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(57) ABSTRACT

A liquid crystal display device includes pixels, each of which
includes a first transistor and a second transistor. The size of
the first transistor is larger than the size of the second transis-
tor. In addition, channel widths and gate widths for the first
transistor are larger than those of the second transistor. Also,
the first transistor is located to be closer to a drain signal line
provided for the pixel than the second transistor. In normal
operation, the first transistor is coupled to the drain signal line
and the second transistor is floating. However, if an abnor-
mality occurs in the first transistor, it is cut off from the drain
signal line and the second transistor is connected to the drain
signal line by a repair line.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 11/737,776, filed Apr. 20, 2007, the entire con-
tent of which is incorporated herein by reference.

CLAIM OF PRIORITY

[0002] The present application claims priority from Japa-
nese application serial No. 2006-118227, filed on (Apr. 21,
2006), the content of which is hereby incorporated by refer-
ence into this application.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] Thepresentinvention relates to a thin-film transistor
liquid crystal display device, and deals with abnormality in
the operation of a thin-film transistor.

[0005] 2. Description of the Related Art

[0006] A liquid crystal display element comprises a liquid
crystal material interposed between two substrates that have
been oriented, with the peripheral edges being sealed by a
seal. The liquid crystal display element performs display as a
result of the state of orientation of the liquid crystal material
interposed between the two substrates being controlled. The
techniques for controlling this state of orientation are various,
but a technique is widely and commonly performed where the
state of orientation of the liquid crystal material in a steady
state is controlled by the orientation of the surfaces of the two
substrates and where an electric field is applied to the liquid
crystal material by an electrode disposed on at least one of the
substrates to cause the liquid crystal material to change from
its steady state.

[0007] Ina thin-film transistor (TFT) liquid crystal display
device, data signal lines that send data corresponding to a
voltage level applied to the liquid crystal of each pixel and
scan signal lines that control the writing of data signals to
each pixel are wired in the vertical direction and the horizon-
tal direction of a screen, and one or more transistors are
connected to each of the pixels arranged in a matrix.

[0008] When anoperation abnormality occurs in these tran-
sistors, a bright spot defect or a black spot defect occurs
depending on the relationship between the content of the
abnormality and the operation mode of the liquid crystal.
There are various methods for repairing these defects, but it is
difficult to repair a transistor whose operation has become
abnormal, and black spot repair that abandons drive operation
resulting from a transistor and wires a pixel electrode to
another line and a method that wires a pixel electrode to
another pixel electrode to perform the same display with two
pixels and make the defect inconspicuous are common.
[0009] In this manner, when an abnormality in the opera-
tion of a transistor occurs, the abnormal transistor is cut off
from the pixel electrode and, at the same time, the pixel
electrode is connected to another line or an adjacent pixel
electrode to make the defect inconspicuous.

[0010] Further, in JP-A-5-341316, connecting two transis-
tors to one pixel and cutting off a transistor that has become
abnormal is described.

[0011] Thus, it is an object of the present invention to
provide a liquid crystal display device where operational
abnormalities in thin-film transistors are eliminated.
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[0012] When, in order to repair a defect in a display device
resulting from an abnormality in the operation of a thin-film
transistor, the pixel connected to the operationally abnormal
transistor is cut off from the operationally abnormal transis-
tor, connected to another line, and becomes a black spot, the
pixel that has become a black spot continues to display black
regardless of the screen that is to be originally displayed.
[0013] Inacolorliquid crystal display device, pixels having
color filters of three or more color light up at the same time
and display white, so that if a black spot in one color occurs,
that one color does not light up in the white display state and
ends up appearing as a complementary color of the color that
does not light up. Particularly in uses such as a liquid crystal
television where the pixel size is large, even a black spot
defect ends up appearing as a colored spot defect in the white
display.

[0014] Further, the method of cutting off a pixel connected
to an operationally abnormal transistor from the operationally
abnormal pixel and connecting the pixel to an adjacent pixel
is effective when displaying white, but when red, green, and
blue are displayed using a color filter of a single color, a
phenomenon occurs where a pixel that is not supposed to light
up ends up lighting up or a pixel that is supposed to light up
ends up not lighting up, so it is difficult to say that the repair
is infallible.

[0015] Moreover, the method of connecting two transistors
to one pixel cannot be employed in large-screen high-defini-
tion products because parasitic capacitance between the gate
lines and the data lines becomes large, the problem of signal
delay occurs, and the brightness within the screen becomes
non-uniform.

[0016] In this manner, even when operation of a thin-film
transistor is abnormal, it is necessary to realize white color
display that is uniform within the screen, single color display
that is uniform within the screen, and brightness display that
is uniform within the screen.

SUMMARY OF THE INVENTION

[0017] In the present invention, a spare transistor not con-
nected to a data signal line and a pixel electrode is formed in
addition to a normal transistor for driving a pixel. Then, at the
stage when an abnormality has been discovered in the opera-
tion of the normal transistor for driving the pixel, this tran-
sistor is cut off from the data signal line and the pixel elec-
trode, and the spare transistor is connected to the data signal
line and the pixel electrode.

[0018] According to the present invention, in regard to a
spot defect resulting from an abnormality in the operation of
a thin-film transistor, the thin-film transistor whose operation
is abnormal is cut off from the data signal line and the pixel
electrode, and the data signal line and the pixel electrode are
reconnected to the spare thin-film transistor, so that display
where there are no color shifts resulting from signal delay and
black spots between white display and single color display
can be performed.

[0019] Further, because it is possible to repair defects in the
final step of a thin-film transistor, it becomes possible to
consolidate the inspection/repair step in the final step, and
simplification of the process can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIGS. 1A to 1C are configural diagrams of a basic
first embodiment of a pixel portion in a liquid crystal display
device pertaining to the present invention;
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[0021] FIGS. 2A to 2C are configural diagrams of a second
embodiment of the pixel portion;

[0022] FIGS. 3A to 3C are configural diagrams of a third
embodiment of the pixel portion;

[0023] FIGS. 4A to 4C are configural diagrams of a fourth
embodiment of the pixel portion;

[0024] FIGS. 5A to 5C are configural diagrams of a fifth
embodiment of the pixel portion;

[0025] FIGS. 6A to 6C are configural diagrams of a sixth
embodiment of the pixel portion;

[0026] FIGS.7Ato7C are configural diagrams of a seventh
embodiment of the pixel portion;

[0027] FIGS. 8A and 8B are configural diagrams of an
eighth embodiment of the pixel portion;

[0028] FIGS. 9A and 9B are configural diagrams of a ninth
embodiment of the pixel portion;

[0029] FIG. 10 is a configural diagram of a tenth embodi-
ment of the pixel portion;

[0030] FIGS. 11A to 11C are configural diagrams of an
eleventh embodiment of the pixel portion;

[0031] FIG. 12 is a configural diagram of a twelfth embodi-
ment of the pixel portion;

[0032] FIGS. 13A to 13C are configural diagrams of a
thirteenth embodiment of the pixel portion;

[0033] FIGS. 14A to 14C are configural diagrams of a
fourteenth embodiment of the pixel portion;

[0034] FIGS. 15A to 15C are configural diagrams of a
fifteenth embodiment of the pixel portion;

[0035] FIGS. 16A to 16C are configural diagrams of a
sixteenth embodiment of the pixel portion;

[0036] FIGS. 17A and 17B are configural diagrams of a
seventeenth embodiment of the pixel portion;

[0037] FIG. 18 is a configural diagram of an eighteenth
embodiment of the pixel portion;

[0038] FIG. 19 is a configural diagram of a nineteenth
embodiment of the pixel portion;

[0039] FIG. 20 is a configural diagram of a twentieth
embodiment of the pixel portion;

[0040] FIG. 21 is a configural diagram of a twenty-first
embodiment of the pixel portion; and

[0041] FIG. 22 is a configural diagram of a twenty-second
embodiment of the pixel portion.

DETAILED DESCRIPTION OF THE INVENTION

[0042] Embodiments of the present invention will be
described below using the drawings.

First Embodiment

[0043] FIGS. 1A to 1C are basic configural diagrams of a
pixel portion in a liquid crystal display device including pixel
portions arranged in a matrix. FIG. 1A is a configural diagram
showing when there is no operational abnormality in a normal
thin-film transistor, FIG. 1B is a configural diagram from
which a holding capacity line CSL has been omitted, and FIG.
1C is a configural diagram corresponding to FIG. 1A after an
operational abnormality has been repaired.

[0044] Turning now to FIGS. 1A to 1C, a normal transistor
CTFT that is connected to a data signal line DL and a pixel
electrode PX and a spare transistor FTFT in a floating state
where it is not connected to the data signal line DL and the
pixel electrode PX are formed on a gate line GL.

[0045] When an operational abnormality occurs in the nor-
mal transistor CTFT shown in FIGS. 1A and 13, the opera-
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tionally abnormal transistor CTFT is cut off from the data
signal line DL and is cut off from the pixel electrode PX to
which it is connected via a through hole TH by cutting lines
CL shown in FIG. 1C.

[0046] Moreover, as shown in FIG. 1C, acontact hole CH is
formed in a drain electrode D and a source electrode S of the
spare transistor FTFT and in the data signal line DL, and
thereafter the source electrode S of the spare transistor FTFT
is connected to the data signal line DL and the drain electrode
D of the spare transistor FTFT is connected to the pixel
electrode PX by repair lines RL. The repair lines RL. may be
connected by any method as long as it is one that can locally
form a conductor. For example, the repair lines RL can be
connected without problem by an existing technique such as
laser CVD.

[0047] It will be noted that, in the present embodiment,
because the pixel electrode PX is present on the uppermost
layer, as shown in FIG. 1C, a contact hole is not formed in the
pixel electrode PX portion. Further, when some kind of insu-
lating film is present on the pixel electrode PX portion, it goes
without saying that the insulating film is removed to connect
the pixel electrode PX to the spare transistor FTFT.

Second Embodiment

[0048] FIGS. 2A to 2C are configural diagrams of the pixel
portion of the present embodiment. What is different from the
first embodiment shown in FIGS. 1A to 1C is that a protrusion
or leader line EL is formed in the opposite direction of a
channel C from the source electrode S of the spare transistor
FTFT. FIGS. 2A, 2B, and 2C correspond to FIGS. 1A, 1B,
and 1C, and description of the same reference letters will be
omitted.

[0049] Turning now to FIGS. 2A to 2C, when the contact
hole CH and the repair line RL have been wrongly formed on
the portion directly above the channel C when the spare
transistor FTFT is to be connected to the data signal line DL
and the pixel electrode PX, there is concern for operational
abnormality in the spare transistor FTFT. Further, when a
heating process such as laser CVD is used in the formation of
the contact hole and in the formation of the conductor, there is
similarly concern for adverse effects on the spare transistor.

[0050] For that reason, it is desirable to dispose, to the
extent that it is possible, some kind of leader portion and form
the contact hole CH and connect the repair line RL at a portion
away from the spare transistor FTFT.

[0051] Consequently, by forming the leader line EL from
the source electrode S of the spare transistor FTFT, adverse
effects resulting from heating and operational abnormality in
the spare transistor FTFT are alleviated.

[0052] Inthepresent embodiment, the number and shape of
the leader line EL. may be determined in consideration of the
ease of repairing the pixel portion and side effects of heat and
the like, and it is not invariably necessary for the leader line
EL to have the shape shown in FIGS. 2A to 2C.

Third Embodiment

[0053] FIGS.3A to 3C are configural diagrams of the pixel
portion of the present embodiment. What is different from the
second embodiment shown in FIGS. 2A to 2C is that the
leader line EL for repair connection is led out as far as the
outside of the gate line GL. FIGS. 3A, 3B, and 3C correspond
to FIGS. 2A, 2B, and 2C, and description of the same refer-
ence letters will be omitted.
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[0054] Turning now to FIGS. 3A to 3C, a heat process such
as laser CVD is used in the formation of the contact holes CH
and in the connection of the repair lines RL. when the spare
transistor FTFT is to be connected to the data signal line DL
and the pixel electrode PX. For that reason, when the leader
line EL is disposed on the gate line GL and the contact hole
CH is formed as in the second embodiment, there is the
potential for the insulating film between the leader line EL
and the gate line GL to be destroyed by heat. Thus, in the
present embodiment, the leader line is led out as far as the
outside of the gate line GL from the spare transistor FTFT, so
that the work of connection can be implemented without the
concern of destroying the base insulating film at the leader
portion.

[0055] Inthe presentembodiment, just one leader line EL is
disposed as far as the outside of the gate line GL from the
spare transistor FTFT, but the number of the leader line EL
may be determined in consideration of achieving a balance
between the ease of repairing the pixel portion and side
effects of heat and the like, and may be one or two.

Fourth Embodiment

[0056] FIGS. 4A to 4C are configural diagrams of the pixel
portion of the present embodiment. What is different from the
second and third embodiments shown in FIGS. 2A to 2C and
FIGS.3Ato 3C is that it is ensured that leader lines EL do not
intersect the pixel electrode PX and the holding capacity line
CSL. FIGS. 4A, 4B, and 4C correspond to FIGS. 2A, 2B, 2C
and FIGS. 3A, 35, and 3C, and description of the same ref-
erence letters will be omitted.

[0057] Turning now to FIGS. 4A to 4C, when a leader line
EL from the drain electrode D of the spare transistor FTFT
planarly intersects the pixel electrode PX, parasitic capaci-
tance between the pixel electrode PX (or the drain electrode
D) and the gate line GL. becomes larger, which causes a
problem in the uniformity of display within the screen. Thus,
in the present embodiment, when the leader line EL is formed
in the direction of the pixel electrode PX, the leader line EL
does not planarly intersect the pixel electrode PX. Similarly,
the leader line EL also does not planarly intersect the holding
capacity line CSL.

Fifth Embodiment

[0058] FIGS. 5A to 5C are configural diagrams of the pixel
portion of the present embodiment. What is different from the
embodiments heretofore is that the leader lines EL from the
spare transistor FTFT planarly intersect both the data line DL
and the pixel electrode PX, but they are placed in a floating
state where they are not connected in terms of direct current.
FIGS. 5A, 5B, and 5C correspond to A, B, and C of the
heretofore figures, and description of the same reference let-
ters will be omitted.

[0059] Turning now to FIGS.5A to 5C, a floating metal FM
is in the same layer as the gate line GL and planarly intersects
the data signal line DL via an insulating layer. The leader line
EL from the spare transistor FTFT and the data signal line DL
are in the same layer and overlap the floating metal FM via the
insulating film. As shown in FIG. 5C, this overlapping portion
is capable of being connected by laser spots LS that have been
heat-welded utilizing a laser or the like, so that connection of
the source electrode S of the spare transistor FTFT and the
data signal line DL is easy.
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[0060] In the present embodiment, because the data signal
line DL and the leader line EL are capacity-coupled at the two
places of the planarly intersecting portions of the floating
metal FM, the data signal line DL and the gate line GL are as
a result capacity-coupled, so the coupling capacitance
between the gate line GL and the data signal line DL becomes
larger in comparison to the first embodiment. However, the
capacity-coupling of the gate line and the data signal line can
be made smaller in comparison to when the data signal line
and the spare transistor are always directly connected as has
conventionally been the case.

[0061] Further, in the present embodiment, the leader line
EL from the spare transistor FTFT is not connected in terms
of direct current while planarly intersecting the pixel elec-
trode PX. In regard to this also, there is the advantage that the
spare transistor FTFT and the pixel electrode PX can be
connected by the laser spot LS just by heat welding with a
laser or the like. In regard to this also, although the capacity-
coupling value of the pixel electrode PX and the gate line GL.
becomes larger in comparison to the first embodiment, the
coupling capacitance of the pixel electrode and the gate line is
small in comparison to conventional coupling capacitance.
[0062] Inthe present embodiment, the leader lines EL from
the spare transistor FTFT planarly intersect both the data
signal line DL and the pixel electrode PX, but they may also
be configured such that either one does not planarly intersect.

Sixth Embodiment

[0063] FIGS. 6A to 6C are configural diagrams of the pixel
portion of the present embodiment. What is different from the
third embodiment shown in FIGS. 3A to 3C is that a cutout
portion is disposed in the gate line GL. FIGS. 6 A, 6B, and 6C
correspond to FIGS. 3A, 3B, and 3C, and description of the
same reference letters will be omitted.

[0064] Turning now to FIGS. 6A to 6C, a cutout portion is
disposed in the gate line GL in order to allow the leader line
EL from the spare transistor FTFT to project from the gate
line GL. When a cutout portion is not disposed in the gate line
GL and the leader line EL is allowed to project from the gate
line GL as in the third embodiment, there is the potential for
the aperture ratio of the pixel portion to drop in order to avoid
interference with a pixel electrode and the like on the upper
side. Thus, in the present embodiment, by disposing a cutout
just in the portion of the gate line GL where the leader line EL,
from the spare transistor FTFT is disposed, a drop in the
aperture ratio can be controlled and an increase in the resis-
tance of the gate line can be kept to a minimum.

Seventh Embodiment

[0065] FIGS.7A to 7C are configural diagrams of the pixel
portion of the present embodiment. What is different from the
second embodiment shown in FIGS. 2A to 2C is that part of
the leader line EL is fattened. FIGS. 7A, 7B, and 7C corre-
spond to FIGS. 2A, 2B, and 2C, and description of the same
reference letters will be omitted.

[0066] Turning now to FIGS. 7A to 7C, part of the leader
line EL from the spare transistor FTFT is fattened so that
when it is to be connected to the data line DL, the work of
forming the contact holes CH and connecting the repair line
RL is made easy. It will be noted that when the width of the
leader line EL from the spare transistor FTFT is fattened
overall, the intersection area with the gate line GL increases
and the concern for the occurrence of a short-circuit fault



US 2010/0214205 Al

between the leader line EL and the gate line GL rises because
of gate insulating film abnormality and the like. Further, when
the leader line connecting to the pixel electrode PX is fat-
tened, the intersection area between the fattened leader line
and the gate line GL increases, the capacity-coupling of the
gate line GL and the pixel electrode PX becomes larger, and
there is the potential for it to become difficult to make the
brightness of a repaired pixel portion the same as the bright-
ness of an unrepaired pixel portion. Consequently, fattening
just the part used in connection rather than the entire leader
line is effective for improving repair workability and casting
aside other matters of concern.

Eighth Embodiment

[0067] FIGS. 8A and 8B are configural diagrams of the
pixel portion of the present embodiment. What is different
from the seventh embodiment shown in FIGS. 7A to 7C is that
a cutout portion is formed in the gate line GL around the
fattened portion of the leader line EL. FIG. 8 A shows an open
cutout portion, and FIG. 8B shows a cutout portion in the
middle of the gate line GL.

[0068] Turning now to FIGS. 8A and 8B, the cutout portion
in the gate line GL is disposed between the normal transistor
CTFT and the spare transistor FTFT, and the leader line EL.
from the spare transistor FTFT is led out to the cutout portion.
In this manner, because the normal transistor CTFT and the
spare transistor FTFT are distanced from each other, the
potential for both transistors to become bad at the same time
due to foreign matter or the like is low and redundancy is high.

Ninth Embodiment

[0069] FIGS. 9A and 9B are configural diagrams of the
pixel portion of the present embodiment. What is different
from the fifth embodiment shown in FIGS. 5A to 5C is that the
leader line EL projects from the gate line GL parallel to the
source electrode S of the spare transistor FTFT. FIG. 9A
shows a case where the leader line EL is bent, and FIG. 9B
shows a case where the terminal end of the bent leader line EL
is disposed in a cutout portion of the gate line GL.

[0070] Turning now to FIGS. 9A and 9B, until the leader
line EL from the spare transistor FTFT projects from the gate
line GL, the leader line EL is led out an angle close to orthogo-
nal to the direction of the gate line GL (e.g., about 90°+45°),
and thereafter the leader line EL is bent in the direction of the
data signal line DL.

[0071] In the present embodiment, the area of intersection
between the gate line GL and the leader line EL is small in
comparison to the fifth embodiment, so the rate of the occur-
rence of a short-circuit fault between the spare transistor
FTFT and the gate line GL can be reduced.

[0072] InFIG.9A, during the work of repair, the distance of
the conductor to be formed as a film can be shortened and
repair efficiency can be improved.

[0073] InFIG. 9B, the line width of the terminal end of the
leader line EL is fattened and the terminal end is disposed in
the cutout portion in part of the gate line GL, so that in
comparison to the eighth embodiment, a rise in the resistance
of'the gate line GL can be controlled, the rate of occurrence of
ashort-circuit fault between the terminal end of the leader line
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EL and the gate line GL can be kept to a minimum, and a line
width-enlarged region can be disposed in the leader line EL.

Tenth Embodiment

[0074] FIG. 10 is a configural diagram of the pixel portion
of the present embodiment. The pixel portion has the same
configuration as that of the fourth embodiment shown in
FIGS. 4A to 4C, but here the angle between the two leader
lines is 45° or greater. The reference letters in FIG. 10 are the
same as those described heretofore.

[0075] Turning now to FIG. 10, when the two leader lines
El are disposed from the spare transistor FTFT, the angle that
the two distal ends of the leader lines EL form with the center
of the channel C of the spare transistor FTFT serving as the
apex is configured to be 45° or greater. When the leader lines
are led out in the same direction, the leader lines become
proximate to each other, so that during repair work to connect
conductors to the proximate leader lines, there is the potential
to cause a short-circuit fault. In order to prevent this, it is
necessary in the present embodiment to pull apart the distal
ends of the leader lines.

Eleventh Embodiment

[0076] FIGS. 11A to 11C are configural diagrams of the
pixel portion of the present embodiment. What is different
from the fourth embodiment shown in FIGS. 4A to 4C is that
a cutout portion is disposed in part of the pixel electrode PX.
FIGS. 11A, 11B, and 11C correspond to FIGS. 4A, 4B, and
4C, and description of the same reference letters will be
omitted.

[0077] Turning now to FIGS. 11A to 11C, a cutout portion
is disposed in the pixel electrode PX in order to prevent the
leader line EL from the spare transistor FTFT from intersect-
ing the pixel electrode PX. By disposing a cutout portion in
part of the pixel electrode PX, a drop in the aperture ratio of
the pixel portion can be kept to a minimum, and parasitic
capacitance between the gate line GL and the pixel electrode
PX can be prevented from increasing.

Twelfth Embodiment

[0078] FIG. 12 is a configural diagram of the pixel portion
of the present embodiment. What is different from the fourth
embodiment shown in FIGS. 4A to 4C is that a cutout portion
is disposed in part of the holding capacity line CSL. The
reference letters in FIG. 12 are the same as those described
heretofore.

[0079] Turning now to FIG. 12, the holding capacity line
CSL is cut out in order to prevent the holding capacity line
CSL from intersecting the leader line EL from the spare
transistor FTFT. By cutting out the holding capacity line CSL,
a drop in the aperture ratio is kept to a minimum and parasitic
capacitance between the gate line GL and the holding capac-
ity line CSL is prevented from increasing. It will be noted that
although part of the line width of the holding capacity line
CSL is cut out, the same effects can be obtained even if the
holding capacity line CSL is bypassed while keeping the
same line width.

Thirteenth Embodiment

[0080] FIGS. 13A to 13C are configural diagrams of the
pixel portion of the present embodiment. What is different
from the fourth embodiment shown in FIGS. 4A to 4C is that
through holes TH are previously formed instead of the contact
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holes CH formed during the work of repair. FIGS. 13A, 13B,
and 13C correspond to FIGS. 4A, 4B, and 4C, and description
of the same reference letters will be omitted.

[0081] Turning now to FIGS. 13A to 13C, through holes
TH are disposed in regions where the insulating film has been
removed in the distal ends of the leader lines EL of the spare
transistor FTFT and the data signal line DL. When the spare
transistor FTFT is connected to the data signal line DL and the
pixel electrode PX, it becomes unnecessary to form contact
holes during the work of connection as in the fourth embodi-
ment, so that in the present embodiment, the connection work
can be done efficiently.

Fourteenth Embodiment

[0082] FIGS. 14A to 14C are configural diagrams of the
pixel portion of the present embodiment. What is different
from the thirteenth embodiment shown in FIGS. 13A to 13C
is that conductor regions RP are disposed on the through holes
TH. FIGS. 14A, 14B, and 14C correspond to FIGS. 13A,
13B, and 130, and description of the same reference letters
will be omitted.

[0083] Turning now to FIGS. 14A to 14C, connection-use
conductor regions RP are disposed on the through holes TH
and in the same layer as the pixel electrode PX by the material
ofthe pixel electrode PX. By disposing connection regions by
conductors on the through holes TH, the necessary connec-
tion regions can be ensured regardless of the size of the
through holes TH and the line width of the source and drain
metal of the leader lines EL.

[0084] Further, in comparison to the thirteenth embodi-
ment, at the time of pattern formation of the pixel electrode
PX, in the present embodiment, the data signal line DL under
the conductor region RP and the leader line EL of the spare
transistor FTFT do not come into contact with the etching
liquid of the pixel electrode PX, so the material of the data
signal line DL and the pixel electrode PX and the etching
liquid thereof can be selected without having to worry about
damage to the data signal line DL and the leader lines EL
when forming the pixel electrode PX.

[0085] It will be noted that, in the present embodiment,
although the conductor regions RP are formed in the same
layer and using the same material as the pixel electrode PX,
the layer and material forming the conductor regions RP may
be a layer higher than the data signal line DL and the source
and drain electrodes of the spare transistor FTFT, and it is not
invariably necessary for the conductor regions RP to be
formed in the same layer and with the same material as the
pixel electrode PX.

Fifteenth Embodiment

[0086] FIGS. 15A to 15C are configural diagrams of the
pixel portion of the present embodiment. What is different
from the fourteenth embodiment shown in FIGS. 14A to 14C
is that the leader lines EL from the spare transistor FTFT are
formed by the material of the pixel electrode PX. FIGS. 15A,
15B, and 15C correspond to FIGS. 13A, 13B, and 13C, and
description of the same reference letters will be omitted.

[0087] Turning now to FIGS. 15A to 15C, because the
leader lines EL are led out from the source and drain metals of
the spare transistor FTFT via the through holes TH, the areain
which the source and drain metals intersect the gate line GL
can be reduced. Because there are two layers—agate insulat-
ing film and an insulating film thereabove—between the gate
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line GL and the leader lines EL formed by the material of the
pixel electrode PX, the potential for the occurrence of a short-
circuit fault between the leader lines EL and the gate line GL.
can be lowered.

[0088] In the present embodiment, the leader lines EL are
formed in the same layer and with the same material as the
pixel electrode PX, but it suffices for the material to be a
conductor material of a higher layer than the pixel electrode
PX. Further, in the present embodiment, the through holes TH
and the leader lines EL resulting from the material of the pixel
electrode PX are disposed in both the data signal line DL and
the spare transistor FTFT, but it is not invariably necessary for
these to be disposed in both at the same time and they may
also be disposed just in the data signal line DL or just each of
the leader lines EL of the spare transistor FTFT.

Sixteenth Embodiment

[0089] FIGS. 16A to 16C are configural diagrams of the
pixel portion of the present embodiment. What is different
from the first embodiment shown in FIGS. 1A to 1C is that the
line width of part of the gate signal line DL is fattened. FIGS.
16A, 16B, and 16C correspond to FIGS. 1A, 1B, and 1C, and
description of the same reference letters will be omitted.

[0090] Turning now to FIGS. 16A to 16C, the line width of
part of the data signal line DL that does not intersect the gate
line GL is fattened in order to make it easier to connect the
spare transistor FTFT. When the data signal line DL is narrow,
a sufficient contact area with the spare transistor FTFT cannot
be obtained and there is the potential to cause line breakage or
the like during connection work to form the contact holes CH.

[0091] Consequently, when a region is disposed where the
line width of the portion of the data signal line DL that does
not intersect the gate line GL is fattened, the connection work
can be performed without these concerns.

Seventeenth Embodiment

[0092] FIGS.17A and 17B are configural diagrams of the
pixel portion of the present embodiment. What is different
from the embodiments heretofore is that the size of the spare
transistor FTFT is smaller than the size of the normal transis-
tor CTFT. FIG. 17A shows an example where the channel C
of'the normal transistor CTFT is vertical, and FIG. 17B shows
an example where the channel C of the normal transistor
CTFT is horizontal. The reference letters in FIGS. 17A and
17B are the same as those described heretofore.

[0093] Turning now to FIGS. 17A and 17B, the channel
width size of the spare transistor FTFT is made smaller than
that of the normal transistor CTFT. Ordinarily a normal tran-
sistor CTFT and a spare transistor FTFT having the same size
and the same performance must be prepared, but even when a
transistor with a small channel width dimension is installed as
in the present embodiment, assuming a display that becomes
ablack display without voltage application, signals from gray
to black where the voltage of the data signal line DL is low can
be accurately transmitted to the pixel electrode PX even with
a transistor whose channel width dimension is small. How-
ever, in a white screen display where the applied voltage is
high, just pixels that have been repaired become gray, but in
comparison to when the pixels become completely black
without repairing, in the present embodiment, the pixels can
become gray and made inconspicuous, which is particularly
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effective in a compact high-definition liquid crystal display
device where the size of the individual pixels is small.

Eighteenth Embodiment

[0094] FIG. 18 is a configural diagram of the pixel portion
of the present embodiment. What is different from the
embodiments heretofore is that a cell gap spacer SP is dis-
posed in the pixel portion. The configuration other than this is
the same as what has been described heretofore.

[0095] Turning now to FIG. 18, a cell gap spacer SP is
disposed which maintains the distance between the TFT sub-
strate on which the transistors CTFT and FTFT are formed
and an opposing substrate that opposes this TFT substrate.
The dimension of the channel width of the spare transistor
FTFT in a pixel portion where this cell gap spacer SP is
disposed is made smaller in comparison to the spare transistor
FTFT in a pixel portion where the cell gap spacer SP is not
disposed.

[0096] A liquid crystal display device has cell gap spacers
that maintain the distance between the TFT substrate and the
opposing substrate, but sometimes these are arranged in spe-
cific regions of specific pixel portions by photolithography or
the like. At this time, when a spare transistor of the same size
as the normal transistor is formed in a position where a cell
gap spacer is disposed, sometimes there is difficultly in con-
trolling the arrangement of the spacers. In order to avoid this,
in a pixel portion where a spacer is disposed, the spare tran-
sistor is made smaller to avoid interference in terms of
arrangement with the spacer.

Nineteenth Embodiment

[0097] FIG. 19 is a configural diagram of the pixel portion
of the present embodiment. What is different from the eigh-
teenth embodiment shown in FIG. 18 is that the position of the
spare transistor FTFT is changed between a pixel portion
where the cell gap spacer SP is disposed and a pixel portion
where the cell gap spacer SP is not disposed. The configura-
tion other than this is the same as that of the eighteenth
embodiment.

[0098] Turning now to FIG. 19, in a pixel portion where the
cell gap spacer SP is disposed, the aperture ratio drops, but the
arrangement of the spare transistor FTFT and the arrange-
ment of the cell gap spacer SP do not interfere with each other.
In the present embodiment, this is particularly effective in a
large-screen low-resolution product where the pixel size is
large.

Twentieth Embodiment

[0099] FIG. 20 is a configural diagram of the pixel portion
of the present embodiment. What is different from the eigh-
teenth embodiment shown in FIG. 18 is that a spare transistor
is not disposed just in the pixel portion where the cell gap
spacer SP is disposed. The configuration other than this is the
same as that of the eighteenth embodiment.

[0100] Turning now to FIG. 20, here it does not matter
whether the size of the spare transistor FTFT disposed in the
pixel portion is the same as or different from the size of the
normal transistor CTFT. In the present embodiment, it goes
without saying that interference in terms of the arrangements
of the cell gap spacer SP and the spare transistor FTFT is
avoided. It will be noted that when the normal transistor
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CTFT in a pixel portion where a spare transistor is not dis-
posed is abnormal, the adjacent spare transistor FTFT can be
utilized.

Twenty-First Embodiment

[0101] FIG. 21 is a configural diagram of the pixel portion
of the present embodiment. What is different from the
embodiments heretofore is that FIG. 21 is a configural dia-
gram when an abnormality in the normal transistor CTFT has
been discovered before forming the pixel electrode PX. The
reference letters in FIG. 21 are the same as those in the
embodiments described heretofore.

[0102] Turning now to FIG. 21, when an abnormality in the
normal transistor CTFT has been discovered before forming
the pixel electrode PX, the pixel electrode PX is worked to
form repair lines RL with the same material as the pixel
electrode PX when forming the pixel electrode PX.

[0103] Here, by pixel electrode PX working, an etching
resist for the conductors RL may be directly drawn before
etching the pixel electrode PX. Further, for example, an ITO
film that has been formed in a non-crystalline state and
becomes the pixel electrode PX waiting to be etched may be
heated to crystallize the region where the repair lines RL are
to be formed and prevent etching of this region.

[0104] Inconnecting the repair lines RL and the spare tran-
sistor FTFT, through holes TH may be formed beforehand in
the insulating film on the source and drain film or may be
heat-welded after formation of the repair lines RL. In the
present embodiment, efficient repair is possible without the
need to form new conductors for connecting the spare tran-
sistor FTFT and the data signal line DL.

Twenty-Second Embodiment

[0105] FIG. 22 is a configural diagram of the pixel portion
of the present embodiment. What is different from the
embodiments heretofore is that two spare transistors FTFT
whose channel dimension is small are connected to one pixel
portion and repaired. The reference letters in FIG. 22 are the
same as those in the embodiments described heretofore.
[0106] Turning now to FIG. 22, when the channel dimen-
sion of the spare transistors FTFT is small, adjacent plural
(two or more) spare transistors FTFT are connected and
repaired. A sufficient charge can be supplied to the pixel
electrode PX while reducing the size of the spare transistors
FTFT.

[0107] Inthe preceding embodiments, a thin-film transistor
liquid crystal display device where the holding capacity line
CSL was independent of the gate line GL was described, but
the salient point of the present invention is disposing a spare
transistor in each pixel portion of a TFT liquid crystal display
device, and the present invention is applicable to all TFT
liquid crystal display devices.

What is claimed is:

1. A display device comprising:

first and second transistor in a pixel,

wherein a size of the first transistor is larger than a size of

the second transistor.

2. The display device according to claim 1, wherein a width
of a channel] of the first transistor is wider than a width of a
channel of the second transistor.

3. The display device according to claim 1, wherein a gate
of the first transistor is wider than a gate of the second tran-
sistor.
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4. The display device according to claim 2, wherein the
pixel includes a drain signal line, and wherein the first tran-
sistor is arranged to be nearer to a drain signal line than the
second transistor.

5. The display device according to claim 3, wherein the
pixel includes a drain signal line, and wherein the first tran-
sistor is arranged nearer to a drain signal line than the second
transistor.

6. The display device according to claim 1, wherein an
elongated direction of the first transistor is different to an
elongated direction of the second transistor.

7. The display device according to claim 6, wherein the
elongated direction of the first transistor is at substantially a
right angle to the elongated direction of the second transistor.

8. The display device according to claim 7, wherein the
pixel includes a drain signal line, and wherein the first tran-
sistor is arranged nearer to the drain signal line than the
second transistor.

9. A display device comprising:

a pixel including a first transistor coupled to a drain signal
line for a normal operation state and a second transistor
disconnected from the drain signal line during said nor-
mal operation state, and

means for permitting disconnection of the first transistor
from the drain signal line if an abnormal operation state
is detected and means for permitting connection of the
second transistor to the drain signal line during said
abnormal operation state,
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wherein a size of said first transistor is larger than a size of

the second transistor.

10. The display device according to claim 9, wherein a
width of a channel of the first transistor is wider than a width
of a channel of the second transistor.

11. The display device according to claim 9, wherein a gate
of the first transistor is wider than a gate of the second tran-
sistor.

12. The display device according to claim 10, wherein the
pixel includes a drain signal line, and wherein the first tran-
sistor is arranged to be nearer to a drain signal line than the
second transistor.

13. The display device according to claim 11, wherein the
pixel includes a drain signal line, and wherein the first tran-
sistor is arranged nearer to a drain signal line than the second
transistor.

14. The display device according to claim 9, wherein an
elongated direction of the first transistor is different to an
elongated direction of the second transistor.

15. The display device according to claim 14, wherein the
elongated direction of the first transistor is at substantially a
right angle to the elongated direction of the second transistor.

16. The display device according to claim 15, wherein the
pixel includes a drain signal line, and wherein the first tran-
sistor is arranged nearer to the drain signal line than the
second transistor.
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