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(57) ABSTRACT

Provided is a manufacturing method for a liquid crystal dis-
play device, in which a semiconductor pattern and a metal
pattern are formed so that the semiconductor pattern includes
a first portion formed under the metal pattern and a second
portion which outwardly extends off the metal pattern from
the first portion. An insulating layer for covering the metal
pattern and the semiconductor pattern is formed. The insulat-
ing layer is subjected to etching in a first region located above
the metal pattern and in a second region located above at least
the second portion of the semiconductor pattern. In the etch-
ing step, the insulating layer in the first region is subjected to
etching to form a through hole for electrical connection to the
metal pattern, and the insulating layer and the semiconductor
pattern in the second region are subjected to etching to
remove the second portion of the semiconductor pattern.
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LIQUID CRYSTAL DISPLAY DEVICE AND
MANUFACTURING METHOD THEREFOR

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP 2009-260984 filed on Nov. 16, 2009, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device and a manufacturing method therefor.

[0004] 2. Description of the Related Art

[0005] In an active matrix liquid crystal display device, a
semiconductor layer and a metal layer are laminated so as to
form a thin-film transistor. In a bottom-gate thin-film transis-
tor, a drain electrode, a source electrode, and a drain wiring
(wiring which is supplied with a video signal for driving a
pixel electrode), which are patterned from the metal layer, are
formed on the semiconductor layer. In such a structure, in
some cases, the semiconductor layer is used to reduce a
difference in level in, for example, a region where the drain
wiring overlaps a wiring intersecting therewith, such as a
source wiring (WO 01/018597).

[0006] Further, in recent years, resolution in display region
has been improved. Accordingly, there is a case where two
drain wirings are formed for a single pixel (JP 2005-77424
A).

[0007] In a method in which the metal layer, which
becomes the drain electrode, the source electrode, and the
drain wiring to be connected to the drain electrode, is pat-
terned after the semiconductor layer is patterned, considering
misalignment, the semiconductor layer is formed larger in
width than the metal layer overlapping the semiconductor
layer. Therefore, the semiconductor layer under the drain
wiring is formed to extend off the drain wiring particularly in
a region where the semiconductor layer overlaps another
wiring intersecting therewith.

[0008] Further, in a method in which the metal layer is
laminated on the semiconductor layer, and the metal layer and
the semiconductor layer are continuously patterned using a
single etching resist, the metal layer becomes smaller than the
etching resist due to side etching during wet etching, and
hence the semiconductor layer under the drain wiring extends
off the drain wiring.

[0009] Inthe case where two drain wirings are formed for a
single pixel as described in JP 2005-77424 A, there is a
possibility that the extending semiconductor layers which are
formed under the adjacent drain wirings, respectively, are
brought into contact with each other. This may cause electri-
cal short circuit. In order to avoid this situation, it is conceiv-
able to widen a gap between the drain wirings. In this case,
however, because light scattering occurs on the drain wiring,
a black matrix which is larger in width than the drain wiring
is required. Moreover, when the gap between the drain wir-
ings 1s widened, an aperture ratio inevitably decreases.

SUMMARY OF THE INVENTION

[0010] The present invention has an object to provide a
liquid crystal display device in which a semiconductor pattern
formed under a metal pattern is appropriately processed.
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[0011] (1) According to the present invention, a manufac-
turing method for a liquid crystal display device includes:
forming a semiconductor pattern and a metal pattern on a first
substrate, the semiconductor pattern including a first portion
formed under the metal pattern and a second portion which
outwardly extends off the metal pattern from the first portion;
forming an insulating layer for covering the metal pattern and
the semiconductor pattern; etching the insulating layer in a
first region located above the metal pattern and a second
region located above at least the second portion of the semi-
conductor pattern; and then providing liquid crystal between
the first substrate and a second substrate facing the first sub-
strate, the liquid crystal being surrounded by a seal portion so
as 1o be sealed, in which the etching includes etching, in the
first region, the insulating layer to form a through hole for
electrical connection to the metal pattern, and etching, in the
second region, the insulating layer and the semiconductor
pattern to remove the second portion of the semiconductor
pattern. According to the present invention, the second por-
tion of the semiconductor pattern is removed in a step of
forming the through hole for electrical connection, and hence
the semiconductor pattern may be appropriately processed
without increasing the number of manufacturing steps.

[0012] (2) In the manufacturing method for a liquid crystal
display device described in Item (1), the metal pattern may
include a plurality of wirings arranged in parallel to one
another with a gap formed therebetween, and the second
portion of the semiconductor pattern may be located below a
region between adjacent wirings of the plurality of wirings.

[0013] (3) In the manufacturing method for a liquid crystal
display device described in Item (1), the second region may
be located above the first portion and the second portion of the
semiconductor pattern and the metal pattern on the first por-
tion, and the etching may include removing the second por-
tion of the semiconductor pattern while leaving the first por-
tion unremoved with a use of the metal pattern on the first
portion as a mask.

[0014] (4) In the manufacturing method for a liquid crystal
display device described in Item (3), the metal pattern may
include a wiring, and the second portion of the semiconductor
pattern may extend off each of both sides of the wiring in a
width direction of the wiring.

[0015] (5) In the manufacturing method for a liquid crystal
display device described in Item (1), the metal pattern may
include a plurality of first wirings formed in a region sur-
rounded by the seal portion and a plurality of second wirings
formed in a region outside the region surrounded by the seal
portion, the plurality of first wirings may be arranged in
parallel to one another with a gap formed therebetween and
the second portion to be etched may be located below a region
between adjacent first wirings of the plurality of first wirings,
and the plurality of second wirings may be arranged in par-
allel to one another with a gap formed therebetween and a
third portion of the semiconductor pattern, which is to be left
unremoved in the etching, may be located below a region
between adjacent second wirings of the plurality of second
wirings.

[0016] (6) The manufacturing method for a liquid crystal
display device described in any one of Items (1) to (5) may
further include, after the etching, filling a space formed by
removing the second portion, with an insulating material.
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[0017] (7) In the manufacturing method for a liquid crystal
display device described in Item (6), the insulating material
may be a material of a colored layer providing at least one
color of a color filter.

[0018] (8)According to the present invention, a liquid crys-
tal display device includes: a first substrate on which a thin-
film transistor is formed; a second substrate facing the first
substrate; liquid crystal provided between the first substrate
and the second substrate; and a seal portion formed around the
liquid crystal between the first substrate and the second sub-
strate, in which: the first substrate includes a semiconductor
pattern and a metal pattern formed in a state in which the
semiconductor pattern is formed under the metal pattern; and
the semiconductor pattern has a side surface which is flush
with a side surface of the metal pattern.

[0019] (9) According to the present invention, a liquid crys-
tal display device includes: a first substrate on which a thin-
film transistor is formed; a second substrate facing the first
substrate; liquid crystal provided between the first substrate
and the second substrate; and a seal portion formed so as to
surround the liquid crystal between the first substrate and the
second substrate, in which: the first substrate includes a semi-
conductor pattern and a metal pattern formed in a state in
which the semiconductor pattern is formed under the metal
pattern; the semiconductor pattern and the metal pattern are
formed to reach, from a region surrounded by the seal portion,
a region outside the region surrounded by the seal portion; in
the region outside the region surrounded by the seal portion,
the semiconductor pattern includes a portion formed under
the metal pattern and a portion which extends off the metal
pattern; and in the region surrounded by the seal portion, the
semiconductor pattern has a side surface which is flush with
a side surface of the metal pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] In the accompanying drawings:

[0021] FIG. 1A is a view illustrating a manufacturing
method for a liquid crystal display device according to a first
embodiment of the present invention;

[0022] FIG. 1B is a cross-sectional view taken along the
line IB-IB of a structure illustrated in FIG. 1A;

[0023] FIG. 2A is a view illustrating the manufacturing
method for a liquid crystal display device according to the
first embodiment of the present invention;

[0024] FIG. 2B is a cross-sectional view taken along the
line IIB-IIB of a structure illustrated in FIG. 2A;

[0025] FIG. 3A is a view illustrating the manufacturing
method for a liquid crystal display device according to the
first embodiment of the present invention;

[0026] FIG. 3B is a cross-sectional view taken along the
line IIIB-IIIB of a structure illustrated in FIG. 3A;

[0027] FIG. 4 is a view illustrating the manufacturing
method for a liquid crystal display device according to the
first embodiment of the present invention;

[0028] FIG.5isaview illustrating a first modified example
of the first embodiment;

[0029] FIG. 6 is a view illustrating a second modified
example of the first embodiment;

[0030] FIG.7isaview illustrating a third modified example
of the first embodiment;

[0031] FIG. 8 is a view illustrating a fourth modified
example of the first embodiment;

[0032] FIG.9isaview illustrating a fifth modified example
of the first embodiment;

May 19,2011

[0033] FIG. 10A is a view illustrating a manufacturing
method for a liquid crystal display device according to a
second embodiment of the present invention;

[0034] FIG. 10B is a cross-sectional view taken along the
line XB-XB of a structure illustrated in FIG. 10A,;

[0035] FIG. 11A is a view illustrating the manufacturing
method for a liquid crystal display device according to the
second embodiment of the present invention;

[0036] FIG. 11B is a cross-sectional view taken along the
line XIB-XIB of a structure illustrated in FIG. 11A;

[0037] FIG. 12 is a view illustrating the manufacturing
method for a liquid crystal display device according to the
second embodiment of the present invention;

[0038] FIG. 13 is a view illustrating a first modified
example of the second embodiment;

[0039] FIG. 14 is a view illustrating a second modified
example of the second embodiment;

[0040] FIG. 15 is a view illustrating a third modified
example of the second embodiment;

[0041] FIG. 16 is a view illustrating a fourth modified
example of the second embodiment;

[0042] FIG. 17 is a view illustrating a fifth modified
example of the second embodiment;

[0043] FIG. 18 is a view of a liquid crystal display device
according to a third embodiment of the present invention; and
[0044] FIG. 19 is a view of a liquid crystal display device
according to a fourth embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0045] Hereinafter, embodiments of the present invention
are described with reference to the drawings.

First Embodiment

[0046] FIGS.1A to 4are viewsillustrating a manufacturing
method for a liquid crystal display device according to a first
embodiment of the present invention. FIG. 1B is a cross-
sectional view taken along the line IB-IB of a structure illus-
trated in FIG. 1A. FIG. 2B is a cross-sectional view taken
along the line IIB-1IB of a structure illustrated in FIG. 2A.
FIG. 3B is a cross-sectional view taken along the line 11IB-
1IIB of a structure illustrated in FIG. 3A.

[0047] Inthisembodiment, as illustrated in FIG. 1B, a first
substrate 10 is prepared. The first substrate 10 is formed of a
light transmissive material. A gate wiring 12 is formed on the
first substrate 10. The gate wiring 12 has a portion which
serves as a gate electrode of a thin-film transistor, and is
formed of a metal such as copper. The gate wiring 12 may be
formed by forming a metal film on an entire surface of the first
substrate 10, and then subjecting the metal film to etching. A
gate insulating film 14 is formed above the first substrate 10 so
as to cover the gate wiring 12. The gate insulating film 14 is
formed of an inorganic material (for example, silicon nitride
(SiN)).

[0048] As illustrated in FIGS. 1A and 1B, a semiconductor
pattern 16 and a metal pattern 18 are formed on the gate
insulating film 14. The semiconductor pattern 16 may be
formed at the same time when a semiconductor layer of the
thin-film transistor is formed, and may be formed of the same
material as the semiconductor layer (semiconductor material
such as amorphous silicon). However, the semiconductor pat-
tern 16 is not a part of the thin-film transistor. The gate wiring
12 is formed under the gate insulating film 14, and hence a
convex portion is formed on a surface of the gate insulating
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film 14 due to the thickness of the gate wiring 12. Therefore,
there is a difference in level formed on the surface of the gate
insulating film 14. In order to reduce the difference in level,
the semiconductor pattern 16 is formed on the gate insulating
film 14. The semiconductor pattern 16 is formed so as to
three-dimensionally intersect with the gate wiring 12 through
intermediation of the gate insulating film 14.

[0049] The metal pattern 18 includes a plurality of wirings
20 (also referred to as data wirings) which are arranged in
parallel to one another with a gap formed therebetween. The
wirings 20 are formed so as to three-dimensionally intersect
with the gate wiring 12. More specifically, each of the wirings
20 includes a portion overlapping the gate wiring 12, the gate
insulating film 14, and the semiconductor pattern 16, a por-
tion overlapping the gate insulating film 14 and the semicon-
ductor pattern 16 though not overlapping the gate wiring 12,
and a portion overlapping the gate insulating film 14 though
not ovetlapping the gate wiring 12 and the semiconductor
pattern 16.

[0050] The metal pattern 18 further includes a drain elec-
trode 22 and a source electrode 24 which are separated (elec-
trically insulated) from each other. One of the drain electrode
22 and the source electrode 24 is connected to one of the
wirings 20. The wiring 20 connected to the drain electrode 22
is referred to as drain wiring. The drain electrode 22 and the
source electrode 24 are laid on the semiconductor layer, to
thereby form the thin-film transistor.

[0051] Thesemiconductor pattern 16 includes first portions
26 which are formed under the metal pattern 18 (wirings 20)
and a second portion 28 which outwardly extends off the
metal pattern 18 (wirings 20) from the first portions 26. The
first portions 26 are formed in contact with the wirings 20,
respectively. The second portion 28 of the semiconductor
pattern 16 is located below a region between the adjacent
wirings 20. The second portion 28 is integrally formed with
the first portions 26.

[0052] Next, an insulating layer 30 for covering the metal
pattern 18 and the semiconductor pattern 16 is formed. The
insulating layer 30 is formed of an inorganic material (for
example, silicon dioxide (Si0,)).

[0053] As illustrated in FIG. 2B, an etching resist 32 is
formed on the insulating layer 30. The etching resist 32 is
formed of a photo resist, and is patterned by photolithogra-
phy.

[0054] As illustrated in FIGS. 3A and 3B, the insulating
layer 30 is subjected to etching. The etching is performed
using the etching resist 32 as a mask. More specifically, the
insulating layer 30 is subjected to etching (for example, dry
etching) ina first region 33 located above the metal pattern 18
(specifically, one of the drain electrode 22 and the source
electrode 24) and a second region 35 located above at least the
second portion 28 of the semiconductor pattern 16.

[0055] Inthe etching step, the insulating layer 30 in the first
region 33 is subjected to etching to form a through hole 34 for
electrical connection to the metal pattern 18 (specifically, one
of the drain electrode 22 and the source electrode 24) (see
FIG. 3A). At the same time, the insulating layer 30 and the
semiconductor pattern 16 in the second region 35 are sub-
jected to etching, to thereby remove the second portion 28 of
the semiconductor pattern 16 (see FIG. 3B). With this etch-
ing, the first portions 26 formed under the adjacent wirings
20, respectively, are separated from each other.

[0056] Theetching may be performed so as to pass through
the semiconductor pattern 16 and reach the gate insulating
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film 14. However, when an etching speed of a material (for
example, SiN) forming the gate insulating film 14 is lower
than an etching speed of a material (for example, amorphous
silicon) forming the semiconductor pattern 16, it becomes
easy to stop the etching before passing through the gate insu-
lating film 14.

[0057] According to this embodiment, the second portion
28 of the semiconductor pattern 16 is removed in a step of
forming the through hole 34 for electrical connection, and
hence the semiconductor pattern 16 may be appropriately
processed without increasing the number of manufacturing
steps. More specifically, if the second portion 28 of the semi-
conductor pattern 16 remains between the adjacent wirings
20, there is a fear that carriers are generated when light enters
the second portion 28, to thereby cause electrical connection
between the adjacent wirings 20. However, the second por-
tion 28 is removed in this embodiment, and hence electrical
connection between the adjacent wirings 20 may be pre-
vented. Further, it is unnecessary to widen the gap between
the adjacent wirings 20 so as to prevent the electrical connec-
tion therebetween.

[0058] As illustrated in FIG. 4, after the etching step, a
space formed by removing the second portion 28 is filled with
an insulating material (inorganic material or organic mate-
rial), to thereby form a first passivation film 36. The first
passivation film 36 is formed so as to be laid on the insulating
layer 30.

[0059] Ina case of an in-plane switching (IPS) liquid crys-
tal display device, a first electrode 38 is formed on the first
passivation film 36. Then, a second passivation film 40 is
formed on the first passivation film 36 so as to cover the first
electrode 38, and a second electrode 42 is formed thereon.
One of the first electrode 38 and the second electrode 42
serves as a pixel electrode, while the other thereof serves as a
common electrode. The pixel electrode and the common elec-
trode are each formed of a transparent conductive material
such as indium tin oxide (ITO).

[0060] A first modified example may be configured as fol-
lows. As illustrated in FIG. 5, a color filter layer 44 may be
formed in a region avoiding the space formed by removing the
second portion 28, and the space formed by removing the
second portion 28 may be filled with an insulating material
(inorganic material, organic material, material for color filter,
or light shielding material), to thereby form a passivation film
37. The passivation film 37 is formed so as to be laid on the
color filter layer 44. In the case of the in-plane switching (IPS)
liquid crystal display device, the first electrode 38 is formed
on the color filter layer 44. Then, the passivation film 37 is
formed on the color filter layer 44 so as to cover the first
electrode 38, and the second electrode 42 is formed thereon.
One of the first electrode 38 and the second electrode 42
serves as a pixel electrode, while the other thereof serves as a
common electrode.

[0061] A second modified example may be configured as
follows. As illustrated in FIG. 6, a material of a colored layer
46 providing at least one color of a color filter may be used as
the insulating material for filling the space formed by remov-
ing the second portion 28. For example, ends of adjacent
colored layers 46 in the color filter layer 44 are brought
together to fill the space formed by removing the second
portion 28. Then, the passivation film 37 is formed on the
color filter layer 44. Other structures are the same as those
exemplified in FIG. 5.
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[0062] Other modified examples may be configured as fol-
lows. In order to modify the liquid crystal display device
exemplified in FIG. 4 to a vertical alignment (VA) liquid
crystal display device, as illustrated in FIG. 7, a pixel elec-
trode 48 is formed on a passivation film 39. Further, in order
to modify the liquid crystal display device exemplified in
FIG. 5 to a vertical alignment (VA) liquid crystal display
device, as illustrated in FIG. 8, the pixel electrode 48 is
formed on the passivation film 39. Further, in order to modify
the liquid crystal display device exemplified in FIG. 6 to a
vertical alignment (VA) liquid crystal display device, as illus-
trated in FIG. 9, the pixel electrode 48 is formed on the
passivation film 39.

[0063] After that, a well-known manufacturing process for
the liquid crystal display device is performed, and thus the
liquid crystal display device may be manufactured.

Second Embodiment

[0064] FIGS. 10A to 12 are views illustrating a manufac-
turing method for a liquid crystal display device according to
a second embodiment of the present invention. FIG. 10B is a
cross-sectional view taken along the line XB-XB of a struc-
ture illustrated in FIG. 10A. FIG. 11B is a cross-sectional
view taken along the line XIB-XIB of a structure illustrated in
FIG. 11A.

[0065] In this embodiment, the first substrate 10, the gate
wiring 12, and the gate insulating film 14 correspond to those
described in the first embodiment.

[0066] Asillustrated in FIGS. 10A and 10B, a semiconduc-
tor pattern 116 and a metal pattern 118 are formed on the gate
insulating film 14. Further, in the same layer as the semicon-
ductor pattern 116, the semiconductor layer of the thin-film
transistor is formed. The summary of a method of forming the
semiconductor pattern and the semiconductor layer is as fol-
lows (not shown). The semiconductor film and the metal film
are laminated, and the semiconductor film and the metal film
are subjected to etching a plurality of times using the same
etching resist. In this method, because the same etching resist
is used, a photolithography process for forming the etching
resist is performed only once. However, because the metal
pattern 118 is subjected to side etching, as illustrated in FIG.
10B, the width of the metal pattern 118 becomes smaller than
that of the semiconductor pattern 116 formed under the metal
pattern 118. Details thereof are well known, and hence
description thereof is omitted.

[0067] The semiconductor pattern 116 is formed under the
entire metal pattern 118. Therefore, the metal pattern 118
includes a portion overlapping the gate wiring 12, the gate
insulating film 14, and the semiconductor pattern 116, and a
potion overlapping the gate insulating film 14 and the semi-
conductor pattern 116 though not overlapping the gate wiring
12. However, this embodiment differs from the first embodi-
ment in that the metal pattern 118 does not include a portion
not overlapping the semiconductor pattern 116.

[0068] The metal pattern 118 includes a wiring 120 (also
referred to as data wiring). The wiring 120 is formed so as to
three-dimensionally intersect with the gate wiring 12. The
metal pattern 118 includes a drain electrode 122 and a source
electrode 124, which is similar to the first embodiment.
[0069] The semiconductor pattern 116 includes a first por-
tion 126 which is formed under the metal pattern 118 (wiring
120) and second portions 128 which outwardly extend offthe
metal pattern 118 (wiring 120) from the first portion 126. The
first portion 126 is formed in contact with the wiring 120. The
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second portions 128 of the semiconductor pattern 116 extend
off both sides of the wiring 120, respectively, in the width
direction of the wiring 120. The second portions 128 are
integrally formed with the first portion 126.

[0070] Next, an insulating layer 130 for covering the metal
pattern 118 and the semiconductor pattern 116 is formed. The
insulating layer 130 is formed of an inorganic material (for
example, Si0,). Then, an etching resist 132 is formed on the
insulating layer 130. The etching resist 132 is formed of a
photo resist, and is patterned by photolithography.

[0071] As illustrated in FIGS. 11A and 11B, the insulating
layer 130 is subjected to etching. The etching is performed
using the etching resist 132 as a mask. More specifically, the
insulating layer 130 is subjected to etching (for example, dry
etching) in a first region 133 located above the metal pattern
118 (specifically, one of the drain electrode 122 and the
source electrode 124) and a second region 135 of the semi-
conductor pattern 116. The second region 135 is located
above the first portion 126 and the second portions 128 of the
semiconductor pattern 116, and the metal pattern 118 on the
first portion 126.

[0072] In the etching step, the insulating layer 130 in the
first region 133 is subjected to etching to form a through hole
134 for electrical connection to the metal pattern 118 (spe-
cifically, one of the drain electrode 122 and the source elec-
trode 124) (see FIG. 11A). At the same time, the insulating
layer 130 and the semiconductor pattern 116 in the second
region 135 are subjected to etching. At this time, the second
portions 128 of the semiconductor pattern 116 are removed
while leaving the first portion 126 unremoved, with the use of
the metal pattern 118 on the first portion 126 as a mask.
Details of the etching correspond to the contents described in
the first embodiment.

[0073] According to this embodiment, the second portions
128 of the semiconductor pattern 116 is removed in a step of
forming the through hole 134 for electrical connection, and
hence the semiconductor pattern 116 may be appropriately
processed without increasing the number of manufacturing
steps.

[0074] More specifically, if the second portions 128 of the
semiconductor pattern 116 which outwardly extend off the
wiring 120 are left unremoved, light scattering occurs. In
order to prevent the light scattering, it has been necessary to
form a wide black matrix to cover the second portions. How-
ever, the second portions 128 are removed in this embodi-
ment, and hence the width of the black matrix may be smaller.
Accordingly, decrease in aperture ratio may be prevented.

[0075] As illustrated in FIG. 12, after the etching step,
spaces formed by removing the second portions 28 are each
filled with an insulating material (inorganic material or
organic material), to thereby form a first passivation film 136.
The first passivation film 136 is formed so as to be laid on the
insulating layer 130.

[0076] Inacaseofthe in-plane switching (IPS) liquid crys-
tal display device, a first electrode 138 is formed on the first
passivation film 136. Then, a second passivation film 140 is
formed on the first passivation film 136 so as to cover the first
electrode 138, and a second electrode 142 is formed thereon.
One of the first electrode 138 and the second electrode 142
serves as a pixel electrode, while the other thereof serves as a
common electrode. The pixel electrode and the common elec-
trode are formed of a transparent conductive material such as
indium tin oxide (ITO).
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[0077] A first modified example may be configured as fol-
lows. As illustrated in FIG. 13, a color filter layer 144 may be
formed in a region avoiding the spaces formed by removing
the second portions 128, and the spaces formed by removing
the second portions 128 may be filled with an insulating
material (inorganic material, organic material, material for
color filter, or light shielding material), to thereby form a
passivation film 137. The passivation film 137 is formed so as
to be laid on the color filter layer 144. In the case of the
in-plane switching (IPS) liquid crystal display device, the first
electrode 138 is formed on the color filter layer 144. Then, the
passivation film 137 is formed on the color filter layer 144 so
as to cover the first electrode 138, and the second electrode
142 is formed thereon. One of the first electrode 138 and the
second electrode 142 serves as a pixel electrode, while the
other thereof serves as a common electrode.

[0078] A second modified example may be configured as
follows. As illustrated in F1G. 14, a material of a colored layer
146 providing at least one color of a color filter may be used
as the insulating material for filling the spaces formed by
removing the second portions 128. For example, ends of
adjacent colored layers 146 in the color filter layer 144 are
brought together to fill the spaces formed by removing the
second portions 128. Then, the passivation film 137 is formed
on the color filter layer 144. Other structures are the same as
those exemplified in FIG. 13.

[0079] Other modified examples may be configured as fol-
lows. In order to modify the liquid crystal display device
exemplified in FIG. 12 to a vertical alignment (VA) liquid
crystal display device, as illustrated in FIG. 15, a pixel elec-
trode 148 is formed on the second passivation film 140. Fur-
ther, in order to modify the liquid crystal display device
exemplified in FIG. 13 to a vertical alignment (VA) liquid
crystal display device, as illustrated in FIG. 16, the pixel
electrode 148 is formed on a passivation film 139. Further, in
order to modify the liquid crystal display device exemplified
in FIG. 14 to a vertical alignment (VA) liquid crystal display
device, as illustrated in FIG. 17, the pixel electrode 148 is
formed on the passivation film 139.

[0080] After that, a well-known manufacturing process for
the liquid crystal display device is performed, and thus the
liquid crystal display device may be manufactured.

Third Embodiment

[0081] FIG. 18 is a view of a liquid crystal display device
according to a third embodiment of the present invention.
[0082] In a manufacturing method for the liquid crystal
display device according to this embodiment, steps described
in at least one of the first embodiment and the second embodi-
ment are performed. After that, liquid crystal 54 is provided
between the first substrate 10 and a second substrate 50 facing
the first substrate 10, the liquid crystal 54 being surrounded
by a seal portion 52 so as to be sealed.

[0083] Theliquid crystal display device in this embodiment
includes the first substrate 10 on which thin-film transistors
are formed, the second substrate 50 facing the first substrate
10, the liquid crystal 54 provided between the first substrate
10 and the second substrate 50, and the seal portion 52 formed
around the liquid crystal 54 between the first substrate 10 and
the second substrate 50.

[0084] Inthe first substrate 10, a semiconductor pattern 216
and a metal pattern 218 are formed in a state in which the
semiconductor pattern 216 is formed under the metal pattern
218. The semiconductor pattern 216 corresponds to the semi-
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conductor pattern 16 described in the first embodiment or the
semiconductor pattern 116 described in the second embodi-
ment, and the metal pattern 218 corresponds to the metal
pattern 18 described in the first embodiment or the metal
pattern 118 described in the second embodiment.

[0085] Side surfaces of the semiconductor pattern 216 (first
portion 226) and side surfaces of the metal pattern 218 (wir-
ing 220) are flush with each other. Those side surfaces are
covered with an insulating material 236. As described in the
firstembodiment and the second embodiment, the passivation
film or the color filter layer is formed of the insulating mate-
rial 236. The first portion 226 corresponds to the first portion
26 described in the first embodiment or the first portion 126
described in the second embodiment, and the wiring 220
corresponds 1o the wiring 20 described in the first embodi-
ment or the wiring 120 described in the second embodiment.
The insulating material 236 corresponds to the material ofthe
first passivation film 36, the passivation films 37 and 39, or the
colored layer 16 described in the first embodiment, or the first
passivation film 136, the passivation films 137 and 139, or the
colored layer 146 described in the second embodiment.
[0086] According to this embodiment, the semiconductor
pattern 216 does not extend off the metal pattern 218 (wirings
220), and hence the wirings 220 may be arranged at a narrow
pitch.

Fourth Embodiment

[0087] FIG. 19 is a view of a liquid crystal display device
according to a fourth embodiment of the present invention.
[0088] In a manufacturing method for the liquid crystal
display device according to this embodiment, steps described
in at least one of the first embodiment and the second embodi-
ment are performed.

[0089] More specifically, a metal pattern 318 includes a
plurality of first wirings 320 formed in a region surrounded by
the seal portion 52. The plurality of first wirings 320 are
arranged in parallel to one another with a gap formed ther-
ebetween. In the patterning process for the semiconductor
pattern 316, the second portions (see second portions 128 of
FIG. 10B) located below the region between the adjacent first
wirings 320 are removed (see second embodiment). Details
of the semiconductor pattern 316 correspond to the descrip-
tion of the semiconductor pattern 16 given in the first embodi-
ment or the description of the semiconductor pattern 116
given in the second embodiment, and details of the metal
pattern 318 correspond to the description of the metal pattern
18 given in the first embodiment or the description of the
metal pattern 118 given in the second embodiment.

[0090] 1In this embodiment, the present invention in not
applied in a region (region which is exposed to outside air)
provided outside the region surrounded by the seal portion 52.
In other words, the metal pattern 318 includes a plurality of
second wirings 322 located outside the region surrounded by
the seal portion 52. The plurality of second wirings 322 are
arranged in parallel to one another with a gap formed ther-
ebetween. A third portion 356 of the semiconductor pattern
316 is located below a region between the adjacent second
wirings 322, and the third portion 356 is left unremoved.
[0091] In this state, the liquid crystal 54 is provided
between the first substrate 10 and the second substrate 50
facing the first substrate 10, the liquid crystal 54 being sur-
rounded by the seal portion 52 so as to be sealed.

[0092] Theliquid crystal display device in this embodiment
includes the first substrate 10 on which thin-film transistors
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are formed, the second substrate 50 facing the first substrate
10, the liquid crystal 54 provided between the first substrate
10 and the second substrate 50, and the seal portion 52 formed
so as to surround the liquid crystal 54 between the first sub-
strate 10 and the second substrate 50.

[0093] In the first substrate 10, the semiconductor pattern
316 and the metal pattern 318 are formed in a state in which
the semiconductor pattern 316 is formed under the metal
pattern 318. The semiconductor pattern 316 and the metal
pattern 318 are formed so as to reach, from the region sur-
rounded by the seal portion 52, the region outside the region
surrounded by the seal portion 52.

[0094] Inthe region surrounded by the seal portion 52, side
surfaces ofthe semiconductor pattern 316 and side surfaces of
the metal pattern 318 are flush with each other. Those side
surfaces are blocked from outside air even though the side
surfaces are not covered with the insulating material, because
the side surfaces are within a region in which the liquid crystal
54 is sealed.

[0095] In the region outside the region surrounded by the
seal portion 52, the semiconductor pattern 316 includes the
first portion 326 formed under the metal pattern 318 (second
wiring 322) and the third portion 356 which extends off the
metal pattern 318. The third portion 356 represents a portion
which is left unremoved, which is different from the second
portion 328 which is removed as described above. In other
words, in the region outside the region surrounded by the seal
portion 52, a step of removing the portion which extends off
the metal pattern 318 of the semiconductor pattern 316 is not
performed, and hence the insulating layer 330 on the portion
1s not subjected to etching. Therefore, the second wiring 322
is in a state of being covered with the insulating layer 330.
[0096] The present invention is not limited to the embodi-
ments described above, and various modifications may be
made thereto. For example, the structures described in the
embodiments may be replaced by a structure having substan-
tially the same structure, astructure providing the same action
and effect, and a structure which may achieve the same object.

What is claimed is:
1. A manufacturing method for a liquid crystal display
device, comprising:

forming a semiconductor pattern and a metal pattern on a
first substrate, the semiconductor pattern including a
first portion formed under the metal pattern and a second
portion which outwardly extends off the metal pattern
from the first portion;

forming an insulating layer for covering the metal pattern
and the semiconductor pattern;

etching the insulating layer in a first region located above
the metal pattern and a second region located above at
least the second portion of the semiconductor pattern;
and then

providing liquid crystal between the first substrate and a
second substrate facing the first substrate, the liquid
crystal being surrounded by a seal portion so as to be
sealed,

wherein the etching comprises etching, in the first region,
the insulating layer to form a through hole for electrical
connection to the metal pattern, and etching, in the sec-
ond region, the insulating layer and the semiconductor
pattern to remove the second portion of the semiconduc-
tor pattern.
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2. The manufacturing method for a liquid crystal display
device according to claim 1, wherein:

the metal pattern comprises a plurality of wirings arranged

in parallel to one another with a gap formed therebe-
tween; and

the second portion of the semiconductor pattern is located

below a region between adjacent wirings of the plurality
of wirings.

3. The manufacturing method for a liquid crystal display
device according to claim 1, wherein:

the second region is located above the first portion and the

second portion of the semiconductor pattern and the
metal pattern on the first portion; and

the etching comprises removing the second portion of the

semiconductor pattern while leaving the first portion
unremoved, with a use of the metal pattern on the first
portion as a mask.

4. The manufacturing method for a liquid crystal display
device according to claim 3, wherein:

the metal pattern comprises a wiring; and

the second portion of the semiconductor pattern extends off

each of both sides of the wiring in a width direction of
the wiring.

5. The manufacturing method for a liquid crystal display
device according to claim 1, wherein:

the metal pattern comprises a plurality of first wirings

formed in a region surrounded by the seal portion and a
plurality of second wirings formed in a region outside
the region surrounded by the seal portion;
the plurality of first wirings are arranged in parallel to one
another with a gap formed therebetween, and the second
portion to be etched is located below a region between
adjacent first wirings of the plurality of first wirings; and

the plurality of second wirings are arranged in parallel to
one another with a gap formed therebetween, and a third
portion of the semiconductor pattern, which is to be left
unremoved in the etching, is located below a region
between adjacent second wirings of the plurality of sec-
ond wirings.

6. The manufacturing method for a liquid crystal display
device according to claim 1, further comprising, after the
etching, filling a space formed by removing the second por-
tion, with an insulating material.

7. The manufacturing method for a liquid crystal display
device according to claim 2, further comprising, after the
etching, filling a space formed by removing the second por-
tion, with an insulating material.

8. The manufacturing method for a liquid crystal display
device according to claim 3, further comprising, after the
etching, filling a space formed by removing the second por-
tion, with an insulating material.

9. The manufacturing method for a liquid crystal display
device according to claim 4, further comprising, after the
etching, filling a space formed by removing the second por-
tion, with an insulating material.

10. The manufacturing method for a liquid crystal display
device according to claim 5, further comprising, after the
etching, filling a space formed by removing the second por-
tion, with an insulating material.

11. The manufacturing method for a liquid crystal display
device according to claim 6, wherein the insulating material
comprises a material of a colored layer providing at least one
color of a color filter.
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12. The manufacturing method for a liquid crystal display
device according to claim 7, wherein the insulating material
comprises a material of a colored layer providing at least one
color of a color filter.

13. The manufacturing method for a liquid crystal display
device according to claim 8, wherein the insulating material
comprises a material of a colored layer providing at least one
color of a color filter.

14. The manufacturing method for a liquid crystal display
device according to claim 9, wherein the insulating material
comprises a material of a colored layer providing at least one
color of a color filter.

15. The manufacturing method for a liquid crystal display
device according to claim 10, wherein the insulating material
comprises a material of a colored layer providing at least one
color of a color filter.

16. A liquid crystal display device, comprising:

a first substrate on which a thin-film transistor is formed;

a second substrate facing the first substrate;

liquid crystal provided between the first substrate and the

second substrate; and

aseal portion formed around the liquid crystal between the

first substrate and the second substrate, wherein:

the first substrate includes a semiconductor pattern and a

metal pattern formed in a state in which the semicon-
ductor pattern is formed under the metal pattern; and
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the semiconductor pattern has a side surface which is flush
with a side surface of the metal pattern.

17. A liquid crystal display device, comprising;

a first substrate on which a thin-film transistor is formed,;

a second substrate facing the first substrate;

liquid crystal provided between the first substrate and the
second substrate; and

a seal portion formed so as to surround the liquid crystal
between the first substrate and the second substrate,
wherein:

the first substrate includes a semiconductor pattern and a
metal pattern formed in a state in which the semicon-
ductor pattern is formed under the metal pattern;

the semiconductor pattern and the metal pattern are formed
to reach, from a region surrounded by the seal portion, a
region outside the region surrounded by the seal portion;

in the region outside the region surrounded by the seal
portion, the semiconductor pattern includes a portion
formed under the metal pattern and a portion which
extends off the metal pattern; and

in the region surrounded by the seal portion, the semicon-
ductor pattern has a side surface which is flush with a
side surface of the metal pattern.

® ok % % 0%
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