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7) ABSTRACT

Aliquid crystal display device has the first substrate and the
second substrate. The first substrate includes a gate line, a
source line crossing the gate line, a switching element
connected to the source line, a liquid crystal drive electrode
connected to the switching element and having a plurality of
electrodes substantially parallel to each other, and a common
electrode consisting of a plurality of comb-shaped electrodes
arranged substantially parallel to and alternately with the
liquid crystal drive electrode. The second substrate includes
color filters arranged in an array arrangement and a black
matrix provided between the color filters. A spacer between
the substrates contacts the first substrate in the area where
the gate line, the liquid crystal drive electrode, and the
common electrode are arranged in the vicinity of each other.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a liquid crystal
display device and more specifically to a liquid crystal
display device with a high aperture ratio for achieving
higher brightness, lower power consumption, and lower
Costs.

[0003] 2. Related Background Art

[0004] A liquid crystal display device has a pair of trans-
parent substrates placed opposite to each other. One is a thin
film transistor array substrate which will be hereinafter
referred to as a TFT substrate, and the other is a color filter
substrate as a CF substrate. The substrates are provided with
electrodes to drive a liquid crystal layer. On the TFT
substrate, a switching element and a liquid crystal drive
electrode and the like connected to the switching element are
formed in an array arrangement. On the CF substrate, a black
matrix (hereinafter referred to as a BM) arranged between
color filters comprising of red, green, and blue films are
formed corresponding to each switching element. Liquid
crystal material is filled between the two substrates to
display images by its polarization mechanism. A twisted
nematic mode has been generally applied for driving liquid
crystal, in which an electric field perpendicular to substrates
is applied to liquid crystal to change the alignment direction
of liquid crystal molecules from horizontal to vertical.

[0005] The twisted nematic mode, however, has the prob-
lem of a narrow viewing angle since the liquid crystal
molecules aligned vertically by the electric field make a
certain angle with the substrates to vary brightness depend-
ing on the direction As a solution to the above problem, a
liquid crystal display device of an In-Plane Switching mode
(which will be hereinafter referred to as an IPS mode”) has
come into use, in which an electric field substantially
parallel to substrates is applied to liquid crystal to cause
liquid crystal molecules to rotate in the horizontal direction.

[0006] In the IPS mode liquid crystal display device,
liquid crystal molecules are always parallel to substrates,
and therefore a viewing angle is significantly wider than the
twisted nematic liquid crystal display device. The IPS liquid
crystal display device has come to the front for use as a
monitor.

[0007] In a liquid crystal panel, an adhesive agent called
sealing material is applied to the periphery of the CF
substrate being adhered to the TFT substrate. There is a gap
between the two substrates, in which liquid crystal material
is filled. It is difficult to have the uniformity of the gap over
an entire substrate, and therefore the gap varies between
places, causing brightness and color to change to produce
uneven picture. Since the change in brightness and color
according to the gap is generally greater in the IPS mode
than in the twisted nematic mode, the IPS mode especially
requires the uniformity of the gap over the entire substrate.

[0008] In order to ensure the uniformity of the gap width,
a number of spacers are generally provided over the plane
between the substrates. The spacers are generally formed on
the CF substrate in the configuration shown in FIG. 9. The
reference numeral 8 designates the spacer, 9 a BM as a
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light-shielding layer, 10 a color filter as an RGB pixel , and
13 an overcoat layer to planarize the surface of the CF
substrate.

[0009] Conventionally, when the CF substrate and the TFT
substrate are overlapped, the spacer 8 is located in the
position shown in FIGS. 10 and 11 on the TFT substrate.
The reference numeral 1 designates a gate line, 2 a source
line, 3 a source ¢lectrode, and 4 a drain electrode, which
constitute a switching element of a TFT. The reference
numeral 5§ designates a liquid crystal drive electrode con-
nected to the drain electrode 4, 6 a common electrode placed
opposite to the liquid crystal drive electrode 5, and 7 a
common capacitor line connected to the common electrode
6. An electric field between the liquid crystal drive electrode
5 and the common electrode 6 causes liquid crystal material
to align. In the IPS mode, the liquid crystal drive electrode
5 and the common electrode 6 are comb-shaped to apply a
charge horizontally. The BM 9 are placed in the position
shown by a heavy line in FIGS. 10 and 11 (the position
corresponding to the gate line 1 and the source line 2) on the
CF substrate in order to block light between pixels. FIGS.
10 and 11 are enlarged views of one pixel, and the pixels are
arranged in an array arrangement.

[0010] In the arrangement shown in FIG. 10, the spacer 8
contacts the TFT substrate on the source line 3. The normal
diameter of the spacer 8 is approximately 10 to 20 gm. Since
the pixels are arranged in an array arrangement, the line
width ¢ of the BM 9 is the sum of ¢ plus d in FIG. 10 which
is approximately 15 um being substantially equal to the
spacer 8.

[0011] The height of the spacer 8 should be equal in order
to have the uniform width of a cell gap (the gap between the
two substrates). Therefore, when the substrates are arranged
facing each other, the spacer 8 should not overlap with the
color filters 10 nor stick out the BM 9. Also, the BM 9 and
the color filters 10 should overlap in order to avoid decol-
oring to increase a panel display quality. However, with the
width accuracy and the position accuracy with respect to the
BM 9 of the spacer 8, the width accuracy of the BM 9, and
the width accuracy and the position accuracy with respect to
BM 9 of the color filters 10, the BM 9 should have a width
of approximately 10 to 15 um each side, causing low
aperture ratio and low brightness. There is thus the problem
that a less costly backlight with lower power consumption is
unachievable in a liquid crystal display device.

[0012] In the arrangement shown in FIG. 11, the spacer
contacts the TFT substrate on the gate line 1. The line width
¢ of the BM 9 in this arrangement is the sum of a plus b in
FIG. 11 which is approximately 30 um.

[0013] However, in order to provide the spacer 8 avoiding
an uneven gap, the width of the BM should be wider
(approximately 35 to 45 um) in this case as well. Accord-
ingly, an aperture ratio is decreased to reduce brightness.
The conventional liquid crystal display device thereby has
the problem that a less costly backlight with lower power
consumption is unachievable.

[0014] Further, in the conventional TFT substrate shown
in FIGS. 10 and 11, even when the widths of the gate line
1, source line 2, and BM 9 are narrowed down for a higher
aperture ratio, it is impossible to narrow the width of the BM
around the spacer 8, thus hindering increase in the aperture
ratio.
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SUMMARY OF THE INVENTION

[0015] The present invention has been accomplished to
solve the above problems and an object of the present
invention is thus to provide a liquid crystal display device
with a high aperture ratio and high brightness.

[0016] A liquid crystal display device according to the
present invention is a liquid crystal display device having
the first and second substrates, a spacer (the spacer 8 in
embodiments of the present invention, for example) to give
a substantially equal gap between the substrates, and a liquid
crystal layer interposed between the substrates. The first
substrate includes a gate line (the gate line 1 in the embodi-
ments of the present invention, for example), a source line
(the source line 2 in the embodiments of the present inven-
tion, for example) crossing the gate line with an insulation
film interposed therebetween, a switching element con-
nected to the source line; a liquid crystal drive electrode (the
liquid crystal drive electrode 5 in the embodiments of the
present invention, for example) connected to the switching
element and having a plurality of electrodes substantially
parallel to each other, and a comb-shaped common electrode
(the common electrode 6 in the embodiments of the present
invention, for example) having a plurality of electrodes
substantially parallel to and alternately with the liquid
crystal drive electrode. The second substrate includes color
filters (the color filters 10 in the embodiments of the present
invention, for example) arranged in an array arrangement,
and a light shielding layer (the BM 9 in the embodiments of
the present invention, for example) provided between the
color filters. The spacer contacts the first substrate in the area
where the gate line, the liquid crystal drive electrode, and the
common electrode are arranged in the vicinity of each other.
The above configuration increases an aperture ratio to attain
higher brightness.

[0017] A liquid crystal display device according to the
present invention is a liquid crystal display device having
the first and second substrates, a spacer to give a substan-
tially equal gap between the substrates, and a liquid crystal
layer interposed between the substrates. The first substrate
includes a gate line, a source line crossing the gate line with
an insulation film interposed therebetween, a switching
element connected to the source line, a liquid crystal drive
electrode connected to the switching element and having a
plurality of electrodes substantially parallel to each other,
and a comb-shaped common electrode having a plurality of
electrodes arranged substantially parallel to and alternately
with the liquid crystal drive electrode. The second substrate
includes color filters arranged in an array arrangement and
a light shielding layer provided between the color filters. The
spacer contacts the first substrate in the area where the
source line, the liquid crystal drive electrode, and the
common electrode are arranged in the vicinity of each other.
The above configuration increases an aperture ratio to attain
higher brightness.

[0018] A liquid crystal display device according to the
present invention is a liquid crystal display device having
the first and second substrates, a spacer to give a substan-
tially equal gap between the substrates, and a liquid crystal
layer interposed between the substrates. The first substrate
includes a gate line and a source line crossing the gate line
with an insulation film interposed therebetween. The second
substrate includes color filters arranged in an array arrange-
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ment and a light shielding layer provided between the color
filters. The spacer contacts the first substrate in the area near
a crossing point of the gate line and the source line. The
above configuration increases an aperture ratio to attain
higher brightness.

[0019] A liquid crystal display device according to the
present invention is a liquid crystal display device having
the first and second substrates, a spacer to give a substan-
tially equal gap between the substrates, and a liquid crystal
layer interposed between the substrates. The first substrate
includes a gate line, a source line crossing the gate line with
an insulation film interposed therebetween, a switching
element connected to the source line, a liquid crystal drive
electrode connected to the switching element, a common
electrode arranged opposite to the liquid crystal drive elec-
trode, and a common capacitor line arranged substantially
parallel to the gate line and connected to the common
electrode. The second substrate includes color filters
arranged in an array arrangement and a light shielding layer
provided between the color filters. The spacer contacts the
first substrate in the area near a crossing point of the source
line and the common capacitor line. The above configuration
increases an aperture ratio to attain higher brightness.

[0020] The spacer is preferably arranged above the light
shielding layer. An aperture ratio is thereby increased to
attain higher brightness.

[0021] A liquid crystal display device according to the
present invention is a liquid crystal display device having
the first and second substrates, a spacer to give a substan-
tially equal gap between the substrates, and a liquid crystal
layer interposed between the substrates. The first substrate
includes a gate line, a source line crossing the gate line with
an insulation film interposed therebetween, a switching
element connected to the source line, a liquid crystal drive
electrode connected to the switching element, a common
electrode arranged opposite to the liquid crystal drive elec-
trode, and a common capacitor line arranged substantially
parallel to the gate line and connected to the common
electrode. The second substrate includes color filters
arranged in an array arrangement and a light shielding layer
provided between the color filters. The spacer contacts the
first substrate above the common capacitor line, and contacts
the second substrate above the color filters. The above
configuration increases an aperture ratio to attain higher
brightness.

[0022] The spacer is preferably arranged above the color
filters. An aperture ratio is thereby increased to attain higher
brightness.

[0023] Tt is also possible that the spacer is arranged above
the first substrate. An aperture ratio is thereby increased to
attain higher brightness.

[0024] The spacer can have a column shape. An aperture
ratio is thereby increased to attain higher brightness.

[0025] Ttis preferable to apply the present invention to an
In-Plane Switching mode liquid crystal display device.

[0026] The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawings which are given by way of
illustration only, and thus are not to be considered as limiting
the present invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG.1is ablock diagram of a pixel area of a liquid
crystal display device according to the first embodiment of
the present invention.

[0028]

[0029] FIG. 3 is ablock diagram of a pixel area of a liquid
crystal display device according to the second embodiment
of the present invention.

FIG. 2 is an enlarged view of the area A in FIG.

[0030] FIG. 4 is an enlarged view of the portion B in FIG.
2.
[0031] FIG. 5 is a block diagram of a pixel area of a liquid

crystal display device according to the third embodiment of
the present invention.

[0032] FIG. 6is ablock diagram of a pixel area of a liquid
crystal display device according to the fourth embodiment of
the present invention.

[0033] FIG. 7 is ablock diagram of a pixel area of a liquid
crystal display device according to another embodiment of
the present invention.

[0034] FIG. 8 is a block diagram of a CF substrate in a
liquid crystal display device according to the present inven-
tion.

[0035]

[0036] FIG. 10 is a block diagram of a pixel area of a
conventional liquid crystal display device.

[0037] FIG. 11 is a block diagram of a pixel area of a
conventional liquid crystal display device.

FIG. 9 is a block diagram of the CF substrate.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0038]

[0039] A liquid crystal display device according to the
present invention has a TFT substrate and a SF substrate
facing each other, between which is interposed liquid crystal
material, just like the conventional liquid crystal display
device. The structure of a pixel area of the liquid crystal
display device is shown in FIG. 1. FIG. 1 illustrates the
structure of the TFT substrate in one pixel. The reference
numeral 1 designates a gate line, 2 a source line, 3 a source
electrode, 4 a drain electrode, 5 a liquid crystal drive
electrode, 6 a common electrode, 7 a common capacitor line,
8 a spacer, and 9 a BM.

[0040] A manufacturing process of the TFT substrate will
be explained hereinbelow. First, a conductive film such as
Al, Cr, Mo, Ti, and W is deposited on an insulating substrate
using a sputtering device. Then, the gate line 1 and the
common capacitor line 7 are formed by a photolithography
process, etching process, and resist stripping process.

[0041] Next, a insulation film such as SiNx and a semi-
conductor film of a-Si film are deposited by a plasma CVD
device on the insulating substrate on which the gate line 1
and the common capacitor line 7 have been formed. The
semiconductor layer is doped with impurities such as P and
As to form a N*a-Si layer as an ohmic layer. Then, a
semiconductor layer is formed by the photolithography
process, etching process, and resist stripping process.

First Embodiment
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[0042] Further, a conductive film such as Al, Cr, Mo, Ti,
and W is deposited thereon by the sputtering device. Then,
a drain electrode 4, source electrode 3, and a source line 2
are formed by the photolithography process, etching pro-
cess, and resist stripping process.

[0043] After that, SINx film as an interlayer insulation film
is deposited, and a contact hole is formed by the photoli-
thography process, resist stripping process, and etching
process. Then, a transparent conductive film such as an ITO
film is deposited. By the photolithography process, etching
process, and resist stripping process, the liquid crystal drive
electrode 5 and the common electrode 6 are formed to be
comb-shaped facing each other. The drain electrode 4 con-
tacts the liquid crystal drive electrode 5, while the common
electrode 6 contacts the common capacitor line 7, through
the contact hole. A TFT is formed in the above process, and
the TFT substrate having the TFTs in an array arrangement
is used for a liquid crystal display device.

[0044] 1In the TFT substrate of an IPS mode, the liquid
crystal drive electrode 5 and the common electrode 6 can be
formed by a metal film such as Cr, Al, Mo, Ti, W, or can have
a multilayer structure of metal Cr and oxidation Cr. It is also
possible to form the liquid crystal drive electrode 5 and the
common electrode 6 in the same process as the drain
electrode 4.

[0045] Then, the TFT substrate is cleared, and an align-
ment layer is deposited thereon. Baking and rubbing treat-
ments are processed after that. The rubbing direction is
substantially parallel to the source line 2. Therefore, when
the TFT is off, liquid crystal molecules are aligned substan-
tially parallel to the source line 2.

[0046] Now, a manufacturing process of the CF substrate
will be explained hereinafter with reference to FIG. 8. First,
a Cr film is deposited on an insulating substrate by the
sputtering device. Then, the BM 9 which is a light shielding
layer is formed by the photolithography process and so on.
Though the Cr film is deposited by the sputtering in this
case, it can be a bilayer of metal Cr and oxidation Cr, or
another kind of film such as Ni and Al Also, the film
deposition method is not limited to the sputtering method,
whereas another deposition method such as a vapor depo-
sition method can be used. Further, a resin black matrix in
which light shielding material is dispersed in a resin can be
applied.

[0047] Then, red pigment is applied onto the substrate.
The pigment is then patterned by resist coating, exposure,
and development processes to form a red color filter 10a
between the BM 9. A green color filter 105 and a blue color
filter 10c are formed in the same manner, thereby forming
color filters 10 of the three primary colors. The color filters
10 and the BM 9 overlap to prevent light from leaking.
Though the present embodiment uses the pigment dispersion
method, dyeing, electrical deposition, or printing methods
can be also employed.

[0048] A overcoat layer 13 is then deposited, and the
surface is smoothed. An alignment layer 11 is deposited
thereon. After that, the baking and rubbing treatments are
processed as is the case with the alignment layer of the TFT
substrate. The rubbing direction is substantially parallel to
the source line 2. Therefore, when the TFT is off, liquid
crystal molecules are aligned substantially parallel to the
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source line 2. The overcoat layer 13 is heat and chemical
resistant to protect the color filters 10. Though the overcoat
layer 13 and the alignment layer 11 are formed separately,
they can be formed in the same layer.

[0049] Then, the spacer 8 to make a gap between the TFT
substrate and the CF substrate where liquid crystal material
is filled is formed. The spacer 8 is formed by the photoli-
thography process after a resin layer has been applied. The
spacer 8 is tapered column shaped as shown in FIG. 8, its
section being substantially circular. The diameter of the foot
of the column (a contact surface at the side of the CF
substrate) is approximately 15 um. The larger is the section,
the better uniformity of the gap is obtained over the entire
substrate. However, since the overlap with the color filters
10 or the projection from the BM 9 causes the less unifor-
mity of the gap between the substrates, the large BM width
is required, decreasing the aperture ratio.

[0050] The TFT substrate and the CF substrate which have
formed in the above process are laminated with sealing
material, and liquid crystal material is filled therebetween. A
liquid crystal panel is produced in the above process. The

BM 9 is arranged in the area surrounded by the heavy line
in FIG. 1.

[0051] In the following, the movement of liquid crystal
molecules in the area on the TFT substrate where the gate
line 1, liquid crystal drive electrode 5, and common elec-
trode 6 are arranged in the vicinity of each other will be
explained with reference to FIG. 2. FIG. 2 is an enlarged
view of the area A shown by a broken line in FIG. 1. It is
noted that, in FIGS. 1 and 2, the same ¢elements are denoted
by the same reference numerals, and redundant description
will be omitted. The reference numeral 12 designates a
liquid crystal molecule interposed between the TFT sub-
strate and the CF substrate, and the broken line shows an
electric field line when a voltage is applied only to the gate
line 1.

[0052] Asshown in FIG. 2, the rubbing treatment is given
to the alignment layer 11. The rubbing direction is substan-
tially perpendicular to the gate line 1. Since no voltage is
applied to the liquid crystal drive electrode 5 when the TET
is off, the potential difference between the liquid crystal
drive electrode § and the common electrode 6 approaches 0.
Therefore, the liquid crystal molecules 12 are aligned in the
same direction as the rubbing direction, blocking light from
a backlight. It results in an IPS mode liquid crystal display
device in a normally black mode.

[0053] When the liquid crystal is driven, on the other
hand, a gate voltage changes to produce a potential differ-
ence near the gate line 1, and therefore the electric field line
is in the same direction as the rubbing direction, as shown
in the broken line. In the area outside of the light leakage
area C near the gate line 1, the liquid crystal drive electrode
5 and the gate line 1 are substantially parallel, and so are the
common electrode 6 and the gate line 1. The electric field
line between them are therefore substantially perpendicular
to the gate line 1. The liquid crystal molecules 12 are thus
aligned in the same direction as the rubbing direction,
blocking light from a backlight.

[0054] However, in the light leakage area C surrounded by
the broken line in FIG. 2, the direction of the electric field
line is different from the rubbing direction as shown in FIG.
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2. Therefore, the liquid crystal molecules 12 are inclined to
cause light to leak. To maintain contrast, the light leakage
area C requires the BM 9 blocking light. Light leakage
occurs in the area C when displaying black, causing an
alignment error. A light blocking means is thus required in
the alignment error area.

[0055] The spacer 8 is arranged in the above position
according to the present embodiment of the invention. The
line width e of the BM 9 on the gate line 1 outside of the area
C is the sum of a plus b in FIG. 1 which is approximately
30 ym. Therefore, with the width accuracy and the position
accuracy with respect to the BM 9 of the spacer 8 , the width
accuracy of the BM 9, and the width accuracy and the
position accuracy with respect to BM 9 of the color filters 10
when forming the CF substrate, the spacer 8 sticks out the
BM 9 and overlaps with the color filters 10, causing the less
uniformity of the cell gap .

[0056] In the area where the gate line 1, the liquid crystal
drive electrode 5, and the common electrode 6 are arranged
in the vicinity of each other, the BM 9 is wider to block the
light leakage area C. Therefore, placing the spacer 8 in this
area prevents the spacer 8 from sticking out the BM 9 or
overlapping with the color filters 10. It also narrows the
widths of the lines and the BM in the area other than the
alignment error area, reducing the BM area. A high aperture
ratio is thereby attained to achieve higher brightness. In
addition, power consumption and costs can be reduced for
the backlight.

[0057] Asexplained in the foregoing, the first embodiment
of the present invention provides the spacer in the area in
which the gate line 1, liquid crystal drive electrode 5, and
common electrode 6 are arranged in the vicinity of each
other, or the alignment error area, where the wider BM width
is required to avoid light leakage, thereby achieving a higher
aperture ratio.

[0058]

[0059] A liquid crystal display device according to the
present invention will be explained hereinbelow with refer-
ence to FIGS. 3 and 4. It is noted that in FIGS. 1 to 4 the
same elements will be denoted by the same reference
numerals and redundant description will be omitted.

[0060] FIG. 3 illustrates the structure of a pixel area of a
liquid crystal display device according to the second
embodiment of the present invention. FIG. 4 is an enlarged
view of the area B shown by a broken line in FIG. 3. A
manufacturing method of a TFT substrate and a CF substrate
in the second embodiment is the same as that in the first
embodiment. The rubbing direction is also the same in the
first and second embodiments.

[0061] In the second embodiment, the position of the
spacer 8 is different from that in the first embodiment, as
shown in FIG. 3. The spacer 8 is placed in the area where
the source line 2, the liquid crystal drive electrode 5, and the
common electrode 6 are arranged in the vicinity of each
other.

[0062] The movement of liquid crystal molecules in the
above area will be explained hereinafter with reference to
FIG. 4. As described above, the rubbing treatment is given
to the alignment layer 11 in the direction substantially
perpendicular fo the gate line 1 which is substantially

Second Embodiment
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parallel to the source line 2. When liquid crystal is driven,
a source voltage changes. Accordingly, when a voltage is
applied only to the source line 2, an electric field line near
the source line 2 is as shown in FIG. 4. Therefore, the liquid
crystal molecules 12 are inclined just like the first embodi-
ment, to cause light leakage. The electric field line is
substantially perpendicular to the rubbing direction between
the liquid crystal drive electrode § and the source line 2. The
liquid crystal molecules 12 are thus aligned perpendicular to
the rubbing direction as shown in FIG. 4, which causes light
to leak. Light leakage occurs in the area when displaying
black to result in an alignment error. A light blocking means
is thus required in the alignment error area.

[0063] For the above reasons, light leakage occurs in the
light leakage area D shown by the broken line in FIG. 4.
Therefore, the area needs the BM 9 blocking light to
maintain contrast, and the wider width of the BM is required
in the light leakage area D. Therefore, placing the spacer 8
in this area prevents the spacer 8 from sticking out the BM
9 or overlapping with the color filters 10. It also narrows the
widths of the lines and the BM in the area other than the
alignment error area, reducing the BM area. A high aperture
ratio is thereby attained to achieve higher brightness. In
addition, power consumption and costs can be reduced for
the backlight. The BM area should be larger near the area B.

[0064] As explained in the foregoing, the second embodi-
ment of the present invention provides the spacer 8 in the
alignment error area of the pixel area in which the source
line 2, liquid crystal drive electrode 5, and common elec-
trode 6 are arranged in the vicinity of each other, thereby
achieving a higher aperture ratio.

[0065]

[0066] The same effect as above can be obtained when
placing the spacer 8 in the alignment error area requiring the
larger width of the BM 9 not described in the first and second
embodiments. For example, the spacer can be placed near
the crossing point of the gate line 1 and the source line 2. The
gate line 1, source line 2, common electrode 6, and liquid
crystal drive electrode 5 are arranged in the vicinity of each
other in the area. An electric field produced by the potential
difference between them causes misalignment of liquid
crystal molecules, resulting in light leakage. Therefore, the
area becomes an alignment error area where a light blocking
means is required, and the BM 9 should have a larger width
there. Placing the spacer 8 in this area allows reduction of
the BM area, achieving a high aperture ratio. The BM area
should be larger near the TFT in this case as shown in FIG.
5

[0067] The liquid crystal panel having the above configu-
ration is not limited to be applied to a liquid crystal display
device of an IPS mode, but applicable to a liquid crystal
display device of a TN mode and so on. It is possible to
narrow the BM width and achieve a higher aperture ratio.

[0068]

[0069] It is also possible to place the spacer 8 near the
crossing point of the source line 2 and the common capacitor
line 6. Since the source line 2 and the common capacitor line
6 cross each other in the area, an electric field line produced
by the potential difference between the lines causes mis-
alignment of liquid crystal molecules, resulting in light

Third Embodiment

Fourth Embodiment
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leakage. Therefore, the BM width outside of the area can be
narrowed. The BM area is thus reduced, achieving a higher
aperture ratio.

[0070] The liquid crystal panel having the above configu-
ration is not limited to be applied to a liquid crystal display
device of an IPS mode, but applicable to a liquid crystal
display device of a TN mode and so on. Reduction of the
BM area is thereby possible to achieve a higher aperture
ratio.

[0071] The above first to fourth embodiments places the
spacer 8 in an alignment error area where light leakage
occurs and the larger width of the BM is required. The width
of the BM in the area other than the alignment error area can
be narrowed to reduce the BM area. A liquid crystal display
device thereby has higher brightness, attaining a less costly
backlight with lower power consumption.

[0072] Another Embodiment

[0073] It is further possible to place the spacer 8 on the
common capacitor line 7 as shown in FIG. 7. The spacer 8
is not on the BM 9 but on the color filters 10 on the CF
substrate. Since the common capacitor line 7 is formed by a
metal film as described in the first embodiment, light from
the backlight is blocked. The BM 9 is thus not required, and
the spacer 8 can be placed without decreasing a display
quality. Therefore, it is possible to arrange the spacer 8 on
the BM 9 and reduce the BM area. The liquid crystal drive
electrode 5 and the common electrode 6 are preferably
formed by a nontransparent conductive film such as a metal
film. The present embodiment allows the smaller area of the
BM 9 over and near the gate line 1.

[0074] The liquid crystal panel having the above configu-
ration is not limited to be applied to a liquid crystal display
device of an IPS mode, but applicable to a liquid crystal
display device of a TN mode and so on. A higher aperture
ratio is thereby attained to increase brightness of a liquid
crystal display device.

[0075] The spacer 8 is not limited to have a column shape,
but can have a shape such as a dome, ball, and cylinder.
Further, when placing the spacer 8 in the alignment error
area, the diameter of the spacer 8 can be 15 um and above
in accordance with the size of the alignment error area. It
ensures better uniformity of the gap between the substrates
to reduce uneven brightness and color of a display. The
section of the spacer 8 is not necessarily circular, and a
polygonal shape such as triangle and quadrangle is also
possible. The spacer 8 can be formed on the TFT substrate.

[0076] The layers and fabrication method for forming a
TFT array substrate according to the present invention is not
limited to those described in the first embodiment, but other
kinds of layers or fabrication methods produce the same
effect as long as the position of the spacer is the same. For
example, the conductive film is not necessarily formed by
Al, Cr, Mo, Ti, or W, but a metal such as Ni, Ag, Ta, and Cu
or an alloy comprising mainly of those can be used. The
insulation film is not limited to SiNx, but SiO, is also
possible. The semiconductor layer 1 is not restricted to a-Si
film (amorphous silicon) , but p-Si film (poly-silicon) is also
possible. Also, a n*a-Si film has been formed as the ohmic
layer by doping P and As, it is feasible to form a p*a-Si film
by doping B. In addition, the film deposition method is not
restricted to the sputtering method or the plasma CVD
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method, whereas a vapor deposition method, low pressure
CVD method, and normal pressure CVD method can be also
used. The above variation in the layers and methods produce
the same effects.

[0077] As explained in the foregoing, the present inven-
tion narrows the width of the black matrix to provide a liquid
crystal display device with a high aperture ratio.

[0078] From the invention thus described, it will be obvi-
ous that the embodiments of the invention may be varied in
many ways. Such variations are not to be regarded as a
departure from the spirit and scope of the invention, and all
such modifications as would be obvious to one skilled in the
art are intended for inclusion within the scope of the
following claims.

What is claimed is:

1. A liquid crystal display device having a first substrate,
a second substrate, a spacer to give a substantially equal gap
between the first substrate and the second substrate, and a
liquid crystal layer interposed between the first substrate and
the second substrate,

the first substrate comprising:
a gate line;

a source line crossing the gate line with an insulation film
interposed therebetween;

a switching element connected to the source line;

a liquid crystal drive electrode connected to the switching
element and having a plurality of electrodes substan-
tially parallel to each other; and

a common electrode having a plurality of electrodes
arranged substantially parallel to and alternately with
the liquid crystal drive electrode, and

the second substrate comprising:
color filters arranged in an array arrangement; and
a light shielding layer provided between the color filters;

wherein the spacer contacts the first substrate in an area
where the gate line, the liquid crystal drive electrode,
and the common electrode are arranged in vicinity of
each other.
2. A liquid crystal display device having a first substrate,
a second substrate, a spacer to give a substantially equal gap
between the first substrate and the second substrate, and a
liquid crystal layer interposed between the first substrate and
the second substrate,

the first substrate comprising:
a gate line;

a source line crossing the gate line with an insulation film
interposed therebetween;

a switching element connected to the source line;

a liquid crystal drive electrode connected to the switching
element and having a plurality of electrodes substan-
tially parallel to each other; and

a common electrode having a plurality of electrodes
arranged substantially parallel to and alternately with
the liquid crystal drive electrode, and
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the second substrate comprising:
color filters arranged in an array arrangement; and
a light shielding layer provided between the color filters;

wherein the spacer contacts the first substrate in an area
where the source line, the liquid crystal drive electrode,
and the common electrode are arranged in vicinity of
each other.
3. Aliquid crystal display device having a first substrate,
a second substrate, a spacer to give a substantially equal gap
between the first substrate and the second substrate, and a
liquid crystal layer interposed between the first substrate and
the second substrate,

the first substrate comprising:
a gate line; and

a source line crossing the gate line with an insulation film
interposed therebetween, and

the second substrate comprising:
color filters arranged in an array arrangement; and
a light shielding layer provided between the color filters;

wherein the spacer contacts the first substrate in an area

near a crossing point of the gate line and the source line.

4. A liquid crystal display device having a first substrate,

a second substrate, a spacer to give a substantially equal gap

between the first substrate and the second substrate, and a

liquid crystal layer interposed between the first substrate and
the second substrate,

the first substrate comprising:
a gate line;

a source line crossing the gate line with an insulation film
interposed therebetween;

a switching element connected to the source line;

a liquid crystal drive electrode connected to the switching
element;

a common electrode arranged opposite to the liquid
crystal drive electrode; and

a common capacitor line arranged substantially parallel to
the gate line and connected to the common electrode,
and

the second substrate comprising:
color filters arranged in an array arrangement; and
a light shielding layer provided between the color filters;

wherein the spacer contacts the first substrate in an area
near a crossing point of the source line and the common
capacitor line.

5. A liquid crystal display device according to claim 1, 2,
3, or 4, wherein the spacer is arranged above the light
shielding layer.

6. A liquid crystal display device having a first substrate,
a second substrate, a spacer to give a substantially equal gap
between the first substrate and the second substrate, and a
liquid crystal layer interposed between the first substrate and
the second substrate,

the first substrate comprising:
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a gate line;

a source line crossing the gate line with an insulation film
interposed therebetween;

a switching element connected to the source line;

a liquid crystal drive electrode connected to the switching
element;

a common electrode arranged opposite to the liquid
crystal drive electrode; and

a common capacitor line arranged substantially parallel to
the gate line and connected to the common electrode,
and

the second substrate comprising:

color filters arranged in an array arrangement; and
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a light shielding layer provided between the color filters;

wherein the spacer contacts the first substrate above the
common capacitor line, and the spacer contacts the
second substrate above the color filters.

7. A liquid crystal display device according to claim 6,
wherein the spacer is arranged above the color filters.

8. A liquid crystal display device according to claim 1, 2,
3, 4, or 6, wherein the spacer is arranged above the first
substrate.

9. A liquid crystal display device according to claim 1, 2,
3, 4, or 6, wherein the spacer has a column shape.

10. A liquid crystal display device according to claim 1,
2, 3, 4, or 6, wherein the liquid crystal display device
operates in an In-Plane Switching mode.

* #* * #* #®
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