material since the acryl group material has high light
transmittivity and forms a strong adhesive force with the
liquid crystal material 131. In addition, the guide walls 160
may be formed in a desired shape by a photo-lithographic or
printing method. Further, the guide walls 160 may be formed
of any material that satisfies the above-discussed character-
istics.

[0053] Alternatively, the first substrate 11056 may be an
array substrate having a plurality of thin film transistors
formed thereon. In particular, the thin film transistors may be
formed on the first substrate 1105 and the guide walls 160
may subsequently be formed on the first substrate 1105.
However, an upper surface of the first substrate 1105 should
be of a certain flatness after the formation of the thin film
transistors, such that the guide walls 160 may be formed
uniformly on the first substrate 110b. Further, the guide
walls 160 may be formed at positions opposite to the gate
lines or the data lines.

[0054] FIG. 6 is a flow chart illustrating a method for
forming a liquid crystal display panel in accordance with an
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embodiment of the present invention. As shown in FIG. 6,
a method for forming a liquid erystal display panel includes
forming a synthetic resin layer on a substrate at a first step
1S. The substrate may be a thin film transistor substrate or
a color filter substrate. Also, the transparent synthetic resin
may include an acryl group material. Then, a photoresist is
coated on an upper surface of the synthetic resin layer at a
second step 2S.

[0055] Further, light, e.g., an UV beam, is directed onto
the photoresist through a mask at a third step 3S, such that
light is selectively irradiated on the photoresist. In particular,
the photoresist may be a negative photoresist or a positive
photoresist. Then, the substrate is developed at a fourth step
4S, thereby patterning the photoresist. In addition, the syn-
thetic resin is etched by using the patterned photoresist as a
mask to form a plurality of guide walls. Subsequently, the
photoresist is removed.

[0056] Moreover, a scalant is coated on the substrate
having the guide walls formed thereon and an appropriate
amount of a liquid crystal material is dispensed on the
substrate at a fifth step 5S. In particular, the sealant may be
coated on a periphery of a display region of the substrate for
preventing the liquid crystal material from flowing out-
wardly, and the liquid crystal material is dispensed between
the guide walls at the display region within the sealant 132.
Then, the substrate is bonded o a corresponding substrate at
a sixth step S6.

[0057] In particular, the substrates may be bonded using
the substrate bonding apparatus shown in FIG. 5. For
example, if the color filter substrate has the guide walls
formed thereon and the liquid crystal material dispensed
thereon, the color filter substrate is positioned on the lower
stage 141 (shown in FIG. 5), the thin film transistor array
substrate is positioned on the upper stage 140 (shown in
FIG. 5), and the two substrates are bonded. Alternatively, if
the thin film transistor array substrate has the guide walls
formed thereon and the liquid crystal material dispensed
thereon, the thin film transistor array substrate is positioned
on the lower stage 141 (shown in FIG. 5), the color filter
substrate is positioned on the upper stage 140 (shown in
FIG. 5), and the two substrates are bonded. Then, the sealant
is set or cured.

[0058] Since the above-described steps are susceptible to
dust particles, and a defective pattern caused by the dust
particles is liable to cause defects on the whole liquid crystal
display panel, it is required that above steps are performed
in a clean environment, and strict management of materials/
equipment is important. Alternatively or in addition, a
cleaning process may be additionally performed between
steps to remove any dust particles.

[0059] FIG. 7 schematically illustrates a substrate bond-
ing apparatus for fabricating a liquid crystal display device
in accordance with another embodiment of the present
invention. In FIG. 7, a substrate bonding apparatus includes
an upper stage 140 and a lower stage 141. In particular, the
upper stage 140 may be vertically movable under the control
of a stage moving means 142, while the lower stage 141 may
remain stationary. Alternatively, one of or both the upper and
lower stages 140 and 141 may be movable vertically and/or
horizontally.

[0060] In addition, a heating means 170 is placed under
the lower stage 141. The heating means 170 may be inside



US 2005/0083478 Al

of the lower stage 141 or may be mounted separately from
the lower stage 141. As the liquid crystal material 131 is
dispensed on an upper surface of the first substrate 110b
which is placed on the lower stage 141, the liquid crystal
material 131 is heated by the heating means 170. In par-
ticular, the heating means 170 may heat the liquid crystal
material 131 to an isotropization temperature Ti. The heating
means 170 may be spaced from the lower surface of the first
substrate 110b, thereby forming a space for allowing the heat
generated from the heating means 170 be uniformly distrib-
uted to the lower surface of the first substrate 1105. Also, the
first substrate 1105 may be a thin film transistor substrate but
may more preferably be a color filter substrate, since a thin
film transistor substrate may include heat sensitive circuits
formed thereon.

[0061] Further, a heat pipe having a two-phase flow (not
shown) may be provided between the heating means 170 and
the first substrate 10b to enhance the heat distribution. By
injecting a liquid phase material into the heat pipe, and
adjusting an inside pressure to set a temperature at which the
two-phase flow starts in the neighborhood of the isotropiza-
tion temperature Ti, a more uniform heat transfer between
the heating means 170 and the lower stage 141 can be made
by phase change and convection heat transfer of the two-
phase flow at an elevated temperature. That is, as a higher
density liquid phase working substance positions at a surface
in contact with the heating means 170 by gravity, and a gas
phase working substance positions at a surface in contact
with the first substrate 1105 or the lower stage 141, the heat
transfer from a lower portion to an upper portion is made
through phase change. In a process in which the gas phase
working substance positioned at the upper portion of the
heat pipe heat exchanges with the lower stage 141 or the first
substrate 110b, and condenses to move downward, the upper
surface of the heat pipe can always have a uniform tem-
perature distribution. Accordingly, the heat pipe can perform
heat transfer to the first substrate 1105 at a uniform tem-
perature, with a more heat transfer quantity. For example, a
plurality of the heat pipes may be mounted in shapes of pipes
and the heat pipes may have a flat hexahedral shape corre-
sponding to a size of the first substrate 110b.

[0062] In addition, a second heating means (not shown)
may be provided on an upper side of the upper stage 140.
Thus, the second heating means may supplement the heating
means 170 to heat the substrate held at the upper stage 140
to or over a predetermined temperature, such that the liquid
crystal material 131 is at or above the isotropization tem-
perature Ti at the moment of the bonding.

[0063] Moreover, a plurality of vacuum holes (not shown)
may be formed in an underside surface of the upper stage
140 or in an upper surface of the lower stage 141. In
particular, the vacuum holes may be connected to a vacuum
pumping device for holding the substrates 110a and 1105 by
vacuum.

[0064] FIG. 8 schematically illustrates a process for dis-
pensing a liquid crystal material in accordance with an
embodiment of the present invention. As shown in FIG. §,
the liquid crystal material 131 may be dispensed on the
upper surface of the first substrate 1105 by dropping a
plurality of dots of the liquid crystal material 131 via a
nozzle 121 on the first substrate 110b. To form an even layer

Apr. 21, 2005

of the liquid crystal material 131 across the upper surface of
the first substrate 1105, the lower stage 141 may be moved
respective to the nozzle 121.

[0065] In addition, the nozzle 121 may be connected to a
syringe 120. The syringe 120 may be connected to a
reservoir storing the liquid crystal material 131. Further, the
syringe 120 may include a preheating means 120a for
heating the liquid crystal material 131 before dispensing/
dropping the liquid crystal material 131 onto the first sub-
strate 110b. In particular, the preheating means 1202 may
preheat the liquid crystal material 131 to a predetermined
temperature, such that in combination with the heating
means 170 (shown in FIG. 7), the liquid crystal material 131
reaches to the isotropization temperature Ti when the first
and second substrates 1105 and 110a are bonded to each
other. Accordingly, the liquid crystal material 131 may be
more easily spread across the upper surface of the first
substrate 1105 for reasons which will be explained more in
details with respect to FIGS. 9A and 9B.

[0066] FIG. 9A schematically illustrates an arrangement
of liquid crystal molecules at an atmospheric pressure and a
room temperature in accordance with an embodiment of the
present invention, and FIG. 9B schematically illustrates an
arrangement of liquid crystal molecules at an atmospheric
pressure and in a state heated at or over an isotropization
temperature Ti in accordance with an embodiment of the
present invention.

[0067] As shown in FIG. 9A, at an atmospheric pressure
and a room temperature, the liquid crystal material is in a
liquid crystal phase, which is an intermediate phase between
a liquid phase and a solid phase. When in the liquid crystal
phase, the liquid crystal material has some fluidity but also
has an orientation similar to a solid, thereby having a poor
spreadability. In particular, liquid crystal molecules 131a are
oriented regularly, such that the liquid crystal molecules
1314 do not spread well due to an interference between the
liquid crystal molecules 131a and high viscosity after the
liquid crystal molecules 1314 are dispensed on the substrate.
Accordingly, if the substrates are bonded when the liquid
crystal molecules 131a do not spread well, air layers are
formed between the liquid crystal molecules 1314, thereby
creating bubbles in the resultant liquid crystal layer and
causing a defect in the resultant liquid crystal display panel.

[0068] As shown in FIG. 9B, when the liquid crystal
material is heated to a temperature at or over the isotropiza-
tion temperature Ti at an atmospheric pressure, the solid-like
arrangement of the liquid crystal molecules 131a (as shown
in FIG. 9A) loosens and becomes less regular and less rigid.
As a result, the interference between the liquid crystal
molecules 131a reduces, such that the liquid crystal mol-
ecules 131 can be spread more smoothly to an even film
shape. Accordingly, if the substrates are bonded after the
liquid crystal material is heated to or over the isotropization
temperature Ti, the evacuation of an inside of the bonding
apparatus is not required to bond the substrates at the
atmospheric pressure.

[0069] When a thermotropic liquid crystal material is
heated to a temperature higher than the isotropization tem-
perature Ti, the liquid crystal material undergoes a phase
change and its molecular orientation/arrangement loosens.
As a result, viscosity of the liquid crystal material reduces
and fluidity of the liquid crystal material increases, such that
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the thermotropic liquid crystal material spreads well like a
general fluid. In addition, the isotropization temperature Ti
differs for various types of liquid crystal materials. For
example, for nematic liquid crystals, the isotropization tem-
perature Ti is in a range of about 7080° C.

[0070] FIG. 10 illustrates a planar view of a heating
means in accordance with an embodiment of the present
invention. As shown in FIG. 10, the heating means 170 may
include hot wires 170a connected electrically for generating
heat. Thus, when electricity is supplied to the hot wires 1704
from a power source 170b, the hot wires 1704 function as a
resistor to generate heat at a desired temperature. Although
not shown, the heating means 170 may include other types
of heating devices to dispense heat onto the first substrate
1106 (shown in FIG. 7).

[0071] A method for bonding substrates by using the
substrate bonding apparatus for fabricating a liquid crystal
display in accordance with another embodiment of the
present invention will be described in more detail by refer-
ring to FIG. 7. First, a sealant 132 is coated at a peripheral
of the first substrate 1105, and an appropriate amount of the
liquid crystal material 131 is dispensed on the first substrate
1106 inside the sealant 132. Of course, the sealant may be
coated on the second substrate 110a, and the liquid crystals
may be dispensed on the first substrate 110b.

[0072] Then, the second substrate 110g is held by the
upper stage 140, and the first substrate 1105 having the
liquid crystals dispensed thereon is held by the lower stage
141. The first and second substrates 1105 and 110z may be
moved to the stages 140 and 141 by using a loader, a lift bar
or the like. In addition, the stages 140 and 141 may generate
a vacuum suction force to more securely hold the substrates.

[0073] Further, electricity is supplied to the heating means
170 to heat the liquid crystal material 131 dispensed on the
first substrate 110b. Upon heating the liquid crystal material
131 over the isotropization temperature Ti, arrangement of
the liquid crystal molecules 131a (shown in FIGS. 9A and
9B) loses orientation and improves fluidity of the liquid
crystal material 131. Accordingly, stable bonding of the
substrates is possible because the liquid crystal material 131
can be spread evenly on the upper surface of the first
substrate 110 even under an atmospheric pressure. There-
fore, different from the related art, it is not required to bond
the substrates at a vacuum state.

[0074] If the liquid crystal material 131 is preheated
before being dispensed, a time period for heating the liquid
crystal material 131 to the isotropization temperature Ti can
be shortened. In particular, the liquid crystal material 131
may be preheated by the preheating device 120q.

[0075] Further, after the liquid crystal material 131 is
heated over the isotropization temperature Ti, the first and
second substrates 1105 and 110g are bonded, and the sealant
132 is set. In particular, the temperature of the liquid crystal
material 131 may be measured directly by placing a tem-
perature sensor, such as a thermocouple, in direct contact
with the liquid crystal material 131.

[0076] Alternatively, the temperature of the liquid crystal
material 131 may be estimated indirectly by measuring a
temperature in the vicinity of the liquid crystal material 131.
For example, while maintaining the air temperature in the
work room constant, a temperature of the heating means
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170/120a or the lower stage 141 is measured to estimate the
temperature of the liquid crystal material 131. In particular,
a quantity of heat transfer from the heating means is reduced
if the measured liquid crystal temperature is higher than the
isotropization temperature Ti, or is increased if the measured
liquid crystal temperature is lower than the isotropization
temperature Ti. Such a process may be controlled by a
control means, such as a microcomputer.

[0077] As a result, the liquid crystal display device, and
substrate bonding apparatus and method for fabricating the
same according to an embodiment of the present invention
has the following advantages. First, the formation of the
guide walls on the first or second substrate enables the liquid
crystal material be formed between the guide walls and
prevents bubbles from occurring even if the bonding process
is performed at an atmospheric pressure. Thus, extra units,
such as the vacuum pump, the vacuum chamber, and the
like, are not required, thereby simplifying the bonding
apparatus. In addition, since the guide walls formed on the
black matrix layer excluding the pixel regions also function
to maintain a cell gap between the two substrates, no spacers
are required additionally and light paths are not interfered.

[0078] Further, by bonding the substrates at an atmo-
spheric pressure avoids evacuation of the work room,
thereby significantly reducing processing time and improv-
ing productivity. Moreover, the present invention permits to
make more stable and effective holding of the substrates at
the stages by forming a plurality of vacuum holes in the
stages, which provide vacuum suction force, without using
the complicate electro-static chucks for holding the sub-
strates at the stages.

[0079] Furthermore, by heating the liquid crystal material
to isotropization temperature Ti by using the heating means
and/or the preheating means, an even film of the liquid
crystal material is formed without having bubbles formed
therein even if the bonding process is performed at an
atmospheric pressure. Thus, extra units, such as the vacuum
pump, the vacuum chamber, and the like, are not required,
thereby simplifying the bonding apparatus and significantly
improving productivity.

[0080] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
liquid crystal display device, and substrate bonding appara-
tus and method for fabricating the same of the present
invention without departing from the sprit or scope of the
invention. Thus, it is intended that the present invention
covers the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:
1. A liquid crystal display device, comprising:

a plurality of guide walls formed at regular intervals on a
first substrate, the guide walls extending lengthwise or
widthwise within an active region of the first substrate;

a liquid crystal material filled between the guide walls;
and

a second substrate being attached to the first substrate

sandwiching the liquid crystal material therebetween.

2. The device of claim 1, wherein the guide walls are
formed overlapping a portion of a black matrix layer.
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3. The device of claim 1, wherein the guide walls are
formed extending along a plurality of pixel regions.

4. The device of claim 1, wherein the guide walls include
an acryl group material.

5. The device of claim 1, wherein the guide walls maintain
a cell gap between the first and second substrates.

6. The device of claim 1, wherein as the second substrate
is being attached to the first substrate, the liquid crystal
material is heated to or above an isotropization temperature.

7. Amethod for fabricating a liquid crystal display device,
comprising:

providing first, and second substrates having a plurality of
pixel regions;

forming guide walls on the second substrate between the
pixel regions;

dispensing a liquid crystal material on the second sub-
strate having the guide walls formed thereon; and

bonding the first and second substrates to each other.

8. The method of claim 7, wherein the step of forming the
guide walls includes coating and patterning an acryl group
material.

9. The method of claim 7, wherein the second substrate is
a thin film transistor substrate having gate lines and data
lines formed thereon, and the guide walls are formed over-
lapping at least one of the gate lines and the data lines.

10. The method of claim 7, wherein the second substrates
is a color filter substrate having a black matrix layer formed
on regions except the pixel regions, and the guide walls are
formed in a vertical or horizontal direction overlapping a
portion of the black matrix layer.

11. A method for fabricating a liquid crystal display
device, comprising:

dispensing a liquid crystal material on a first substrate;

affixing the first substrate having the liquid crystal mate-
rial dispensed thereon at a lower stage;

affixing a second substrate at an upper stage;

heating the liquid crystals dispensed on the second sub-
strate to an isotropization temperature; and

bonding the first and second substrates to each other.

12. The method of claim 11, further comprising preheat-
ing of the liquid crystal material before dispensing the liquid
crystal material on the first substrate.

13. The method of claim 11, further comprising coating a
sealant at a peripheral of one of the first and second
substrates.
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14. A liquid crystal display device fabricated using the
method of claim 11, the liquid crystal display device com-
prising:

a seal pattern at a peripheral of one of the first and second
substrates for bonding the first and second substrates to
each other.

15. The liquid crystal display device of claim 14, further
comprising a plurality of guide walls formed at regular
intervals on the second substrate, the guide walls extending
lengthwise or widthwise within an active region of the
second substrate.

16. A substrate bonding apparatus for fabricating a liquid
crystal display device, comprising:

an upper stage for holding a first substrate;

a lower stage for holding a second substrate having a
liquid crystal material dispensed thereon; and

heating means for heating the liquid crystal material to an

isotropization temperature.

17. The apparatus of claim 16, wherein the upper stage
and the lower stage include a plurality of vacuum holes for
holding the first substrate and the second substrate by a
vacuum force.

18. The apparatus of claim 16, wherein the heating means
is spaced apart from an underside surface of the second
substrate.

19. The apparatus of claim 18, further comprising a heat
pipe between the heating means and the second substrate for
performing heat transfer using a two-phase flow.

20. The apparatus of claim 16, wherein the heating means
includes a hot wire generating heat electrically.

21. The apparatus of claim 16, wherein the heating means
is mounted under the second substrate.

22. The apparatus of claim 16, further comprising a
preheating device for preheating the liquid crystal material
before the liquid crystal material is dispensed on the second
substrate.

23. A method for fabricating a liquid crystal display
device using the apparatus of claim 16, the method com-
prising:

dispensing the liquid crystal material from a dispenser

onto the second substrate; and

joining the first and second substrates by contacting an

inner surface of the first substrate with the liquid crystal
material dispensed on the second substrate.

24. The method of claim 23, further comprising preheat-

ing the liquid crystal material before the step of dispensing.
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