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1
LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority from Japanese
application JP2008-044247 filed on Feb. 26, 2008, the con-
tent of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device, and in particular to a technique for ensuring an appro-
priate interval between a TFT substrate and an opposed sub-
strate, using a column-type spacer.

2. Description of the Related Art

In a liquid crystal display device, liquid crystal is filled
between a TFT substrate with a pixel electrode and a thin film
transistor (TFT) formed thereon and an opposed substrate
with a color filter or the like formed thereon, and the liquid
crystal particles are controlled by means of an electric field to
thereby form an image. The interval between the TFT sub-
strate and the opposed substrate is very small, such as of the
order of a few microns. Conventionally, the interval between
the TFT substrate and the opposed substrate is determined by
dispersing plastic beads and the like. According to this inter-
val setting by dispersing beads, however, the beads may not
be dispersed consistently, and in such a case the interval
between the TFT substrate and the opposed substrate may not
be set as predetermined. In addition, the beads may be dis-
persed on a pixel electrode, which may cause a problem of
light leakage in the vicinity of the beads.

Meanwhile, conventionally, in order to fill liquid crystal,
the space between the TFT substrate and the opposed sub-
strate is sealed to be vacant, and liquid crystal is injected into
the space by utilizing atmospheric pressure. This method,
however, takes time to complete injection of liquid crystal
when the interval between the TFT substrate and the opposed
substrate is small and the surface of the liquid crystal display
is large. As a result, manufacturing throughput is reduced, and
manufacturing cost resultantly increases. In order to address
the above, there has been developed a technique, e.g., for
applying, by dropping, the required amount of liquid crystal
onto a TFT substrate and thereafter forming an opposed sub-
strate to seal the liquid crystal in-between.

As described above, conventionally, the interval between
the TFT substrate and the opposed substrate is maintained by
small beads dispersed therein. However, according to the
above described liquid crystal dropping method, the dis-
persed beads may move as the liquid crystal is dropped, which
results in an area with many beads and an area with only a few
beads. This results in an inconsistent interval between the
TFT substrate and the opposed substrate, and an inconsistent
interval between the TFT substrate and the opposed substrate
in turn results in a problem of reduced image contrast and/or
inconsistent pixels in a liquid crystal display device.

In order to address the above described problem with a case
in which the interval between a TFT substrate and an opposed
substrate is set utilizing beads, there is available a technique
for defining the interval between the TFT substrate and the
opposed substrate by forming a column on either the TFT
substrate or the opposed substrate, as disclosed in Japanese
Patent Laid-open Publication No. Hei 11-84386.

The column for defining the interval between the TFT
substrate and the opposed substrate is conventionally formed
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on the opposed substrate. Specifically, in formation of a col-
umn on the opposed substrate, the column is formed such that,
after the opposed substrate and the TFT substrate are com-
bined to each other, the column abuts on a predetermined
position on the TFT substrate. However, should the opposed
substrate and the TFT substrate be displaced from each other
when being combined to each other, a column resultantly
abuts outside the predetermined position on the TFT sub-
strate. This may result in a column formed on a pixel electrode
or a column falling on a through-hole formed on a line of the
TFT substrate. A column formed on a pixel electrode results
in light leakage due to orientation disturbance in the portion
where such a column is formed. A column falling on a
through-hole results in an interval not appropriately defined
between the TFT substrate and the opposed substrate.

Japanese Patent Laid-open Publication No. Hei 11-84386
discloses a structure in which a column is formed on either the
opposed substrate or the TFT substrate in a position on a
capacitance line in order to address orientation disturbance
which would be caused in the vicinity of the column, and
moreover, the capacitance line is laid extending in the rubbing
direction of the alignment film. However, the capacitance
line, which is essential in the above described structure dis-
closed in Japanese Patent Laid-open Publication No. Hei
11-84386, reduces transmittance of the liquid crystal display
device. In particular, the capacitance line extending in the
rubbing direction of the alignment film, as described in Japa-
nese Patent [aid-open Publication No. Hei 11-84386, further
reduces the transmittance.

SUMMARY OF THE INVENTION

An object of the present invention is to realize a liquid
crystal display device having a structure in which the interval
between the TFT substrate and the opposed substrate is
defined by a column and oriental disturbance and transmit-
tance reduction due to formation of the column are sup-
pressed.

In order to attain the above described object, according to
one aspect of the present invention, a column for defining the
interval between the TFT substrate and the opposed substrate
is formed on the TFT substrate at a crossing point between a
drain electrode and a scanning line. This column is formed at
a crossing point between a scanning line and a drain line
corresponding to a pixel of a specific color. Further, at a
crossing point between a scanning line and a drain line cor-
responding to a pixel of a specific color, the width of the drain
line is formed wider than that in other positions, while the
width of the corresponding scanning line is formed narrower
than that in other positions.

According to another aspect of the present invention, at a
crossing point between a scanning line and a drain line cor-
responding to a pixel of a specific color, the width of the
scanning line is formed wider than that in other positions,
while the width of the corresponding drain line is formed
narrower than that in other positions. Specifically, the follow-
ing arrangement is employed.

(1) According to one aspect of the present invention, there is
provided a liquid crystal display device having scanning lines
extending in a lateral direction and aligned in a longitudinal
direction, drain lines extending in the longitudinal direction
and aligned in the lateral direction, a TFT substrate having
pixels each having a TFT and a pixel electrode and formed in
an area enclosed by the drain line and the scanning line, the
pixels constituting a first pixel, a second pixel, and a third
pixel, respectively, depending on a color to which the respec-
tive pixel corresponds, and being aligned in the lateral direc-
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tion, an opposed substrate placed with a predetermined inter-
val with respect to the TFT substrate, and liquid crystal
enclosed between the TFT substrate and the opposed sub-
strate, wherein a column for defining the interval between the
TFT substrate and the opposed substrate is formed at a cross-
ing point between the drain line and the scanning line corre-
sponding to the first pixel, and a width of the drain line is
wider at the crossing point where the column is formed than
that of the drain line in another position.

(2) In the above described liquid crystal display, at a point
where the width of the drain line is wider, a width of the
scanning line may be narrower than that of the scanning line
in another position.

(3) In the above described liquid crystal display, a first TFT
may be formed at the crossing point between the drain line
and the scanning line, where the column is formed, a second
TFT may be formed at a position adjacent to the crossing
point between the drain line and the scanning line, where the
column is formed, the first TFT and the second TFT may be
electrically connected to each other, and a channel length of
the first TFT may be shorter than that of the second TFT.

(4) In the above described liquid crystal display, a channel
length of a TFT formed at a crossing point between the drain
line and the scanning line corresponding to the first pixel may
be shorter than that of a TFT formed at a crossing point
between the drain line and the scanning line corresponding to
the second pixel or the third pixel.

(5) In the above described liquid crystal display, the liquid
crystal display device may be of an IPS method.

(6) According to another aspect of the present invention there
is provided a liquid crystal display device having scanning
lines extending in a lateral direction and aligned in a longitu-
dinal direction, drain lines extending in the longitudinal
direction and aligned in the lateral direction, a TFT substrate
having pixels each having a TFT and a pixel electrode and
formed in an area enclosed by the drain line and the scanning
line, the pixels constituting a first pixel, a second pixel, and a
third pixel, respectively, depending on a color to which the
respective pixel corresponds, and being aligned in the lateral
direction, an opposed substrate placed with a predetermined
interval with respect to the TFT substrate, and liquid crystal
enclosed between the TFT substrate and the opposed sub-
strate, wherein a column for defining the interval between the
TFT substrate and the opposed substrate is formed at a cross-
ing point between the drain line and the scanning line corre-
sponding to the first pixel, and a width of the scanning line is
wider at the crossing point where the column is formed than
that of the scanning line in another position.

(7) In the above described liquid crystal display device, at a
point where the width of the scanning line is wider, a width of
the drain line may be narrower than that of the drain line in
another position.

(8) In the above described liquid crystal display device, a first
TFT may be formed at the crossing point between the drain
line and the scanning line, where the column is formed, a
second TFT may be formed at a position adjacent to the
crossing point between the drain line and the scanning line,
where the column is formed, the first TFT and the second TFT
may be electrically connected to each other, and a channel
length of the first TFT may be longer than that of the second
TFT.

(9) In the above described liquid crystal display device, a
channel length of a TFT formed at a crossing point between
the drain line and the scanning line corresponding to the first
pixel may be longer than that of a TFT formed at a crossing
point between the drain line and the scanning line corre-
sponding to the second pixel or the third pixel.
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(10) In the above described liquid crystal display device, the
liquid crystal display device may be of an IPS method.
According to the present invention, as a column for defin-
ing the interval between a TFT substrate and an opposed
substrate is formed on the TFT substrate side at a crossing
point between a scanning line and a drain line, problems due
to formation of the column, including reduction of transmit-
tance and light leakage due to orientation disturbance can be
reduced. Further, as the width of the drain line is made wider
in a position where the column is formed, the problem of light
leakage due to orientation disturbance can be further sup-
pressed. Still further, as the width of the scanning line is made
narrower in a position where the width of the drain line is
wider, increase of parasitic capacitance can be suppressed.
According to the present invention, as the column is
formed only at a crossing point between a drain line and a
scanning line corresponding to a pixel of a specific color,
difference in transmittance or characteristics of TEFT’s can be
compensated for through initial setting, so that color incon-
sistency due to formation of a column can be prevented.
According to the present invention, as a column is formed
at a crossing point between a drain line and a scanning line
and the width of the scanning line is made wider in a position
where the column is formed than that in other positions, light
leakage due to orientation disturbance can be reduced. Fur-
ther, as the width of the drain line is made narrower in a
position where the width of the scanning line is wider,
increase of parasitic capacitance can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is aplan view of a TFT substrate according to a first
embodiment;

FIG. 2 is a plan view of an opposed substrate according to
the first embodiment;

FIG. 3 is a cross sectional view along the line III-IIT in FIG.
1;

FIG. 4 is a cross sectional view along the line IV-IV in FIG.
1;

FIG. 5 is a plan view of a TFT substrate according to a
second embodiment; and

FIG. 6 is a cross sectional view along the line VI-VIin FIG.
5.

DETAILED DESCRIPTION OF THE INVENTION

Inthe following, embodiments of the present invention will
be described in detail, based on a structure of an actual liquid
crystal cell.

First Embodiment

FIG. 1 is a plan view showing a pixel portion of a TFT
substrate to which the present invention is applied; FIG. 2 is
a plan view showing an opposed substrate to be combined
with the TFT substrate; FIG. 3 is a cross sectional view along
the line III-1IT shown in FIG. 1; and FIG. 4 is a cross sectional
view along the line IV-IV shown in FIG. 1.

In FIG. 1, scanning lines 105 extend in the lateral direction
and are aligned in the longitudinal direction, and drain lines
107 extend in the longitudinal direction and are aligned in the
lateral direction. An area enclosed by the scanning line 105
and the drain line 107 constitutes a pixel. In FIG. 1, a blue
pixel B, a green pixel G, and a red pixel R are sequentially
aligned in the lateral direction. A liquid crystal display device
according to this embodiment is of a so-called IPS method,
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and adjusts the amount of light to pass through the liquid
crystal by rotating the liquid crystal particle 140 in a direction
parallel to the substrate.

In FIG. 1, a comb-electrode which constitutes a pixel elec-
trode 113 is provided inside a pixel enclosed by the scanning
line 105 and the drain line 107, and a plane common electrode
111 (not shown) is provided under the comb-electrode with
an insulating film in-between. The common electrode 111 is
formed on the entire surface on the substrate except a contact
hole formed on a line. In the IPS in this embodiment, the
liquid crystal particle 140 is controlled by an electric line of
force which is generated between the comb-electrode, or the
pixel electrode 113, and the common electrode 111 formed on
the entire surface of the substrate.

A constant voltage is supplied to the common electrode
111, while a video signal is supplied to the pixel electrode 113
via the drain line 107. The video signal is supplied by a TFT.
In FIG. 1, the portion indicated by the dot line constitutes a
semiconductor layer 103. The semiconductor layer 103 is
formed using poly-Si. A gate line lies under the semiconduc-
tor layer 103 with a gate insulating film 104 in-between, so
that the gate line functions as the gate electrode of the TFT. In
FIG. 1, the semiconductor layer 103 is formed in an
inverted-C shape, and the gate electrode lies under the semi-
conductor layer 103 at two points. As the semiconductor layer
103 above the gate electrode constitutes the channel of the
TFT, resultantly, two TFT’s are formed in series in each pixel
in the structure shown in FIG. 1.

The semiconductor layer 103 is connected to the drain line
107 under the drain electrode via a first contact hole CHI.
That is, in this embodiment, the drain line 107 functions also
as the drain electrode of the TFT. The other end of the semi-
conductor layer 103 is electrically-conductively connected to
the pixel electrode 113 via a second contact hole CH2, a third
contact hole CH3, and a fourth contact hole CH4. Therefore,
a video signal from the drain line 107 is supplied to the pixel
electrode 113 via the TFT.

This embodiment is characterized in that a column 130 for
defining the interval between a TFT substrate 100 and an
opposed substrate 200 is formed at a position where the
scanning line 105 intersects the drain line 107. The plane
shape of the column 130 is of an octagon long in the lateral
direction, as shown in FIG. 1. In this embodiment, as the
column 130 is formed on the TFT substrate 100, a problem
due to displacement in position of the column 130 when
combining the TFT substrate 100 and the opposed substrate
200 may be less serious, compared to a case in which the
column 130 is formed on the opposed substrate 200.

In this embodiment, as the column 130 is formed at a
crossing point between the scanning line 105 and the drain
line 107, deterioration in transmittance can be suppressed.
This is because the crossing point between the scanning line
105 and the drain line 107 originally does not pass light
through, and is not utilized in image formation due to a TFT
present in the vicinity of the crossing point.

However, as formation of the column 130 may disturb
orientation of the liquid crystal in the vicinity of the column
130, in order to prevent this influence, in this embodiment, the
width of the drain line 107 is made wider in the vicinity of the
crossing point with the scanning line 105. Specifically, in this
embodiment, the width of the drain line 107 at the crossing
point is double or larger the width of the drain line 107 in other
positions. Even this arrangement exerts only little influence in
terms of reduction of transmittance as the crossing point
between the scanning line 105 and the drain line 107 origi-
nally does not contribute to image formation.
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As the width of the drain line 107 is wider at the crossing
point, the scanning line 105 overlaps the drain line 107 at the
crossing point in an increased area. This means increase of
parasitic capacitance, which brings, e.g., a phenomenon such
as increase of a shift voltage or the like when the concerned
TFT shifts from ON to OFF or vice versa. In this embodiment,
in order to suppress increase of parasitic capacitance in the
vicinity of the crossing point, the width of the scanning line
105 in the vicinity of the crossing point is made narrower.

InFIG. 1, ared pixel R, a blue pixel B, and a green pixel G
are aligned in the lateral direction. As shown in FIG. 1, the
column 130 is formed only at a crossing point between the
scanning line 105 and the drain line 107 corresponding to the
blue pixel B. In other words, the column 130 is formed at a
crossing point where a TFT for controlling the blue pixel B is
formed. As the width of the drain line 107 is wider in a
position where the column 130 is formed, the transmittance in
the position may be slightly reduced compared to that in a
position without the column 130 and the characteristic of the
concerned TFT may become different from that of other
TFT’s.

Here, if the column 130 is formed spreading to pixels of
three colors, control for color inconsistency or the like is
difficult to be properly achieved. In this embodiment, how-
ever, as the column 130 is formed only at a crossing point
corresponding to the blue pixel B, influence on color incon-
sistency due to formation of the column 130 is prevented. In
this case, transmittance of the blue pixel B alone may become
smaller than that of the pixels of other colors, and the char-
acteristic of a TFT which controls the blue pixel B may
become different from that of a pixel of another color. This,
however; can be addressed through initial setting for compen-
sation of the characteristic.

In FIG. 1, a crossing point between the scanning line 105
and the drain line 107 corresponding to the blue pixel B
appears every three pixel pitch in the lateral direction, and the
width of the drain line 107 is wider at all crossing points
corresponding to the blue pixel B than that in other positions.
Meanwhile, it is unnecessary to form a column 130 at all
crossing points corresponding to the blue pixel B. This is
because presence of only the number of columns 130 neces-
sary to ensure the interval between the TFT substrate 100 and
the opposed substrate 200 is sufficient. In this embodiment,
irrespective of the presence or absence of the column 130, the
width of the drain line 107 is made wider at all crossing points
between the scanning line 105 and the drain line 107 corre-
sponding to the blue pixels B to thereby maintain regularity to
make it easier to compensate for color inconsistency or the
like through initial setting.

In FIG. 1, a semiconductor is formed in an inverted C
shape, and a gate line lies under the semiconductor with the
gate insulating film 104 in-between. A portion of the semi-
conductor which intersects the gate line constitutes the chan-
nel portion of a TFT. Therefore, there are two TFTSs in each
pixel, namely, a TFT having a channel portion on the drain
line 107 and a TFT having a channel in a portion away from
the drain line 107.

In FIG. 1, the channel length of a TFT formed on the drain
line 107 corresponding to the blue pixel B is shorter than that
ofaTFT formed on the drain line 107 corresponding to the red
pixel R or green pixel G. Therefore, the characteristic of a
TFT of the blue pixel B resultantly differs from that of TFT’s
of other pixels. As described above, an arrangement in which
the characteristic of a TFT related to the blue pixel B alone
differs from that of TFT related to other pixels makes it
possible to compensate for the characteristic through initial
setting.
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FIG. 2 is a plan view of the opposed substrate 200 corre-
sponding to the TFT substrate shown in FIG. 1, viewed from
the TFT substrate side. In FIG. 2, “RCF” refers to a red filter;
“BCF” refers to a blue filter; and “GCF” refers to a green
filter. The respective filters corresponding to a red pixel R, a
blue pixel B, and a green pixel G. The filter extends in stripe
in the longitudinal direction of the screen. Therefore, pixels in
the longitudinal direction on the opposed substrate 200 are
not discriminated from one another.

A light shielding film BM is formed between filters of
respective colors. The light shielding film BM, which is
formed on the opposed substrate 200 before forming the color
filter, is indicated by the dot line in FIG. 2. The light shielding
film BM absorbs external light to enhance contrast of an
image. In FIG. 2, the column 130 formed on the TFT substrate
100 abuts on the light shielding film BM at the boundary
between the red filter and the blue filter and on the color filter.
As described above, with the column 130 abutting on the light
shielding film BM on the opposed substrate 200, reduction in
transmittance can be suppressed. The TFT substrate 100
shown in FIG. 1 and the opposed substrate 200 shown in FIG.
2 are combined to each other and liquid crystal is enclosed
between the TFT substrate 100 and the opposed substrate
200, to thereby form a liquid crystal display panel. FIG. 3 is a
cross sectional view of the TFT substrate 100 shown in FIG.
1 along the line III-IIT with the TFT substrate 100 and the
opposed substrate 200 combined to each other. In FIG. 3, on
the TFT substrate 100, a first base film 101 is formed using
SiN, and a second base film 102 is formed thereon, using
Si0,. Both of the first base film 101 and the second base film
102 serve to prevent impurities from dispersing from the glass
substrate into the TFT region.

In FIG. 3, a poly-Si layer is formed as the semiconductor
layer 103 on the second base film 102. The poly-Si layer is
formed by initially forming a-Si by means of CVD, and then
transforming the a-Si into poly-Si by means of laser anneal-
ing. A gate insulating film 104 is formed using SiO,, covering
the semiconductor layer 103.

A MoW film, which constitutes a gate line, is formed,
coating the gate insulating film 104. Al alloy is used when
reduction of resistance of the gate line is required. Either the
gate electrode or the scanning line 105 is patterned at a photo
step. In this embodiment, the scanning line 105 also functions
as the gate electrode, as shown in FIG. 1. The semiconductor
layer 103 below the gate electrode constitutes the channel
portion of a TFT. In FIG. 3, two gate electrodes are formed.
Therefore, two TFTs are formed in FIG. 3.

A gate electrode having a narrower width corresponds to a
TFT formed on the drain line 107, shown in FIG. 1, and a gate
electrode having a wider width corresponds to a TFT formed
apart from the drain line 107. As shown in FIG. 3, in this
embodiment, the channel length of a TFT formed on the drain
line 107 is shorter than that of other TEFTs. This is because the
width of the scanning line 105 is narrower at a crossing point
corresponding to the blue pixel B than that in other positions.
In this embodiment, the width of the scanning line 105 at the
crossing point is a half or narrower than that of the scanning
line 105 in other positions.

An inter-layer insulating film 106 is formed using SiO.,,
covering the gate electrode. The inter-layer insulating film
106 insulates the drain line 107 or source electrode 108 from
the scanning line 105. Either the drain line 107 or the source
line 108 is formed on the inter-layer insulating film 106. The
drain line 107 and the source electrode 108 are formed simul-
taneously in the same process. In this embodiment, the drain
line 107 serves also as the drain electrode of the TFT.
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A contact hole is formed on the inter-layer insulating film
106 and the gate insulating film 104 to connect the drain line
107 or the source line 108 and the semiconductor layer 103. In
FIG. 3, the drain line 107 and the semiconductor layer 103 are
connected through the first contact hole CH1, and the source
electrode 108 and the semiconductor layer 103 are connected
through the second contact hole CH2. An inorganic passiva-
tion film 109 is formed, using SiN, covering the drain line 107
and the source electrode 108 to protect the TFT.

An organic passivation film 110 is formed on the passiva-
tion film. The organic passivation film 110 covers a portion of
the TFT, which cannot be covered due to a pin hole or the like
formed in the inorganic passivation film 109 to protect the
TFT, and also serves as a planarization film. Therefore, the
organic passivation film 110 is formed as thick as 1 to 3 pm.

After formation of the organic passivation film 110, a third
contact hole CH3 and a fourth contact hole CH4 hole for
connecting the pixel electrode 113, to be formed later, and the
source electrode 108 of the TFT are formed. The organic
passivation film 110 is formed using a photosensitive resin,
and can be patterned without use of photo-resist. Initially, the
fourth contact hole CH4 is formed on the organic passivation
film 110, and the third contact hole CH3 is thereafter formed
on the inorganic passivation film 109, using the organic pas-
sivation film 110 as a resist.

Thereafter, the common electrode 111 is formed, using
ITO, or a transparent conductive film, on the planarized
organic passivation film 110. The common electrode 111 is
formed on the entire surface of the organic passivation film
110 by means of sputtering or the like, and remains plane
except in the vicinity of the contact hole after the patterning.

A pixel insulating film 112 is formed using SiN, covering
the common electrode 111. A contact hole for electrically-
conductively connecting the source electrode 108 of the TFT
and the pixel electrode 113 is formed on the pixel insulating
film 112. Thereafter, the pixel electrode 113 is formed using
ITO, or a transparent conductive film, on the pixel insulating
film 112. The pixel electrode 113 is formed by spattering I'TO
onto the entire surface of the pixel insulating film 112, and
then patterning the ITO into a comb-electrode, as shown in
FIG. 1.

FIG. 3 shows a cross section of the comb-electrode. With a
voltage applied to the pixel electrode 113, an electric line of
force is generated between the pixel electrode 113 and the
plane common electrode 111, as shown in FIG. 3, which
causes the liquid crystal particle 140 to rotate, following the
electric line of force. According to the IPS (In Plane Switch-
ing) method, transmission of light from the backlight is con-
trolled by rotating the liquid crystal particle 140 to thereby
form an image.

A column 130 is formed, using resin, on the pixel insulat-
ing film 112 in a position corresponding to a crossing point
between the scanning line 105 and the drain line 107. The
column 130 is formed by coating the pixel insulating film 112
and the pixel electrode 113 with resign and then removing
unnecessary resin at photo step. Acrylic resin is used as resin.
The height of the column 130 corresponds to the interval
between the TFT substrate 100 and the opposed substrate
200, being a few um.

An alignment film 120 is formed using organic material,
covering the pixel electrode 113 and the column 130. In order
to align the liquid crystal particles with respect to the align-
ment film 120, rubbing is carried out. Rubbing is a process of
rubbing the alignment film 120 in a constant direction, using
cloth. However, presence of the column 130 may leave a
portion around the column 130 only insufficiently rubbed.
This leads to light leakage from the portion.
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In this embodiment, however, as the column 130 is formed
at a crossing point between the scanning line 105 and the
drain line 107 and the drain line 107 has a wider width at the
crossing point, reduction of contrast due to light leakage from
an insufficiently rubbed portion, if any, around the column
130 is not caused.

InFIG. 3, the opposed substrate 200 is present on the upper
side of the TFT substrate 100. A light shielding film BM is
initially formed on the opposed substrate 200. The Light
shielding film BM fills up the space between the color filters
to thereby enhance image contrast. In this embodiment, a
light shielding film BM is formed also on the opposed sub-
strate 200 in a position corresponding to where the column
130 is formed, so that light leakage around the column 130 is
prevented by the light shielding film MB as well.

After formation of the light shielding film BM, color filters
corresponding to the respective pixel colors are formed. In
FIG. 3, a blue filter is formed. The surface resulted after
formation of'the color filter is convexo-concave, and therefore
anovercoat film OC is formed on the color filter for planariza-
tion. Then, an alignment film 120 is formed, followed by
rubbing to align the liquid crystal particles.

FIG. 3 shows a state in which the TFT substrate 100 and the
opposed substrate 200, both formed as described above, are
combined opposed to each other with the column 130 in-
between, and liquid crystal is enclosed between the TFT
substrate 100 and the opposed substrate 200. The interval
between the TFT substrate 100 and the opposed substrate 200
is defined according to the height of the column 130.

FIG. 4 shows a cross section along the line IV-IV in FIG. 1,
of'the TFT substrate and the opposed substrate 200 combined
to each other. FIG. 4 is a cross sectional view corresponding
to the green pixel G. In FIG. 4, a structure of the TFT substrate
100 is similar to that described with reference to FIG. 3 except
that the width of the gate electrode of a TFT formed at a
crossing point between the scanning line 105 and the drain
line 107 is identical to that of a TFT formed away from the
crossing point in FIG. 4. This is because, in FIG. 4, the width
of the scanning line 105 which constitutes the gate electrode
is constant. Therefore, the channel lengths of the two TFT’s
are identical and longer than that of a TFT formed at a cross-
ing point where the column 130 is formed, shown in FIG. 3.

In FIG. 4, a structure of the opposed substrate 200 is iden-
tical to that which is described with reference to FIG. 3,
except that the color filter is a green filter. In addition, no
column 130 is formed in FIG. 4 because a column 130 is
formed only at a crossing point between the scanning line 105
and the drain line 107 corresponding to the blue pixel B in this
embodiment.

As described above, according to this embodiment, as the
column 130 is formed at a crossing point between the scan-
ning line 105 and the drain line 107, light leakage due to
orientation disturbance can be prevented. Also, according to
this embodiment, the drain line 107 with the column 130
formed thereon has a wider width at a crossing point with the
scanning line 105 than that in other positions, risk of light
leakage can be further reduced. Also, according to this
embodiment, increase of capacitance between the gate and
the drain can be reduced in an area where the width of the
drain line 107 is wider, by reducing the width of the scanning
line 105.

In this embodiment, as the column 130 is formed at a
crossing point between the scanning line 105 and the drain
line 107 corresponding to the same color, a problem of color
inconsistency or the like can be avoided by compensating for
a difference in light transmittance between a portion with the
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column 130 formed thereon and a portion without a column
130, a difference in characteristic between transistors, and so
forth through initial setting.

Second Embodiment

FIG. 5 is a plan view showing a second embodiment of the
present invention; and FIG. 6 is a cross sectional view along
the line VI-VI1 in FIG. 5. In FIG. 5, a structure in the second
embodiment is similar to that of the first embodiment shown
in FIG. 1 except a portion where the scanning line 105 inter-
sects the drain line 107. In FIG. 5, the scanning lines 105
extend in the lateral direction and are aligned in the longitu-
dinal direction, and the drain lines 107 extend in the longitu-
dinal direction and are aligned in the lateral direction. A
column 130 is formed at a crossing point between the scan-
ning line 105 and the drain line 107, similar to the first
embodiment.

In FIG. 5, a column 130 is formed at a crossing point
between the scanning line 105 and the drain line 107 corre-
sponding to the blue pixel B. In FIG. 5, in order to address
light leakage due to insufficient rubbing around the column
130, the scanning line 105 is formed to have a wider width at
the crossing point than that in other positions. Accordingly, in
order to prevent increase of parasitic capacitance of the gate
electrode and the drain electrode, the drain electrode is
formed to have a narrower width than that in other positions.

The gate line has a wider width at a crossing point between
the scanning line 105 and the drain line 107 corresponding to
the blue pixel B, irrespective of the presence or absence of a
column 130. Note that “a crossing point between the scanning
line 105 and the drain line 107 corresponding to the blue pixel
B” refers to a crossing point where a TFT which controls the
blue pixel B is formed.

Also in FIG. 5, two TFT’s are formed at a crossing point
between the scanning line 105 and the drain line 107 and in
the vicinity thereof. In FIG. 5, because the width of the gate
electrode is wider in a position where the column 130 is
formed, that is, at a crossing point between the scanning line
105 and the drain line 107 corresponding to the blue pixel B,
the channel length of a TFT formed therein is longer than that
of the other TFT’s. Meanwhile, the gate electrode widths of
two TFT’s at a crossing point between the scanning line 105
and the drain line 107 corresponding to a pixel of other colors
and in the vicinity thereof are identical, and thus these TFT’s
have identical channel length.

A structure of the opposed substrate 200 corresponding to
the TFT substrate 100 shown in FIG. 5 is identical to that
shown in FIG. 2. That is, according to this embodiment, as the
column 130 is formed at a crossing point between the scan-
ning line 105 and the drain line 107, similar to the first
embodiment, a structure of the opposed substrate 200 is iden-
tical to that in the first embodiment.

The TFT substrate 100 shown in FIG. 5 and an opposed
substrate 200 similar to that which is shown in FIG. 2 are
combined to each other, and liquid crystal is enclosed
between the TFT substrate 100 and the opposed substrate
200, to thereby form a liquid crystal display panel. FIG. 6 is a
cross sectional view of the TFT substrate shown in FIG. 5
along the line VI-VI with the TFT substrate and the opposed
substrate 200 combined to each other.

In FIG. 6, a process until formation of the gate insulating
film 104 and coating of a MoW film to be a gate line is
identical to that shown in FIG. 3 in the first embodiment. In
FIG. 6, a MoW film, which constitutes either the gate elec-
trode or the scanning line 105, is formed, coating the gate
insulating film 104. Thereafter, either the scanning line 105 or
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the gate electrode is patterned at a photo step. Also in this
embodiment, the scanning line 105 functions also as the gate
electrode.

As shown in FIG. 5, as the scanning line 105, which con-
stitutes the gate electrode, has a wider width at a crossing
point between the scanning line 105 and the drain line 107,
the gate electrode at the crossing point is longer in FIG. 6, and
the channel length of the TFT is accordingly longer. That is,
in FIG. 6, the channel length of a TFT formed at a crossing
point between the scanning line 105 and the drain line 107 is
longer than that of a TFT formed slightly away from the
crossing point between the scanning line 105 and the drain
line 107.

Thereafter, an inter-layer insulating film 106 is formed.
Note that a process thereafter and a structure related to the
thereafter process are identical to that which is described with
reference to FIG. 3. An opposed substrate 200 is formed on
the TFT substrate 100, with a structure of the opposed sub-
strate 200 being identical to that which is described with
reference to FIG. 3. As a wider scanning line 105 is formed
under the column 130 in this embodiment, light leakage due
to orientation disturbance, if occurs, in the vicinity of the
column 130 is not caused.

In FIG. 5, no column 130 is formed at a crossing point
between the scanning line 105 and the drain line 107 corre-
sponding to a pixel other than the blue pixel B. The cross
section along the line D-D' in FIG. 5 is a cross section of the
TFT portion corresponding to the red pixel R. This cross
sectional view is identical to that in FIG. 4, that is, the cross
sectional view along the line IV-IV in FIG. 1 in the first
embodiment, with description of the structure not repeated
here. Through comparison between the TFT formed at a
crossing point between the scanning line 105 and the drain
line 107 corresponding to the red pixel R, shown in FIG. 4 and
the TFT formed at a crossing point between the scanning line
105 and the drain line 107 corresponding to the blue pixel B,
shown in FIG. 6, it is known that the channel length of the TFT
related to the blue pixel B is longer.

Meanwhile, through comparison between the TFT formed
at a crossing point between the scanning line 105 and the
drain line 107 corresponding to the red pixel R, shown in FIG.
4, and the TFT formed at a crossing point between the scan-
ning line 105 and the drain line 107 corresponding to the blue
pixel B, shown in FIG. 3, it is known that the channel length
of the TFT related to the blue pixel B is shorter. This is a
significant difference between the first and second embodi-
ments.

As described above, also in this embodiment, as the col-
umn 130 is formed at a crossing point between the scanning
line 105 and the drain line 107, light leakage due to orienta-
tion disturbance can be avoided. Also, according to this
embodiment, a portion of the scanning line 105 at a cross
point with the drain line 107, where the column 130 is formed,
has a wider width than that in other positions, risk of light
leakage can be further reduced. Also, in this embodiment,
increase of capacitance between the gate and the drain can be
reduced in a portion where the scanning line 105 has a wider
width by reducing the width of the drain line 107.

Also in this embodiment, as the column 130 is formed at a
crossing point between the scanning line 105 and the drain
line 107 corresponding to the same color, a problem of color
inconsistency or the like can be avoided by compensating for
a difference in light transmittance between a portion with the
column 130 formed thereon and a portion without a column
130, a difference in characteristic between transistors, and so
forth through initial setting.
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Although it is described in the first and second embodi-
ments that the column 130 is formed at a crossing point
between the scanning line 105 and the drain line 107 corre-
sponding to the blue pixel B, obviously, the present invention
can be similarly applied when the column 130 is formed at a
crossing point between the drain line 107 and the scanning
line 105 corresponding to either one of the red pixel R or the
blue pixel B. Also, although it is described in this embodiment
that the IPS has a structure in which the upper comb-electrode
is the pixel electrode 113 and the lower plane electrode is the
common electrode 111, the present invention can be similarly
applied to a structure in which the upper column-electrode is
the common electrode 111 and the lower plane electrode is
the pixel electrode 113.

Further, although it is described in the above that the liquid
crystal display device is of a so-called IPS method, applica-
tion of the present invention is not limited to the IPS method
but the present invention can be similarly applied to a so-
called TN method, a VA method, and the like.

While there have been described what are at present con-
sidered to be certain embodiments of the invention, it will be
understood that various modifications may be made thereto,
and it is intended that the appended claims cover all such
modifications as fall within the true spirit and scope of the
invention.

What is claimed is:

1. A liquid crystal display device comprising:

scanning lines;

drain lines;

a TFT substrate;

an opposed substrate placed with a predetermined interval

with respect to the TFT substrate; and

liquid crystal enclosed between the TFT substrate and the

opposed substrate; and wherein

a width of one of the drain lines at a crossing point between

the drain line and one of the scanning lines is wider than
at other portions of the drain line,
awidth of the one of the scanning lines at the crossing point
between the scanning line and the one of the drain lines
is narrower than at other portions of the scanning line,

the TFT substrate includes pixels having TFTs and pixel
electrodes, the TFTs including:

a first TFT formed at the crossing point between the one of

the drain lines and the one of the scanning lines, and

a second TFT formed at a position adjacent to the crossing

point between the one of the drain lines and the one of
the scanning line, wherein

the first TFT and the second TFT are electrically connected

to each other and electrically connected to the one of the
scanning lines, and

a gate width of the first TFT is narrower than a gate width

of the second TFT.

2. The liquid crystal display device according to claim 1,
wherein the liquid crystal display device is an In Plane
Switching type.

3. A liquid crystal display device comprising:

scanning lines;

drain lines;

a TFT substrate;

an opposed substrate placed with a predetermined interval

with respect to the TFT substrate;

liquid crystal enclosed between the TFT substrate and the

opposed substrate; and wherein

a width of one of the drain lines at a crossing point between

the drain line and one of the scanning lines is narrower
than at other portions of the drain line,
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a width of one of the scanning lines extending through a the first TFT and the second TFT are electrically connected
crossing point between the scanning line and one of the to each other and electrically connected to the one of the
drain lines is wider than at other portions of the scanning scanning lines, and
line, a gate width of the first TFT is wider than a gate width of the
the TFT substrate includes pixels having TFTs and pixel 5 second TFT.

electrodes, the TFTs including:

a first TFT formed at the crossing point between the one of
the drain lines and the one of the scanning lines, and
asecond TFT formed at a position adjacent to the crossing
point between the one of the drain lines and the one of
the scanning line, wherein ¥ 0% % ¥ %

4. The liquid crystal display device according to claim 3,
wherein the liquid crystal display device is an In Plane
Switching type.



LR EH(F)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

RBEREKE

US8284339
US12/379363

KA L4 HIERER
AYERBAERANE.

HIEREEERATE.
WM TRBERCO. , LTD.

2012-10-09

2009-02-19

patsnap

[FR]R A A OCHIAI TAKAHIRO
SASAKI TOHRU
NAGATA TETSUYA
EBHA OCHIAI, TAKAHIRO
SASAKI, TOHRU
NAGATA, TETSUYA
IPCH %S G02F1/136
CPCH¥%E G02F1/13394 GO2F1/134363 G02F1/136227 G02F2001/13415 G02F2001/13606 G02F1/1339 GO2F 1
/136277 G02F1/136286 G02F1/1368
BhIEEEE { (1F) B &
£ 5 2008044247 2008-02-26 JP
H 4th 20 FF TRk US20090213290A1
S\EBEEE Espacenet USPTO
HE(R) VAN VAN
BATFRETFTERMAX Bz B E RN IR ERRENEHL e e T S S B PR M s S
BIHRR R4k, EERENRR 24, ERRRELEEERNREL (
BIbRS. Mo ERRIINETEL , AREFRNEERENE -]
B, UBFIERREMNPBEE BN EREM, ZIERENNTFEER 107 R B B
BHRXRX QAL , fINECBEB , NRDIMETRERENSBBES |, 101
EMEERAEBRENER. ! §
- .EII ﬂ' 11"( L LJ | cH
=+ i i‘;i I ilir=H 1 1| ir=% Ilir7s i :-CI*M
LEEEEE B
Ajgu|upn)E 4 S i
T SR T TR :_PE{_—L" T
e Wi
| i | i



https://share-analytics.zhihuiya.com/view/2958de85-d56d-4d94-9468-b1be8fd2adf5
https://worldwide.espacenet.com/patent/search/family/040997937/publication/US8284339B2?q=US8284339B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=8284339.PN.&OS=PN/8284339&RS=PN/8284339

