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(7) ABSTRACT

In a liquid crystal display device, each pixel region formed
over a liquid crystal side of one substrate out of respective
substrates which are arranged to face each other with liquid
crystal therebetween includes pixel electrodes to which a
video signal is supplied from a drain signal line through a
switching element driven in response to a scanning signal
from a gate signal line and capacitive elements which are
formed between the pixel electrodes and a capacitive signal
line by way of a dielectric film. In such a constitution, the
pixel region is divided into a plurality of regions, and video
signals are supplied to respective pixel electrodes and
capacitive elements in respective regions through paths
which are branched from the switching element.
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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a Divisional application of U.S.
application Ser. No. 10/838,848 filed May 5, 2004. Priority
is claimed based on U.S. application Ser. No. 10/838,848
filed May 5, 2004, which claims the priority of Japanese
Patent Application No. 2003-160400 filed on Jun. 5, 2003,
all of which is incorporated by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a display device,
and more particularly to a liquid crystal display device
having the constitution suitable for repairing point defects.

1. Field of the Invention

[0004]

[0005] A display device, for example, a liquid crystal
display device is configured such that an envelope is formed
by a pair of substrates which are arranged to face each other
in an opposed manner with liquid crystal therebetween and
a large number of pixels are formed in the spreading
direction of the liquid crystal. Each pixel includes an elec-
tronic circuit in which conductive layers, insulation layers,
a semiconductor layer and the like which are finely formed
by a photolithography technique are stacked on liquid-
crystal-side surfaces of the respective substrates.

2. Description of the Related Art

[0006] Accordingly, there exists a case that a so-called
point defect (a defect of the pixel per se) occurs due to
disconnection of the conductive layer or the like during
manufacturing steps. There has been known a technique
which repairs such a point defect, wherein by always per-
forming a black display of the pixel.

SUMMARY OF THE INVENTION

[0007] However, recently, as in the case of a liquid crystal
display device or the like for a TV set, when a size of one
pixel is increased, the above-mentioned repairing is not
sufficient and it has been pointed out that drawbacks attrib-
uted to the point defects are observed with naked eyes.

[0008] For example, a color liquid crystal display device
is configured such that three pixels which are arranged close
to each other are respectively allocated to red (R), green (G)
and blue (B). Accordingly, for example, the respective pixels
which are arranged in one direction are arranged from one
side in order of . . . red (R), green (G), blue (B), red (R),
green (G), blue (B), red (R), green (G), . . . . Here, when a
defect occurs in one pixel which is allocated to the red color
(R), for example, and a black display is performed to repair
the defect, so-called cyan color which covers not only the
repaired pixel but also extends over one or two pixels which
are arranged at both sides of the repaired pixel is observed
with naked eyes.

[0009] Accordingly, the conventional technique which
merely performs the black display of one defective pixel is
not sufficient and hence, there arises a strong demand for
repairing which can minimize an area of a portion where the
black display is performed.

Jul. 5, 2007

[0010] The invention has been made in view of such
circumstances and it is an advantage of the invention to
provide a display device which can obviate a drawback
attributed to a black display in repairing of a so-called point
defect.

[0011] To briefly explain the summary of representative
inventions among the inventions disclosed in this specifica-
tion, they are as follows.

M

[0012] In a display device according to the invention in
which, for example, each pixel region formed over a liquid
crystal side of one substrate out of respective substrates
which are arranged to face each other with liquid crystal
therebetween includes a pixel electrode to which a video
signal is supplied from a drain signal line through a switch-
ing element driven in response to a scanning signal from a
gate signal line and a capacitive element which is formed
between the pixel electrode and a capacitive signal line by
way of a dielectric film, the pixel region is divided into a
plurality of sections, each section includes the pixel elec-
trode and the capacitive element, the respective pixel elec-
trodes in the respective sections and the switching element
are connected to each other through paths which are
branched from the switching element.

@)

[0013] The display device according to the invention is,
for example, in the constitution (1), characterized in that the
respective paths which are branched from the switching
element have portions thereof overlapped with only an
insulation film.

@)

[0014] The display device according to the invention is,
for example, in the constitution (2), characterized in that
over a liquid-crystal-side surface of another substrate, a
black matrix is formed such that the black matrix covers at
least the portions of the respective paths which are branched
from the switching element.

Q)

[0015] The display device according to the invention is,
for example, in the constitution (1), characterized in that the
display device is configured to be capable of supplying by
repairing a video signal from the switching element to a
pixel electrode of another pixel region which is arranged
along and close to the drain signal line with respect to the
pixel region.

®)

[0016] The display device according to the invention is,
for example, in the constitution (4), characterized in that a
portion of a wiring layer to which the video signal is
supplied from the switching element is formed to be over-
lapped to a portion of the pixel electrode of another pixel
region which is arranged along and close to the drain signal
line with respect to the pixel region by way of an insulation
film.

(©)

[0017] The display device according to the invention is,
for example, in the constitution (1), characterized in that the
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capacitive element is overlapped to a capacitive signal line
and the capacitive signal line constitutes one electrode of the
capacitive element.

™

[0018] The display device according to the invention is,
for example, in the constitution (1), characterized in that the
pixel electrode is constituted of a group formed of a plurality
of strip-like electrodes which extend in one direction and, at
the same time, a counter electrode which generates an
electric field between the counter electrode and each pixel
electrode is constituted of a group formed of a plurality of
strip-like electrodes which are arranged with each pixel
electrode therebetween and extend in one direction at one
substrate side.

®

[0019] In a display device according to the invention in
which, for example, each pixel region formed over a liquid
crystal side of one substrate out of respective substrates
which are arranged to face each other with liquid crystal
therebetween includes a pixel electrode to which a video
signal is supplied from a drain signal line through a switch-
ing element driven in response to a scanning signal from a
gate signal line and a capacitive element which corresponds
to the pixel electrode, the pixel electrode is divided into a
plurality of pixel electrodes, the capacitive element is pro-
vided for each divided pixel electrode, and the pixel elec-
trodes and the switching element are connected to each other
through paths which are branched from the switching ele-
ment for respective pixel electrodes.

®

[0020] The display device according to the invention is,
for example, in the constitution (8), characterized in that a
light shielding film which blocks divided portions of the
respective divided pixel electrodes is formed over one
substrate side.

(10)

[0021] The display device according to the invention is,
for example, in the constitution (9), characterized in that the
capacitive element is overlapped to a capacitive signal line,
the capacitive signal line constitutes one electrode of the
capacitive element, and an extended portion of the capaci-
tive signal line constitutes the light shielding film.

11

[0022] The display device according to the invention is,
for example, in the constitution (1), characterized in that the
liquid crystal display device is a normally black type liquid
crystal display device.

(12)

[0023] The display device according to the invention is,
for example, in the constitution (8), characterized in that the
liquid crystal display device is a normally black type liquid
crystal display device.

(13)

[0024] The display device according to the invention is,
for example, in the constitution (11), characterized in that
the display device includes the structure in which upon
cutting the branched paths, the switching element and the
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pixel electrode are separated from each other and, at the
same time, the capacitive element and the switching element
are separated from each other.

(14)

[0025] The display device according to the invention is,
for example, in the constitution (12), characterized in that
the display device includes the structure in which upon
cutting the branched paths, the switching element and the
pixel electrode are separated from each other and, at the
same time, the capacitive element and the switching element
are separated from each other.

(5)

[0026] In a display device according to the invention in
which, for example, each pixel region formed over a liquid
crystal side of one substrate out of respective substrates
which are arranged to face each other with liquid crystal
therebetween includes a pixel electrode to which a video
signal is supplied from a drain signal line through a switch-
ing element driven in response to a scanning signal from a
gate signal line,

[0027] the pixel electrode is divided into a plurality of
pixel electrodes, the capacitive element is provided for each
divided pixel electrode, and the pixel electrodes and the
switching element are connected to each other through paths
which are branched from the switching element, and

[0028] the counter electrode is also divided into a plurality
of counter electrodes in each pixel region and the divided
counter electrodes are arranged in the direction of the
dividing direction of the pixel electrode such that the divided
counter electrodes are displaced from the division of the
pixel electrode.

(16)

[0029] In a display device according to the invention in
which, for example, each pixel region formed over a liquid
crystal side of one substrate out of respective substrates
which are arranged to face each other with liquid crystal
therebetween includes a pixel electrode to which a video
signal is supplied from a drain signal line through a switch-
ing element driven in response to a scanning signal from a
gate signal line and a capacitive element which corresponds
to the pixel electrode,

[0030] the pixel region is divided into a plurality of
sections, and to the respective pixel electrodes and the
respective capacitive elements in the respective sections, the
video signal is supplied through paths which are branched
from the switching element.

[0031] Here, the invention is not limited to the above-
mentioned constitutions and various modifications can be
made without departing from the technical concept of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1A is a plan view showing one embodiment of
a pixel of a display device according to the invention and
FIGS. 1B and 1C are figures for explanation;

[0033] FIG. 2A to 2C are view showing a cross section of
an essential part in FIG. 1;



US 2007/0153193 A1

[0034] FIG. 3 is a view showing a mode of repairing a
pixel defect of the display device shown in FIG. 1;

[0035] FIG. 4 is a plan view showing another embodiment
of the pixel of the display device according to the invention;

[0036] FIG.S5 is a plan view showing another embodiment
of the pixel of the display device according to the invention;

[0037] FIG. 6Ato 6C are view showing a cross section of
an essential part in FIG. 5;

[0038] FIG.7 is a plan view showing another embodiment
of the pixel of the display device according to the invention;

[0039] FIG. 8A is a plan view showing another embodi-
ment of the pixel of the display device according to the
invention and FIG. 8B is cross section view of part of FIG.
8A;

[0040] FIG. 9A to 9D are constitutional view showing
another embodiment of the pixel of the display device
according to the invention;

[0041] FIG. 10 is a plan view showing another embodi-
ment of the pixel of the display device according to the
invention;

[0042] FIGS. 11A and 11B are constitutional view show-
ing another embodiment of the pixel of the display device
according to the invention;

[0043] FIGS. 12A and 12B are view showing a mode of
repairing a pixel defect of the display device shown in FIG.
11,

[0044] FIG. 13 is a plan view showing another embodi-

ment of the pixel of the display device according to the
invention;

[0045] FIGS. 14A and 14B are constitutional view show-
ing another embodiment of a pixel of a liquid crystal display
device according to the invention;

[0046] FIGS. 15A and 15B are constitutional view show-
ing another embodiment of a pixel of a display device
according to the invention;

[0047] FIG. 16 is a plan view showing another embodi-
ment of the pixel of the display device according to the
invention;

[0048] FIG. 17 is a plan view showing another embodi-
ment of the pixel of the display device according to the
invention;

[0049] FIGS. 18A and 18B are examples of cross-sec-
tional view taken along a line XVIII-XVIII in FIG. 17,

[0050] FIG. 19 is a plan view showing another embodi-
ment of a pixel of a display device according to the inven-
tion;

[0051] FIGS. 20A and 20B are examples of cross-sec-
tional view taken along a line IX-1IX in FIG. 19;

[0052] FIG. 21A and FIG. 21B are views showing another
embodiment of the pixel of the display device according to
the invention, wherein FI1G. 21Ais a plan view and FIG. 21B
is a cross-sectional view;

[0053] FIG. 22 is a view showing a state that a capacitive
element is formed in the constitution shown in FIG. 21 in a
cross section,
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[0054] FIG. 23 is a plan view showing another embodi-
ment of a pixel of a display device according to the inven-
tion;

[0055] FIG. 24 is a plan view showing another embodi-
ment of a pixel of a display device according to the inven-
tion;

[0056] FIGS. 25A and 25B are examples of cross-sec-
tional view taken along a line IIXV-1IXV in FIG. 24; and

[0057] FIG. 26 is a plan view showing another embodi-
ment of a pixel of a display device according to the inven-
tion.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0058] Preferred embodiments of a liquid crystal display
device according to the invention are explained hereinafter
in detail in conjunction with drawings.

Embodiment 1

[0059] FIG. 1A is a plan view showing the constitution of
a pixel of a liquid crystal display device according to the
invention. Further, FIG. 2A is a cross-sectional view taken
along a line a-a in FIG. 1A, FIG. 2B is a cross-sectional view
taken along a line b-b in FIG. 1B and FIG. 2C is a
cross-sectional view taken along a line ¢-¢ in FIG. 1A.

[0060] The respective pixels of the liquid crystal display
device according to the invention are arranged in a matrix
array and respective pixels which are arranged above and
below as wells as at left and right sides of the pixel shown
in FIG. 1A have the substantially same constitution.

[0061] In FIG. 1A, on a liquid-crystal-side surface of a
transparent substrate SUBI1 (see FIG. 2), first of all, gate
signal lines GL which extend in the x direction and are
arranged in parallel in the y direction are formed (only one
gate signal line GL shown in FIG. 1).

[0062] These gate signal lines GL surround a rectangular
region together with drain signal lines DL described later
and this region constitutes a pixel region. A mass of these
pixel regions constitute a liquid crystal display region.

[0063] Further, in a region which is defined between the
respective gate signal lines GL, a capacitive signal line CL
is formed in a state that the capacitive signal line CL is
arranged close to the gate signal line GL disposed at a lower
side in the drawing and parallel to the gate signal line GL.
The gate signal lines GL and the capacitive signal lines CL
are, for example, formed of a same material and is manu-
factured in a same step.

[0064] Here, the capacitive signal line CL is formed in a
pattern in which a pair of branched signal lines CTM extend
downwardly in the drawing along both sides of a region
where the drain signal line DL described later is formed and
are connected to each other in the vicinity of the gate signal
line GL. In other words, the drain signal line DL is formed
in the inside of the pixel region such that the drain signal line
DL is surrounded by the capacitive signal lines CL. This
constitution is provided for enabling an electric field from
the drain signal line DL to easily terminate at the branched
signal lines CTM of the capacitive signal line CL which are
formed at both sides of the drain electrode DL thus prevent-
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ing the electric field from terminating at pixel electrodes PX
described later. When the electric field generated from the
drain signal line DL terminates at the pixel electrodes PX,
the electric field functions as noises.

[0065] Further, over the surface of the transparent sub-
strate SUBI, a first insulation film GI is formed such that the
first insulation film GI also covers the gate signal lines GL
and the capacitive signal lines CL. The first insulation film
GL functions as a gate insulation film of a thin film transistor
TFT explained later and, at the same time, functions as an
interlayer insulation film of the drain signal lines DL
described later with respect to the gate signal lines GL and
the capacitive signal lines CL.

[0066] Then, over a surface of the first insulation film GI,
semiconductor layers a-Si made of amorphous Si, for
example, are formed such that the semiconductor layers a-Si
are overlapped to some regions of the gate signal lines GL.

[0067] Each semiconductor layer a-Si constitutes a semi-
conductor layer of the thin film transistor TFT. By forming
a drain electrode DT and a source electrode ST on an upper
surface of the thin film transistor TFT, it is possible to form
a MIS transistor having the inverse staggered structure
which uses a portion of the gate signal lines GL as a gate
electrode.

[0068] Here, the drain electrode DT and the source elec-
trode ST are formed simultaneously at the time of forming
the drain signal lines DL.

[0069] That is, the drain signal lines DL which extend in
the y direction and are arranged in parallel in the x direction
are formed, wherein portions of the drain signal lines DL
extend above upper surfaces of the semiconductor layers
a-Si to form drain electrodes DT, Further, source electrodes
ST are formed in a spaced-apart manner from the drain
electrodes DT by a distance corresponding to a length of
channel of the thin film transistor TFT.

[0070] The source electrode ST slightly extends to an
upper portion of the capacitive signal line CL at a pixel
region (pixel region at a lower side in the drawing) side from
a surface of the semiconductor layer a-Si. This extended
portion of the source electrode ST forms a contact portion
for establishing the connection between the source electrode
ST and the pixel electrodes PX described later.

[0071] Here, the contact portion has a relatively large area
and three contact portions are formed, for example. These
respective contact portions CNT1, CNT2, CNT3 are
arranged in parallel over the above-mentioned capacitive
signal line CL.

[0072] By arranging the respective contact portions
CNT1, CNT2, CNT3 over the above-mentioned capacitive
signal line CL, capacitive elements Cstgl, Cstg2, Cstg3
which use the first insulation film GI as dielectric films can
be formed therebetween. These capacitive elements Cstgl,
Cstg2, Cstg3 are respectively given a function of storing the
video signal supplied to the pixel electrodes PX in the pixel
electrodes PX for a relatively long time and the like.

[0073] Over the surface of the transparent substrate SUB1
over which the thin film transistor TFT, the drain signal lines
DL, the drain electrodes DT and the source electrodes ST are
formed in this manner, a protective film PAS1 which is
formed of SiN, for example, and a protective film PAS2
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which is formed of resin, for example, are formed. These
protective films PAS1, PAS2 are films provided for obviat-
ing a direct contact of the thin film transistors TFT with the
liquid crystal and can prevent the degeneration of charac-
teristics of the thin film transistors TFT. Further, resin is used
as a material of the protective film PAS2 for reducing a total
dielectric constant of the protective films PAS1, PAS2 and
for leveling the surface.

[0074] Further, the pixel electrodes PX are formed over an
upper surface of the protective film PAS2. The pixel elec-
trodes PX are constituted of a group of, for example, six
electrodes which extend in the y direction and are arranged
in parallel in the x direction. Among these respective pixel
electrodes PX, every two neighboring pixel electrodes PX
form a group and the pixel electrodes PX of each group is
electrically connected with the contact portion via a through
hole TH which penetrates the protective films PAS2, PAS1
over one contact portion arranged close to the pixel elec-
trodes among the above-mentioned contact portions CNT.

[0075] That is, among the respective pixel electrodes PX
which are arranged in the pixel, two pixel electrodes PX
from the left side in the drawing are connected with the
contact portion CNT1 which forms the capacitive element
Cstgl between the contact portion CNT1 and the capacitive
signal line CL via a through hole TH1 and is connected with
the source electrode ST of the above-mentioned thin film
transistor TFT. Further, two pixel electrodes PX at the
further right side in the drawing are connected with the
contact portion CNT2 which forms the capacitive element
Cstg2 between the contact portion CNT2 and the capacitive
signal line CL via a through hole TH2 and is connected with
the source electrode ST of the above-mentioned thin film
transistor TFT. Further, two pixel electrodes PX at the still
further right side in the drawing are connected with the
contact portion CNT3 which forms the capacitive element
Cstg3 between the contact portion CNT3 and the capacitive
signal line CL via a through hole TH3 and is connected with
the source electrode ST of the above-mentioned thin film
transistor TFT.

[0076] Over a surface of the protective film PAS2 over
which the pixel electrodes PX are formed over in this
manner, counter electrodes CT are also formed. Any con-
ductive material may be used as a material of the counter
electrodes CT. In this embodiment, the counter electrodes
CT is made of a light transmitting material such as ITO
(Indium Tin Oxide), ITZO (Indium Tin Zinc Oxide), IZ0
(Indium Zinc Oxide), SnO, (tin oxide), In,O; (indium
oxide), for example. The light transmitting material is used
for enhancing a so-called numerical aperture of the pixel.

[0077] The counter electrodes CT are constituted of a
group of seven electrodes which extend in the y direction in
the drawing parallel to the respective pixel electrodes PX at
both sides of each pixel electrode PX which extends in the
y direction in the drawing.

[0078] Among these counter electrodes CT, two counter
electrodes CT are formed as electrodes having a line width
which allows each counter electrode CT to sufficiently cover
the drain signal line DL and the branched signal lines CTM
of the capacitive signal lines CL arranged at both sides of the
drain signal line DL. This constitution is provided for
making an electric field generated from the drain signal lines
DL easily terminate at the counter electrode CT formed
above the drain electrode DL.
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[0079] Further, a material layer which constitutes the
counter electrodes CT is formed to sufficiently cover also the
gate signal line GL while avoiding regions where the above-
mentioned capacitive elements Cstgl, Cstg2, Cstg3 are
formed in a state that the counter electrodes CT are con-
nected to each other. This constitution is also provided for
making an electric field generated from the gate signal line
GL terminate at the material layer (counter voltage signal
line COL). Here, the material layer is connected with the
capacitive signal line CL via a through hole TH4 which
penetrates the protective film PAS2, the protective film
PAST and the first insulation film GI. This constitution is
provided for making a potential of the capacitive signal line
CL and a potential of the counter electrode CT equal.

[0080] Accordingly, the above-mentioned material layer
which sufficiently covers the gate signal line GL and is held
at the same potential as the counter electrode CT obtains the
function of the counter voltage signal line COL which
supplies signals to the counter electrode CT.

[0081] The pixel electrodes PX and the counter electrodes
CT which are constituted in the above-mentioned manner
are arranged at an equal interval from the one-side drain
signal line DL to the another-side drain signal line DL in
order of the counter electrode CT, the pixel electrode PX, the
counter electrode CT, the pixel electrode PX, . . ., the
counter electrode CT. Between the pixel electrode PX and
the counter electrode CT which are arranged close to each
other, an electric field having components substantially
parallel to the surface of the transparent substrate SUBI is
generated and the behavior of the liquid crystal is initiated
by the electric field whereby the optical transmissivity of the
liquid crystal is controlled.

[0082] Here, in this embodiment, the pixel electrodes PX
and the counter electrodes CT are formed in a pattern that
these electrodes are bent using the substantially center of the
pixel region as a boundary. Accordingly, the drain signal line
DL and the branched signal lines CTM (capacitive signal
lines CL)) which are arranged at both sides of the drain signal
line DL are also formed in a bent pattern. In this manner, this
embodiment adopts a so-called multi-domain method. That
is, liquid crystal changes the polarization state of transmit-
ting light in response to the incident direction of the light
incident on a liquid crystal display device even in a state that
the liquid crystal has the same molecular orientation and
hence, the optical transmissivity differs corresponding to the
incident direction. Such viewing angle dependency of the
liquid crystal display device induces a reverse phenomenon
of brightness when a viewing point is inclined obliquely
with respect to the viewing angle direction and hence, it
gives rise to the display characteristics that images are
colored in color display. Accordingly, the pixel electrodes
PX are formed in the pattern in which at least one bent
portion is formed over each pixel electrode PX in the
extending direction of the pixel electrode PX, the counter
electrodes CT are formed in a state that the pattern of the
pixel electrodes PX is shifted in parallel, and the direction of
the electric field which acts between the respective elec-
trodes is made different from each other between one region
and another region which use an imaginary line connecting
bent portions of respective electrodes as boundaries whereby
the coloring of the images attributed to the viewing angle
can be compensated.
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[0083] Over an upper surface of the protective film PAS2
over which the pixel electrodes PX, the counter electrodes
CT and the like are formed, an orientation film AL is formed
such that the orientation film AL also covers the pixel
electrodes PX, the counter electrodes CT and the like. The
orientation film AL is a film which determines the initial
orientation direction of the liquid crystal with which the
orientation film AL is arranged to be in contact.

[0084] Here, over a liquid-crystal-side surface of the trans-
parent substrate SUB2 which is arranged to face the trans-
parent substrate SUB1 having such a constitution in an
opposed manner with the liquid crystal therebetween, as
shown in FIG. 2, color filters CF, a black matrix BM, a
leveling film OC and an orientation film AL are formed. The
black matrix BM is formed in a pattern in which strips
extend in the x direction in the drawing so as to sufficiently
cover the gate signal lines GL and the capacitive signal lines
CL, wherein respective distal ends of the pixel electrodes PX
and the counter electrodes CT cannot be observed with
naked eyes due to the presence of the black matrix.

[0085] Here, the above-mentioned liquid crystal is used in
a so-called normally black mode. That is, when the electric
field is not generated between the pixel electrode PX and the
counter electrode CT, a black display is performed, while
when the electric field is generated between the pixel
electrode PX and the counter electrode CT, the display mode
is shifted from the black display to a white display in
accordance with a field strength of the electric field.

[0086] Further, to surfaces of the respective transparent
substrates SUB1 and SUB2 at sides opposite to the liquid
crystal, polarizers POL1, POL2 are laminated so as to enable
visualizing of the behavior of the liquid crystal. As shown in
FIG. 1B, this embodiment is configured such that a polarized
light transmitting axis of the polarizer POLL of one trans-
parent substrate, for example, the transparent substrate
SUBL is aligned with the y direction and a polarized light
transmitting axis of the polarizer POL2 of the transparent
substrate SUB2 is aligned with the x direction.

[0087] In the liquid crystal display device having such a
constitution, one pixel region is divided into three regions,
a video signal from one thin film transistor TFT provided to
the pixel is branched into three signals and these signals are
supplied to the pixel electrodes PX of the respective regions
and, at the same time, the capacitive elements are provided
to the respective regions for storing the video signals.

[0088] Accordingly, as shown in FIG. 3, when a foreign
material STM remains at a portion of the pixel region and a
short-circuiting is generated between the pixel electrode PX
and the counter electrode CT due to the foreign material
STM, a connecting portion between the pixel electrode PX
with the source electrode ST of the thin film transistor TFT,
to be more specific, a connecting portion between the
capacitive element Cstg (the capacitive element Cstgl in the
drawing, for example) formed by the pixel electrode PX and
the source electrode ST of the thin film transistor TFT is cut
by irradiating laser beams thus forming a cut portion CUT.

[0089] Accordingly, although the black display is per-
formed at 1/3 of the pixel region after repairing, the function
of the pixel is restored with respect to the remaining 2/3 of
the pixel region.

[0090] Further, along with such cutting of the connecting
portion, the capacitances of the capacitive element Cstg and
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the liquid crystal are also separated with respect to the thin
film transistor TFT. This implies that, for the thin film
transistor TFT, the capacitance to which the signal is to be
written becomes the capacitive elements Cstg of the remain-
ing region and the capacitance of the liquid crystal and
hence, the capacitance becomes small or light. As a result,
it is possible to have an advantage that when the defect
correction is performed, the writing characteristics of the
thin film transistor TFT with respect to the pixel is enhanced
and signals having a voltage higher than other pixels are
written.

[0091] In the normally black display, this implies that the
brightness in a periphery of a sub region with respect to the
same video signal voltage is enhanced in the pixel compared
to other normal pixels. Accordingly, this gives rise to a
region which is not operable in the inside of the pixel by the
defect correction. However, in other regions, the brightness
in an intermediate tone is enhanced compared to the bright-
ness before repairing and hence, lowering of the brightness
attributed to the reduction of the operable region can be
compensated to some extent. That is, lowering of the bright-
ness of the whole pixel attributed to the defect correction can
be suppressed and hence, it is possible to perform the defect
correction in a wider area whereby a vield rate can be
dramatically enhanced.

[0092] Here, FIG. 1C is a characteristic graph of the
brightness of the liquid crystal with respect to an electric
field (voltage) applied to the liquid crystal. As shown in the
drawing, in an intermediate tone where a decoloring bright-
ness point causes a problem particularly, before repairing,
the brightness per a unit area of the sub region where
short-circuiting is not generated exhibits the brightness B1
with a writing voltage V1. After repairing, the capacitance to
be written in the thin film transistor TFT is reduced and
hence, the brightness per a unit area is increased to the
brightness B2 with a writing voltage V2 after repairing.
Accordingly, at the time of correcting the decoloring bright-
ness point by the defect correction, lowering of the bright-
ness of the pixel in which the defect is generated can be
suppressed and hence, the correction ratio can be largely
enhanced.

[0093] Here, the above-mentioned embodiment is directed
to the constitution in which three capacitive elements Cstg
are provided and two pixel electrodes PX are allocated to
each capacitive element Cstg. However, the number of the
capacitive elements Cstg is not limited. That is, the number
of the capacitive elements Cstg may be three or more.
Further, the number of the pixel electrodes PX which are
allocated to each capacitive element Cstg may be arbitrarily
selected. In this embodiment, in view of realizing the
reduction of the number of the through holes TH, it is
preferable to set the number of the pixel electrodes PX
allocated to one capacitive element Cstg to a plural number.

Embodiment 2

[0094] FIG. 4 is a plan view showing another embodiment
of the liquid crystal display device according to the inven-
tion and corresponds to FIG. 1A.

[0095] The constitution which makes this embodiment
different from the embodiment shown in FIG. 1A lies in the
arrangement position of the black matrix BM. The black
matrix BM which is arranged in parallel to the extending
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direction of the gate signal line GL is formed such that the
black matrix BM sufficiently covers the gate signal line GL.
However, at a capacitive signal line CL side of the black
matrix BM, a portion of the capacitive signal line CL is
exposed from the side. In other words, the side is positioned
to be overlapped to the capacitive signal line CL.

[0096] The constitution is provided in view of a fact that,
while a so-called domain is easily generated between the
gate signal line GL and the pixel electrode PX, the domain
is hardly generated between the capacitive signal line CL
and the pixel electrode PX. Accordingly, a so-called numeri-
cal aperture of the pixel can be enhanced.

[0097] Here, in the same manner as the constitution shown
in the embodiment 1, in this embodiment 2, the region
defined between the gate signal line GL and the capacitive
signal line CL arranged close to the gate signal line GL is
covered with the above-mentioned black matrix BM. This is
because that the region corresponds to the position where the
source electrode ST of the thin film transistor TFT and the
pixel electrode PX which is connected to the source elec-
trode ST are separated from each other by the irradiation of
laser beams or the like, for example, at the time of repairing
and hence, it is necessary to conceal the degeneration or the
discoloring of the color filter CF caused by the irradiation of
laser beams with the black matrix BM.

Embodiment 3

[0098] FIG. 5is a plan view showing another embodiment
of the liquid crystal display device according to the inven-
tion and corresponds to FIG. 1A. Further, FIG. 6A is a
cross-sectional view taken along a line a-a in FIG. 5, FIG.
6B is a cross-sectional view taken along a line b-b in FIG.
5and FIG. 6C is a cross-sectional view taken along a line c-c
in FIG. 5.

[0099] The constitution which makes this embodiment
different from the embodiment shown in FIG. 1A lies in that,
first of all, the counter electrodes CT are not formed over the
same layer as the pixel electrodes PX but are formed over
the layer below the gate signal lines GL (capacitive signal
lines CL) and the first insulation film GI.

[0100] Further, the counter electrodes CT are formed of a
light transmitting material such as ITO or the like and are
formed such that the counter electrode CT covers the sub-
stantially whole pixel region and is overlapped to a portion
of the capacitive signal line CL.

[0101] The pixel electrode PX may be also formed of a
light transmitting material such as ITO or the like. In this
case, the transparency is further enhanced.

[0102] That is, over an upper surface of the counter
electrode CT which is formed in a planer shape, the pixel
electrodes PX which are formed of a group consisting of a
plurality of electrodes are formed by way of an insulation
film (first insulation film GI, first protective film PAS1),
wherein the optical transmissivity of the liquid crystal is
controlled by electric fields which are generated between
these respective electrodes.

[0103] Further, in this embodiment 3, the protective film
which is provided for preventing the direct contact of the
thin film transistor TFT with the liquid crystal is formed of
only the first protective film PAS1 and the second protective
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film PAS2 is not formed. This constitution is provided for
preventing lowering the strength of the electric field which
is generated between the counter electrode CT and the pixel
electrodes PX.

[0104] Also with respect to the liquid crystal display
device having such a constitution, one pixel region is
divided into three regions, for example, a video signal from
one thin film transistor TFT provided to the pixel is branched
into three signals and these signals are supplied to the pixel
electrodes PX of the respective regions and, at the same
time, the capacitive elements are provided to the respective
regions for storing the video signals. Accordingly, this
embodiment 3 has the substantially same advantageous
effect as the embodiment 1.

[0105] In this embodiment, the capacitive elements are
also formed between the pixel electrodes PX and the counter
electrodes CT.

[0106] Here, in this embodiment, the black matrix BM
adopts a pattern which is formed in a matrix array to define
each pixel from the other neighboring pixels. However, it is
needless to say that this embodiment is not limited to this
constitution.

Embodiment 4

[0107] FIG. 7 is a plan view showing another embodiment
of the liquid crystal display device according to the inven-
tion and corresponds to FIG. 1A.

[0108] The constitution which makes this embodiment
different from the embodiment shown in FIG. 1A lies in the
constitution of the capacitive elements Cstg which are
formed between the source electrode ST of the thin film
transistor TFT and the pixel electrodes PX which are con-
nected to the source electrode ST.

[0109] Although in the case of FIG. 1A, each capacitive
element Cstg is constituted in common with a plurality of
pixel electrodes PX, the pixel of the embodiment 4 shown in
FIG. 7 includes the pixel electrodes PX such that one pixel
electrode PX is provided with one capacitive element Cstg.

[0110] Accordingly, the number of branching from the
source electrode ST of the thin film transistor TFT to the
pixel electrodes PX through respective capacitive elements
Cstg can be increased and hence, lowering of brightness of
the pixel after repairing can be minimized.

[0111] In this case, at positions where the capacitive
elements Cstg are formed, the number of the through holes
TH which are served for electrically connecting the elec-
trodes of the capacitive elements Cstg and the pixel elec-
trode PX is increased corresponding to the above-mentioned
increase of the number of branching. Therefore, in this
embodiment, the respective through holes TH which are
mounted in parallel in the x direction in the drawing are
arranged such that the respective through holes TH are
shifted in the y direction every one other and hence, a
spaced-apart distance between each through hole TH and the
other through hole TH arranged close to the through hole TH
can be increased as much as possible.

[0112] In this embodiment, as shown in FIG. 7, although
there exists the capacitive element Cstg which is allocated to
a plurality of pixel electrodes PX in common among the
respective capacitive elements Cstg, such a constitution is
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determined based on the spaced-apart distance between one
through hole Th and other neighboring through hole TH and
hence, it is not always necessary to determine the branching
from the source electrode ST of the thin film transistor TFT
for every pixel electrode PX.

Embodiment 5

[0113] FIG. 8A is a plan view showing another embodi-
ment of the liquid crystal display device according to the
invention and corresponds to FIG. 1A.

[0114] The constitution which makes this embodiment
different from the embodiment shown in FIG. 1A lies in that,
first of all, with respect to the pixel to which the thin film
transistor TFT supplies the video signal therethrough, the
thin film transistor TFT is configured to be prepared to
supply the same video signal to the pixel electrode PX of
another pixel arranged close to the pixel along the drain
signal line DL (the upper-side pixel in the drawing).

[0115] That is, first of all, with respect to the thin film
transistor TFT, interposing the drain electrode DT which is
connected to the drain signal line DL, besides a source
electrode ST which is formed at the lower side in the
drawing, a second source electrode ST2 is also formed at the
upper side in the drawing. The second source electrode ST2
extends to cover the pixel region at the side where the
second source electrode ST2 is formed and is, then,
branched and extended until branched portions are over-
lapped to distal end portions of the respective pixel elec-
trodes PX in a plurality of (three in the drawing) divided
regions in the pixel region.

[0116] Here, due to such a constitution, the thin film
transistors TFT share the drain electrode DT in common,
wherein the thin film transistor TFT which is operated
between the source electrode ST and the pixel electrodes PX
may be referred to as a driving transistor and the thin film
transistor TFT which is operated between the second source
electrode ST2 and the pixel electrodes PX may be referred
to as a correction transistor.

[0117] In a usual (before repairing) state, the distal end
portions of the respective pixel electrodes PX and the second
source electrode ST?2 of the thin film transistor TFT are not
electrically connected to each other. This is because that, as
shown in FIG. 8B which is a cross-sectional view, while the
second source electrode ST2 of the thin film transistor TFT
is arranged below the first protective film PASI, the respec-
tive pixel electrodes PX are arranged above the second
protective film PAS2. Here, FIG. 8B is a cross-sectional
view taken along a line b-b in FIG. 8A.

[0118] In such a constitution, during the manufacturing
steps of the liquid crystal display device, as shown in FIG.
9A, when a defect such as a disconnection (indicated by FG
in the drawing), for example, occurs at a portion of the
wiring from the thin film transistor TFT, the signal from the
thin film transistor TFT is not supplied to the pixel electrode
PX and the pixel which is to be driven by the thin film
transistor TFT becomes a black points over the whole
region.

[0119] This embodiment enables the supply of the signal
to the pixel electrodes PX from the thin film transistor TFT
for defect correction which is driven by another gate signal
line GL arranged close to the defective pixel and hence, the
display can be restored.
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[0120] That is, when the defect FC occurs and there arises
a state that the signal is not supplied from the driving thin
film transistor TFT to the pixel electrodes PX due to the
defect FC, the output from the correction thin film transistor
TFT and the pixel electrodes PX are made electrically
conductive with each other using laser beams or the like
(shown by SHRT in the drawing). Accordingly, the liquid
crystal display device returns from the above-mentioned
state to a state in which the video signal is supplied to the
pixel electrodes PX from the correction thin film transistor
TFT and hence, the point defect on the display is repaired.

[0121] Here, although the image displayed on the repaired
pixel is shifted by one pixel, by performing the same display
between the neighboring pixels having the same color, it is
difficult for a viewer to recognize the presence of the defect
in the pixel in a usual using state and hence, it is almost
possible to restore the normal operation in an actual opera-
tion.

[0122] Here, to facilitate forming of the conductive state
by laser beams, it is preferable to provide the constitution in
which the output from the correction thin film transistor TFT
is wired using a metal layer and is overlapped to the pixel
electrode PX by way of an insulation film. It is because that
with the use of the metal layer having the good heat
absorption ratio, the connection can be performed easily by
irradiation of laser beams from a back surface of the
transparent substrate SUB1.

[0123] FIG. 9B is a cross-sectional view taken along a line
b-b in FIG. 9A, wherein FIG. 9B shows that the second
source electrode ST2 of the thin film transistor TFT and the
pixel electrode PX are electrically connected with each other
by the irradiation of laser beams.

[0124] Further, FIG. 9C is a view showing another
improved embodiment and corresponds to FIG. 9B. At
portions where the second source electrode ST2 of the thin
film transistor TFT and the pixel electrode PX are connected
for repairing, holes are formed in the second insulation film
PAS2. Due to such a constitution, the connection of the
respective members by the laser beams can be easily per-
formed. FIG. 9D shows a cross section in which the con-
nection is established in the constitution shown in FIG. 9C.

Embodiment 6

[0125] FIG. 10 shows a mode of repairing the liquid
crystal display device shown in FIG. 9 in which the drain
signal line DL and a portion of the source electrode ST of the
thin film transistor TFT before branching are short-circuited
(showing FG in the drawing).

[0126] In this case, the branching portions for connection
from the source electrode ST of the thin film transistor TFT
to the pixel electrodes PX in respective divided regions of
the pixel region are cut by laser beams (indicated by CUT in
the drawing), for example, and, at the same time, the
connection of the second source electrode ST2 of the thin
film transistor TFT which drives the pixel positioned at the
lower side of the pixel in the drawing and the pixel electrode
PX is established (indicated by SHRT in the drawing).

[0127] Also in such repairing, although the image dis-
played on the repaired pixel is shifted by one pixel, by
performing the same display between the neighboring pixels
having the same color, it is difficult for a viewer to recognize
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the presence of the defect in the pixel in a usual using state
and hence, it is almost possible to restore the normal
operation in an actual operation.

Embodiment 7

[0128] FIG. 11A is a view showing another embodiment
of the liquid crystal display device according to the inven-
tion and corresponds to FIG. 9A.

[0129] The constitution which makes this embodiment
different from the embodiment shown in FIG. 9A is as
follows. First of all, a portion of the second source electrode
ST2 of the thin film transistor TFT covers the gate signal line
GL and the capacitive signal line CL, and extends in an
exposed manner from a material layer which is held with the
same potential as the counter electrode CT (counter voltage
signal line COL) and, thereafter, is branched. A portion of
the branched paths extends to the material layer side and is
again overlapped to the material layer side, and the second
source electrode ST2 and the material layer are made
conductive to each other via a through hole THS formed in
a portion of the overlapped portion.

[0130] In this case, as shown in FIG. 11B which is a
cross-sectional view taken along a line b-b in FIG. 11A, the
second source electrode ST2 of the thin film transistor TFT
and the pixel electrodes PX of the pixel are overlapped to
each other by way of the second protective film PAS2 and
the first protective film PAS1 and the capacitances are
generated at such portions.

[0131] Accordingly, the potential of the second source
electrode ST2 is influenced by the potential of the pixel
electrode PX of the pixel at the lower-side in the drawing
which is arranged closer to the capacitance.

[0132] On the other hand, the second source electrode ST2
of the thin film transistor TFT is formed over the gate signal
line GL in an overlapped manner and hence, when the
potential of the second source electrode ST2 is largely
changed, there exists a possibility that the writing charac-
teristics of the gate signal line GL is influenced. Particularly,
when there exists a large difference in voltage between
display images, for example, when the white display and the
black display are performed by the neighboring pixels, there
arises the influence on the writing characteristics of the gate
signal lines GL.

[0133] As a result, the brightness of one line arranged in
a boundary portion between white and black exhibits a value
between white and black and hence, the boundary appears
slightly blurred. This phenomenon can be eliminated by
designing the capacitance of the overlapped portion or the
like. However, it is desirable to obviate such a phenomenon
in terms of the operational principle for increasing the
degree of freedom in designing and for facilitating the
correction of defect by increasing an area of the overlapped
portion of the second source electrode ST2 of the thin film
transistor TFT and the pixel electrode PX.

[0134] According to the constitution of this embodiment,
in the normal state, the potential of the second source
electrode ST2 of the thin film transistor TFT assumes a
so-called common potential and is stabilized and hence, the
influence on the writing to the gate attributed to the correc-
tion thin film transistor TFT becomes uniform over the
whole screen and hence, the local change of brightness is no
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more generated in principle. Accordingly, with respect to the
display image, the influence attributed to the correction thin
film transistor TFT can be eliminated in terms of the
operational principle.

Embodiment 8

[0135] FIG. 12A shows a mode of repairing the liquid
crystal display device shown in FIG. 11 in which the drain
signal line DL and a portion of the source electrode ST of the
thin film transistor TFT before branching are short-circuited
(showing FG in the drawing).

[0136] In this case, the branching portions for connection
from the source electrode ST of the thin film transistor TFT
to the pixel electrodes PX in respective divided regions of
the pixel region are cut by laser beams (indicated by CUT in
the drawing), for example, and, at the same time, the
connection of the second source electrode ST2 of the thin
film transistor TFT which drives the pixel positioned at the
lower side of the pixel in the drawing and the pixel electrode
PX is established (indicated by SHRT in the drawing).

[0137] Further, a path which connects the second source
electrode ST2 of the thin film transistor TFT and a material
layer which covers the gate signal line GL and the capacitive
signal line CL and is held at the same potential as the counter
electrodes CT is cut by the irradiation of laser beams, for
example (indicated by CUT?2 in the drawing).

[0138] Accordingly, it is possible to supply the video
signal from the second source electrode ST2 of the thin film
transistor TFT to the pixel and hence, the defect can be
repaired.

[0139] FIG. 12B is a cross-sectional view taken along a
line b-b in FIG. 12A after repairing the defect.

[0140] Also in such repairing, although the image dis-
played on the repaired pixel is shifted by one pixel, by
performing the same display between the neighboring pixels
having the same color, it is difficult for a viewer to recognize
the presence of the defect in the pixel in a usual using state
and hence, it is almost possible to restore the normal
operation in an actual operation.

Embodiment 9

[0141] FIG. 13 is a view showing another embodiment of
the liquid crystal display device according to the invention
and corresponds to FIG. 11A.

[0142] The constitution which makes this embodiment
different from the embodiment shown in FIG. 11A lies in the
structure of the source electrode ST of the thin film transistor
TFT.

[0143] A channel length of the channel region of the thin
film transistor TFT is arranged to be aligned with the
extending direction of the gate signal line GL. Due to such
a constitution, the source electrode ST of the thin film
transistor TFT extends in the direction orthogonal to the
extending direction of the gate signal line GL, wherein one
end of the source electrode ST extends to the pixel region
which is positioned at the lower side in the drawing and
another end of the source electrode ST extends to the pixel
region which is positioned at the upper side in the drawing.

[0144] The source electrode ST which extends to the pixel
region positioned at the lower side in the drawing is con-
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figured such that the video signal for driving the pixel is
supplied to the source electrode ST, while the source elec-
trode ST which extends to the pixel region positioned at the
upper side in the drawing is configured such that the source
electrode ST is capable of being connected with the respec-
tive pixel electrodes PX of the pixel at the time of repairing.

[0145] Dueto such a constitution, as shown in FIG. 11, the
source electrode ST which extends to the pixel region
positioned at the upper side in the drawing also covers the
gate signal line GL and the capacitive signal line CL and, at
the same time, the electric connection of the source electrode
ST with the material layer (counter voltage signal line COL)
held with the same potential as the counter electrode CT
becomes no more necessary.

[0146] This is because that the source electrode ST which
extends to the pixel region positioned at the upper side in the
drawing assumes the same potential as the source electrode
ST which extends to the pixel region positioned at the lower
side in the drawing and hence, the potential is stabilized due
to the capacitive element Cstg which is formed in the pixel
region positioned at the lower side in the drawing.

Embodiment 10

[0147] FIG. 14A is a view showing another embodiment
of the liquid crystal display device according to the inven-
tion and corresponds to FIG. 12A. FIG. 14B is a cross-
sectional view taken along a line b-b in FIG. 14A.

[0148] The constitution which makes this embodiment
different from the embodiment shown in FIG. 12A lies in
that, first of all, this embodiment 10 is not provided with the
second source electrode ST2 of the thin film transistor TFT
which extends to the pixel region positioned at the upper
side in the drawing with respect to the thin film transistor
TFT.

[0149] Further, this embodiment 10 includes a conductive
layer PXM which is formed such that the conductive layer
PXM crosses both of the gate signal line GL and the
capacitive signal line CL, which is arranged close to the gate
signal line GL, wherein the conductive layer PXM is formed
over the same layer as the drain signal line DL, for example.

[0150] One end ofthe conductive layer PXM extends to be
overlapped to one end of the pixel electrode PX in the pixel
region positioned at the upper side in the drawing and an
extension portion is connected with the pixel electrode PX
via a through hole TH5 which penetrates the second pro-
tective film PAS2 and the first protective film PAS1. Further,
another end of the conductive layer PXM is overlapped to
the capacitive signal line CL by way of the first insulation
film GIL

[0151] Due to such a constitution, the pixel electrode PX
in the pixel region which is positioned at the upper side of
the drawing forms the capacitance Cadd between the pixel
electrode PX and the gate signal line GL of the neighboring
pixel region which differs from the former pixel region and,
at the same time, forms the capacitance Cstg between the
pixel electrode PX and the capacitive signal line CL.

[0152] As anther embodiment, the pixel electrode PX in
the pixel region which is positioned at the upper side of the
drawing may be made to directly extend and to cross the gate
signal line GL and the capacitive signal line CL of the
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neighboring pixel region different from the former pixel
region. In this case, the substantially same advantages can be
obtained. However, in this embodiment, a material layer
(counter voltage signal line COL) which covers the gate
signal line GL and the capacitive signal line CL and has the
same potential as the counter electrode CT is present on the
same layer as the pixel electrodes PX. Accordingly, using the
conductive layer PXM which is formed over the layer
different from the layer over which the pixel electrodes PX
are formed, the above-mentioned capacitances Cadd and
Cstg can be formed.

Embodiment 11

[0153] FIG. 15A shows a mode of repairing when a
disconnection (indicated by FG in the drawing) occurs, that
is, a point defect occurs at a connection path of the source
electrode ST of the thin film transistor TFT with the respec-
tive pixel electrodes PX disposed in the pixel region at the
lower side in the drawing, for example, in the liquid crystal
display device having the constitution shown in FIG. 14.

[0154] First of all, to electrically isolate the capacitive
signal line CL in the pixel region at the lower side in the
drawing, respective side portions of the capacitive signal
line CL are cut such that the respective capacitive elements
Cstgl, Cstg2, Cstg3 are arranged between both side portions
using laser beams, for example (indicated by CUT1, CUT2
in the drawing). Due to such a constitution, a conductive
layer in a floating state is obtained.

[0155] Then, the floated conductive layer and the above-
mentioned conductive layer PXM are electrically connected
with each other (indicated by SHRT in the drawing) using
laser beams, for example. Further, the conductive layer
PXM and the capacitive signal line CL disposed below the
conductive layer PXM are electrically connected with each
other using laser beams, for example.

[0156] Accordingly, the respective pixel electrodes PX in
the pixel region at the lower side in the drawing assume the
same potential as the respective pixel electrodes PX in the
pixel region at the upper side in the drawing. In other words,
the video signals of the pixel region at the upper side of the
drawing are supplied to the respective pixel electrodes PX in
the pixel region at the lower side in the drawing. Accord-
ingly, it is possible to restore the defect of the pixel.

[0157] As shown in FIG. 15B which is a cross-sectional
view taken along a line b-b in FIG. 15A, although the
connection between the source electrode ST and the pixel
electrodes PX is not shown, as can be clearly understood
from the plan view, the source electrode ST and the pixel
electrode PX are connected via the through hole TH3 and
hence, by connecting the source electrode ST and the
capacitive signal line CL, it is possible to connect the pixel
electrodes PX of two neighboring pixels.

[0158] Here, since the counter electrode CT is connected
with the capacitive signal line CL via the through hole TH4,
even when the capacitive signal line CL is cut in the
above-mentioned manner, the electrical connection between
the capacitive signal line CL and the counter electrode CT is
normally maintained via other pixel.

[0159] Here, as shown in FIG. 15A, the material layer
(counter voltage signal line COL) which is formed in a state
that the material layer sufficiently covers the gate signal line
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GL and holds the same potential as the counter electrode CT
is formed to expose portions of the capacitive signal line CL
where the capacitive elements Cstgl, Cstg2, Cstg3 are
formed. Due to such a constitution, the capacitive signal line
CL can be easily cut using the laser beams.

[0160] Further, by performing this cutting linearly, it is
possible to shorten a repairing time and to surely perform the
repairing operation. Accordingly, this embodiment ensures a
linear region where the gate signal line GL is exposed from
other electrode by cutting a portion of the gate signal line
GL.

Embodiment 12

[0161] FIG. 16 is a view showing another embodiment of
the liquid crystal display device according to the invention
and corresponds to FIG. 14A. The constitution which makes
this embodiment different from the embodiment shown in
FIG. 14A lies in that, in addition to the branched paths
through which the video signals are supplied from the source
electrode ST of the thin film transistor TFT to the respective
pixel electrodes PX in three divided pixel regions, for
example, another branched path is formed and this branched
path SP is overlapped to the capacitive signal line CL by way
of the first insulation film GI.

[0162] In this case, when a point defect which is substan-
tially equal to the point defect explained in conjunction with
embodiment 11 occurs, the short-circuiting operation
between the capacitive signal line CL and the respective
pixel electrodes PX of three divided pixel regions, for
example, can be replaced with the short-circuiting operation
between the capacitive signal line CL and the branched path
SP as shown in the embodiment 11 and hence, the efficiency
of the repairing operation can be enhanced.

Embodiment 13

[0163] FIG. 17 is a plan view showing another embodi-
ment of the pixel of the liquid crystal display device accord-
ing to the invention.

[0164] The pixel shown in FIG. 17 is different from the
pixels explained in conjunction with the above-mentioned
respective embodiments and is referred to as a so-called
vertical electric field type pixel. That is, out of respective
transparent substrates which are arranged to face each other
in an opposed manner with liquid crystal therebetween, over
each one of respective pixel regions formed over a liquid-
crystal-side surface of one transparent substrate SUB1, pixel
electrodes PX formed of a light transmitting conductive
layer are formed such that the pixel electrode PX substan-
tially covers the whole area of the pixel region. On the other
hand, a counter electrode CT which is arranged in common
with the respective pixel electrodes PX and is also made of
a light transmitting conductive layer is formed over a
liquid-crystal-side surface of another transparent substrate
SUB2.

[0165] In each pixel region, between the pixel electrode
PX to which the video signals are supplied independently
and the counter electrode CT to which a reference signal
which becomes the reference with respect to the video
signals is supplied, an electric field which is directed in the
direction substantially perpendicular to the transparent sub-
strate is generated whereby the optical transmissivity of the
liquid crystal between the electrodes is controlled.



US 2007/0153193 A1

[0166] Here, each pixel region is, in the same manner as
the pixels of the above-mentioned respective embodiments,
formed of a region, for example, surrounded by gate signal
lines GL which extend in the x direction and are arranged in
parallel in the y direction and drain signal lines DL which
extend in the y direction and are arranged in parallel in the
x direction. To the pixel electrodes PX in the pixel region,
the video signals are supplied from the one-side drain signal
line DL through the thin film transistor TFT which is turned
on in response to the scanning signal from the one-side gate
signal line GL.

[0167] Further, the pixel region is divided into three
regions, for example, in the x direction in the drawing and
the pixel electrodes PX1, PX2, PX3 which are electrically
independent from each other are respectively formed in the
respective regions.

[0168] The video signals are configured to be supplied to
these respective pixel electrodes PX1, PX2, PX3 from the
source electrode ST of the thin film transistor TFT for
driving the pixel through three branched paths.

[0169] Further, between the respective pixel electrodes
PX1, PX2, PX3 and the thin film transistor TFT, a capacitive
signal line CL which is arranged close to and parallel to the
gate signal line GL which drives the thin film transistor TFT
1s formed, and capacitive elements Cstgl, Cstg2, Cstg3 are
formed over the capacitive signal line CL for respective
defined regions of the pixel region.

[0170] That is, one video signal which is branched from
the source electrode ST of the thin film transistor TFT
through the path is supplied to the pixel electrode PX1 and,
at the same time, the video signal is stored in the capacitive
element Cstgl, another one video signal is supplied to the
pixel electrode PX2 and, at the same time, the video signal
is stored in the capacitive element Cstg2, and other remain-
ing video signal is supplied to the pixel electrode PX3 and,
at the same time, the video signal is stored in the capacitive
element Cstg3.

[0171] Here, the respective capacitive elements Cstgl,
Cstg2, Cstg3 are, in the same manner as the constitution
shown in the embodiment 1, respectively formed of the
capacitive signal line CL, a first insulation film GI which is
formed over the capacitive signal line CL, branched
extended portions of the source electrodes ST which are
formed over an upper surface of the insulation film GI, a first
protective film PAS1 and a second protective film PAS2
which are formed over an upper surface of the extended
portions, and the pixel electrodes PX1, PX2, PX3 which are
formed over the second protective film PAS2 and are elec-
trically connected with the branched extended portions of
the source electrode ST via through holes TH1, TH2, TH3
which penetrate the second protective film PAS2 and the first
protective film PASI.

[0172] FIG. 18A is a cross-sectional view taken along a
line XVIII-XVIII in FIG. 17. It is made clear from the
drawing that the pixel electrode PX is divided into and is
constituted of three pixel electrodes PX1, PX2, PX3. Fur-
ther, over a liquid-crystal-side surface of the transparent
substrate SUB2, a counter electrode CT which is formed in
common with the respective pixels is formed.

[0173] Here, this embodiment uses the liquid crystal LC
which performs the behavior in response to an electric field
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having components perpendicular to the transparent sub-
strates SUB1, SUB2 and hence, there arises a fear that a
so-called domain appears in separating portions of the
respective pixel electrodes PX1, PX2, PX3.

[0174] FIG. 18B is a cross-sectional view showing another
embodiment which can eliminate such a fear and corre-
sponds to FIG. 18A. That is, slits SLT, for example, are
formed in the counter electrode CT and these slits SLT are
arranged such that the slits SLT face the substantially centers
of the pixel electrodes PX1, PX2, PX3 and extend in the y
direction. In other words, in one pixel region, the respective
counter electrodes CT having a pattern which is substan-
tially equal to the pattern of the respective pixel electrodes
PX1, PX2, PX3 are arranged in a state that the respective
counter electrodes CT are shifted with respect to the respec-
tive pixel electrodes PX. In the drawing, as an example, the
respective counter electrodes CT are shifted by a half pitch
in the x direction.

[0175] Here, this embodiment uses the liquid crystal LC
which performs the behavior in response to an electric field
having components along the direction which makes a slight
angle with respect to the vertical direction of the transparent
substrates SUB1, SUB2. This method is referred to as a
so-called vertical orientation method.

[0176] By adopting such a constitution, the so-called
domain is no more generated and hence, a drawback which
arises when the pixel electrode PX is separated can be
eliminated.

Embodiment 14

[0177] FIG. 19 is a plan view showing another embodi-
ment of the liquid crystal display device according to the
invention and corresponds to FIG. 17.

[0178] The constitution which makes this embodiment
different from the embodiment shown in FIG. 17 lies in that,
along with the formation of the pixel electrodes PX1, PX2,
PX3 respectively in the respective regions defined in one
pixel region, light shielding layers SM are respectively
formed over a separated portion between the pixel electrodes
PX1 and PX2 and a separated portion between the pixel
electrodes PX2 and PX3 so that so-called domains generated
in these portions cannot be observed with naked eyes.

[0179] Accordingly, to enable the light shielding layers
SM to sufficiently cover the separated portions of the respec-
tive electrodes PX, both of left and right sides of the light
shielding layer SM with respect to the extension direction
have sufficient widths so that both sides of the light shielding
layer SM can be overlapped with the sides of the separated
respective pixel electrodes PX.

[0180] As shown in FIG. 20A which is a cross-sectional
view taken along a line IIX-IIX in FIG. 19, the above-
mentioned light shielding layers SM may be formed over the
same layer as the drain signal line DL, that is, over the upper
surface of a first insulation film GI, for example, at the
transparent substrate SUB1 side. The light shielding layer
SM may be formed of the same material as the drain signal
line DL.

[0181] Further, as another embodiment, as shown in FIG.
20B which corresponds to FIG. 20A, also at the transparent
substrate SUB1 side, the above-mentioned light shielding
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layer SM may be formed over the same layer as the gate
signal line GL, that is, over the upper surface of the
transparent substrate SUB1. The light shielding layer SM
may be formed of the same material as the gate signal line
GL.

Embodiment 15

[0182] FIG. 21A is a plan view showing another embodi-
ment of the liquid crystal display device according to the
invention and corresponds to F1G. 19. Here, FIG. 21B shows
a cross-sectional view taken along a line b-b in FIG. 21A.

[0183] The constitution which makes this embodiment
different from the embodiment shown in FIG. 19 lies in that
the light shielding film SM formed over the separated
portion between the pixel electrodes PX1 and PX2 and the
light shielding film SM formed over the separated portion
between the pixel electrodes PX2 and PX3 are formed over
the same layer as the scanning signal line GL., that is, over
the upper surface of the transparent substrate SUB1 and,
further, the light shielding films SM are formed such that the
light shielding films SM are electrically connected with the
scanning signal lines GL.

[0184] Due to such a constitution, over the overlapped
portions of respective pixel electrodes PX with the light
shielding films SM at the separated portions of the respec-
tive pixel electrodes PX, capacitive elements Cadd1, Cadd2,
Cadd3 which are constituted of a second protective film
PAS2, a first protective film PAS1, a first insulation film GI
as dielectric films can be formed. Accordingly, it is possible
to obtain an advantageous effect that capacitance of the
capacitive elements can be increased together with other
capacitive elements Cstgl, Cstg2, Cstg3.

[0185] Here, FIG. 22 corresponds to FIG. 21B and shows
that the capacitive elements Cadd are formed between the
light shielding films SM and the respective pixel electrodes
PX in a cross section.

[0186] Here, instead of connecting the light shielding
films SM with the scanning signal lines GL, the light
shielding films SM may be connected with the capacitive
signal line CL. In this case, the capacitance of the capacitive
elements Cstg as the capacitive elements Cstgl, Cstg2,
Cstg3 can be increased.

Embodiment 16

[0187] FIG. 23 is a plan view showing another embodi-
ment of the liquid crystal display device according to the
invention and corresponds to FIG. 21A.

[0188] The constitution which makes this embodiment
different from the embodiment shown in FIG. 21A lies in
that, first of all, the light shielding film SM formed over the
separated portion between the pixel electrodes PX1 and PX2
is formed over the same layer as the gate signal line GL, that
is, over the upper surface of the transparent substrate SUB1
and is formed such that the light shielding film SM is
electrically connected with the gate signal line GL. Further,
the liquid crystal display device of this embodiment is not
provided with the capacitive signal line CL.

[0189] This embodiment is applicable to a case that the
capacitive elements Cadd1, Cadd2, Cadd3 which are formed
over the overlapped portions of the respective pixel elec-
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trodes PX with the light shielding film SL at separated
portions are sufficient as the capacitive elements formed
over the respective pixel regions. Accordingly, the consti-
tution of this embodiment does not specifically require the
provision of the capacitive elements Cstgl, Cstg2, Cstg3
which are formed between the pixel electrodes PX and the
capacitive signal line CL.

[0190] Further, due to such a constitution, this embodi-
ment does not require any capacitive signal line CL and
hence, areas of the respective pixels can be increased.

Embodiment 17

[0191] FIG. 24 is a plan view showing another embodi-
ment of the liquid crystal display device according to the
invention and corresponds to FIG. 17. Further, a cross-
sectional view taken along a line [IXV-IIXV in FIG. 24 is
shown in FIG. 25.

[0192] The constitution which makes this embodiment
different from the embodiment shown in FIG. 17 lies in that,
the respective pixel electrodes PX1, PX2, PX3 have a
pattern in which the respective pixels have center portions
thereof bent thus forming a substantially L-shape.

[0193] Following the constitution of the pixel electrodes
PX1, PX2, PX3, the drain signal lines DI which are
arranged close to the pixel electrodes PX1, PX3 also have a
pattern in which the drain signal lines DL have center
portions thereof bent thus forming a substantially L-shape.

[0194] Also in this case, in the same manner as the
embodiment shown in FIG. 17, between the respective pixel
electrodes PX1, PX2, PX3 and the thin film transistor TFT,
the capacitive signal line CL which is arranged close to and
in parallel to the gate signal lines GL which drive the thin
film transistor TFT is formed. Further, the capacitive ele-
ments Cstgl, Cstg2, Cstg3 are formed for respective divided
regions of the pixel region over the capacitive signal line
CL.

[0195] That is, one video signal which is branched from
the source electrode ST of the thin transistor TFT via the
above-mentioned path is supplied to the pixel electrode PX1
and, at the same time, the video signal is stored in the
capacitive element Cstgl. Another one video signal is sup-
plied to the pixel electrode PX2 and, at the same time, the
video signal is stored in the capacitive element Cstg2.
Further, remaining other video signal is supplied to the pixel
electrode PX3 and, at the same time, the video signal is
stored in the capacitive element Cstg3.

[0196] Also in this case, as shown in FIG. 25A, the
counter electrode CT formed over the transparent substrate
SUB2 side may be constituted such that a conductive layer
1s formed over the whole surface in common with respect to
the respective pixels. Further, as shown in FIG. 25B, slits
SLT, for example, are formed in the counter electrode CT,
wherein these slits SLT are arranged to face the substantially
centers of the respective pixel electrodes PX1, PX2, PX3
and to extend in the y direction. It is needless to say that the
slits SLT have bent portions in this case.

Embodiment 18

[0197] FIG. 26 is a plan view showing another embodi-
ment of the liquid crystal display device according to the
invention and corresponds to FIG. 24.
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[0198] The constitution which makes this embodiment
different from the embodiment shown in FIG. 24 lies in that,
first of all, no capacitive signal line CL is provided. Further,
the respective one end portions of the respective pixel
electrodes PX1, PX2, PX3 are extended to be overlapped
with the gate signal line GL and the respective capacitive
elements Cadd1, Cadd2, Cadd3 are constituted at the over-
lapped portion.

[0199] Here, in this constitution, the counter electrode CT
arranged at the transparent substrate SUB2 side is formed in
the substantially same pattern as the respective pixel elec-
trodes PX1, PX2, PX3 and is arranged such that the counter
electrode CT is shifted in the x direction by a half pitch with
respect to the pixel electrode PX. Due to such a constitution,
it is possible to prevent the generation of so-called domains
at the separated portions of the respective pixel electrodes
PX.

[0200] Further, the regions where the capacitive elements
Caddl1, Cadd2, Cadd3 are formed are covered with the black
matrix BM. In other words, the capacitive elements Caddl,
Cadd2, Cadd3 are formed below the black matrix BM and
hence, the so-called numerical aperture of the pixel can be
enhanced.

[0201] The above-mentioned respective embodiments
may be used in a single form or in combination. This is
because that the advantageous effects of respective embodi-
ments can be obtained in a single form or synergistically.

[0202] Further, it is needless to say that the invention
which can reduce the point defects is applicable to the
display device other than the liquid crystal display device
such as an organic display device, an organic EL display
device or the like.

[0203] As can be clearly understood from the foregoing
explanation, the display device according to the invention
has the advantage that it is possible to prevent the drawback
attributed to the black display which is performed for
repairing the point defects.
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What is claimed is:

1. A liquid crystal display device in which each pixel
region formed over a liquid crystal side of one substrate out
of respective substrates which are arranged to face each
other with liquid crystal therebetween includes a pixel
electrode to which a video signal is supplied from a drain
signal line through a switching element driven in response to
a scanning signal from a gate signal line, wherein

the pixel electrode is divided into a plurality of pixel
electrodes, the capacitive element is provided for each
divided pixel electrode, and the pixel electrodes and the
switching element are connected to each other through
paths which are branched from the switching element,
and

the counter electrode is also divided into a plurality of
counter electrodes in each pixel region and the divided
counter electrodes are arranged in the direction of the
dividing direction of the pixel electrode such that the
divided counter electrodes are displaced from the divi-
sion of the pixel electrode.

2. A liquid crystal display device in which each pixel
region formed over a liquid crystal side of one substrate out
of respective substrates which are arranged to face each
other with liquid crystal therebetween includes a pixel
electrode to which a video signal is supplied from a drain
signal line through a switching element driven in response to
a scanning signal from a gate signal line and a capacitive
element which corresponds to the pixel electrode, wherein

the pixel region is divided into a plurality of sections, and
to the respective pixel electrodes and the respective
capacitive elements in the respective sections, the video
signal is supplied through paths which are branched
from the switching element.
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