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LIQUID CRYSTAL DISPLAY PANEL AND
METHOD OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display (LCD) panel and a method of manufacturing the
same, and particularly relates to an LCD panel capable of
achieving excellent control of a cell gap and a method of
manufacturing the same.

[0003] 2. Description of the Related Art

[0004] As a display device of Audio and Visual (AV)
equipment or Office Automation (OA) equipment, an LCD
device is widely used due to its advantages such as a thin
shape, a light weight and low power consumption. This LCD
device includes an LCD panel in which a liquid crystal layer
is held between a first substrate and a second substrate. On
the first substrate, switching elements such as Thin Film
Translators (TFT) are formed in a matrix form (hereinafter
referred to as a TFT substrate), and on the second substrate,
a color filter (CF), a black matrix (BM) and the like are
formed (hereinafter referred to as a CF substrate). By
controlling an alignment direction of liquid crystal mol-
ecules by an electric field generated between electrodes
provided in one or both substrates, light transmittance is
changed to display inputted information.

[0005] In order to improve the display quality of this LCD
panel, it is important to control a gap (a cell gap) between
the TFT substrate and the CF substrate. In general, spacer
members each having predetermined shape and size are
arranged between the substrates.

[0006] In addition, in a general LCD panel, by a black
matrix (BM), light is shielded from entering alignment
defective regions between adjacent pixels. For this reason, it
is important to precisely superpose two opposite substrates
within a standard so that the alignment defective regions can
be fit within the BM regions. When the degree of precision
in the superposing two substrates is below the standard, light
is not shielded from entering the alignment defective regions
and the alignment defective regions where light is not
shielded from entering, glows at the time of black display,
thereby causing display defect.

[0007] In particular, as a substrate is recently becoming
larger, it is becoming more difficult to superpose two sub-
strates opposite to each other uniformly and precisely in
wide regions of the whole substrates. In addition, due to the
demand for further fineness, a design margin for superposing
two substrates opposite to each other becomes smaller, and
the above-described problem becomes more obvious.

SUMMARY OF THE INVENTION

[0008] Accordingly, an exemplary feature of the invention
is to provide an LCD panel, in which substrates opposite to
each other are easily aligned and light leakage due to
misalignment is hardly caused, and to provide a method of
manufacturing the same.

[0009] An LCD panel of the present invention is provided
with a pair of substrates opposite to each other, which hold
a liquid crystal layer therebetween. A substantially spherical
spacer is fixed to a first one of the substrates, and a concave
portion is formed in a position in a second one of the
substrates, the position being opposite to the spacer.
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[0010] Tt is preferable that the pair of the substrates be
fixed in a state where the spacer and the concave portion are
engaged with each other.

[0011] It is preferable that the concave portion have a side
wall portion inclined at a predetermined angle to a plane of
the second substrate and a cross-section of the concave
portion in a direction substantially perpendicular to the plane
be V-shaped.

[0012] It is preferable that the concave portion have a
stepped shape in which an area of an aperture becomes
gradually smaller toward a bottom.

[0013] It is preferable that an insulating film be formed in
the second substrate and the concave portion be formed by
removing a part of the insulating film.

[0014] Tt is preferable that the concave portion penetrate
the insulating film and a ground of the insulating film be
exposed to the outside.

[0015] It is preferable that the insulating film be a photo-
sensitive organic film and at least a part of the concave
portion be formed of a curve surface.

[0016] It is preferable that the spacer be fixed to the first
substrate by an adhesive member.

[0017] It is preferable that a black matrix layer shields
light from entering interstices between a plurality of pixels
be formed on the first substrate and the spacer be fixed over
the black matrix layer.

[0018] A method of manufacturing an LCD panel of the
present invention is a method of manufacturing an LCD
panel including a pair of substrates opposite to each other,
which hold a liquid crystal layer therebetween. The method
includes steps of: fixing a substantially spherical spacer to a
first one of the substrates; forming a concave portion in a
position in a second one of the substrates, the position being
opposite to the spacer; and bonding the pair of the substrates
with each other in a state where the liquid crystal layer is
held therebetween.

[0019] It is preferable that the pair of the substrates be
bonded with each other in a state where the spacer and the
concave portion are engaged with each other.

[0020] It is preferable that the bonding step include a step
of superposing the pair of the substrates in a state where the
spacer and the concave portion are engaged with each other
and then aligning the pair of the substrates with each other.
[0021] Ttis preferable that the concave portion have a side
wall portion inclined at a predetermined angle to a plane of
the second substrate and a cross-section of the concave
portion in a direction substantially perpendicular to the plane
be V-shaped.

[0022] It is preferable that the concave portion have a
stepped shape in which an area of an aperture becomes
gradually smaller toward a bottom surface.

[0023] It is preferable that an insulating film be formed in
the second substrate and the concave portion be formed by
removing a part of the insulating film.

[0024] It is preferable that the concave portion penetrate
the insulating film and a ground of the insulating film be
exposed to the outside.

[0025] It is preferable that the insulating film be a photo-
sensitive organic film and at least a part of the concave
portion be formed of a curved surface.

[0026] It is preferable that the fixing step includes a step
of coating the first substrate with an adhesive member and
a step of fixing the spacer to the adhesive member.
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[0027] Tt is preferable that a black matrix layer shielding
light from entering interstices between a plurality of pixels
is formed on the first substrate and the spacer is fixed to an
upper portion of the black matrix layer.

[0028] Tt is preferable that the substantially spherical
spacer is fixed to the first substrate, followed by forming an
alignment film over the first substrate.

[0029] Tt is preferable that an alignment film is formed
over the first substrate, followed by fixing the substantially
spherical spacer to the first substrate.

[0030] In this manner, in the present invention, a substan-
tially spherical spacer is fixed to the first substrate config-
uring an LCD panel, and a concave portion is provided in a
portion on the second substrate, the portion being opposite
to the spacer. With this, friction resistance at the time of
contact is reduced so that the substrates opposite to each
other can be easily aligned. In addition, by engaging the
spacer and the concave portion with each other, misalign-
ment at the time of transportation or the curing of a sealant
can be suppressed. Therefore, light leakage due to the
misalignment can be surely prevented. Moreover, the sub-
stantially spherical spacer is used as a spacer, which is
excellent in elasticity as compared with a columnar spacer.
With this, a diameter of the spacer member can be enlarged
by the depth of the concave portion. Accordingly, a margin
for a gap change is widened, so that gap irregularity due to
temperature change can be surely prevented.

[0031] According to the LCD panel and a method of
manufacturing the same of the present invention, the fol-
lowing effects can be obtained.

[0032] A first effect of the present invention is that first and
second substrates opposite to each other can be easily
aligned. When the two substrates are superposed, an align-
ment operation is carried out in a position where the two
substrates opposite to each other are very adjacent and the
final alignment operation is carried out in a state that the two
substrates are at least partially brought into contact. In the
present invention, a spherical spacer is fixed to the first
substrate and a concave portion is provided in the second
substrate. With this, friction resistance at the time of contact
can become sufficiently small, and positions of the two
substrates opposite to each other can be corrected in a
self-aligned manner. Therefore, alignment can be easily
carried out with high precision.

[0033] A second effect of the present invention is that light
leakage due to misalignment can be surely prevented. The
reason is as follows. The spherical spacer is engaged with
the concave portion at the time of the alignment operation.
Accordingly, the two substrates opposite to each other can
be superposed with high precision by designing a gap
between the spherical spacer and the concave portion with
superposing precision by which the light leakage is pre-
vented.

[0034] In addition, even when the two substrates opposite
to each other are superposed with high precision, misalign-
ment is caused thereafter by flexure of a substrate or the like
during transportation to a sealant curing system or during
seal curing processing. For this reason, temporary-fixing is
conventionally carried out by photo-curing just after sub-
strates are superposed. In contrast, in the present invention,
since the spherical spacer and the concave portion are
engaged with each other, misalignment in a direction par-
allel to surfaces of substrates can be suppressed.
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[0035] A third effect of the present invention is that gap
irregularity due to temperature change can be surely pre-
vented. In an LCD panel, a liquid crystal layer expands when
the temperature of the product increases. This causes gap
irregularity since a cell gap becomes larger. For this reason,
an amount of crushing spacer members is conventionally
determined in consideration of thermal expansion amount
within a guaranteed temperature range. As a result of this, a
gap of a product is made narrower. Accordingly, a spacer is
plastically deformed in a case where the amount of crushing
spacer members more than the limit of elastic change of the
material is required. This plastic deformation causes gap
irregularity due to incapability of dealing with the change in
the cell gap when temperature increases. In contrast, in the
present invention, the spherical spacer, which is excellent in
elasticity as compared with a columnar spacer, is used as a
spacer, and a portion with which the spherical spacer comes
in contact is made concave. Accordingly, a size of the spacer
can be enlarged by the depth of the concave portion, so that
a large amount for elastic deformation can be dealt with. As
a result of this, change in the gap due to temperature change
can be effectively absorbed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] These and other objects and advantages and further
description of the invitation will be more apparent to those
skilled in the art by reference to the description, taken in
connection with the accompanying drawings, in which:
[0037] FIG. 1A is a plan view schematically showing a
color filter substrate (CF substrate) of an LCD panel accord-
ing to an embodiment of the present invention;

[0038] FIG. 1B is a plan view schematically showing a
TFT substrate of the LCD panel according to the embodi-
ment of the present invention;

[0039] FIG. 1C is a flowchart for describing a method of
manufacturing the LCD panel of the embodiment of the first
present invention;

[0040] FIG. 1D is a flowchart for describing modified
method of manufacturing the LCD panel of the embodiment
of the first present invention;

[0041] FIG. 2 is a cross-sectional view schematically
showing a first structure of an LCD panel according to an
exemplary embodiment of the present invention;

[0042] FIG. 3 is a cross-sectional view schematically
showing a second structure of the LCD panel according to
the exemplary embodiment of the present invention;
[0043] FIG. 4 is a cross-sectional view schematically
showing a third structure of the LCD panel according to the
exemplary embodiment of the present invention,;

[0044] FIG. 5 is a cross-sectional view schematically
showing a fourth structure of the LCD panel according to the
exemplary embodiment of the present invention,

[0045] FIG. 6 is a cross-sectional view schematically
showing a fifth structure of the LCD panel according to the
exemplary embodiment of the present invention;

[0046] FIG. 7 is a cross-sectional view schematically
showing a sixth structure of the LCD panel according to the
exemplary embodiment of the present invention;

[0047] FIG. 8 is a cross-sectional view showing a structure
of an LCD panel of a first related art;

[0048] FIG. 9 is a cross-sectional view showing a structure
of an LCD panel of a second related art; and
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[0049] FIGS. 10A and 10B are respectively a plan view
and a cross-sectional view for describing problems in the
LCD panels of the related arts.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0050] Before describing preferred embodiments of the
present invention, an LCD panel of the related art will be
described in detail. Firstly, a cell gap control structure of a
first related art will be described. In Japanese Patent Appli-
cation Laid-open No. 2003-121859, proposed is an LCD
panel as shown in FIG. 8. In the LCD panel, columnar
spacers 51 are provided on a CF substrate 50 and apertures
53a are provided in an interlayer insulating film 53 ina TFT
substrate 52. The interlayer insulating film 53 is formed of
an organic material, and each of the apertures 53a is located
so as to correspond a position of the columnar spacer 51.
Each of the columnar spacers 51 is supported by a contact
portion 51a of the columnar spacer 51 within the corre-
sponding aperture 53¢, so that defects such as abnormal
display are prevented, which are easily caused when the cell
gap locally expands under a high temperature.

[0051] Moreover, a cell gap control structure of a second
related art will be described. In Japanese Patent Application
Laid-open No. 2004-205549, proposed is an LCD panel as
shown in FIG. 9. In the LCD panel, contact holes 57a are
provided in a planarizing film 57 in an array substrate 56,
and columnar spacers 55 each having a diameter less than
the maximum diameter of the contact hole 57a are provided
on an opposite substrate 57 respectively in positions corre-
sponding to the contact holes 57a. Each of the columnar
spacers 55 is pressed fit into the corresponding contact hole
57a, so that display defects due to gap irregularity by finger
pressing or the like are prevented.

[0052] For an LCD panel, it is important to control a cell
gap for the purpose of improving its display quality. How-
ever, in the LCD panel of the second related art, clearance
between the columnar spacer 55 and the contact hole 57a
into which the columnar spacer 55 is pressed fit is very
small. For this reason, in a case whetre substrates 54 and 56
opposite to each other cannot be superposed with all the
columns therebetween with high precision, the columnar
spacer 55 protrudes to the outside of the contact hole 57a. In
this case, the columnar spacer 55 supports a portion other
than the contact hole 57a. Accordingly, necessary cell gaps
cannot be obtained, and thus a gap defect is locally caused.

[0053] In addition, in a general LCD panel, light is
shielded from entering alignment defective regions between
adjacent pixels by a black matrix (BM). For this reason, it is
important that two substrates opposite to each other are
precisely superposed within a standard so that the alignment
defective region can be fit in the BM region. At the time of
the superimposing, an operation of alignment is carried out
in a state where the two substrates opposite to each other are
superposed. However, in the LCD panels of the first and
second related arts, the columnar spacers are used as a
spacer member, and a top portion of each columnar spacer
has a planar and wide touch area, and thus large friction
resistance is caused. For this reason, large power is needed
at the time of the operation of alignment in a state where the
substrates are superposed. Accordingly, the operation of
alignment becomes difficult to be precisely carried out, and
thus the degree of precision of the superposing decreases.
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[0054] FIGS. 10A and 10B show an LCD panel in which
a liquid crystal layer 66 is held between an atray substrate
and a CF substrate. In the array substrate, gate wirings 60,
drain wirings 61, and pixel electrodes 62 are formed. In the
CF substrate, a black matrix 63, color layers 64a and 645,
and an opposite electrode 65 are formed. When the degree
of precision of superposing the array substrate and the CF
substrate is below the standard, as shown in FIGS. 10A and
10B, light is not shielded from entering the alignment
defective regions. That is, when the LCD panel is black-
displayed, leak light 67 transmits the LCD panel and these
alignment defective regions where light is not shielded from
entering, glows, thereby causing display defect. Such dis-
play defect is referred to as light leakage display defect.
Recently, in particular, as a substrate becomes larger, it
becomes difficult that two opposite substrates are uniformly
and precisely superposed in a wide region of the whole
substrates. In addition, due to the demand for further fine-
ness, a design margin for the superposing becomes smaller
and the above-described problem is more obvious.

[0055] Recently, although a product with narrower gap is
also demanded, gap irregularity is easily caused in an LCD
panel, due to change in the volume of a liquid crystal layer
associated with temperature change. However, in the LCD
panels of the above-described first and second related arts,
the columnar spacers are used as a spacer member, and the
gap change cannot be effectively reduced by a columnar
material with small elastic force. For this reason, it is
difficult to satisfy the demand for a product with narrower
gap, which requires gap management with high precision.
[0056] Accordingly, in the present invention, an LCD
panel having a liquid crystal layer held between a pair of
opposite substrates is characterized in that spherical spacers
are used as a spacer member defining a gap. Each of these
spherical spacers is fixed respectively to a predetermined
position on first substrate by a predetermined method, and
concave portions each coming in contact with one portion of
the corresponding spherical spacer are formed respectively
in positions on the second substrate, the positions being
opposite to the spherical spacers. In this manner, friction
resistance at the time of the contact is absorbed by using the
spherical spacer, so that the substrates are easily aligned with
respect to each other. Moreover, the spherical spacer and the
concave portion are engaged with each other, so that mis-
alignment at the time of the superposing and at the time of
transporting or thermosetting from the time of the super-
posing to the seal curing is surely prevented, and the
generation of light leakage display defect due to the mis-
alignment is surely prevented. Furthermore, the change in
the gap is effectively absorbed by making the spacer member
spherical and by causing a diameter of each spherical spacer
to be larger by the depth of the concave portion. Accord-
ingly, the generation of the gap irregularity due to tempera-
ture change is surely prevented.

[0057] An LCD panel and a method of manufacturing the
same according to an exemplary embodiment of the present
invention will be described by referring to FIGS. 14, 1B, 1C
to 7. As shown in FIGS. 1A, 1B, and 2, an LCD panel of the
present embodiment is provided with a TFT substrate 20, a
CF substrate 10, substantially spherical spacer members
(hereinafter, referred to as a spherical spacers 30) and a
liquid crystal layer 40. In the TFT substrate 20, switching
elements such as TFTs are formed in a matrix form. The CF
substrate 10 is provided opposite to the TFT substrate 20.
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The spherical spacers 30 are arranged between the TFT
substrate 20 and the CF substrate 10. The liquid crystal layer
40 is held between the TFT substrate 20 and the CF substrate
10 with the gap defined by the spherical spacers 30.
[0058] The CF substrate 10 is configured of a transparent
insulator substrate such as glass or plastic (it is set to a glass
substrate 11), a black matrix layer 12 for shielding light, a
color layer 13 for carrying out color display, a counter pixel
electrode 14 for generating an electric field with a pixel
electrode 28 formed on the TFT substrate 20, and the like.
The spherical spacers 30, each of which is formed of a
polymer bead, a silica bead or the like, are fixed respectively
to predetermined positions on the black matrix layer 12.
[0059] In addition, the TFT substrate 20 is formed of a
transparent insulator substrate such as glass or plastic (which
is to be a glass substrate 21), a gate wiring 22, gate
light-shielding portions 23, a gate insulating film 24 on an
upper layer of the gate light-shielding portions 23, a drain
wiring 25, an insulating film 26 on an upper layer of the
drain wiring 25, a TFT 27, a pixel electrode 28 and the like.
The gate wiring 22 is connected with a gate electrode of each
of the TFTs 27 which is formed of amorphous silicon,
polycrystalline silicon, or the like. The gate light-shielding
portions 23 for shielding light in the periphery of the pixel
are formed in the same layer as that of the gate wiring 22.
The drain wirings 25 are connected with a drain electrode of
each of the TFTs 27. The pixel electrodes 28 are connected
with a source electrode of each of the TFTs 27. Concave
portions 26a, each of which is formed by partially removing
the insulating film 26, are provided respectively in regions
of the TFT substrate 20 coming in contact with the spherical
spacers 30 when the two substrates opposite to each other
are superposed. In the present embodiment, as shown in
FIG. 2, each of the concave portions 26a has a size larger
than that of the spherical spacer 30. Each of the concave
portions 26a are formed in the insulating film 26 between
corresponding two of a plurality of the pixel electrodes 28
adjacent along a direction in which the drain wiring 25
extends. In FIG. 1B, the concave portions 26a are rectan-
gular.

[0060] It is to be noted that each of the spherical spacers
30 is not necessary strictly spherical, but may be a somehow
deformed ellipse. The material thereof is also not limited to
polymer beads or silica beads. In addition, in FIGS. 1A and
1B, the spherical spacer 30 is arranged one by one between
pixels adjacent in a lateral direction in the figure. However,
the arrangement and number of the spherical spacer 30 are
not limited to the configuration shown in the figures. The
spherical spacer 30 may be arranged between pixels adjacent
in a longitudinal direction, or it is also possible that a
plurality of the spherical spacers 30 are arranged between
corresponding two pixels. Otherwise, it is also possible that
one spherical spacer 30 is arranged for each of the plural
pixels. In addition, the concave portion 264 is rectangular in
FIG. 1B. However, the concave portion 26a may be any
shape as long as it engages with the spherical spacer 30. For
example, it may be triangular, polygonal, elliptic, or the like.
[0061] In addition, in FIGS. 1A, 1B, and 2, shown is a
Twisted Nematic (TN) type LCD panel in which a liquid
crystal is driven by an electric field between the pixel
electrode 28 which is formed on the TFT substrate 20, and
the counter pixel electrode 14 opposite to the pixel electrode
28, which is formed on the CF substrate 10. However, it may
be an In-Plane Switching (IPS) type LCD panel in which a
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liquid crystal is driven by an electric field between elec-
trodes formed on the TFT substrate 20. In this case, the pixel
electrode and a common electrode for driving the liquid
crystal are formed on the TFT substrate, and therefore the
counter pixel electrode 14 on the CF substrate 10 is unnec-
essary. In addition, in FIG. 2, the TFT is an inversely-
staggered type (bottom gate type), but it may be a normally-
staggered type (top gate type). As for components other than
the spherical spacer 30 and the concave portion 264, shapes,
arrangement and materials thereof are not particularly lim-
ited.

[0062] Next, a method of manufacturing an LCD panel 1
of an embodiment of the present invention will be described
by referring to FIG. 1C. Firstly, in Step S1, a TFT substrate
20 is prepared. That is, a gate wiring 22 is formed on a glass
substrate 21 by using a sputtering method or the like. At this
time, gate light-shielding portions 23 for shielding leak light
from the periphery of the pixel are formed at the same time.
Next, a gate insulating film 24 formed of a silicon oxide film,
a silicon nitride film or the like is formed by using a vacuum
evaporation method, a plasma-enhanced CVD method or the
like, and a semiconductor layer formed of amorphous sili-
con, polycrystalline silicon or the like is formed thereon.
Furthermore, drain wirings 25 are formed by using the
sputtering method or the like. Next, an insulating film 26
formed of a photosensitive organic layer, a silicon oxide
film, a silicon nitride film or the like is formed by using a
spreading method, a vacuum evaporation method, the
plasma-enhanced CVD method or the like. Concave por-
tions 26a are formed in the insulating film 26 by using a
photolithography technique, or an etching technique. These
concave portions 26a come in contact with the correspond-
ing spherical spacers 30 when the two substrates opposite to
each other are superposed. After that, pixel electrodes 28
formed of Indium Tin Oxide (ITO) or the like are formed by
using the sputtering method or the like. It is to be noted that
a material, a forming method, a forming region, the thick-
ness of each of the gate wiring 22, the gate light-shielding
portions 23, the gate insulating film 24, the semiconductor
layer, the drain wirings 25, and the pixel electrodes 28 are
not particularly limited. In this manner, the TFT substrate is
completed.

[0063] Next, in Step S2, the CF substrate 10 is prepared.
That is, in a region between pixels on the glass substrate 11,
the black matrix layer 12 is formed by using the photoli-
thography technique, and thereafter a color layer 13 for each
of RGB colors is formed in each of the pixel regions by
using the photolithography technique. Furthermore, a
counter pixel electrode 14 formed of ITO or the like is
formed by using the sputtering method or the like. In this
manner, the CF substrate 10 is completed.

[0064] Next, in Step S3, the spherical spacers 30 are fixed
to the CF substrate 10. Here, each of the spherical spacers 30
is fixed to the counter pixel electrode 14 in a predetermined
position where light is shielded from entering by the black
matrix layer 12. One example of methods of fixing the
spherical spacers 30 will be described. For example, ther-
mosetting adhesive members 15 are printed respectively in
predetermined positions where the spherical spacers 30 are
to be fixed, by the intaglio printing method or ink-jet
printing method. The predetermined positions are positions
where light is shielded from entering by the black matrix
layer 12, as described above. Next, the spherical spacers 30
are sprayed on the CF substrate 10 by the dry spraying. With
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this, the spherical spacers 30 adhere respectively to the
portions where the adhesive members 15 are printed. Next,
the spherical spacers 30, each sprayed on the portion where
the adhesive members 15 does not adhere, are removed by
a vacuum cleaner or the like. Furthermore, the spherical
spacers 30 are fixed to the CF substrate 10 by curing the
adhesive members 15 by the heating processing. It is to be
noted that a material, a forming method, a forming region,
thickness and the like of each of the black matrix layer 12,
the color layer 13 and the counter pixel electrode 14 are not
limited to the configurations of the figures. Another fixing
method is also applicable as the fixing method of the
spherical spheres 30. For example, the following method can
be used. A place where the spherical spacers 30 are to be
arranged is coated with a photo-curing adhesive member,
and thereafter the adhesive members are cured by light
irradiation to fix the spherical spacers 30. In this manner, the
spherical spacers 30 are firmly fixed to the CF substrate 10.

[0065] Next, the CF substrate on which the spherical
spacers 30 are fixed, and the TFT substrate 20 on which the
concave portions 26a are formed, are cleaned. Moreover, in
Step S4, the formation of an alignment film and a rubbing
processing on the alignment film are carried out. That is,
polyimide solution to be a material of the alignment film is
applied and calcined by using a printing apparatus or the
like. After that, the rubbing processing is carried out by
unidirectionally rubbing the surface of the alignment film by
buft cloth which is wound around a metal rotation roller, or
the like. Next, substrate cleaning and substrate drying are
carried out for removing residue of the rubbing processing
such as fiber scrap of the buff cloth and cut scrap of the
alignment film. The alignment film is not shown in FIGS. 2
to 7.

[0066] Next, in Step S5, a liquid crystal material is
dropped on the TFT substrate 20. Furthermore, in Step S6,
the CF substrate 10 is circularly coated with a photo-curing
or thermosetting sealant. This circular sealant is formed in
the peripheral regions of each of the pixel regions so as to
surround the pixel regions. It is to be noted that, as for the
drop of the liquid crystal material and the formation of the
sealant, it is also possible that the liquid crystal material is
dropped on the CF substrate 10 and the sealant is formed on
the TFT substrate 20. It is only needed that one of the TFT
substrate 20 and the CF substrate 10 is coated with the
photo-curing or thermosetting sealant and the liquid crystal
material is dropped on the second substrate. As the photo-
curing sealant, a sealant which is cured by irradiation of
ultraviolet rays can be used.

[0067] Next, in Step S7, the TFT substrate 20 and the CF
substrate 10 are superposed. That is, an alignment operation
is carried out in such a manner that both substrates are
opposed to each other and an alignment mark which has
been formed on both substrates in advance is recognized by
a camera. In this alignment operation, in the present embodi-
ment, the spherical spacers 30 are used as a spacer member.
Accordingly, the friction resistance is reduced so as to
facilitate the alignment operation. In addition, by engaging
the spherical spacer 30 and the concave portion 26a with
each other, a positional relation between both substrates can
be defined. Accordingly, both substrates can be superposed
with high precision. For example, the TFT substrate 20 and
the CF substrate 10 can be superposed with an error within
=] pm.
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[0068] Next, in Step S8, the sealant is cured. That is, the
superposed substrates are transported for curing the sealant
by carrying out irradiation of ultraviolet rays or heating
processing. At that time, in the present embodiment, the
spherical spacer 30 and the concave portion 264 are engaged
with each other. For this reason, even though force from the
surface direction of the substrate is applied at the time of the
transportation or the curing, misalignment of the substrates
can be prevented. With this, the LCD panel 1 in which the
substrates are superposed within the standard can be manu-
factured. In this manner, the LCD panel 1 is completed as
shown in FIG. 2, in which the TFT substrate 20 and the CF
substrate 10 are bonded with each other with the liquid
crystal layer 40 held between the TFT substrate 20 and the
CF substrate 10.

[0069] In addition, in the present embodiment, the spheri-
cal spacers 30 which are excellent in elasticity are used as a
spacer member, and the size of the spherical spacer 30 can
be enlarged just for fitting in the depth of the concave portion
26a. Accordingly, the gap change due to temperature change
can be effectively absorbed.

[0070] In FIG. 2, the size of each of the concave portions
26a is larger than that of the spherical spacer 30. However,
the size of each of the concave portions 26a can be arbi-
trarily set according to the precision of superposing the CF
substrate 10 and the TFT substrate 20. For example, as
shown in FIG. 3, concave portions 265 may be designed
each having a size causing the spherical spacer 30 to come
in contact with a bottom surface and a side wall portion of
each of the concave portions 26b. In addition, in FIGS. 2 and
3, the concave portions 26a and 265 are formed in a manner
that the insulating film 26 is removed to expose the gate
insulating film 24 under the insulating film 26 to the outside.
However, for example, as shown in FIG. 4, it is possible that
the insulating film 26 is not completely removed and con-
cave portions 26¢ are formed by half-etching in a manner
that the insulating film 26 is thinly left on the bottom portion.
In addition, each of angles of inclinations of the side walls
26a, 265 and 26¢ of the concave portion is arbitrary set, and
may be a right angle in relation to the surface of the
substrate. However, when the side wall portions are inclined,
it can become easier to cause the spherical spacers 30 to fall
into the corresponding concave portions along the side wall
portions.

[0071] Furthermore, in FIGS. 2 to 4, each of the concave
portions 26a, 265 and 26¢, which engages with the spherical
spacer 30, is configured of the bottom surface parallel to the
surface of the substrate and the side wall portion inclined at
the predetermined angle. However, the concave portion may
be any shape as long as it is capable of engaging with the
spherical spacer 30. For example, the concave portion may
be V-shaped like a concave portion 264 as shown in FIG. 5,
which touches the spherical spacer 30 on two faces thereof.
In this configuration, a load is applied between the two
substrates opposite to each other as well. Accordingly, once
two substrates are superposed in a manner that the concave
portion 264 having a V shape engages with a top portion of
the spherical spacer 30, force works so that the top portion
of the spherical spacer 30 comes closer to the deepest
portion of the V-shaped groove. For this reason, it becomes
possible to superpose two substrates more precisely than the
configuration of FIG. 2.

[0072] In addition, for example, as shown in FIG. 6, the
concave portion may be of a stepped shape in which an
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aperture area gradually becomes smaller in a depth direction.
In this configuration as well, once two substrates are supet-
posed in a manner that the vertex portion of the spherical
spacer 30 fits in a concave portion 26e, force works so that
the top portion of the spherical spacer 30 comes closer to the
deepest portion of the stepped shape. For this reason, a
position for superposing can be obtained with high preci-
sion. The stepped shape can be easily formed by using the
photolithography of a several times.

[0073] Sull furthermore, the two touching surfaces are not
necessarily limited to be planes, but similar effects can be
obtained by using a curved surface shape. As shown in FIG.
7, a concave portion 26/ having a curved surface shape may
be also possible. This curved surface shape can be easily
obtained by the photolithography and overheating and melt-
ing, of a photosensitive organic film. In a pattern after a
photosensitive organic film is coated, exposed, and devel-
oped, an edge portion is generated. In some case, the edge
becomes an inversely tapered shape, depending on the
conditions of exposure and development. As the overheating
and melting, for example, heating processing at approxi-
mately 120 to 140° C. is carried out for about 2 to 3 minutes
after the development. By this heating processing, the edge
portion of the organic film pattern is softened, and thus a
curved surface shape can be obtained. To this end, the
heating processing at 200 to 240° C. is carried out for about
one hour to complete the curing processing of the photo-
sensitive organic film.

[0074] In this manner, the spherical spacers 30 are fixed to
the CF substrate 10 configuring the LCD panel 1, and the
concave portion 26a, 26b, 26¢, 26d, 26e or 26f, which is
formed by partially removing the insulating film 26, is
provided in the portion opposite to the spherical spacer 30 on
the TFT substrate 20, friction resistance at the time of the
contact can be smaller so that alignment of the substrates can
be easily carried out. In addition, by engaging the spherical
spacer 30 and the concave portion, misalignment at the time
of the transportation or at the time of the curing of the
sealing material can be suppressed. Accordingly, light leak-
age due to the misalignment can be surely prevented. In
addition, the sphere spacer 30, which is more excellent in
elasticity than a columnar spacer, is used as a spacer, and a
diameter of the spherical spacer 30 can be enlarged just for
fitting in the depth of the concave portion. Accordingly, a
margin for gap change can be widened, so that gap irregu-
larity due to temperature change can be surely prevented.
[0075] The preferred embodiments are described above.
However, the present invention is not limited to the above-
described embodiments, and various modifications and
applications are possible. For example, in the above-de-
scribed embodiments, the spherical spacers 30 are fixed to
the CF substrate 10. However, the present invention is not
limited to the above-described embodiments. Similar effects
can be obtained even when the spherical spacers 30 are fixed
to the TFT substrate 20, the insulating film is formed on the
CF substrate 10 and the concave portions are formed in the
insulating film.

[0076] Moreover, further modification to the method of
manufacturing an LCD panel is available. Next, another
method of manufacturing an LCD panel of an embodiment
of the present invention will be described by referring to
FIG. 1D. The method is one modification of the first
embodiment described above. Firstly, in Step S1, a TFT
substrate is prepared in the same manner as the first embodi-
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ment described above. That is, a gate wiring is formed on a
glass substrate. Gate light-shielding portions for shielding
leak light from the periphery of the pixel are also formed at
the same time. Next, a gate insulating film is formed, and a
semiconductor layer is formed thereon. Furthermore, drain
wirings are formed. Next, an insulating film is formed.
Concave portions are formed in the insulating film by using
a photolithography technique, or an etching technique.
These concave portions come in contact with the corre-
sponding spherical spacers when the two substrates opposite
to each other are superposed. After that, pixel electrodes are
formed. The TFT substrate is completed in the same manner
as the first embodiment.

[0077] Next, in Step S2, the CF substrate is prepared in the
same manner as the first embodiment described above. That
is, in a region between pixels on the glass substrate, the
black matrix layer is formed, and thereafter a color layer for
each of RGB colors is formed in each of the pixel regions.
Furthermore, a counter pixel electrode is formed. The CF
substrate is completed in the same manner as the first
embodiment.

[0078] Next, the CF substrate, and the TFT substrate on
which the concave portions are formed, are cleaned. More-
over, in Step S3e, the formation of an alignment film and a
rubbing processing on the alignment film are carried out.
That is, polyimide solution to be a material of the alignment
film is applied and calcined by using a printing apparatus or
the like. After that, the rubbing processing is carried out by
unidirectionally rubbing the surface of the alignment film by
buff cloth which is wound around a metal rotation roller, or
the like. Next, substrate cleaning and substrate drying are
carried out for removing residue of the rubbing processing
such as fiber scrap of the buff cloth and cut scrap of the
alignment film.

[0079] Next, in Step Sde, the spherical spacers are fixed to
the CF substrate. Here, each of the spherical spacers is fixed
to the counter pixel electrode via the alignment film in a
predetermined position where light is shielded from entering
by the black matrix layer.

[0080] Next, in Step S5, a liquid crystal material is
dropped on the TFT substrate in the same manner as the first
embodiment described above. Furthermore, in Step S6, the
CF substrate is circularly coated with a photo-curing or
thermosetting sealant in the same manner as the first
embodiment described above. This circular sealant is
formed in the peripheral regions of each of the pixel regions
so as to surround the pixel regions. It is to be noted that, as
for the drop of the liquid crystal material and the formation
of the sealant, it is also possible that the liquid crystal
material is dropped on the CF substrate and the sealant is
formed on the TFT substrate. It is only needed that one of the
TFT substrate and the CF substrate is coated with the
photo-curing or thermosetting sealant and the liquid crystal
material is dropped on the second substrate. As the photo-
curing sealant, a sealant which is cured by irradiation of
ultraviolet rays can be used.

[0081] Next, in Step S7, the TFT substrate and the CF
substrate are superposed in the same manner as the first
embodiment described above. That is, an alignment opera-
tion is carried out in such a manner that both substrates are
opposed to each other and an alignment mark which has
been formed on both substrates in advance is recognized by
acamera. In this alignment operation, in the present embodi-
ment, the spherical spacers are used as a spacer member.
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Accordingly, the friction resistance is reduced so as to
facilitate the alignment operation. In addition, by engaging
the spherical spacer and the concave portion with each other,
a positional relation between both substrates can be defined.
Accordingly, both substrates can be superposed with high
precision. For example, the TFT substrate and the CF
substrate can be superposed with an error within +1 pm.
[0082] Next, in Step S8, the sealant is cured in the same
manner as the first embodiment described above. That is, the
superposed substrates are transported for curing the sealant
by carrying out irradiation of ultraviolet rays or heating
processing, At that time, in the present embodiment, the
spherical spacer and the concave portion are engaged with
each other. For this reason, even though force from the
surface direction of the substrate is applied at the time of the
transportation or the curing, misalignment of the substrates
can be prevented. With this, the LCD panel in which the
substrates are superposed within the standard can be manu-
factured. In this manner, the LCD panel is completed, in
which the TFT substrate and the CF substrate are bonded
with each other with the liquid crystal layer held between the
TFT substrate and the CF substrate.

[0083] According to the modified method of manufactur-
ing an LCD panel, the rubbing processing on the alignment
film are carried, followed by fixing the spherical spacers to
the CF substrate. Therefore, the rubbing dusts are merely
adhered to the spherical spacers. As the results, LCD panel
having a high-contrast characteristic can be manufactured.
[0084] In addition, the configuration of a pair of the
substrates is not limited to the combination of the TFT
substrate and the CF substrate. The present invention can be
also applied to an LCD panel having the combination of an
active matrix substrate and an opposite substrate. For
example, it is also possible that the active matrix substrate
uses a switching element such as MIM element (Metal
Insulator Metal element), other than TFT. The color filter for
carrying out color display may be formed on the opposite
substrate like the above-described embodiment, or may be
formed on the active matrix substrate. In addition, the
present invention can be also applied to an LCD panel
without color filters, which carries out monochrome display.
In addition, the lighting method is not particularly limited,
and the LCD panel may be a transmissive type, a reflective
type, or a transflective type. In addition, in the above-
described embodiments, the description is made by using a
One drop fill method. However, a liquid crystal injecting
method may be used, in which a liquid crystal material is
injected between a pair of substrates after the substrates are
bonded with each other.

[0085] The present invention can be applied not only to an
LCD panel but also to an apparatus in which a gap between
a first and a second substrates is defined by a spacer.
[0086] Although preferred embodiments of the invention
has been described with reference to the drawings, it will be
obvious to those skilled in the art that various changes or
modifications may be made without departing from the true
scope of the invention.

What is claimed is:

1. A liquid crystal display panel comprising:

a pair of substrates opposite to each other, which hold a
liquid crystal layer therebetween;

a substantially spherical spacer fixed to a first one of the
substrates; and
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a concave portion formed in a position in a second one of

the substrates, the position being opposite to the spacer.

2. The liquid crystal display panel according to claim 1,
wherein the pair of the substrates are fixed in a state where
the spacer and the concave portion are engaged with each
other.

3. The liquid crystal display panel according to claim 2,
wherein the concave portion has a bottom surface substan-
tially parallel to a plane of the second substrate and a side
wall portion substantially perpendicular to the plane or
inclined at a predetermined angle to the plane.

4. The liquid crystal display panel according to claim 2,
wherein

the concave portion has a side wall portion inclined at a

predetermined angle to a plane of the second substrate,
and

a cross-section of the concave portion in a direction

substantially perpendicular to the plane is V-shaped.

5. The liquid crystal display panel according to claim 2,
wherein the concave portion has a stepped shape in which an
area of an aperture of the concave portion gradually
becomes smaller toward a bottom surface thereof.

6. The liquid crystal display panel according to claim 2,
wherein

an insulating film is formed in the second substrate, and

the concave portion is formed by removing a part of the

insulating film.

7. The liquid crystal display panel according to claim 6,
wherein

the concave portion penetrates the insulating film, and

a ground of the insulating film is exposed to the outside.

8. The liquid crystal display panel according to claim 2,
wherein

the insulating film is a photosensitive organic film, and

at least a part of the concave portion is formed in a curved

surface.

9. The liquid crystal display panel according to claim 2,
wherein the spacer is fixed to the first substrate with an
adhesive member.

10. The liquid crystal display panel according to claim 2,
wherein

a black matrix layer shielding light from entering inter-

stices between a plurality of pixels is formed on the first
substrate, and

the spacer is fixed over the black matrix layer.

11. A method of manufacturing a liquid crystal display
panel including a pair of substrates opposite to each other,
which hold a liquid crystal layer therebetween, the method
comprising the steps of:

fixing a substantially spherical spacer to a first one of the

substrates;

forming a concave portion in a position in a second one

of the substrates, the position being opposite to the
spacer; and

bonding the pair of the substrates with each other in a state

where the liquid crystal layer is held therebetween.

12. The method of manufacturing a liquid crystal display
panel according to claim 11, wherein the pair of the sub-
strates are bonded with each other in a state where the spacer
and the concave portion are engaged with each other.

13. The method of manufacturing the liquid crystal dis-
play panel according to claim 12, wherein the bonding step
includes the step of superposing the pair of the substrates in
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a state where the spacer and the concave portion are engaged
with each other, and of aligning the pair of the substrates
with each other.

14. The method of manufacturing a liquid crystal display
panel according to claim 13, wherein the concave portion
has a bottom surface substantially parallel to a plane of the
second substrate and a side wall portion substantially per-
pendicular to the plane or inclined at a predetermined angle
to the plane.

15. The method of manufacturing a liquid crystal display
panel according to claim 12, wherein

the concave portion has a side wall portion inclined at a

predetermined angle to a plane of the second substrate,
and

a cross-section of the concave portion in a direction

substantially perpendicular to the plane is V-shaped.

16. The method of manufacturing a liquid crystal display
panel according to claim 12, wherein the concave portion
has a stepped shape in which an area of an aperture of the
concave portion gradually becomes smaller toward a bottom
surface thereof.

17. The method of manufacturing a liquid crystal display
panel according to claim 12, wherein

an insulating film is formed in the second substrate, and

the concave portion is formed by removing a part of the

insulating film.

18. The method of manufacturing the liquid crystal dis-
play panel according to claim 17, wherein

the concave portion penetrates the insulating film, and

a ground of the insulating film is exposed to the outside.

19. The method of manufacturing a liquid crystal display
panel according to claim 12, wherein
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the insulating film is a photosensitive organic film, and

at least a part of the concave portion is formed of a curved

surface.

20. The method of manufacturing a liquid crystal display
panel according to claim 12, wherein the fixing step
includes:

the step of coating the first substrate with an adhesive

member; and

the step of fixing the spacer to the adhesive member.

21. The method of manufacturing a liquid crystal display
panel according to claim 12, wherein

a black matrix layer shielding light from entering inter-

stices between a plurality of pixels is formed on the first
substrate, and

the spacer is fixed over the black matrix layer.

22. The method of manufacturing a liquid crystal display
panel according to claim 11, wherein

the substantially spherical spacer is fixed to the first

substrate, followed by forming an alignment film over
the first substrate.

23. The method of manufacturing a liquid crystal display
panel according to claim 22, wherein the fixing step
includes:

the step of coating the first substrate with an adhesive

member; and

the step of fixing the spacer to the adhesive member.

24. The method of manufacturing a liquid crystal display
panel according to claim 11, wherein

an alignment film is formed over the first substrate,

followed by fixing the substantially spherical spacer to
the first substrate.
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