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DISPLAY DEVICE

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese application serial No. 2006-151269, filed on May 31,
2006, the content of which is hereby incorporated by refer-
ence into this application.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a display device,
and more particularly to a technique which is effectively
applicable to a liquid crystal display device.

[0004] 2. Description of Related Art

[0005] Conventionally, as a liquid crystal display device,
there has been known an active-matrix type liquid crystal
display device which uses TFT elements as switching ele-
ments. The active-matrix type liquid crystal display device
is, for example, configured such that, on one substrate out of
a pair of substrates which constitutes a liquid crystal display
panel, a plurality of scanning signal lines, a plurality of
video signal lines which stereoscopically intersects the plu-
rality of scanning signal lines by way of an insulation layer,
TFT elements and pixel electrodes which are arranged in
pixel regions each of which is surrounded by two neighbor-
ing scanning signal lines and two neighboring video signal
lines are arranged. Here, the TFT element which is arranged
in each pixel region has a gate electrode thereof connected
to the scanning signal line, a drain electrode thereof con-
nected to the video signal line and a source electrode thereof
connected to a pixel electrode. Hereinafter, the active-matrix
type liquid crystal display device is simply referred to as a
liquid crystal display device.

[0006] In the liquid crystal display device, when a mal-
function occurs in the TFT element, it becomes impossible
to apply a gray scale voltage (video signal) to the pixel
electrode which is connected to the source electrode of the
TFT element and hence, a point defect which is referred to
as a dot omission phenomenon occurs. Accordingly, in a
recent liquid crystal display device, there may be a case that
a spare TFT element (also referred to as a floating TFT) is
arranged in each pixel region (for example, see patent
document 1).

[0007] With the provision of the spare TFT element in the
pixel region, when the malfunction occurs in the TFT
element which is used in an initial state, for example, by
cutting away the drain electrode of the TFT element in
which the malfunction occurs from the video signal line, by
connecting the drain electrode of the spare TFT element to
the video signal line, and by connecting the source electrode
of the spare TFT element to the pixel electrode, it is possible
to avoid the occurrence of the point defect.

[0008] Patent document 1: JP-A-7-104311

1. Field of the invention

SUMMARY OF THE INVENTION

[0009] Here, in the conventional liquid crystal display
device, in providing the spare TFT element, for example, in
many cases, the spare TFT element has the same shape and
the same size as the TFT element which is used in an initial
state.
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[0010] However, in the recent liquid crystal display
device, along with demand for high definition and a high
numerical aperture, it becomes difficult to arrange the spare
TFT element having the same shape and the same size as the
TFT element used in an initial state in one pixel region.

[0011] Further, when the liquid crystal display device
adopts a lateral-electric-field driving method such as an IPS
method, counter electrodes (also referred to as common
electrodes) which face the pixel electrodes are arranged on
a substrate on which the TFT elements and the pixel
electrodes are arranged. As the liquid crystal display device
of the lateral-electric-field driving method, for example,
there has been known a liquid crystal display device in
which counter electrodes are arranged to overlap pixel
electrodes by way of an insulation layer as viewed in a plan
view and two counter electrodes arranged on both sides of
the scanning signal line are connected by a bridge line which
stereoscopically intersects the scanning signal line. In such
a liquid crystal display device, it is necessary to arrange a
spare TFT element such that the spare TFT element and the
bridge line do not overlap each other as viewed in a plan
view. Accordingly, this makes the arrangement of the spare
TFT element further difficult.

[0012] Ttis an object of the present invention to provide a
technique which can efficiently arrange a spare TFT element
in a pixel region of a liquid crystal display device, for
example.

[0013] It is an object of the present invention to provide a
technique which can prevent the occurrence of a point defect
of a display region of a liquid crystal display device, for
example.

[0014] The above-mentioned and other objects and novel
features of the present invention will become apparent by
the description of this specification and attached drawings.

[0015] To briefly explain the summary of typical inven-
tions among inventions disclosed in this application, they
are as follows.

[0016] (1) In a display device which includes a subsirate
on which a plurality of scanning signal lines, a plurality of
video signal lines which stereoscopically intersects the plu-
rality of scanning signal lines by way of an insulation layer,
and TFT elements and pixel electrodes which are arranged
in pixel regions each of which is surrounded by two neigh-
boring scanning signal lines and two neighboring video
signal lines are formed, the substrate arranges a first TFT
element and a second TFT element in each pixel region in
which the first TFT element and the second TFT element
independently include a channel layer, a drain electrode and
a source electrode respectively, only either one of the first
TFT element and the second TFT element in each pixel
region is operated when a video signal is applied to the video
signal line and a scanning signal is applied to the scanning
signal line, and the first TFT element and the second TFT
element differ from each other in a largeness or a shape of
an occupied area or a channel width and a channel length of
each TFT element when the substrate is viewed in a plan
view.

[0017] (2) In the display device having the constitution
(1), the drain electrode and the source electrode of the
second TFT element include a region which overlaps the
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scanning signal line and a region which does not overlap the
scanning signal line when the substrate is viewed in a plan
view.

[0018] (3) In the display device having the constitution (1)
or (2), the scanning signal line includes a cutout portion
where a width of the scanning signal line is narrowed when
the substrate is viewed in a plan view, and end portions of
the respective drain electrode and the source electrode of the
second TFT element are positioned on the cutout portion
when the substrate is viewed in a plan view.

[0019] (4) In the display device having any one of con-
stitutions (1) to (3), the pixel electrode forms a cutout
portion on a side thereof which faces the scanning signal line
in an opposed manner when the substrate is viewed in a plan
view, and end portions of the respective drain electrode and
source electrode of the second TFT element are positioned
on the cutout portion when the substrate is viewed in a plan
view.

[0020] (5) In the display device having any one of con-
stitutions (1) to (4), the substrate includes common elec-
trodes which are arranged for the respective pixel regions
and bridge lines each of which stereoscopically intersects
the scanning signal line and is connected to the common
electrodes arranged on both sides of the scanning signal line,
the substrate includes first pixel regions each of which
allows the common electrode to be electrically connected to
the common electrode of other pixel region using the bridge
line and second pixel regions each of which prevents the
common electrodes from being connected to the common
electrode of other pixel region, and the second TFT element
which is arranged in the first pixel region and the second
TFT element which is arranged in the second pixel region
differ from each other in a largeness or a shape of an
occupied area or a channel width and a channel length of
each TFT element when the substrate is viewed in a plan
View.

[0021] (6) In the display device having the constitution
(5), the second TFT element which is arranged in the first
pixel region is arranged between the first TFT element which
is arranged in the first pixel region and the bridge line.

[0022] (7) In the display device having any one of con-
stitutions (1) to (6), the second TFT element which is
arranged in the first pixel region is a transistor element
having a U-shaped drain electrode, and the second TFT
element which is arranged in the second pixel region is a
transistor element in which a drain electrode and a source
electrode are arranged in parallel to each other.

[0023] (8) In the display device having any one of con-
stitutions (1) to (4), the first TFT element is a transistor
element having a U-shaped drain electrode, and the second
TFT element is a fransistor element in which a drain
electrode and a source electrode are arranged in parallel to
each other.

[0024] (9) In the display device having any one of con-
stitutions (1) to (8), the first TFT element and the second
TFT element are equal to each other in a value which is
obtained by dividing the channel width by the channel
length.

[0025] (10) In the display device having any one of
constitutions (1) to (9), the substrate constitutes one sub-
strate of a liquid crystal display panel.
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[0026] The display device of the present invention
arranges the first TFT element and the second TFT element
in each pixel region in which the first TFT element and the
second TFT element independently include the channel
layer, the drain electrode and the source electrode respec-
tively. Here, only either one of the first TFT element and the
second TFT element in each pixel region is operated when
a video signal is applied to the video signal line and a
scanning signal is applied to the scanning signal line.
Further, the first TFT element and the second TFT element
are formed into TFT elements which differ from each other
in largeness or a shape of the occupied area or the channel
width and the channel length of each TFT element when the
substrate is viewed in a plan view. To be more specific,
assuming the first TFT element as a TFT element which is
used in an initial state, with respect to the second TFT
element which constitutes the spare TFT element, the occu-
pied area or the shape of the second TFT element when the
substrate is viewed in a plan view is set smaller than the
occupied area or the shape of the first TFT element, for
example. Alternatively, the first TFT element and the second
TFT element are formed into TFT elements which differ
from each other in the channel width and the channel length.
In this manner, the spare TFT element can be effectively
arranged and can prevent the occurrence of a point defect in
the display device.

[0027] Further, assuming the TFT element which is used
in an initial state as the first TFT element and the spare TFT
element as the second TFT element, for example, when a
malfunction occurs in the first TFT element in an operation
inspection which is performed after the substrate is com-
pleted or the like, a correction operation is performed by
removing the first TFT element having the malfunction from
the video signal line and by connecting the second TFT
element to the video signal line. In this correcting operation,
an opening is formed in the video signal line or an insulation
layer arranged above the drain electrode and the source
electrode of the second TFT element by radiating laser
beams and, for example, using a laser CVD film, the drain
electrode of the second TFT element and the video signal
line are connected respectively with each other, and the
source electrode of the second TFT element and the pixel
electrode PX are respectively connected with each other.
Accordingly, it is desirable that the drain electrode and the
source electrode of the second TFT element arrange regions
where the drain electrode and the source electrode do not
overlap the scanning line when the substrate is viewed in a
plan view. Due to such a constitution, when the opening is
formed in the insulation layer arranged above the drain
electrode and the source electrode of the second TFT ele-
ment, the opening can be formed in a region where the drain
electrode and the source electrode do not overlap the scan-
ning signal line and hence, and therefore it is possible to
reduce the possibility that the drain electrode or the source
electrode of the second TFT element is short-circuited with
the scanning signal lines.

[0028] Further, by forming the cutout portion in the scan-
ning signal line and by arranging the end portion of the drain
electrode or the source electrode of the second TFT element
above the cutout portion when the substrate is viewed in a
plan view, it is possible to prevent a numerical aperture from
being lowered attributed to the projection of the drain
electrode and the source electrode of the second TFT ele-
ment.
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[0029] Here, the pixel electrode may form the cutout
portion on not only the scanning signal line but also on a side
thereof which faces the scanning signal line when the
substrate is viewed in a plan view, for example.

[0030] Further, when the liquid crystal display device
adopts a lateral-electric-field driving method such as an IPS
method, counter electrodes which face the above-mentioned
pixel electrodes in an opposed manner are formed on a
substrate on which the TFT elements and the pixel elec-
trodes are formed. In the liquid crystal display device
adopting the lateral-electric-field driving method, for
example, the counter electrodes are arranged to overlap the
pixel electrodes by way of an insulation layer in a plan view
and, at the same time, two counter electrodes which are
arranged on both sides of the scanning signal line are
connected by a bridge line which stereoscopically intersect
the scanning signal lines. In such a liquid crystal display
device, it is necessary to arrange the spare TFT elements
such that the spare TFT elements do not overlap the bridge
line in a plan view.

[0031] In this manner, when the common electrode
includes the first pixel region which is electrically connected
with the common electrodes of another pixel region using
the bridge line and the second pixel region which is not
electrically connected with the common electrodes of
another pixel region, with respect to the second TFT element
arranged in the first pixel region and the second TFT element
arranged in the second pixel region, by changing the large-
ness or the shape of the occupied area or the channel width
or the channel length of each TFT element when the
substrate is viewed in a plan view, it is possible to efficiently
arrange the second TFT elements (spare TFT element) in all
pixel regions thus preventing point defects of the display
device.

[0032] Here, it is desirable that the second TFT element
which is arranged in the first pixel region is arranged
between the first TFT element arranged in the first pixel
region and the bridge line. When the bridge line is provided,
the drain electrode of the first TFT element is connected to
the video signal line extending in the direction opposite to
the direction along which the bridge line is provided as
viewed from the first TFT element. Accordingly, by arrang-
ing the second TFT element between the first TFT element
and the bridge line, when the drain line of the second TFT
element and the video signal line are connected to each
other, a connection line is not required to get over the bridge
line and hence, the drain electrode of the second TFT
element and the video signal line can be connected with a
shortest distance.

[0033] Further, in arranging the second TFT elements
which differ in the largeness or the shape of the occupied
area or the channel width and the channel length of each TFT
element when the substrate is viewed in a plan view in the
first pixel region and the second pixel region, for example,
the transistor element having the U-shaped drain electrode is
arranged in the first pixel region, and the transistor element
which arranges the drain electrode and the source electrode
in parallel each other is arranged in the second pixel region.

[0034] Further, with respect to the first TFT element and
the second TFT element, in arranging the second TFT
element which differ in the largeness or the shape of the
occupied area or the channel width and the channel length of
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each TFT element when the substrate is viewed in a plan
view, for example, the first TFT element is formed of the
transistor element which includes the U-shaped drain elec-
trode, and the second TFT element is formed of the transistor
element which arranges the drain electrode and the source
electrode in parallel to each other.

[0035] Still further, it is desirable that the first TFT ele-
ment and the second TFT element are equal, for example, in
a value which is obtained by dividing the channel width by
the channel length.

[0036] Further, with respect to the display device having
the substrate which arranges the first TFT element and the
second TFT element in one pixel region which is surrounded
by two neighboring scanning signal lines and two neighbor-
ing video signal lines, it is particularly desirable to apply the
present invention to a liquid crystal display panel which uses
the above-mentioned substrate as one substrate of a liquid
crystal display panel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 11is a schematic plan view of a liquid crystal
display panel as viewed from a viewer side;

[0038] FIG. 2 is a schematic cross-sectional view taken
along a line A-A' in FIG. 1;

[0039] FIG. 3 is a schematic plan view showing a consti-
tutional example of one pixel in a display region on a TFT
substrate of the liquid crystal display panel;

[0040] FIG. 4 is a schematic cross-sectional view taken
along a line B-B' in FIG. 3;

[0041] FIG. 5 is a schematic cross-sectional view taken
along a line C-C' in FIG. 3;

[0042] FIG. 6 is a schematic plan view showing a consti-
tutional example of a TFT element on a TFT substrate of this
embodiment;

[0043] FIG. 7 is a schematic cross-sectional view taken
along a line D-D' in FIG. 6;

[0044] FIG. 8 is a schematic plan view for explaining one
example of a correcting method;

[0045] FIG. 9 is a schematic cross-sectional view taken
along a line E-E' in FIG. 8;

[0046] FIG. 10 is a schematic plan view for explaining a
first modification of the TFT substrate of this embodiment;
and

[0047] FIG. 11 is a schematic plan view for explaining a
second modification of the TFT substrate of this embodi-
ment.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0048] Hereinafter, the present invention is explained in
detail in conjunction with an embodiment by reference to the
drawings.

[0049] Here, in all drawings for explaining the embodi-
ment, parts having identical functions are given same sym-
bols and their repeated explanation is omitted.
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[0050] FIG. 1 to FIG. 5 are schematic views showing one
constitutional example of a display panel to which the
present invention is applied.

[0051] FIG. 1 is a schematic plan view of a liquid crystal
display panel as viewed from a viewer side. FIG. 2 is a
schematic cross-sectional view taken along a line A-A' in
FIG. 1. FIG. 3 is a schematic plan view showing a consti-
tutional example of one pixel in a display region on a TFT
substrate of the liquid crystal display panel. FIG. 4 is a
schematic cross-sectional view taken along a line B-B' in
FIG. 3. FIG. 5 is a schematic cross-sectional view taken
along a line C-C' in FIG. 3.

[0052] The present invention relates to a display device
including a substrate on which a plurality of scanning signal
lines, a plurality of video signal lines which stercoscopically
intersects the plurality of scanning signal lines by way of an
insulation layer, and TFT elements and pixel electrodes
which are arranged in pixel regions each of which is
surrounded by two neighboring scanning signal lines and
two neighboring video signal lines are formed. Such a
substrate is used as one substrate (TFT substrate) out of a
pair of substrates which constitutes the liquid crystal display
panel.

[0053] The liquid crystal display panel is, for exaniple, as
shown in FIG. 1 and FIG. 2, a display panel which seals a
liquid crystal material 3 between a pair of substrates 1, 2.
Here, the pair of substrates 1, 2 is adhered to each other with
a sealing material 4 which is annularly arranged outside a
display region DA. The liquid crystal material 3 is sealed in
a space surrounded by the pair of substrates 1, 2 and the
sealing material 4.

[0054] Out of the pair of substrates 1, 2, the substrate 1
having a larger profile size as viewed from a viewer side is
generally referred to as a TFT substrate. Although not shown
in FIG. 1 and FIG. 2, the TFT substrate 1 is configured such
that on a surface of a transparent substrate such as a glass
substrate, the plurality of scanning signal lines, and the
plurality of video signal lines which stereoscopically inter-
sects the plurality of scanning signal lines by way of an
insulation layer are formed. A region which is surrounded by
two neighboring scanning signal lines and two neighboring
video signal lines corresponds to one pixel region, and a TFT
element, a pixel electrode and the like are arranged for each
pixel region. Further, another substrate 2 which makes the
pair with the TFT substrate 1 is generally referred to as a
counter substrate.

[0055] When the liquid crystal display panel adopts, for
example, a driving method referred to as a vertical-electric-
field method such as a TN method or a VA method, counter
electrodes (also referred to as common electrodes) which
face the pixel electrodes of the TFT substrate 1 are arranged
on a counter substrate 2 side. Further, when the liquid crystal
display panel adopts a driving method which is referred to
as a lateral-electric-field method such as an IPS method, for
example, the counter electrodes are formed on a TFT sub-
strate 1 side.

[0056] Next, a constitutional example of one pixel in a
display region DA of the liquid crystal display panel is
briefly explained in conjunction with FIG. 3 to FIG. 5.

[0057] The present invention may preferably be applied to
a liquid crystal display panel, and more particularly to a
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lateral-electric-field-method liquid crystal display panel in
which one pixel of the TFT substrate 1 is constituted as
shown in FIG. 3 to FIG. 5. Here, the TFT substrate 1 is, for
example, as shown in FIG. 3 to FIG. 5, configured such that
on a surface of the glass substrate SUB, the plurality of
scanning signal lines GL which extends in the x direction is
formed, and over the scanning signal lines GL, the plurality
of video signal lines DL which extends in the y direction and
stereoscopically intersects the plurality of scanning signal
lines GL by way of a first insulation layer PAS1 is formed.
Further, the region which is surrounded by two neighboring
scanning signal lines G and two neighboring video signal
lines DL corresponds to one pixel region.

[0058] Further, on the surface of the glass substrate SUB,
for example, a planar counter electrode CT is formed for
every pixel region. Here, the counter electrodes CT of the
respective pixel regions arranged in the x direction are
electrically connected with a common signal line CL
arranged parallel to the scanning signal line GL. Further, as
viewed from the scanning signal line GL, on a side opposite
to the direction along which the common signal line CL is
arranged, a common connection pad CP which is electrically
connected with the counter electrode CT is provided. Fur-
ther, for example, in forming the counter electrodes CT, the
scanning signal lines GL, the common signal lines CL and
the like, these parts may be collectively formed by pattern-
ing using a metal film such as an ITO film, an aluminum film
or the like. In this case, the ITO film is interposed (remains)
between the scanning signal lines GL and the substrate SUB.

[0059] Further, over the first insulation layer PASI,
besides the video signal lines DL, semiconductor layers,
drain electrodes SD1 and source electrode SD2 are formed.
Here, the semiconductor layers are formed using amorphous
silicon (a-Si), for example. The semiconductor layers are
constituted of not only semiconductor layers having a func-
tion of channel layers SC of TFT elements which are
arranged for respective pixel regions but also semiconductor
layers which prevent short-circuiting between the scanning
signal lines GL and the video signal lines DL at regions
where the scanning signal lines GL and the video signal lines
DL stereoscopically intersect each other (not shown in the
drawing). Here, to the semiconductor layer which has the
function of the channel layer SC of the TFT element, both
of the drain electrode SD1 and the source electrode SD2
which are connected to the video signal line DL are con-
nected.

[0060] Further, over a surface (layer) on which the video
signal lines DL and the like are formed, the pixel electrodes
PX are formed by way of a second insulation layer PAS2.
The pixel electrodes PX are electrodes which are arranged
independently for respective pixel regions, wherein the pixel
electrode PX is electrically connected with the source elec-
trode SD2 at an opening portion (through hole) TH1 which
is formed in the second insulation layer PAS2. Further, when
the counter electrode CT and the pixel electrode PX are, as
shown in FIG. 3 to FIG. 5, arranged in a stacked manner by
way of the first insulation layer PAS1 and the second
insulation layer PAS2, the pixel electrode PX is formed of a
comb-teeth electrode in which slits SL are formed.

[0061] Further, over the second insulation layer PAS2,
besides the pixel electrodes PX, for example, bridge lines
BR each of which electrically connects two counter elec-
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trodes CT arranged vertically with the scanning signal line
GL sandwiched therebetween are formed. Here, the bridge
line BR is connected with the common signal line CL and a
common connection pad CP which are arranged with the
scanning signal line GL sandwiched therebetween via
through holes TH2, TH3.

[0062] Further, over the second insulation layer PAS2, an
orientation film 5 is formed to cover the pixel electrodes PX
and the bridge lines BR. Here, although not shown in the
drawing, the counter substrate 2 is arranged to face the
surface of the TFT substrate 1 on which the orientation film
5 is formed.

[0063] Hereinafter, a constitutional example in which the
present invention is applied to the TFT substrate 1 having
the constitution shown in FIG. 3 to FIG. 5, and the manner
of operation and the advantageous effects of the constitu-
tional example are explained.

Specific Embodiment

[0064] FIG. 6 and FIG. 7 are schematic views showing the
schematic constitution of the TFT substrate of one specific
embodiment according to the present invention.

[0065] FIG. 6 is a schematic plan view showing a consti-
tutional example of a TFT element of the TFT substrate of
this embodiment. FIG. 7 is a schematic cross-sectional view
taken along a line D-D' in FIG. 6.

[0066] The TFT substrate 1 of this embodiment is a TFT
substrate which is used in a liquid crystal display panel of a
lateral-electric-field driving method in which one pixel is
configured as shown in FIG. 3 to FIG. 5. Further, in the TFT
substrate of this embodiment, in one pixel region which is
surrounded by two neighboring scanning signal lines and
wo neighboring video signal lines, a first TFT element
which is used in an initial state and a second TFT element
(spare TFT element) which is used when a malfunction
occurs in the first TFT element are arranged.

[0067] Further, in the TFT substrate 1 shown in FIG. 3 to
FIG. 5, the counter electrodes CT which are arranged on
both sides of one scanning signal line GL are electrically
connected with each other using a common bus line (not
shown in the drawing) which is arranged outside the display
region DA. Accordingly, it is unnecessary to arrange the
bridge line BR which connects the counter electrodes CT
arranged on both sides of one scanning signal line GL in all
pixel regions. For example, as shown in FIG. 6, the pixel
regions are constituted of two kinds of pixel regions, that is,
the first pixel regions in which the bridge line BR is arranged
and the second pixel regions in which the bridge line BR is
not arranged.

[0068] Here, the first TFT element which is arranged in the
first pixel region in which the bridge lien BR is arranged
between two neighboring video signal lines DL, _,, DL, and
the second pixel region in which the bridge line BR is not
arranged between two neighboring video signal lines DL,
DL and is used in the initial state is, as shown in FIG. 6,
constituted of the scanning signal line GL, a semiconductor
layer (channel layer) MSC, a drain electrode MSD1 and a
source electrode MSD2. Further, the drain electrode MSD1
of the first TFT element is connected to the video signal line
DL, and the source electrode MSD2 is connected to the pixel
electrode PX.
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[0069] Further, the second TFT element which is arranged
in the first pixel region is constituted of the scanning signal
line GL, a semiconductor layer FSC1, a drain electrode
FSD1 and a source electrode FSD2. The semiconductor
layer FSC1, the drain electrode FSD1 and the source elec-
trode FSD2 are arranged independently from the semicon-
ductor layer (channel layer) MSC, the drain electrode MSD1
and the source electrode MSD2 of the first TFT element.

[0070] Inthe same manner, the second TFT element which
is arranged in the second pixel region is constituted of the
scanning signal line GL, a semiconductor layer FSC2, a
drain electrode FSD3 and a source electrode FSD4. The
semiconductor layer FSC2, the drain electrode FSD3 and the
source electrode FSD4 are arranged independently from the
semiconductor layer (channel layer) MSC, the drain elec-
trode MSD1 and the source electrode MSD2 of the first TFT
element.

[0071] Still further, as in the case of the first pixel region
and the second pixel region, when theses pixel regions differ
from each other with respect to an area in which the second
TFT element can be arranged, the second TFT element
which is arranged in the first pixel region and the second
TFT element which is arranged in the second pixel region
differ from each other in largeness or a shape of an occupied
area or a channel width and a channel length of each TFT
element when the substrate is viewed in a plan view. For
example, TFT elements shown in FIG. 6 having shapes
different from each other are arranged.

[0072] There may be a case that when the first TFT
element used in an initial state has a defect (malfunction)
and such a defect (malfunction,) remains as it is, a point
defect, that is, a normally black display or a normally white
display occurs. The second TFT element is a spare TFT
element which is provided for correcting such a point defect
by changing over a switching element corresponding to the
pixel region from the first TFT element to the second TFT
element. Due to such a constitution, in the second TFT
element, it is desirable that largeness and a shape of an
occupied area of the second TFT element when the substrate
is viewed in a plan view are set equal to largeness and a
shape of an occupied area of the first TFT element.

[0073] However, the present invention primarily provided
for obviating the occurrence of the point defect, that is, the
occurrence of the normally black display or the normally
white display. Accordingly, the largeness and shape of the
occupied area of the second TFT element when the substrate
is viewed in a plan view may be set smaller than the
largeness and shape of the first TFT element.

[0074] Further, with respect to a value (W/L) which is
obtained by dividing a channel width W by a channel length
L in the first TFT element and the second TFT element
which are arranged in the respective pixel regions, it is
desirable that the respective TFT elements have the same
value.

[0075] Further, for example, as shown in FIG. 6 and FIG.
7, it is desirable that the scanning signal line GL forms a
cutout portion UCI at a position thereof where the scanning
signal line GL overlaps an end portion of the drain electrode
FSD1 of the second TFT element arranged in the first pixel
region as viewed in a plan view and forms a cutout portion
UC2 at a position where the scanning signal line GL
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overlaps an end portion of the source electrode FSD2 as
viewed in a plan view. In the same manner, it is desirable
that the scanning signal line GL forms a cutout portion UC3
at a position thereof where the scanning signal line GL
overlaps an end portion of the drain electrode FSD3 of the
second TFT element arranged in the second pixel region as
viewed in a plan view and forms a cutout portion UC4 at a
position thereof where the scanning signal line GL overlaps
the source electrode FSD4 as viewed in a plan view.

[0076] Still further, it is desirable that the cutout portion
UC2 which is formed at the position where the scanning
signal line GL overlaps the end portion of the source
electrode FSD2 of the second TFT element arranged in the
first pixel region as viewed in a plan view is, as shown in
FIG. 6, arranged in the vicinity of the bridge line BR. With
respect to the vicinity of the bridge line BR, a space defined
between the bridge line BR and the pixel electrode PX is
made large and hence, by arranging the end portion of the
source electrode FSD2 in the space, it is possible to decrease
a cutout size of the cutout portion UC2 of the scanning
signal line GL.

[0077] FIG. 8 and FIG. 9 are schematic views for explain-
ing a correcting method of the TFT substrate of this embodi-
ment.

[0078] FIG. 8 is a schematic plan view for explaining one
example of the correcting method. FIG. 9 is a schematic
cross-sectional view taken along a line E-E' in FIG. 8.

[0079] The TFT substrate 1 of this embodiment is manu-
factured in the same manner as a conventional TFT substrate
and, in a step for forming the semiconductor layer (channel
layer) of the TFT element, in addition to a channel layer
MSC of the first TFT element which is used in an initial
state, channel layers FSC1, FSC2 of the second TFT element
are formed. Further, in a step for forming a video signal line
DL and the like, in addition to a drain electrode MSD1 and
a source electrode MSD2 of the first TFT element which is
used in an initial state, drain electrodes FSD1, FSD3 and
source electrodes FSD2, FSD4 of the second TFT element
are formed.

[0080] Further, after manufacturing the TFT substrate 1 in
accordance with the conventional steps, for example, an
inspection is performed for checking whether the first TFT
elements arranged in the respective pixel regions are nor-
mally operated or not.

[0081] In this inspection, for example, when a defect
exists and a malfunction occurs in the channel layer MSC,
the drain electrode MSD1 or the source electrode MSD2 of
the first TFT element arranged in the first pixel region shown
in FIG. 6, that is, in a space defined between two neighbor-
ing video signal lines DL, ,, DL, a correction to change
over the TFT element (switching element) in the first pixel
region from the first TFT element to the second TFT element
is performed.

[0082] This correction is performed, for example, first of
all, as shown in FIG. 8, by cutting away the drain electrode
MSD1 of the first TFT element from the video signal line
DL,_,, and by cutting away the source electrode MSD2
from the pixel electrode PX.

[0083] Next, for example, as shown in FIG. 9, through
holes TH4, TH5 are formed in portions of the second
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insulation layer PAS2 which are arranged above the end
portion of the drain electrode FSD1 and the end potion of the
source electrode FSD2 of the second TFT element, and, at
the same time, a through hole TH6 is formed in a portion of
the second insulation layer PAS2 which is arranged above
the video signal line DL _,. Here, the respective through
holes TH4, TH5, TH6 are, for example, formed by radiating
laser beams.

[0084] Next, for example, as shown in FIG. 8 and FIG. 9,
using a conductive film 6, the end portion of the drain
electrode FSD1 of the second TFT element and the video
signal line DL__, are electrically connected with each other
and, at the same time, the source electrode FSD2 and the
pixel electrode PX are electrically connected with each
other. The conductive film 6 is, for example, formed of a
laser CVD film.

[0085] Here, by forming the cutout portions UC1, UC2 in
the scanning signal line GL and by forming the through
holes TH4, TH5 at positions where the through holes TH4,
THS do not overlap the scanning signal line as viewed in a
plan view, the through holes TH4, TH5 penetrate the drain
electrode FSD1 or the source electrode FSD2 and arrive at
the scanning signal line GL which constitutes a lower layer
and hence, it is possible to prevent the occurrence of
short-circuiting attributed to the conductive film 6. Accord-
ingly, the malfunction (point defect) which occurs in the first
pixel region can be easily corrected.

[0086] FIG. 10 is a schematic plan view for explaining a
first modification of the TFT substrate of this embodiment.
FIG. 11 is a schematic plan view for explaining a second
modification of the TFT substrate of this embodiment.

[0087] The TFT substrate of this embodiment can easily
correct the point defect attributed to the malfunction of the
first TFT element by providing the spare TFT element
(second TFT element) having the largeness and the size of
the occupied area or the channel width and the channel
length of each TFT element when the substrate is viewed in
a plan view to one pixel region in addition to the first TFT
element which is used in an initial state, for example.

[0088] Further, in the TFT substrate of this embodiment, it
is sufficient that the occurrence of the point defect, that is,
the occurrence of the normally black display or the normally
white display can be obviated and hence, and therefore it is
needless to say that the various kinds of shapes are appli-
cable to the second TFT element.

[0089] In the TFT substrate of this embodiment, for
example, when a transistor element having a U-shaped drain
electrode FSD3 is adopted as the second TFT element which
is arranged in the second pixel region in which the bridge
line BR is not arranged, for example, as shown in FIG. 10,
the second TFT element may be laterally arranged in a state
that straight portions of the drain electrode FSD3 extend in
the x direction.

[0090] Further, the second pixel region in which the bridge
line BR is not arranged has a larger area in which the second
TFT element can be arranged compared to the first pixel
region in which the bridge line BR is arranged. Accordingly,
for example, as shown in FIG. 11, it is also possible to adopt
a parallel transistor as a second TFT element which is
arranged in the second pixel region.
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[0091] Further, when the end portion of the drain electrode
and the end portion of the source electrode of the second
TFT element are arranged not to overlap the scanning signal
line GL as viewed in a plan view, for example, as shown in
FIG. 11, it is needless to say that the cutout portion UC may
be formed not only in the scanning signal line GL but also
in the pixel electrode PX. Due to such a constitution, it is
possible to reduce a size of the cutout portion formed in the
scanning signal line GL.

[0092] Further, it is needless to say that the shape of the
second TFT element is not limited to the shapes shown in
FIG. 6, FIG. 10 and FIG. 11, and the second TFT element
may be formed in other shapes.

[0093] Further, in this embodiment, as the first TFT ele-
ment, the transistor element having the U-shaped drain
electrode SD1 (MSD) is exemplified. Further, a case in
which the first TFT element is vertically arranged in a state
that the straight portions of the drain electrode SD1 extend
in the y direction is exemplified. However, it is needless to
say that the shape of the first TFT element is also not limited
to the shape shown in FIG. 6 and the like, and the first TFT
element may be formed in other shapes.

[0094] Further, in this embodiment, the constitution of one
pixel of the TFT substrate 1 is described by taking the liquid
crystal display panel adopting the lateral-electric-field driv-
ing method in which one pixel of the TFT substrate 1 is
constituted as shown in FIG. 3 to FIG. § as an example. It
is needless to say, however, that the present invention is not
limited to such a liquid crystal display panel, and the present
invention is also applicable to a liquid crystal display panel
in which one pixel has other constitution.

[0095] Although the present invention has been specifi-
cally explained heretofore in conjunction with the above-
mentioned embodiment, it is needless to say that the present
invention is not limited to the above-mentioned embodiment
and various modifications are conceivable without departing
from the gist of the present invention.

[0096] For example, in the above-mentioned embodiment,
although the case in which the present invention is applied
1o the liquid crystal display device (liquid crystal display
panel) is exemplified, it is needless to say that the present
invention may be applied to the other display device. That is,
provided that a display device includes a substrate in which
a first TFT element used in an initial state and a second TFT
element which is used when a malfunction occurs in the first
TFT element are arranged in one pixel region surrounded by
two neighboring scanning signal lines and two neighboring
video signal lines, the present invention is applicable to any
kinds of display device.

1. A display device including a substrate on which a
plurality of scanning signal lines, a plurality of video signal
lines which stereoscopically intersects the plurality of scan-
ning signal lines by way of an insulation layer, and TFT
elements and pixel electrodes which are arranged in pixel
regions each of which is surrounded by two neighboring
scanning signal lines and two neighboring video signal lines
are formed, wherein

the substrate arranges a first TFT element and a second
TFT element in each pixel region in which the first TFT
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element and the second TFT element independently
include a channel layer, a drain electrode and a source
electrode respectively,

only either one of the first TFT element and the second
TFT element in each pixel region is operated when a
video signal is applied to the video signal line and a
scanning signal is applied to the scanning signal line,
and

the first TFT element and the second TFT element differ
from each other in a largeness or a shape of an occupied
area or a channel width and a channel length of each
TFT element when the substrate is viewed in a plan
view.

2. A display device according to claim 1, wherein the
drain electrode and the source electrode of the second TFT
element include a region which overlaps the scanning signal
line and a region which does not overlap the scanning signal
line when the substrate is viewed in a plan view.

3. A display device according to claim 1, wherein the
scanning signal line includes a cutout portion where a width
of the scanning signal line is narrowed when the substrate is
viewed in a plan view, and

end portions of the respective drain electrode and the
source electrode of the second TFT element are posi-
tioned on the cutout portion when the substrate is
viewed in a plan view.

4. Adisplay device according to claim 1, wherein the pixel
electrode forms a cutout portion on a side thereof which
faces the scanning signal line in an opposed manner when
the substrate is viewed in a plan view, and

end portions of the respective drain electrode and source
electrode of the second TFT element are positioned on
the cutout portion when the substrate is viewed in a
plan view.

5. A display device according to claim 1, wherein the
substrate includes common electrodes which are arranged
for the respective pixel regions and bridge lines each of
which stereoscopically intersects the scanning signal line
and is connected to the common electrodes arranged on both
sides of the scanning signal line,

the substrate includes first pixel regions each of which
allows the common electrode to be electrically con-
nected to the common electrode of other pixel region
using the bridge line and second pixel regions each of
which prevents the common electrodes from being
connected to the common electrode of other pixel
region, and

the second TFT element which is arranged in the first
pixel region and the second TFT element which is
arranged in the second pixel region differ from each
other in a largeness or a shape of an occupied area or
a channel width and a channel length of each TFT
element when the substrate is viewed in a plan view.

6. A display device according to claim 5, wherein the
second TFT element which is arranged in the first pixel
region is arranged between the first TFT element which is
arranged in the first pixel region and the bridge line.

7. A display device according to claim 6, wherein the
second TFT element which is arranged in the first pixel
region is a transistor element having a U-shaped drain
electrode, and the second TFT element which is arranged in
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the second pixel region is a transistor element in which a
drain electrode and a source electrode are arranged in
parallel to each other.

8. A display device according to claim 1, wherein the first
TFT element is a transistor element having a U-shaped drain
electrode, and the second TFT element is a transistor ele-
ment in which a drain electrode and a source electrode are
arranged in parallel to each other.

9. A display device according to claim 1, wherein the first
TFT element and the second TFT element are equal to each
other in a value which is obtained by dividing the channel
width by the channel length.

10. A display device according to claim 1, wherein the
substrate constitutes one substrate of a liquid crystal display
panel.

11. A display device according to claim 2, wherein the
scanning signal line includes a cutout portion where a width
of the scanning signal line is narrowed when the substrate is
viewed in a plan view, and

end portions of the respective drain electrode and the
source electrode of the second TFT element are posi-
tioned on the cutout portion when the substrate is
viewed in a plan view.

12. A display device according to claim 2, wherein the
pixel electrode forms a cutout portion on a side thereof
which faces the scanning signal line in an opposed manner
when the substrate is viewed in a plan view, and

end portions of the respective drain electrode and source
electrode of the second TFT element are positioned on
the cutout portion when the substrate is viewed in a
plan view.

13. A display device according to claim 3 wherein the
pixel electrode forms a cutout portion on a side thereof
which faces the scanning signal line in an opposed manner
when the substrate is viewed in a plan view, and

end portions of the respective drain electrode and source
electrode of the second TFT element are positioned on
the cutout portion when the substrate is viewed in a
plan view.

14. A display device according to claim 11, wherein the
pixel electrode forms a cutout portion on a side thereof
which faces the scanning signal line in an opposed manner
when the substrate is viewed in a plan view, and

end portions of the respective drain electrode and source
electrode of the second TFT element are positioned on
the cutout portion when the substrate is viewed in a
plan view.

15. A display device according to claim 2, wherein the
substrate includes common electrodes which are arranged
for the respective pixel regions and bridge lines each of
which stereoscopically intersects the scanning signal line
and is connected to the common electrodes arranged on both
sides of the scanning signal line,

the substrate includes first pixel regions each of which
allows the common electrode to be electrically con-
nected to the common electrode of other pixel region
using the bridge line and second pixel regions each of
which prevents the common electrodes from being
connected to the common electrode of other pixel
region, and
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the second TFT element which is arranged in the first
pixel region and the second TFT element which is
arranged in the second pixel region differ from each
other in a largeness or a shape of an occupied area or
a channel width and a channel length of each TFT
element when the substrate is viewed in a plan view.
16. A display device according to claim 3, wherein the
substrate includes common electrodes which are arranged
for the respective pixel regions and bridge lines each of
which stereoscopically intersects the scanning signal line
and is connected to the common electrodes arranged on both
sides of the scanning signal line,

the substrate includes first pixel regions each of which
allows the common electrode to be electrically con-
nected to the common electrode of other pixel region
using the bridge line and second pixel regions each of
which prevents the common electrodes from being
connected to the common electrode of other pixel
region, and

the second TFT element which is arranged in the first
pixel region and the second TFT element which is
arranged in the second pixel region differ from each
other in a largeness or a shape of an occupied area or
a channel width and a channel length of each TFT
element when the substrate is viewed in a plan view.
17. A display device according to claim 11, wherein the
substrate includes common electrodes which are arranged
for the respective pixel regions and bridge lines each of
which stereoscopically intersects the scanning signal line
and is connected to the common electrodes arranged on both
sides of the scanning signal line,

the substrate includes first pixel regions each of which
allows the common electrode to be electrically con-
nected to the common electrode of other pixel region
using the bridge line and second pixel regions each of
which prevents the common electrodes from being
connected to the common electrode of other pixel
region, and

the second TFT element which is arranged in the first
pixel region and the second TFT element which is
arranged in the second pixel region differ from each
other in a largeness or a shape of an occupied area or
a channel width and a channel length of each TFT
element when the substrate is viewed in a plan view.
18. A display device according to claim 4, wherein the
substrate includes common electrodes which are arranged
for the respective pixel regions and bridge lines each of
which stereoscopically intersects the scanning signal line
and is connected to the common electrodes arranged on both
sides of the scanning signal line,

the substrate includes first pixel regions each of which
allows the common electrode to be electrically con-
nected to the common electrode of other pixel region
using the bridge line and second pixel regions each of
which prevents the common electrodes from being
connected to the common electrode of other pixel
region, and

the second TFT element which is arranged in the first
pixel region and the second TFT element which is
arranged in the second pixel region differ from each
other in a largeness or a shape of an occupied area or
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a channel width and a channel length of each TFT
element when the substrate is viewed in a plan view.
19. A display device according to claim 12, wherein the
substrate includes common electrodes which are arranged
for the respective pixel regions and bridge lines each of
which stereoscopically intersects the scanning signal line
and is connected to the common electrodes arranged on both
sides of the scanning signal line,

the substrate includes first pixel regions each of which
allows the common electrode to be electrically con-
nected to the common electrode of other pixel region
using the bridge line and second pixel regions each of
which prevents the common electrodes from being
connected to the common electrode of other pixel
region, and

the second TFT element which is arranged in the first
pixel region and the second TFT element which is
arranged in the second pixel region differ from each
other in a largeness or a shape of an occupied area or
a channel width and a channel length of each TFT
element when the substrate is viewed in a plan view.
20. A display device according to claim 13, wherein the
substrate includes common electrodes which are arranged
for the respective pixel regions and bridge lines each of
which stereoscopically intersects the scanning signal line
and is connected to the common electrodes arranged on both
sides of the scanning signal line,

the substrate includes first pixel regions each of which
allows the common electrode to be electrically con-
nected to the common electrode of other pixel region
using the bridge line and second pixel regions each of
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which prevents the common electrodes from being
connected to the common electrode of other pixel
region, and

the second TFT element which is arranged in the first
pixel region and the second TFT element which is
arranged in the second pixel region differ from each
other in a largeness or a shape of an occupied area or
a channel width and a channel length of each TFT
element when the substrate is viewed in a plan view.

21. A display device according to claim 14, wherein the
substrate includes common electrodes which are arranged
for the respective pixel regions and bridge lines each of
which stereoscopically intersects the scanning signal line
and is connected to the common electrodes arranged on both
sides of the scanning signal line,

the substrate includes first pixel regions each of which
allows the common electrode to be electrically con-
nected to the common electrode of other pixel region
using the bridge line and second pixel regions each of
which prevents the common electrodes from being
connected to the common electrode of other pixel
region, and

the second TFT element which is arranged in the first
pixel region and the second TFT element which is
arranged in the second pixel region differ from each
other in a largeness or a shape of an occupied area or
a channel width and a channel length of each TFT
element when the substrate is viewed in a plan view.
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