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DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a display device
employing a driving circuit including TFTs each having a
channel width wider than that of a conventional TFT, the
TFTs being monolithically formed in a display panel.

BACKGROUND ART

[0002] Conventionally, in order to, for example, improve
reliability, narrow a picture frame region, and reduce a manu-
facturing cost in the field of display devices, particularly,
liquid crystal display devices, pixel TFTs provided in a dis-
play region of a liquid crystal display device are provided
monolithically with driving TFTs provided in a scanning
signal line driving circuit and a data signal line driving circuit
that are provided in a peripheral region of the display region,
by use of a semiconductor film, such as p-Si (polycrystalline
silicon), CG-Si (continuous grain silicon) or microcrystalline
silicon (pe-Si), which has a relatively high mobility.

[0003] Recently, in order to reduce the manufacturing cost,
the pixel TFTs are provided monolithically with the driving
TFTs provided in the scanning signal line driving circuit, by
use of an a-Si (Amorphous Silicon) semiconductor film that
can be formed at a lower cost without any crystallization
process, though the a-Si semiconductor film has a mobility
lower than that of the semiconductor film made from p-Si,
CG-Si or microcrystalline silicon. In other words, monolithi-
cally forming a scanning signal line driving circuit by use of
an a-Si semiconductor film (monolithically forming a gate
driver) has been proposed.

[0004] The number of data signal lines is increased as a
liquid crystal display device becomes high-resolution. There-
fore, a data signal line driving circuit frequently includes data
signal line driving circuits 1164, 1165 and 116¢ (see F1G. 18).
[0005] FIG. 18 illustrates a configuration of a conventional
liquid crystal display device 141 including the data signal line
driving circuits 116a, 1165 and 116¢.

[0006] The liquid crystal display device 141 includes a
display panel 112, a flexible print substrate 113, and a control
substrate 114.

[0007] Inthe display panel 112 of the liquid crystal display
device 141, pixel TFTs 121 provided for respective pixels in
a display region 1124, and driving TFTs provided in a scan-
ning signal line driving circuit 115 are incorporated by use of
amorphous silicon formed on a glass substrate.

[0008] A plurality of pixels PIX are arranged in a matrix
manner in the display region 112a. A pixel PIX includes a
pixel TFT 121, a liquid crystal capacitor CL, and a storage
capacitor Cs.

[0009] The pixel TET 121 has a gate electrode connected to
a corresponding one of scanning signal lines GL, a source
electrode connected to a corresponding one of data signal
lines SL, and a drain electrode connected to the liquid crystal
capacitor CL and the storage capacitor Cs.

[0010] The scanning signal lines GL are made up of scan-
ning signal lines GL.1, GL.2,GL3, . .., and GLn. The scanning
signal lines GL are connected to respective output terminals
of'the scanning signal line driving circuit 115. The data signal
lines SL are made up of data signal lines SL.1, SL.2, SL3, . ..
, and SLm. The data signal lines SL each are connected to a
corresponding output terminal of the data signal line driving
circuit 1164, 1165 or 116c.
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[0011] The storage capacitors Cs provided for the respec-
tive pixels PIX each have an electrode connected to a storage
capacitor line (not shown) via which a storage capacitor volt-
age is applied to the electrode.

[0012] The scanning signal line driving circuit 115 is pro-
vided on a side of the display region 112a of the display panel
112, to which side the scanning signal lines GL.1, GL2, GL3,
..., and GLn extend (see FIG. 18). The scanning signal line
driving circuit 115 sequentially supplies a scanning pulse (a
gate pulse) to the scanning signal lines GL1, GL2, GL3, ...,
and GLn.

[0013] The scanning signal line driving circuit 115 can be
provided monolithically with the display region 1124 in the
display panel 112 by use of a p-Si film, a CG-Si film, a
microcrystalline silicon film, or an amorphous silicon film.
[0014] The data signal line driving circuits 1164, 1165 and
116¢ are provided on the flexible print substrate 113, and
supply data signals to the data signal lines SL1, SL.2, SL3, . .
., and SLm.

[0015] The control substrate 114 is connected to the flex-
ible print substrate 113, and supplies necessary signals and
voltages to the scanning signal line driving circuit 115 and the
data signal line driving circuits 116a, 1165 and 116¢. That is,
the control substrate 114 supplies the necessary signals and
voltages to the scanning signal line driving circuit 115 of the
display panel 112 via the flexible print substrate 113.

[0016] In a case where the data signal line driving circuits
1164, 1165 and 116c¢ constitute a data signal line driving
circuit as illustrated in the liquid crystal display device 141 of
FIG. 18, a manufacturing cost and a mountable surface area
will be increased.

[0017] In order to solve such a problem, there has been
proposed a liquid crystal display device for carrying out an
SSD (Source Shared Driving) method in which (i) the number
of outputs from a data signal line driving circuit is decreased,
and (ii) data signal lines provided for respective R, G and B
are driven in a time division manner.

[0018] FIG. 19 exemplifies a liquid crystal display device
151 for performing an SSD method.

[0019] Note that a configuration of each of pixels PIX
arranged in a matrix manner (see FIG. 19) is identical to that
of'the pixels PIX illustrated in FIG. 18, and therefore descrip-
tion of the configuration is omitted here.

[0020] The liquid crystal display device 151 includes a
display panel 112, and a flexible print substrate 113. The
display panel 112 includes the pixels PIX, a scanning signal
line driving circuit (a gate driver) 153, and an SSD circuit 155.
A data signal line driving circuit (a source driver) 152 having
a chip shape is mounted on the flexible print substrate 113
(see FIG. 19).

[0021] A plurality of sets of three data signal lines are
provided adjacent to each other in the display region 112,
each of which sets includes a data signal line RSL connected
to an R (red) pixel PIX, a data signal line GSL connected to a
G (green) pixel PIX, and a data signal line BSL connected to
a B (blue) pixel PIX.

[0022] FIG. 19 illustrates (i) the (n—1)-th set of data signal
lines SLn-1 (RSLn-1, GSLn-1, and BSLn-1), (ii) the n-th
set of data signal lines SLn (RSLn, GSLn, and BSLn), and
(iii) (n+1)-th set of data signal lines SLn+1 (RSLn+1, GSLn+
1, and BSLn+1).

[0023] The SSD circuit 155 includes (i) transistors (TFT)
ASWR (ASWRn-1, ASWRn, and ASWRn+1 illustrated in
FIG. 19) connected to edges of the respective data signal lines
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RSL, to each of which edges a data signal is to be supplied, (ii)
transistors ASWG (ASWGn-1, ASWGn, and ASWGn+1
illustrated in FIG. 19) connected to edges of the respective
data signal lines GSL, to each of which edges a data signal is
to be supplied, and (iii) transistors ASWB (ASWBn-1,
ASWBn, and ASWBn+1 illustrated in FIG. 19) connected to
edges of the respective data signal lines BSL, to each of which
edges a data signal is to be supplied.

[0024] For example, the transistors ASWRn, ASWGn, and
ASWBn, having edges connected to the respective data sig-
nals lines RSLn, GSLn and BSLn belonging to an identical
set, have respective other edges connected to one another. The
other edges are connected to a corresponding output line
DATA (DATAn illustrated in FIG. 19) of the data signal line
driving circuit 152 (see FIG. 19).

[0025] In the liquid crystal display device 151 including
such an SSD circuit 155, the number of output lines DATA in
the data signal line driving circuit 152 can be reduced to
one-third of the total number of output lines DATA in the data
signal line driving circuits 1164, 1165 and 116¢ provided in
the liquid crystal display device 141 illustrated in FIG. 18,
each of which data signal line driving circuits 1164, 1165 and
116¢ is made up of chips. Further, the number of data signal
line driving circuits provided in the liquid crystal display
device 151 can be reduced to one-third of the number of the
data signal line driving circuits provided in the liquid crystal
display device 141. It is therefore possible to prevent increase
in manufacturing cost and mountable surface area.

[0026] The following description will discuss in detail a
configuration of the SSD circuit 155 with reference to FIG.
19.

[0027] The transistors ASWR, ASWG, and ASWB are
sequentially turned on in a time division manner during sub-
stantially one-third of one horizontal period when respective
ON signals Ron, Gon and Bon are inputted to gate electrodes
ofthe respective transistors ASWR, ASWG, and ASWB. The
transistor ASWR is turned on in response to an ON signal Ron
of High level. This causes output DATA for a corresponding
R pixel PIX to be supplied from the data signal line driving
circuit 152 to a corresponding data signal line RSL. The
transistor ASWG is turned on in response to an ON signal
Gon of High level. This causes output DATA for a corre-
sponding G pixel PIX to be supplied from the data signal line
driving circuit 152 to a corresponding data signal line GSL.
The transistor ASWB is turned on in response to an ON signal
BonofHigh level. This causes output DATA for a correspond-
ing B pixel PIX to be supplied from the data signal line
driving circuit 152 to a corresponding data signal line BSL.
[0028] That is, the transistors ASWR, ASWG, and ASWB
have respective source electrodes and respective drain elec-
trodes, ones of the source electrodes and the drain electrodes
being connected to the respective data signal lines RSL, GSL,
and BSL, and the other ones of the source electrodes and the
drain electrodes being connected to a corresponding output
line DATA of the data signal line driving circuit 152 (see FIG.
19).

[0029] The scanning signal line driving circuit 153 and the
SSD circuit 155 can be incorporated in the display panel 112
monolithically with pixel TFTs 121 provided in a display
region of the display panel 112, by use of a p-Si film, a CG-Si
film, a microcrystalline silicon film, an oxide semiconductor
film, or an amorphous silicon film.

[0030] Meanwhile, a TFT having a channel width wider
than that of a conventional TFT should be employed in a case
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where driving TFTs do not meet a predetermined mobility
required for circuit driving, particularly in a case where the
driving TFTs are formed by use of an amorphous silicon film,
which driving TFTs are provided in each of a scanning signal
line driving circuit, a data signal line driving circuit and an
SSD circuit that can be thus incorporated monolithically with
pixel TFTs provided in a display region of a liquid crystal
display device, by use of a p-Si film, a CG-Si film, a micro-
crystalline silicon film, an oxide semiconductor film, or an
amorphous silicon film.

[0031] FIG.20is aview exemplifying a TFT having a wide
channel width.
[0032] (a) of FIG. 20 is a view illustrating a part of a TFT,

with a wide channel width, which includes a consecutive
U-shape (comb teeth shape) electrode.

[0033] (a) of FIG. 20 illustrates a partial region 200 of a
plurality of partial regions 200 included in the TFT. The
partial region 200 includes a gate electrode line 210, a source
electrode line 230, and a drain electrode line 240. The source
electrode line 230 has an U-shape part surrounding an I-shape
part of the drain electrode line 240. A channel is formed
between the U-shape part and the I-shape part.

[0034] The TFT includes the plurality of partial regions 200
connected in juxtaposition with one another (not shown in (a)
of FIG. 20).

[0035] The channel has (i) a width represented by a dis-
tance W of 2xDL1+DL2 and (ii) a length represented by a
distance L between a first boundary and a second boundary
(see (a) of FIG. 20). The first boundary is between the source
electrode line 230 and a channel region. The second boundary
is between the drain electrode line 240 and the channel region.

[0036] The TFT thus includes the plurality of partial
regions 200 connected in juxtaposition with one another. It is
therefore possible to provide a TFT having a remarkably wide
channel width.

[0037] There is, however, a problem that an abnormality
occurs in a property of the whole TFT configured as illus-
trated in (a) of FIG. 20 when even just a leak is generated
between the source electrode line 230 and the drain electrode
line 240.

[0038] Therefore, in a case where a short cut is caused
between the U-shape part of the source electrode line 230 and
the I-shape part of the drain electrode line 240 by, for
example, a defect during a process, an upper part of the
I-shape part of the drain electrode line 240 is melted and
separated by use of laser, so that the whole TFT can normally
operate.

[0039] In a case, however, where the I-shape part of the
drain electrode line 240 is melted and separated by use of
laser, the laser reaches a layer in which a semiconductor layer
and ann* layer are stacked, which layer is formed in an upper
region of the gate electrode line 210. This is because a dis-
tance between a main body of the drain electrode line 240 and
the upper region of the gate electrode line 210 is short in the
TFT configured as illustrated in (a) of FIG. 20.

[0040] The layer, damaged by the laser, further transmits
heat generated by the laser to a region adjacent to the layer
because the layer extends to the whole TFT. This causes
damage over a broad area including the region adjacent to the
layer.
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SUMMARY OF INVENTION
Technical Problem

[0043] Inorder to solve the problem, it has been considered
employing a TFT configured as illustrated in (b) of FIG. 20,
which TFT is described in Patent Literature 1.

[0044] A TFT 300 includes a gate electrode 302, a first
source/drain electrode 303, and a second source/drain elec-
trode 304. The first source/drain electrode 303 serves as a
source electrode when the second source/drain electrode 304
serves as a drain electrode, and vice versa.

[0045] The gate electrode 302 has a U-shape, and is pro-
vided, on a glass substrate, below where the first source/drain
electrode 303 and the second source/drain electrode 304 are
formed.

[0046] Above the gate electrode 302, a layer in which a
semiconductor layer and an n* layer are stacked is provided
via a gate insulating film. In a case where a first region R,
which is hatched, represents a region where the semiconduc-
tor layer is provided, a region of the layer exists in the first
region R, and the first source/drain electrode 303 is provided
on the n* layer in the first region R. Note that a region 305
other than the first source/drain electrode 303 in the first
region R is a region of the semiconductor layer, in which
region no n* layer is provided above.

[0047] The second source/drain electrode 304 includes an
electrode line 3044 and a plurality of branch electrodes 3045.
[0048] The electrode line 304q is a linear electrode pro-
vided in a center gap region of the gate electrode 302 having
the U-shape. The plurality of branch electrodes 3045 are a
group of electrodes extending from the electrode line 304a to
both sides of the first source/drain electrode 303. Each of the
plurality of branch electrodes 3045 extends to the n* layer in
the first region R. The source/drain electrode 303 is provided
so as to surround the plurality of branch electrodes 3045 via a
predetermined distance.

[0049] The first source/drain electrode 303 sandwiches,
with the plurality of branch electrodes 3045 present in the first
region R, a pattern of the semiconductor layer of the layer, in
which pattern includes no n* layer. The pattern extends to a
panel in-plane direction. The pattern of the semiconductor
layer is a channel forming region 305a in the TFT 300.
[0050] Ina part D where the plurality of branch electrodes
3045 of the second source/drain electrode 304 intersect with
the first region R hatched in (b) of FIG. 20, an outer periphery
of'the first region R is located on a line f which is closer to the
electrode line 304a than a boundary line e inside the gate
electrode 302 having the U-shape. There are regions 306
where the layer in which the semiconductor layer and the n*
layer are stacked extends from the boundary line e to the line
f.

[0051] Between any adjacent regions 306, the outer periph-
ery of the first region R is located on a line g that is more
distant from the electrode line 304a than the boundary line e.
[0052] A distance d1 between the part D and the electrode
line 304a is set to be not less than 5 um.
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[0053] Such a setting makes it possible to easily irradiate
with laser a point Q on one of the plurality of branch elec-
trodes 3045 of the second source/drain electrode 304 without
irradiating the part D and the electrode line 304a with the
laser, in a case where a leak is generated between the first
source/drain electrode 303 and the branch electrode 3045,
specifically in a case where, for example, a short cut is caused
in a part S illustrated in (b) of FIG. 20.

[0054] Patent Literature 1 thus describes that according to
the configuration, it is possible to provide a TFT, with a wide
channel width, which can easily restore a leak generated
between a source electrode and a drain electrode.

[0055] The above-configured TFT, however, has a problem
that reduction in productivity occurs because it takes long to
(1) find out a leaking part (a defect part) in the TFT and (ii)
separate the leaking part by use of laser, due to the fact that the
TFT has such a wide channel width (see (b) of FIG. 20).
[0056] Further, according to the configuration of the TFT,
merely a leaking part (a defect part) is separated by use of
laser. This causes a difference in channel width between (i) a
first TFT whose leaking part has been separated by use of
laser and (ii) a second TFT having no part separated by use of
laser. As such, a display device, employing a driving circuit
including such first and second TFTs, causes a problem of
deterioration in display quality.

[0057] The present invention was made in view of the prob-
lem, and an object of the present invention is to provide a
display device employing a driving circuit including TFTs in
which, even in a case where a leaking part (a defect part) is
generated, it does not take long to restore the leaking part (the
defect part), and productivity can be improved, the TFTs
keeping respective channel widths identical to one another
even after the leaking part is restored.

Solution to Problem

[0058] In order to attain the object, a display device of the
presentinvention is A display device, having: a display region
where (i) pixels arranged in a matrix manner and (ii) pixel
TFT elements provided for the respective pixels, are pro-
vided; and a region on the periphery of the display region, in
which region a driving circuit, including driving TFT ele-
ments formed monolithically with the pixel TFT elements, is
provided, each of the driving TFT elements including a semi-
conductor layer, a gate electrode, a source electrode, and a
drain electrode, the gate electrode being provided on a first
surface of the semiconductor layer, and the source electrode
and the drain electrode being provided on a second surface of
the semiconductor layer, the second surface facing the first
surface, one of the source electrode and the drain electrode
being provided, in a region, so as to surround part of the other
of the source electrode and the drain electrode, the one of the
source electrode and the drain electrode being away, in the
region, from the other by a constant distance, the driving
circuit further including (i) a redundancy TFT element pro-
vided so as to have a channel width identical to those of the
driving TFT elements, (ii) a first redundancy line, (iii) a
second redundancy line, and (iv) a third redundancy line, the
first redundancy line being provided, by electrically connect-
ing to one of a plurality of first lines for supplying different
first signals to the gate electrodes of the respective driving
TFT elements, so as to supply, to a gate electrode of the
redundancy TFT element, a first signal that is to be supplied
via the one of the plurality of first lines electrically connected
to the first redundancy line, the second redundancy line being
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provided, by electrically connecting to one of a plurality of
second lines for supplying different second signals to the
source electrodes of the respective driving TFT elements, so
as to supply, to a source electrode of the redundancy TFT
element, a second signal that is to be supplied via the one of
the plurality of second lines electrically connected to the
second redundancy line, and the third redundancy line being
electrically connected to a drain electrode of the redundancy
TFT element, and the third redundancy line being provided,
by electrically connecting to one of a plurality of third lines,
via which the different second signals are outputted from the
drain electrodes of the respective driving TFT elements, so
that a corresponding one of the different second signals,
which is to be outputted from the drain electrode of the
redundancy TFT element, is outputted from the one of the
plurality of third lines electrically connected to the third
redundancy line.

[0059] According to the configuration, the one ofthe source
electrode and the drain electrode of each of the driving TFT
element and the redundancy TFT element is provided, in a
region, so as to surround part of the other of the source
electrode and the drain electrode, and the one of the source
electrode and the drain electrode is away, in the region, from
the other by a constant distance. That is, a driving TFT ele-
ment, with a wide channel width, which includes a U-shape
electrode or a comb teeth shape electrode, is employed.
[0060] Conventionally, in a case where a leaking part (a
defect part) is generated between the source electrode and the
drain electrode in the driving TFT element having such a wide
channel width, the leaking part is separated by use of laser so
that the driving TFT element is restored. In contrast, accord-
ing to the configuration, restoration is carried out by use of the
redundancy TFT element, the first redundancy line, the sec-
ond redundancy line, and the third redundancy line, all of
which are provided separately from the driving TFT element.
[0061] The configuration eliminates a conventional prob-
lem that a reduction in productivity occurs because it takes
long to (i) find out a leaking part (a defect part) in the driving
TFT element and (ii) separate the leaking part by use of laser,
due to the fact that the driving TFT element has a wide
channel width.

[0062] Further, conventionally, merely a leaking part (a
defect part) of the driving TFT element having a wide channel
width is separated by use of laser. This causes a difference in
channel width between (i) a first driving TFT element whose
leaking part has been separated by use of laser and (ii) a
second driving TFT element having no part separated by use
oflaser. Assuch, a display device, employing a driving circuit
including such first and second driving TFT elements, causes
a problem of deterioration in display quality.

[0063] Incontrast, according to the configuration, it is pos-
sible to provide a display device capable of preventing dete-
rioration in display quality. This is because restoration is
carried out by use of (i) the redundancy TFT element provided
so as to have a channel width identical to that of the driving
TFT element, (ii) the first redundancy lines, (iii) the second
redundancy line, and (iv) the third redundancy line, instead of
using the driving TFT element in which a leaking part (a
defect part) is generated.

Advantageous Effects of Invention

[0064] A display device of the present invention is config-
ured such that each of the driving TFT elements includes a
semiconductor layer, a gate electrode, a source electrode, and
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a drain electrode, the gate electrode is provided on a first
surface of the semiconductor layer, and the source electrode
and the drain electrode is provided on a second surface of the
semiconductor layer, the second surface facing the first sur-
face, one of the source electrode and the drain electrode is
provided, in aregion, so as to surround part of the other of the
source electrode and the drain electrode, the one ofthe source
electrode and the drain electrode is away, in the region, from
the other by a constant distance, the driving circuit further
includes (1) a redundancy TFT element provided so as to have
a channel width identical to those of the driving TFT ele-
ments, (ii) a first redundancy line, (iii) a second redundancy
line, and (iv) a third redundancy line, the first redundancy line
is provided, by electrically connecting to one of a plurality of
first lines for supplying different first signals to the gate
electrodes of the respective driving TFT elements, so as to
supply, to a gate electrode of the redundancy TFT element, a
first signal that is to be supplied via the one of the plurality of
first lines electrically connected to the first redundancy line,
the second redundancy line is provided, by electrically con-
necting to one of a plurality of second lines for supplying
different second signals to the source electrodes of the respec-
tive driving TFT elements, so as to supply, to a source elec-
trode of the redundancy TFT element, a second signal that is
to be supplied via the one of the plurality of second lines
electrically connected to the second redundancy line, and the
third redundancy line is electrically connected to a drain
electrode of the redundancy TFT element, and the third
redundancy line is provided, by electrically connecting to one
of a plurality of third lines, via which the different second
signals are outputted from the drain electrodes of the respec-
tive driving TFT elements, so that a corresponding one of the
different second signals, which is to be outputted from the
drain electrode of the redundancy TFT element, is outputted
from the one of the plurality of third lines electrically con-
nected to the third redundancy line.

[0065] It is therefore possible to provide a display device
employing a driving circuit including TFTs in which, even in
acase where a leaking part (a defect part) is generated, it does
not take long to restore the leaking part (the defect part), and
productivity can be improved, the TFTs keeping respective
channel widths identical to one another even after the leaking
part is restored.

BRIEF DESCRIPTION OF DRAWINGS

[0066] FIG.1

[0067] FIG.1isa view schematically illustrating a part of a
signal distribution circuit provided in a liquid crystal display
device in accordance with an embodiment of the present
invention.

[0068] FIG.2

[0069] FIG.2isaview schematically illustrating a configu-
ration of a liquid crystal display device in accordance with an
embodiment of the present invention.

[0070] FIG.3

[0071] FIG. 3 is a view exemplifying a case where a leak (a
defect) is generated in a driving TFT element of a signal
distribution circuit provided in a liquid crystal display device
in accordance with an embodiment of the present invention.
[0072] FIG.4

[0073] FIG. 4 is an explanatory view for describing a case
where the signal distribution circuit illustrated in FIG. 3 is
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restored by use of a redundancy TFT element, a first redun-
dancy line, a second redundancy line, and a third redundancy
line.

[0074] FIG.5

[0075] FIG. 5 is a view illustrating how output DATA,
outputted from an output terminal of a data signal line driving
circuit, flows after the signal distribution circuit is restored as
illustrated in FIG. 4.

[0076] FIG.6

[0077] FIG. 6 is a view exemplifying a case where a control
signal line SEL G is electrically disconnected in a signal
distribution circuit provided in a liquid crystal display device
in accordance with an embodiment of the present invention.
[0078] FIG.7

[0079] FIG. 7 is an explanatory view for describing a case
where an electrical disconnection generated in the signal
distribution circuit illustrated in FIG. 6 is restored by use of a
fourth redundancy line.

[0080] FIG.8

[0081] FIG. 8 is a view illustrating how a control signal,
supplied via a control signal line SEL G, flows after the signal
distribution circuit is restored as illustrated in FIG. 7.

[0082] FIG.9

[0083] FIG. 9 is a view illustrating a layout of a signal
distribution circuit provided in a liquid crystal display device
in accordance with an embodiment of the present invention.
FIG. 10

[0084] FIG. 10 is a view illustrating a layout of another
signal distribution circuit that can be provided in a liquid
crystal display device in accordance with an embodiment of
the present invention.

[0085] FIG.11

[0086] FIG. 11 is a view schematically illustrating a part of
a signal distribution circuit provided in a liquid crystal display
device in accordance with another embodiment of the present
invention.

[0087] FIG.12

[0088] FIG.12is a view exemplifying a case where a leak
(a defect) is generated in a driving TFT element of a signal
distribution circuit provided in a liquid crystal display device
in accordance with another embodiment of the present inven-
tion.

[0089] FIG.13

[0090] FIG. 13 is an explanatory view for describing a case
where the signal distribution circuit illustrated in FIG. 12 is
restored by use of a redundancy TFT element, a first redun-
dancy line, a second redundancy line, and a third redundancy
line.

[0091] FIG.14

[0092] FIG. 14 is a view illustrating how output DATA,
outputted from an output terminal of a data signal line driving
circuit, flows after the signal distribution circuit is restored as
illustrated in FIG. 13.

[0093] FIG.15

[0094] FIG. 15 is a view exemplifying a case where a con-
trol signal line SEL G is electrically disconnected in a signal
distribution circuit provided in a liquid crystal display device
in accordance with another embodiment of the present inven-
tion.

[0095] FIG.16

[0096] FIG. 16 is an explanatory view for describing a case
where an electrical disconnection generated in the signal
distribution circuit illustrated in FIG. 15 is restored by use of
a fourth redundancy line.

Nov. 29, 2012

[0097] FIG.17

[0098] FIG. 17 is a view illustrating how a control signal,
supplied via a control signal line SEL G, flows after the signal
distribution circuit is restored as illustrated in FIG. 16.
[0099] FIG.18

[0100] FIG. 18 illustrates a configuration of a conventional
liquid crystal display device including a plurality of data
signal line driving circuits.

[0101] FIG.19

[0102] FIG. 19 exemplifies a liquid crystal display device
for carrying out an SSD method.

[0103] FIG.20

[0104] FIG. 20is a view exemplifying a TFT having a wide
channel width.

DESCRIPTION OF EMBODIMENTS

[0105] The following description will discuss in detail
Embodiments of the present invention, with reference to
drawings. Note, however, that a dimension, a material, a
shape, and a relative arrangement of components described in
the Embodiments are illustrative only, and therefore the scope
of the present invention should not be narrowly interpreted
within the limits of such Embodiments.

Embodiment 1

[0106] The following description will discuss, as a display
device of the present invention which display device employs
a driving circuit including driving TFT elements each of
which has a wide channel width, a liquid crystal display
device employing a signal distribution circuit (an SSD cir-
cuit) including driving TFT elements each having a wide
channel width, with reference to FIGS. 1 through 10. Note,
however, that the driving circuit is not limited to the signal
distribution circuit, provided that it employs driving TFT
elements each having a wide channel width. For example, a
scanning signal line driving circuit or a data signal line driv-
ing circuit can be employed as the driving circuit.

[0107] Theliquid crystal display device is exemplified as a
display device in Embodiment 1. Note, however, that the
display device is not limited to the liquid crystal display
device. For example, an EL display device can be employed
as the display device.

[0108] FIG.2isaview schematically illustrating a configu-
ration of a liquid crystal display device 1 of Embodiment 1.

[0109] The liquid crystal display device 1 includes (i) a
liquid crystal display panel 2 and (ii) a data signal line driving
circuit 6 mounted on a flexible print substrate S (see FIG. 2).
Theliquid crystal display panel 2 includes (a) a display region
R1, (b) a signal distribution circuit 3, and (c) a scanning signal
line driving circuit 4.

[0110] Inthedisplay region R1, thereare provided (i) pixels
arranged in a matrix manner, (ii) pixel TFT elements provided
for the respective pixels, (iii) scanning signal lines each con-
nected to gate electrodes of corresponding pixel TFT ele-
ments, and (iv) data signal lines each connected to source
electrodes of corresponding pixel TFT elements (all not
shown).

[0111] The signal distribution circuit 3 and the scanning
signal line driving circuit 4 are provided monolithically with
the pixel TFT elements in a peripheral region of the display
region R1.

[0112] According to Embodiment 1, in order to prevent rise
in unit cost for manufacturing the liquid crystal display device
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1, semiconductor layers of (i) driving TFT elements provided
in each of the signal distribution circuit 3 and the scanning
signal line driving circuit 4 and (ii) the pixel TFT elements are
made from amorphous silicon. Note, however, that Embodi-
ment 1 is not limited to this. Examples of the semiconductor
layers encompass an oxide layer, a microcrystalline silicon
layer, a layer in which a microcrystalline silicon and an amor-
phous silicon are stacked, a polycrystalline silicon layer, and
a continuous grain boundary crystal silicon layer.

[0113] Examples of the semiconductor layers also encom-
pass amorphous germanium, polycrystalline germanium,
amorphous silicon germanium, polycrystalline silicon ger-
manium, amorphous silicon carbide, and polycrystalline sili-
con carbide.

[0114] Note that the oxide layer can be made from, for
example, an amorphous oxide containing at least one element
selected from the group consisting of In, Ga and Zn. Note,
however, that Embodiment 1 is not limited to this.

[0115] According to Embodiment 1, each of the semicon-
ductor layers is made from amorphous silicon having a rela-
tively low mobility. This causes the data signal line driving
circuit 6 to be provided on the flexible print substrate 5 in a
separate step. Meanwhile, in a case where a semiconductor
layer having a relatively high mobility is employed, the data
signal line driving circuit 6 can be also provided monolithi-
cally with the pixel TFT elements.

[0116] Note that the signal distribution circuit 3 provided in
the liquid crystal display device 1 is identical to an SSD
circuit 155 provided in a conventional liquid crystal display
device 151 illustrated in FIG. 19, except that the signal dis-
tribution circuit 3 includes a redundancy TFT element, a first
redundancy line, a second redundancy line, a third redun-
dancy line, and a fourth redundancy line.

[0117] FIG. 1 is a view schematically illustrating a part of
the signal distribution circuit 3 provided in the liquid crystal
display device 1 of Embodiment 1.

[0118] A plurality of sets of data signal lines are provided
adjacent to one another. Each of the plurality of sets of data
signal lines includes (i) a data signal line SRn connected to an
R (red) pixel PIX, (ii) a data signal line SGn connected to a G
(green) pixel PIX, and (iii) a data signal line SBn connected to
a B (blue) pixel PIX (see FIG. 1).

[0119] FIG. 1 merely illustrates (i) the n-th set of data signal
lines SRn, SGn and SBn and (ii) the (n+1)-th set of data signal
lines SRn+1, SGn+1 and SBn+1.

[0120] In the signal distribution circuit 3, the data signal
lines SRn, SGn, SBh, . . . have edges connected to respective
driving TFT elements 7, via which edges respective data
signals are to be supplied.

[0121] The driving TFT elements 7 each have a semicon-
ductor layer made from amorphous silicon having a low
mobility. Therefore, one of a source electrode and a drain
electrode of the driving TFT element 7 is provided, in a
region, so as to surround part of the other of the source
electrode and the drain electrode of the driving TFT element
7, and the one of the source electrode and the drain electrode
of the driving TFT element 7 is away, in the region, from the
other by a constant distance. This causes the driving TFT
element 7 to have a wide channel width (see FIG. 20). The
driving TFT element 7 thus includes a U-shape electrode or a
comb teeth shape electrode.

[0122] The data signal lines SRn, SGn and SBn belonging
to an identical set are connected to one another on a side of the
driving TFT elements 7, and are connected to an output ter-
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minal SINn of the data signal line driving circuit 6. The data
signal lines SRn+1, SGn+1 and SBn+1 belonging to another
identical set are connected to another output terminal SINn+1
of the data signal line driving circuit 6 (see FIG. 1).

[0123] The driving TFT elements 7 have gate electrodes to
which control signals (first signals) are supplied, via respec-
tive of a first control signal line SEL R, a second control signal
line SEL G, and a third control signal line SEL B. The driving
TFT elements 7, connected to the respective data signal lines
SRn, SGn and SBn belonging to the identical set, are sequen-
tially turned on, in a time division manner, for approximately
one-third of one horizontal period.

[0124] The driving TFT elements 7 connected to the
respective data signal lines SRn, SRn+1, . . . are turned on
while a control signal of High level is being supplied to the
first control signal line SEL R. This causes pieces of output
DATA (second signals, image signals) for respective R pixels
PIX to be supplied from the output terminals SINn, SINn+1,
... of the data signal line driving circuit 6 to the respective
data signal lines SRn, SRn+1, . ...

[0125] The driving TFT elements 7 connected to the
respective data signal lines SGn, SGn+1, . . . are turned on
while a control signal of High level is being supplied to the
second control signal line SEL G. This causes pieces of output
DATA for respective G pixels PIX to be supplied from the
output terminals SINn, SINn+1, . . . of the data signal line
driving circuit 6 to the respective data signal lines SGn, SGn+
1,....

[0126] The driving TFT elements 7 connected to the
respective data signal lines SBn, SBn+1, . . . are turned on
while a control signal of High level is being supplied to the
third control signal line SEL B. This causes pieces of output
DATA for respective B pixels PIX to be supplied from the
output terminals SINn, SINn+1, . . . of the data signal line
driving circuit 6 to the respective data signal lines SBn, SBn+
1,....

[0127] That is, each of the driving TFT elements 7 has (i) a
drain electrode connected to a corresponding one of the data
signal lines SRn, SGn, SBn . . ., and (ii) a source electrode
connected to a corresponding one of the output terminals
SINn, SINn+1 . . . of the data signal line driving circuit 6 (see
FIG. 1).

[0128] Thessignal distribution circuit 3 includes, for each of
the plurality of sets of data signal lines, (i) a redundancy TFT
element 8 provided so as to have a channel width identical to
those of the driving TFT elements 7, (ii) first redundancy lines
9a and 94, (iii) a second redundancy line 10, (iv) a third
redundancy line 11, and (v) fourth redundancy lines 12a and
125 (see FI1G. 1).

[0129] FIG. 3 exemplifies a case where a leak (defect) is
generated ina driving TFT element 7 of the signal distribution
circuit 3 provided in the liquid crystal display device 1 of
Embodiment 1.

[0130] Specifically, FIG. 3 exemplifies a case where a leak
(a defect) is generated in the driving TFT element 7 connected
to the data signal line SGn.

[0131] FIG. 4 is an explanatory view for describing a case
where the signal distribution circuit 3 illustrated in FIG. 3 is
restored by use of a redundancy TFT element 8, first redun-
dancy lines 9a and 95, a second redundancy line 10, and a
third redundancy line 11.

[0132] In FIG. 4, points indicated by circles represent
respective parts to be electrically connected by use of laser,
points Xs represent respective parts to be electrically discon-
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nected by use of laser, and point Vs represent respective parts
to be electrically disconnected by use of laser as appropriate
in accordance with a peripheral load (resistor and/or capaci-
tor).

[0133] In acase where a leak (a defect) is generated in the
driving TFT element 7 connected to the data signal line SGn,
the driving TFT element 7, connected to the data signal line
SGn, is electrically disconnected at its both ends (the drain
electrode and the source electrode) from the data signal line
SGn, so as to be electrically isolated from the data signal line
SGn (see FIG. 4).

[0134] The first redundancy line 9a is provided so as to
intersect with the control signal lines SEL R, SEL G, and SEL,
B electrically connected to the gate electrodes of the respec-
tive driving TFT elements 7. The first redundancy line 954 is
provided in parallel to the control signal lines SEL R, SEL G,
and SEL B.

[0135] Thereafter, (i) an intersection of the first redundancy
line 9a and the second control signal line SEL. G and (ii) an
intersection of the first redundancy lines 9a and 95 are elec-
trically connected to each other (see FIG. 4). This allows a
control signal, supplied via the control signal line SEL G, to
be supplied to a gate electrode of the redundancy TFT ele-
ment 8.

[0136] The second redundancy line 10 is connected to one
of the output terminals SINn, SINn+1 . . . of the data signal
line driving circuit 6 (see FIG. 4).

[0137] According to Embodiment 1, a single redundancy
TFT element 8 is shared by the output terminals SINn and
SINn+1 of the data signal line driving circuit 6 (that is, a
single redundancy TFT element 8 is shared by two output
terminals of the data signal line driving circuit 6). The second
redundancy line 10 is connected in advance to the output
terminals SINn and SINn+1 of the data signal line driving
circuit 6. Note, however, that Embodiment 1 is not limited to
this. The redundancy TFT elements 8 can be provided for the
respective output terminals of the data signal line driving
circuit 6. The second redundancy line 10 can be provided as
later described in Embodiment 2.

[0138] The third redundancy line 11 is provided so as to
intersect with the data signal lines SRn, SGn, SBn.. . ., and is
connected to each of a drain electrode of the redundancy TFT
element 8 and the data signal line SGn.

[0139] FIG. 5 is a view illustrating how output DATA,
outputted from an output terminal of the data signal line
driving circuit 6, flows after the signal distribution circuit 3 is
restored as illustrated in FIG. 4.

[0140] According to the configuration, the output DATA
outputted from the output terminal SINn of the data signal
line driving circuit 6 can be supplied to the data signal line
SGn, via the redundancy TFT element 8 instead of the driving
TFT element 7 in which a leak (a defect) is generated (see
FIG. 5).

[0141] According to the configuration, it is unnecessary to
electrically disconnect a leaking part (a defect part) of the
driving TFT element 7 by use of laser, unlike a conventional
configuration. It is therefore possible to restore the signal
distribution circuit 3 in which a leak is generated, by use of the
redundancy TFT element 8, the first redundancy lines 9a and
95, the second redundancy line 10, and the third redundancy
line 11 all of which are provided in the signal distribution
circuit 3.

[0142] This eliminates a conventional problem that a reduc-
tion in productivity occurs because it takes long to (i) find out
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a leaking part (a defect part) in a driving TFT element 7 and
(ii) separate the leaking part by use of laser, due to the fact that
the driving TFT element 7 has a wide channel width.

[0143] Furthermore, according to the conventional con-
figuration, it is necessary to separate, by use of laser, merely
a leaking part (a defect part) of a driving TFT element having
a wide channel width. This causes a difference in channel
width between (i) a first driving TFT element 7 whose leaking
part has been separated by use of laser and (ii) a second
driving TFT element 7 having no part separated by use of
laser. As such, a liquid crystal display device, employing the
signal distribution circuit 3 including such first and second
driving TFT elements 7, causes a problem of deterioration in
display quality.

[0144] In contrast, according to the configuration of
Embodiment 1, it is possible to provide the liquid crystal
display device 1 capable of preventing deterioration in dis-
play quality. This is because the restoration is carried out by
use of (i) the redundancy TFT element 8 provided so as to
have a channel width identical to those of the driving TFT
elements 7, (ii) the first redundancy lines 9a and 95, (iii) the
second redundancy line 10, and (iv) the third redundancy line
11, instead of using the driving TFT element 7 in which a
leaking part (a defect part) is generated.

[0145] Note that Embodiment 1 exemplifies the liquid crys-
tal display device 1 in which a time-division driving is carried
out in which the number of time divisions is three (R, G and
B). Embodiment 1 is, however, not limited to this. It goes
without saying that a time division driving can be carried out
in which the number of time divisions is arbitrary number
such as two or not less than four. It is possible to further
reduce (i) the number of output terminals SINn, SINn+1 . . .
of the data signal line driving circuit 6 and (ii) the number of
the data signal line driving circuits 6, as the number of time
divisions of the time division driving is increased.

[0146] The following description will discuss, with refer-
ence to FIGS. 6 through 8, how to restore, by use of the fourth
redundancy lines 12a and 125, an electrical disconnection
which has occurred in any of the control signal lines SEL R,
SEL G, and SEL B via which different control signals are
supplied to gate electrodes of the respective driving TFT
elements 7.

[0147] FIG. 6 is a view exemplifying a case where the
control signal line SEL G is electrically disconnected in a
signal distribution circuit 3 provided in a liquid crystal dis-
play device 1 of Embodiment 1.

[0148] FIG. 6 illustrates an electrical disconnection gener-
ated in the control signal line SEL G between first and second
driving TFT elements 7 each of which is connected to the
control signal line SEL G.

[0149] FIG. 7 is an explanatory view for describing a case
where the electrical disconnection generated in the signal
distribution circuit 3 illustrated in FIG. 6 is restored by use of
the fourth redundancy lines 12a and 124.

[0150] Note that, according to Embodiment 1, the first
redundancy lines 9a can be used as the fourth redundancy
lines 12a and vice versa so that an area in which the signal
distribution circuit 3 is formed is reduced. Embodiment 1 is,
however, not limited to this. The first redundancy lines 9a can
be provided separately from the fourth redundancy lines 12a.
[0151] In FIG. 7, points indicated by circles represent
respective parts to be electrically connected by use of laser,
and points Vs represent respective parts to be electrically
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disconnected by use of laser as appropriate in accordance
with a peripheral load (resistor and/or capacitor).

[0152] The fourth redundancy line 125 is provided so as to
intersect with the two first redundancy lines 94, and (i) an
intersection of the control signal line SEL G and the two first
redundancy lines 9a and (ii) an intersection of the fourth
redundancy line 1256 and the two first redundancy lines 9a are
electrically connected to each other (see FIG. 7). This allows
the electrical disconnection generated in the signal distribu-
tion circuit 3 illustrated in FIG. 6 to be restored.

[0153] FIG. 8 is a view illustrating how a control signal,
supplied via the control signal line SEL G, flows after the
signal distribution circuit 3 is restored as illustrated in FIG. 7.
[0154] According to the configuration, a control signal sup-
plied to the first driving TFT element 7 is supplied to the
second driving TFT element 7 connected to the control signal
line SEL G, via the fourth redundancy lines 12a and the fourth
redundancy line 125, instead of using a part of the control
signal line SEL G, in which part the electrical disconnection
is generated (see FIG. 8).

[0155] FIG. 9 is a view exemplifying a layout of a signal
distribution circuit 3 provided in a liquid crystal display
device 1 of Embodiment 1.

[0156] Each driving TFT element 7 and a redundancy TFT
element 8, which are provided in the signal distribution circuit
3, each include a comb teeth shape electrode (see FIG. 9).
[0157] Note that (i) the driving TFT elements 7 and (ii) the
redundancy TFT element 8 are designed so as to have respec-
tive identical channel widths but are different from each other
in electrode shape.

[0158] The driving TFT elements 7 are provided so as to be
sandwiched between a data signal line driving circuit 6 and
the redundancy TFT element 8. A longitudinal direction of
the driving TFT elements 7 is orthogonal to a direction in
which output terminals of the data signal line driving circuit 6
are provided. A longitudinal direction of the redundancy TFT
element 8 is parallel to the direction in which the output
terminals of the data signal line driving circuit 6 are provided
(see FIG. 9).

[0159] With the configuration, it is possible to reduce an
area where the signal distribution circuit 3 is formed. There-
fore, a picture frame region that is a non-display region can be
narrowed in the liquid crystal display device 1.

[0160] FIG. 10 is a view exemplifying a layout of a signal
distribution circuit 3a provided in a liquid crystal display
device 1 of Embodiment 2 (later described).

[0161] Each driving TFT element 7 and a redundancy TFT
element 8, which are provided in the signal distribution circuit
3a, each include a comb teeth shape electrode. Note that the
redundancy TFT element 8 is provided in a region where the
driving TFT elements 7 are provided, unlike the redundancy
TFT element 8 illustrated in FIG. 9.

[0162] Note that the driving TFT elements 7 and the redun-
dancy TFT element 8, illustrated in FIG. 10, are designed so
as to have respective identical channel widths, as with those
illustrated in FIG. 9.

[0163] With the configuration, it is possible to narrow a
picture frame region that is a non-display region in the liquid
crystal display device 1. This is because, even in a case where
the signal distribution circuit 3a is provided in the liquid
crystal display device 1, it is possible to reduce a width in a
direction orthogonal to a direction in which output terminals
of a data signal line driving circuit 6 are provided, that is, it is
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possible to reduce a distance between one end of the data
signal line driving circuit 6 and one end of a display region.
[0164] The following description will discuss a method for
restoring a leak (a defect) generated in, for example, a driving
TFT element 7 connected to the data signal line SGn+1 illus-
trated in FIG. 1.

[0165] Ina case where a leak (a defect) is generated in the
driving TFT element 7 connected to the data signal line
SGn+1 illustrated in FIG. 1 (not shown), the driving TFT
element 7 connected to the data signal line SGn+1 is electri-
cally disconnected at its both ends from the data signal line
SGn+1, so as to be electrically isolated from the data signal
line SGn+1.

[0166] Thereafter, (i) an intersection of a first redundancy
line 9a and the second control signal line SEL G and (ii) an
intersection of the first redundancy line 94 and a first redun-
dancy line 95 are electrically connected to each other. This
allows a control signal, supplied via the second control signal
line SEL G, to be supplied to a gate electrode of the redun-
dancy TFT element 8.

[0167] Thereafter, (i) an intersection of a second redun-
dancy line 10 connected to the output terminal SINn+1 ofthe
data signal line driving circuit 6 and a fourth redundancy line
125, and (ii) an intersection of the fourth redundancy line 126
and a second redundancy line 10 connected to the output
terminal SINn of the data signal line driving circuit 6, are
electrically connected to each other.

[0168] Thereafter, the second redundancy line 10 con-
nected to the output terminal SINn of the data signal line
driving circuit 6 is electrically disconnected so that output
DATA is not supplied from the output terminal SINn of the
data signal line driving circuit 6 to a source electrode of the
redundancy TFT element 8.

[0169] Lastly, a third redundancy line 11 is electrically
connected to a drain electrode of the redundancy TFT element
8 and the data signal line SGn+1.

[0170] According to the configuration, it is unnecessary to
electrically disconnect a leaking part (a defect part) of the
driving TFT element 7 by use of laser, unlike a conventional
configuration. It is therefore possible to restore the signal
distribution circuit 3 in which a leak is generated, by use of the
redundancy TFT element 8, the first redundancy lines 9a and
95, the second redundancy line 10, the redundancy line 11,
and the fourth redundancy line 125, all of which are provided
in the signal distribution circuit 3.

Embodiment 2

[0171] The following description will discuss Embodiment
2 of the present invention with reference to FIGS. 11 through
17. Embodiment 2 is identical to Embodiment 1, (i) except for
arrangements of second redundancy lines 10a and 105 and
shapes of the second redundancy lines 10a and 105 and (ii)
except that the number of redundancy TFT element 8 can be
made smaller than the number of output terminals SINn,
SINn+1, .. . of a data signal line driving circuit 6 in Embodi-
ment 2. For convenience, identical reference numerals are
given to members having respective functions identical to
those illustrated in the drawings of Embodiment 1, and their
descriptions are omitted in Embodiment 2.

[0172] FIG. 11 is a view schematically illustrating a part of
a signal distribution circuit 3a provided in a liquid crystal
display device 1 of Embodiment 2.

[0173] A second redundancy line 10a is connected to a
source electrode of a redundancy TFT element 8, and a sec-
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ond redundancy line 104 is provided in the vicinity of output
terminals SINn, SIN+1, . . . of a data signal line driving circuit
6 so as to intersect with the second redundancy line 10a and
the output terminals SINn, SIN+1, . . . of the data signal line
driving circuit 6 (see FIG. 11).

[0174] FIG. 12 is a view exemplifying a case where a leak
(a defect) is generated in a driving TFT element 7 of a signal
distribution circuit 3 provided in a liquid crystal display
device 1 of Embodiment 2.

[0175] Specifically, FIG. 12 exemplifies a case where a leak
(a defect) is generated in a driving TFT element 7 connected
to a data signal line SRn+1.

[0176] FIG. 13 is an explanatory view for describing a case
where the signal distribution circuit 3 illustrated in FIG. 12 is
restored by use of a redundancy TFT element 8, first redun-
dancy lines 9a and 95, second redundancy lines 104 and 105,
and a third redundancy line 11.

[0177] In FIG. 13, points indicated by circles represent
respective parts to be electrically connected by use of laser,
points Xs represent respective parts to be electrically discon-
nected by use of laser, and points Vs represent respective parts
to be electrically disconnected by use of laser as appropriate
in accordance with a peripheral load (resistor and/or capaci-
tor).

[0178] In a case where a leak (a defect) is generated in a
driving TFT element 7 connected to a data signal line SRn+1,
the driving TFT element 7 connected to the data signal line
SRn+1 is electrically disconnected at its both ends from the
data signal line SRn+1 so as to be electrically isolated from
the data signal line SRn+1 (see FIG. 13).

[0179] Thereafter, (i) an intersection of the second redun-
dancy line 106 and an output terminal SINn+1 of the data
signal line driving circuit 6 and (ii) an intersection of the
second redundancy line 105 and the second redundancy line
10a are electrically connected to each other. This allows
output DATA, supplied from the output terminal SINn+1 of
the data signal line driving circuit 6, to be supplied to the
source electrode of the redundancy TFT element 8.

[0180] Thereafter, (i) an intersection of the first redundancy
line 9a and a control signal line SEL R and (ii) an intersection
of'the first redundancy line 9a and the first redundancy line 95
are electrically connected to each other. This allows a control
signal, supplied via the control signal line SEL R, to be
supplied to a gate electrode of the redundancy TFT element 8.

[0181] Thereafter, the third redundancy line 11 is electri-
cally connected to the data signal line SRn+1 at their inter-
section. This allows output DATA, supplied from a drain
electrode of the redundancy TFT element 8, to be supplied to
the data signal line SRn+1.

[0182] FIG. 14 is a view illustrating how output DATA,
outputted from the output terminal SINn+1 of the data signal
line driving circuit 6, flows after the signal distribution circuit
3 is restored as illustrated in FIG. 13.

[0183] According to the configuration, the output DATA
outputted from the output terminal SINn+1 of the data signal
line driving circuit 6 can be supplied to the data signal line
SRn+1, via the redundancy TFT element 8 instead of the
driving TFT element 7 in which a leak (a defect) is generated
(see FIG. 14).

[0184] Further, according to the configuration, it is possible
to (i) further make the number of redundancy TFT element 8
smaller than the number of output terminals SINn, SINn+1, .
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.. of the data signal line driving circuit 6, and (ii) narrow a
picture frame region that is a non-display region in the liquid
crystal display device 1.

[0185] The following description will discuss, with refer-
ence to FIGS. 15 through 17, how to restore, by use of the
fourth redundancy lines 12a and 125, an electrical disconnec-
tion which has occurred in any of the control signal lines SEL
R, SEL G, and SEL B via which different control signals are
supplied to gate electrodes of the respective driving TFT
elements 7.

[0186] Note that, according to Embodiment 2, the fourth
redundancy line 125 can be used as a second redundancy line
105 and vice versa so that an area where a signal distribution
circuit 3a is formed is reduced. Embodiment 2 is, however,
not limited to this. The second redundancy line 105 can be
provided separately from the fourth redundancy line 124.
[0187] FIG. 15 is a view exemplifying a case where a con-
trol signal line SEL G is electrically disconnected in a signal
distribution circuit 3a provided in a liquid crystal display
device 1 of Embodiment 2.

[0188] FIG. 15 illustrates an electrical disconnection gen-
erated in the control signal line SEL. G between first and
second driving TFT elements 7 each of which is connected to
the control signal line SEL G.

[0189] FIG. 16 is an explanatory view for describing a case
where the electrical disconnection generated in the signal
distribution circuit 3a illustrated in FIG. 15 is restored by use
of the fourth redundancy lines 12a and 124.

[0190] In FIG. 16, points indicated by circles represent
respective parts to be electrically connected by use of laser,
and points Vs represent respective parts to be electrically
disconnected by use of laser as appropriate in accordance
with a peripheral load (resistor and/or capacitor).

[0191] The fourth redundancy lines 12a each are provided
so as to intersect with the control signal lines SEL R, SEL G,
and SEL B, and the fourth redundancy line 125. The fourth
redundancy line 125 is provided so as to intersect with the
fourth redundancy lines 12a (see FIG. 16).

[0192] As illustrated in FIG. 16, (i) an intersection of the
fourth redundancy lines 124 and the control signal line SEL. G
and (ii) an intersection of the fourth redundancy lines 12a and
the fourth redundancy line 124 are electrically connected to
each other. This allows a control signal, supplied to the con-
trol signal line SEL G via the fourth redundancy lines 12a and
the fourth redundancy line 125, to be supplied to a gate
electrode of a driving TFT element 7 connected to a data
signal line SGn+1.

[0193] FIG. 17 is a view illustrating how a control signal,
supplied via the control signal line SEL G, flows after the
signal distribution circuit 3a is restored as illustrated in FIG.
16.

[0194] According to the configuration, a control signal sup-
plied to the first driving TFT element 7 is supplied to the
second driving TFT element 7 connected to the control signal
line SEL G, via the fourth redundancy lines 12« and the fourth
redundancy line 125, instead of using a part of the control
signal line SEL G, in which part the electrical disconnection
is generated (see FIG. 17).

[0195] The signal distribution circuit 3a can be configured
to include three sets (three) for the respective control signal
lines SEL R, SEL G, and SEL B, each of which sets is made
up of (i) the redundancy TFT element 8, (ii) a first redundancy
line for supplying a corresponding control signal to a gate
electrode of the redundancy TFT element 8, (iii) a second
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redundancy line for supplying output DATA to a source elec-
trode of the redundancy TFT element 8 from a corresponding
output terminal of the data signal line driving circuit 6, and
(iv) a third redundancy line for supplying output DATA to a
corresponding data signal line from a drain electrode of the
redundancy TFT element 8 (the configuration is not shown).
[0196] According to the configuration, it is possible to
reduce a restoration time during production.

[0197] Itispreferable to configure the display device of the
present invention such that the driving circuit further includes
a fourth redundancy line, and the fourth redundancy line is
electrically connected, at a plurality of places between which
there is a predetermined distance, to the one of the plurality of
first lines, so that a corresponding one of the different first
signals, that is to be supplied via the one of the plurality of first
lines, is supplied, via the fourth redundancy line, to the one of
the plurality of first lines.

[0198] According to the configuration, in a case where a
defect part is generated in any of the plurality of first lines for
supplying different first signals to the gate electrodes of the
respective driving TFT elements, restoration is carried out by
use of the fourth redundancy line.

[0199] Itispreferable to configure the display device of the
present invention such that the driving circuit is a signal
distribution circuit including (i) a plurality of branch lines
into which each output terminal of a data signal line driving
circuit for supplying an image signal to be displayed in the
display region is branched, (ii) the driving TFT elements
provided for the respective plurality of lines, and (iii) control
signal lines for supplying control signals to the gate elec-
trodes of the respective driving TFT elements so as to drive
the driving TFT elements electrically connected to the respec-
tive plurality of branch lines such that the respective driving
TFT elements are turned on in a time-shared manner during a
horizontal period.

[0200] According to the configuration, it is possible to pro-
vide a display device employing a signal distribution circuit
(an SSD circuit) including driving TFT elements each having
awide channel width, in which signal distribution circuit even
in a case where a leaking part (a defect part) is generated in
any of the plurality of first lines for supplying different first
signals to the gate electrodes of the respective driving TFT
elements, it does not take long to restore the leaking part, and
productivity can be improved, the driving TFTs elements
keeping the respective channel widths identical to one
another even after the leaking part is restored.

[0201] TItispreferable to configure the display device of the
present invention such that the each output terminal of the
data signal line driving circuit is branched into a first line, a
second line, and a third line, the first line, the second line, and
the third line are connected to first, second, and third driving
TFT elements, respectively, the first through third driving
TFT elements have first through third gate electrodes con-
nected to a first control signal line, a second control signal
line, and a third control signal line for supplying first through
third control signals to the first through third gate electrodes,
respectively, and the signal distribution circuit includes three
sets for the respective first through third control signal lines,
each of which sets is made up of the redundancy TFT element,
the first redundancy line, the second redundancy line, and the
third redundancy line.

[0202] According to the configuration, the three sets are
provided for the respective first through third control signal
lines, each of which sets is made up of the redundancy TFT
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element, the first redundancy line, the second redundancy
line, and the third redundancy line. For example, in a case
where a defect part is generated in a driving TFT element
electrically connected to the first control signal line or the first
control signal line, restoration can be carried out by use of the
set, for the first control signal line, of the redundancy TFT
element, the first redundancy line, the second redundancy
line, and the third redundancy line.

[0203] It is therefore possible to shorten a restoration time
during production.

[0204] TItis preferable to configure the display device of the
present invention such that the driving TFT elements are
provided so as to be sandwiched between the data signal line
driving circuit and the redundancy TFT element, a longitudi-
nal direction of the driving TFT elements is orthogonal to a
direction in which the output terminals of the data signal line
driving circuit are aligned, and a longitudinal direction of the
redundancy TFT element is parallel to the direction in which
the output terminals of the data signal line driving circuit are
aligned.

[0205] TItis preferable to configure the display device of the
present invention such that the driving TFT elements are
provided so as to be sandwiched between the data signal line
driving circuit and the display region, a longitudinal direction
of the driving TFT elements and a longitudinal direction of
the redundancy TFT element are orthogonal to a direction in
which the output terminals of the data signal line driving
circuit are aligned, and the redundancy TFT element is pro-
vided so as to be sandwiched between driving TFT elements.
[0206] According to the configuration, it is possible to
reduce an area where the signal distribution circuit (SSD
circuit) is formed. Therefore, a picture frame region that is a
non-display region can be narrowed in the display device.
[0207] TItis preferable to configure the display device of the
present invention such that the semiconductor layers of the
driving TFT elements and semiconductor layers of the pixel
TFT elements are each made from amorphous silicon.
[0208] According to the configuration, it is possible to pre-
vent increase in unit cost for manufacturing the display
device.

[0209] TItis preferable to configure the display device of the
present invention such that the semiconductor layers of the
driving TFT elements and semiconductor layers of the pixel
TFT elements are each made from an oxide.

[0210] The semiconductor layers can be made from, for
example, an amorphous oxide containing at least one element
selected from the group consisting of In, Ga and Zn. Note,
however, that a material for the semiconductor layers is not
limited to the amorphous oxide.

[0211] TItis preferable to configure the display device of the
present invention such that the semiconductor layers of the
driving TFT elements and semiconductor layers of the pixel
TFT elements are each made from microcrystalline silicon.
[0212] TItis preferable to configure the display device of the
present invention such that the semiconductor layers of the
driving TFT elements and semiconductor layers of the pixel
TFT elements are each layer stack in which amicrocrystalline
silicon layer and an amorphous silicon layer are stacked.
[0213] According to the configuration, the semiconductor
layers of the driving TFT elements are made from microcrys-
talline silicon, or the layer stack in which a microcrystalline
silicon layer and an amorphous silicon layer are stacked. It is
therefore possible to produce the display device at a relatively
lower cost.
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[0214] TItis preferable to configure the display device of the
present invention such that the semiconductor layers of the
driving TFT elements and semiconductor layers of the pixel
TFT elements are each made from polycrystalline silicon.
[0215] TItis preferable to configure the display device of the
present invention such that the semiconductor layers of the
driving TFT elements and semiconductor layers of the pixel
TFT elements are each made from continuous grain boundary
crystal silicon.

[0216] According to the configuration, the semiconductor
layers of the driving TFT elements are made from polycrys-
talline silicon or continuous grain boundary crystal silicon. It
is therefore possible to form not only a scanning signal line
driving circuit and the signal distribution circuit (SSD circuit)
but also the data signal line driving circuit monolithically
with the pixel TFT elements. Hence, a display device, with a
high reliability, in which a picture frame region that is a
non-display region is narrowed, can be provided.

[0217] The present invention is not limited to the descrip-
tion of the embodiments above, and can therefore be modified
by a skilled person in the art within the scope of the claims.
Namely, an embodiment derived from a proper combination
of technical means disclosed in different embodiments is
encompassed in the technical scope of the present invention.

INDUSTRIAL APPLICABILITY

[0218] The present invention is applicable to a device such
as a semiconductor device or a display device.

REFERENCE SIGNS LIST

[0219] 1: liquid crystal display device (display device)
[0220] 3 and 3a: signal distribution circuit (driving circuit)
[0221] 4: scanning signal line driving circuit (driving cir-
cuit)

[0222] 6: data signal line driving circuit (driving circuit)
[0223] 7: driving TFT element

[0224] 8: redundancy TFT element

[0225] 9a and 95: first redundancy line

[0226] 10a and 105: second redundancy line

[0227] 11: third redundancy line

[0228] 12a and 125: fourth redundancy line

[0229] SEL R, SEL G, and SEL B: control signal line
[0230] R1: display region

1. A display device, having:

a display region where (i) pixels arranged in a matrix
manner and (ii) pixel TFT elements provided for the
respective pixels, are provided; and

a region on the periphery of the display region, in which
region a driving circuit, including driving TFT elements
formed monolithically with the pixel TFT elements, is
provided,

each of the driving TFT elements including a semiconduc-
tor layer, a gate electrode, a source electrode, and a drain
electrode,

the gate electrode being provided on a first surface of the
semiconductor layer, and the source electrode and the
drain electrode being provided on a second surface of the
semiconductor layer, the second surface facing the first
surface,

one of the source electrode and the drain electrode being
provided, in a region, so as to surround part of the other
of the source electrode and the drain electrode,
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the one of the source electrode and the drain electrode
being away, in the region, from the other by a constant
distance,

the driving circuit further including (i) a redundancy TFT
element provided so as to have a channel width identical
to those of the driving TFT elements, (ii) a first redun-
dancy line, (iii) a second redundancy line, and (iv) a third
redundancy line,

the first redundancy line being provided, by electrically
connecting to one of a plurality of first lines for supply-
ing different first signals to the gate electrodes of the
respective driving TFT elements, so as to supply, to a
gate electrode of the redundancy TFT element, a first
signal that is to be supplied via the one of the plurality of
first lines electrically connected to the first redundancy
line,

the second redundancy line being provided, by electrically
connecting to one of a plurality of second lines for sup-
plying different second signals to the source electrodes
of the respective driving TFT elements, so as to supply,
to a source electrode of the redundancy TFT element, a
second signal that is to be supplied via the one of the
plurality of second lines electrically connected to the
second redundancy line, and

the third redundancy line being electrically connected to a
drain electrode of the redundancy TFT element, and the
third redundancy line being provided, by electrically
connecting to one of a plurality of third lines, via which
the different second signals are outputted from the drain
electrodes of the respective driving TFT elements, so
that a corresponding one of the different second signals,
which is to be outputted from the drain electrode of the
redundancy TFT element, is outputted from the one of
the plurality of third lines electrically connected to the
third redundancy line.

2. The display device as set forth in claim 1, wherein:

the driving circuit further includes a fourth redundancy
line, and

the fourth redundancy line is electrically connected, at a
plurality of places between which there is a predeter-
mined distance, to the one of the plurality of first lines, so
that a corresponding one of the different first signals,
that is to be supplied via the one of the plurality of first
lines, is supplied, via the fourth redundancy line, to the
one of the plurality of first lines.

3. The display device as set forth in claim 1, wherein:

the driving circuit is a signal distribution circuit including
(i) a plurality of branch lines into which each output
terminal of a data signal line driving circuit for supply-
ing an image signal to be displayed in the display region
is branched, (ii) the driving TFT elements provided for
the respective plurality of lines, and (iii) control signal
lines for supplying control signals to the gate electrodes
of the respective driving TFT elements so as to drive the
driving TFT elements electrically connected to the
respective plurality of branch lines such that the respec-
tive driving TFT elements are turned on in a time-shared
manner during a horizontal period.

4. The display device as set forth in claim 3, wherein:

the each output terminal of the data signal line driving
circuit is branched into a first line, a second line, and a
third line,
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the first line, the second line, and the third line are con-
nected to first, second, and third driving TFT elements,
respectively,

the first through third driving TFT elements have first
through third gate electrodes connected to a first control
signal line, a second control signal line, and a third
control signal line for supplying first through third con-
trol signals to the first through third gate electrodes,
respectively, and

the signal distribution circuit includes three sets for the
respective first through third control signal lines, each of
which sets is made up of the redundancy TFT element,
the first redundancy line, the second redundancy line,
and the third redundancy line.

5. The display device as set forth in claim 3, wherein:

the driving TFT elements are provided so as to be sand-
wiched between the data signal line driving circuit and
the redundancy TFT element,

a longitudinal direction of the driving TFT elements is
orthogonal to a direction in which the output terminals
of the data signal line driving circuit are aligned, and

a longitudinal direction of the redundancy TFT element is
parallel to the direction in which the output terminals of
the data signal line driving circuit are aligned.

6. The display device as set forth in claim 3, wherein:

the driving TFT elements are provided so as to be sand-
wiched between the data signal line driving circuit and
the display region,

a longitudinal direction of the driving TFT elements and a
longitudinal direction of the redundancy TFT element

12
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are orthogonal to a direction in which the output termi-
nals of the data signal line driving circuit are aligned, and

the redundancy TFT element is provided so as to be sand-
wiched between driving TFT elements.

7. The display device as set forth in claim 1, wherein:

the semiconductor layers of the driving TFT elements and
semiconductor layers of the pixel TFT elements are each
made from amorphous silicon.

8. The display device as set forth in claim 1, wherein:

the semiconductor layers of the driving TFT elements and
semiconductor layers of the pixel TFT elements are each
made from an oxide.

9. The display device as set forth in claim 1, wherein:

the semiconductor layers of the driving TFT elements and
semiconductor layers of the pixel TFT elements are each
made from microcrystalline silicon.

10. The display device as set forth in claim 1, wherein:

the semiconductor layers of the driving TFT elements and
semiconductor layers of the pixel TFT elements are each
made from polycrystalline silicon.

11. The display device as set forth in claim 1, wherein:

the semiconductor layers of the driving TFT elements and
semiconductor layers of the pixel TFT elements are each
made from continuous grain boundary crystal silicon.

12. The display device as set forth in claim 1, wherein:

the semiconductor layers of the driving TFT elements and
semiconductor layers of the pixel TFT elements are each
layer stack in which a microcrystalline silicon layer and
an amorphous silicon layer are stacked.
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