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(57) ABSTRACT

The present invention provides a liquid crystal display device
capable of reducing the number of steps and material costs
and a method of producing the liquid crystal display device. A
liquid crystal display device (100) of the present invention
includes a liquid crystal display panel (105); and a touch
panel (106). Out of the liquid crystal display panel (105) and
the touch panel (106), one panel serves as a reference for
alignment between the liquid crystal display panel (105) and
the touch panel (106) and the other panel is aligned with the
one panel. The other panel is provided with a second align-
ment mark that is aligned with a first alignment mark of the
one panel. The second alignment mark is constituted by a
transparent member.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR MANUFACTURING SAME

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device having a touch panel function and a method for
manufacturing the liquid crystal display device.

BACKGROUND ART

[0002] In recent years, there have been provided high-per-
formance liquid crystal display devices, each of which
includes a liquid crystal display panel to which a touch panel
function is imparted in addition to an information displaying
function so as to improve convenience for users (for example,
refer to Patent Literature 1).

A specific example of such liquid crystal display devices is
the one including (i) a liquid crystal display panel serving as
a display section in which information including characters
and images is displayed and (ii) a touch panel assembled to a
display surface or to a surface opposite to the display surface
of the liquid crystal display panel.

[0003] Because of its information displaying function
achieved by the liquid crystal display panel and its another
function of receiving input via the touch panel, such a liquid
crystal display device is capable of providing users with vari-
ous services such as displaying of information corresponding
to input of instructions by the uses.

Specifically, the liquid crystal display device is configured
such that (i) the liquid crystal display device displays an input
screen on the display surface of'its liquid crystal display panel
and (ii) the touch panel detects an input operation carried out
by a user with respect to the input screen. The liquid crystal
display device is arranged such that user’s desired informa-
tion can be displayed by changing, according to the result of
detection by the touch panel, the input screen displayed on the
display surface to a screen showing information that the user
instructed via the input screen.

[0004] Meanwhile, a high-value-added liquid crystal dis-
play device, which includes an in-cell capacitive touch panel
(multi-touch) in a liquid crystal display panel, is highly likely
to be produced, and is expected to be able to significantly
reduce the number of steps and material costs as compared to
a conventional liquid crystal display device having a touch
panel function. The following description discusses such a
liquid crystal display device.

[0005] FIG. 11 is a view schematically illustrating a con-
figuration of the aforementioned liquid crystal display device.
As illustrated in FIG. 11, this liquid crystal display device 500
includes a liquid crystal display panel 505 and a touch panel
506. The liquid crystal display panel 505 is constituted by a
TFT substrate 501, a color filter substrate 502 and a glass
substrate 503. The touch panel 506 is constituted by the glass
substrate 503 and a protection film 504.

[0006] As illustrated in FIG. 11, the liquid crystal display
device 500 is configured such that the liquid crystal display
panel 505 and the touch panel 506 are arranged in this order.
As described earlier, the touch panel 506 is an in-cell touch
panel included in the liquid crystal display panel 505.
[0007] According to this configuration, alignment is
required between an existing pattern on the color filter sub-
strate 502, which existing pattern is positioned on the back
surface-side of the glass substrate 503, and a design pattern
under the protection film 504, which design pattern is posi-
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tioned on the front surface-side of the glass substrate 503.
This is to optimally set the relative position of the patterns.
The following description discusses such alignment.

[0008] FIG. 12 is a view for describing alignment between
the back surface-side and the front surface-side of the glass
substrate 503. As illustrated in FIG. 12, an alignment mark is
provided on the color filter substrate 502. The alignment mark
51 is in the shape of a cross when viewed from above (refer to
1in FIG. 12).

[0009] A design pattern on the glass substrate 503 is
aligned with the alignment mark 51 which serves as a refer-
ence.

[0010] On the glass substrate 503, a design pattern opti-
mally positioned relative to the alignment mark 51 is formed.
The design pattern includes an alignment mark 52. The align-
ment mark 52 is also in the shape of a cross when viewed from
above (refer to J in FIG. 12).

[0011] Such alignment marks 51 and 52 can be formed for
example in the following manner. FIG. 13 is a view for
describing the steps of forming the alignment marks 51 and
52.

[0012] First,asillustratedin (a) of FIG. 13, a metal film 525
is stacked on the glass substrate 503. The metal film 525 is
stacked on the entire surface of the glass substrate 503.
[0013] Next, as illustrated in (b) of FIG. 13, a resist pattern
53 is formed on the metal film 52b. The resist pattern 53 is a
pattern for removing the metal film 525 which is stacked
above an alignment region where a plurality of alignment
marks 51 are provided on the color filter substrate 502. Note
that a design pattern of the resist pattern 53 is not aligned with
the alignment mark 51 which serves as a reference.

[0014] Next, as illustrated in (c) of FIG. 13, the metal film
52b is removed according to the resist pattern 53. That is, the
metal film 525 above the alignment region of the color filter
substrate 502 is removed. After the metal film 525 is removed
in this manner, the resist pattern 53 is removed.

[0015] Next, as illustrated in (d) of FIG. 13, a resist pattern
54 is formed on a remaining metal film 524. The resist pattern
54 is a pattern for forming the alignment mark 52. A design
pattern of the resist pattern 54 is aligned with the alignment
mark 51 which serves as a reference.

[0016] Next, as illustrated in (e) of FIG. 13, the metal film
52b is removed according to the resist pattern 54. That is, the
alignment mark 52 is formed on the glass substrate 503.
[0017] Next, as illustrated in (f) of FIG. 13, after the metal
film 525 is removed, the resist pattern 54 is removed.

[0018] Lastly, as illustrated in (g) of FIG. 13, the protection
film 504 is stacked on the glass substrate 503 and the align-
ment mark 52.

[0019] Alternatively, the alignment marks 51 and 52 as
shown in FIGS. 11 and 12 can be formed in the following
manner. FIG. 14 is a view for describing the steps of forming
the alignment marks 51 and 52.

[0020] First, asillustrated in (a) of FIG. 14, a metal film 524
is stacked on the glass substrate 503. The metal film 525 is
stacked under the condition where a stack prevention mask 55
is provided above the alignment region of the color filter
substrate 502 so that no metal film 5254 is stacked above the
alignment region. Since the alignment region of the color
filter substrate 502 is hidden behind the stack prevention
mask 55 when viewed from above, no metal film 525 is
stacked above the alignment region.

[0021] Next, as illustrated in (b) of FIG. 14, after the metal
film 525 is stacked, the stack prevention mask 55 is removed.
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[0022] Next, as illustrated in (c) of FIG. 14, a resist pattern
54 is formed on the metal film 525. The resist pattern 54 is a
pattern for forming the alignment mark 52. A design pattern
of'the resist pattern 54 is aligned with the alignment mark 51
which serves as a reference.

[0023] Next, as illustrated in (d) of FIG. 14, the metal film
524 is removed according to the resist pattern 54. That is, the
alignment mark 52 is formed on the glass substrate 503.
[0024] Next, as illustrated in (e) of FIG. 14, after the metal
film 525 is removed, the resist pattern 54 is removed.

[0025] Lastly, as illustrated in (f) of FIG. 14, the protection
film 504 is stacked on the glass substrate 503 and the align-
ment mark 52.

[0026] Further, there is another kind of the aforementioned
liquid crystal display device as below. FIG. 15 is a view
schematically illustrating another configuration of the afore-
mentioned liquid crystal display device. As illustrated in FIG.
15, this liquid crystal display device 600 includes a touch
panel 605 and a liquid crystal display panel 606. The touch
panel 605 is constituted by a protection film 601 and a glass
substrate 602. The liquid crystal display panel 606 is consti-
tuted by the glass substrate 602, a color filter substrate 603
and a TFT substrate 604.

[0027] As illustrated in FIG. 15, the liquid crystal display
device 600 is configured such that the touch panel 605 and the
liquid crystal display panel 606 are arranged in this order. As
described earlier, the touch panel 605 is an in-cell touch panel
included in the liquid crystal display panel 606.

[0028] According to this configuration, alignment is
required between an existing pattern on the protection film
601, which existing pattern is positioned on the back surface-
side of the glass substrate 602, and a design pattern under the
color filter substrate 603, which design pattern is positioned
on the front surface-side of the glass substrate 602. This is to
optimally set the relative position of the patterns. The follow-
ing description discusses the alignment.

[0029] FIG. 16 is a view for describing alignment between
the back surface-side and the front surface-side of the glass
substrate 602. As illustrated in FIG. 16, an alignment mark 61
is provided on the protection film 601. The alignment mark 61
is in the shape of a cross when viewed from above (refer to K
in FIG. 16).

[0030] A design pattern on the glass substrate 602 is
aligned with the alignment mark 61 which serves as a refer-
ence. On the glass substrate 602, a design pattern optimally
positioned relative to the alignment mark 61 is formed. The
design pattern includes an alignment mark 62. The alignment
mark 62 is also in the shape of a cross when viewed from
above (refer to L in FIG. 16).

[0031] Such alignment marks 61 and 62 can be formed for
example in the following manner. FIG. 17 is a view for
describing the steps of forming the alignment marks 61 and
62.

[0032] First,asillustrated in (a) of FIG. 17, ametal film 624
is stacked on the glass substrate 602. The metal film 626 is
stacked on the entire surface of the glass substrate 602.
[0033] Next, as illustrated in (b) of FIG. 17, a resist pattern
63 is formed on the metal film 624. The resist pattern 63 is a
pattern for removing the metal film 625 which is stacked
above an alignment region where a plurality of alignment
marks 61 are provided on the protection film 601. Note that a
design pattern of the resist pattern 63 is not aligned with the
alignment mark 61 which serves as a reference.
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[0034] Next, as illustrated in (c) of FIG. 17, the metal film
625 is removed according to the resist pattern 63. That is, the
metal film 625 above the alignment region of the protection
film 601 is removed. After the metal film 625 is removed in
this manner, the resist pattern 63 is removed.

[0035] Next, as illustrated in (d) of FIG. 17, a resist pattern
64 is formed on a remaining metal film 625. The resist pattern
64 is a pattern for forming the alignment mark 62. A design
pattern of the resist pattern 64 is aligned with the alignment
mark 61 which serves as a reference.

[0036] Next, as illustrated in (e) of FIG. 17, the metal film
625 is removed according to the resist pattern 64. That is, the
alignment mark 62 is formed on the glass substrate 602.
[0037] Next, as illustrated in (f) of FIG. 17, after the metal
film 625 is removed, the resist pattern 64 is removed.

[0038] Lastly, as illustrated in (g) of FIG. 17, the color filter
substrate 603 is formed on the glass substrate 602 and the
alignment mark 62.

[0039] Alternatively, the alignment marks 61 and 62 as
shown in FIGS. 15 and 16 can be formed in the following
manner. FIG. 18 is a view for describing the steps of forming
the alignment marks 61 and 62.

[0040] First, as illustrated in (a) of FIG. 18, a metal film 625
is stacked on the glass substrate 602. The metal film 625 is
stacked under the condition where a stack prevention mask 65
is provided above the alignment region of the protection film
601 so that no metal film 625 is stacked above the alignment
region. Since the alignment region of the protection film 601
is hidden behind the stack prevention mask 65 when viewed
from above, no metal film 625 is stacked above the alignment
region.

[0041] Next, as illustrated in (b) of FIG. 18, after the metal
film 625 is stacked, the stack prevention mask 65 is removed.
[0042] Next, as illustrated in (c) of FIG. 18, a resist pattern
64 is formed on the metal film 624. The resist pattern 64 is a
pattern for forming the alignment mark 62. A design pattern
of'the resist pattern 64 is aligned with the alignment mark 61
which serves as a reference.

[0043] Next, as illustrated in (d) of FIG. 18, the metal film
625 is removed according to the resist pattern 64. That is, the
alignment mark 62 is formed on the glass substrate 602.
[0044] Next, as illustrated in (e) of FIG. 18, after the metal
film 625 is removed, the resist pattern 64 is removed.

[0045] Lastly, as illustrated in (f) of FIG. 18, the color filter
substrate 603 is formed on the glass substrate 602 and the
alignment mark 62.

CITATION LIST
Patent Literature

[0046] Patent Literature 1
[0047] Japanese Patent Application Publication, Tokukai,
No. 2008-9054 A (Publication Date: Jan. 7, 2008)

SUMMARY OF INVENTION
Technical Problem

[0048] However, the aforementioned liquid crystal display
device can be improved further to reduce the number of steps
and material costs.

[0049] For example, as illustrated in FIG. 12, alignment is
required between the existing pattern on the color filter 502,
which existing pattern is positioned on the back surface-side
of the glass substrate 503, and the design pattern under the
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protection film 504, which design pattern is positioned on the
front surface-side of the glass substrate 503.

[0050] In this regard, in order to carry out such alignment,
it is necessary to remove the metal film 524 stacked above the
alignment region of the color filter substrate 502 so that the
alignment mark 51 provided on the back surface-side of the
glass substrate 503 is detectable (see (b) and (c) of FIG. 13).
[0051] Further, as illustrated in (a) of FIG. 14, it is neces-
sary to separately prepare the stack prevention mask 55. It is
needless to say that the number of steps and material costs for
the stack prevention mask 55 are preferably reduced.

[0052] The same is true with the case as shown in FIG. 16.
[0053] In view of the above problems, an object of the
present invention is to provide a liquid crystal display device
capable of reducing the number of steps and material costs
and a method of producing the liquid crystal display device.

Solution to Problem

[0054] In order to attain the above object, a liquid crystal
display device of the present invention includes: a touch
panel; and a liquid crystal display panel, out of the touch
panel and the liquid crystal display panel, one panel serving
as a reference for alignment between the touch panel and the
liquid crystal display panel and the other panel being aligned
with the one panel, the other panel being provided with a
second alignment mark that is aligned with a first alignment
mark of the one panel, and the second alignment mark being
constituted by a transparent member.

[0055] The liquid crystal display device makes it possible,
when patterning the transparent member so that the transpar-
ent member is aligned with the first alignment mark, to detect
the pre-formed first alignment mark through the transparent
member and to pattern the transparent member with reference
to the first alignment mark thus detected.

[0056] This makes it unnecessary to carry out the step of
removing part of a member that constitutes the second align-
ment mark before the patterning with reference to the pre-
formed first alignment mark, which step has been necessary
for conventional techniques. Accordingly, it is possible to
reduce the number of steps and material costs for the liquid
crystal display device.

[0057] A method of producing a liquid crystal display
device of the present invention is a method of producing the
liquid crystal display device configured such that: out of a
touch panel and a liquid crystal display panel, one panel
serves as a reference for alignment between the touch panel
and the liquid crystal display panel and the other panel is
aligned with the one panel; and the other panel is provided
with a second alignment mark that is aligned with a first
alignment mark of the one panel, said method including the
steps of: providing a transparent member on an entire surface
of a transparent substrate that constitutes the other panel; and
patterning the transparent member so that a transparent mem-
ber remaining on the transparent substrate is aligned with the
first alignment mark, thereby allowing the transparent mem-
ber thus remaining on the transparent substrate to serve as the
second alignment mark.

[0058] The method of producing the liquid crystal display
device makes it possible, when patterning the transparent
member so that the transparent member is aligned with the
first alignment mark, to detect the pre-formed first alignment
mark through the transparent member and to pattern the trans-
parent member with reference to the first alignment mark thus
detected.

Nov. 15, 2012

[0059] This makes it unnecessary to carry out the step of
removing part of a member that constitutes the second align-
ment mark before the patterning with reference to the pre-
formed first alignment mark, which step has been necessary
for conventional techniques. Accordingly, it is possible to
reduce the number of steps and material costs for the liquid
crystal display device.

[0060] A method of producing a liquid crystal display
device of the present invention is a method of producing the
liquid crystal display device being configured such that: out
of a touch panel and a liquid crystal display panel, one panel
serves as a reference for alignment between the touch panel
and the liquid crystal display panel and the other panel is
aligned with the one panel; and the other panel is provided
with a second alignment mark that is aligned with a first
alignment mark of the one panel, said method including the
step of: patterning a transparent substrate that constitutes the
other panel so that a protruding part to be formed is aligned
with the first alignment mark, thereby allowing the protruding
part thus formed on the transparent substrate to serve as the
second alignment mark.

[0061] The method of producing the liquid crystal display
device makes it possible, when patterning the transparent
substrate so that the protruding part to be formed is aligned
with the first alignment mark, to detect the pre-formed first
alignment mark through the transparent substrate and to pat-
tern the transparent substrate with reference to the first align-
ment mark thus detected.

[0062] This makes it unnecessary to carry out the step of
removing part of a member that constitutes the second align-
ment mark before the patterning with reference to the pre-
formed first alignment mark, which step has been necessary
for conventional techniques. Accordingly, it is possible to
reduce the number of steps and material costs for the liquid
crystal display device.

Advantageous Effects of Invention

[0063] A liquid crystal display device of the present inven-
tion includes: a touch panel; and a liquid crystal display panel,
out of the touch panel and the liquid crystal display panel, one
panel serving as a reference for alignment between the touch
panel and the liquid crystal display panel and the other panel
being aligned with the one panel, the other panel being pro-
vided with a second alignment mark that is aligned with a first
alignment mark of the one panel, and the second alignment
mark being constituted by a transparent member.

[0064] This makes it possible to provide a liquid crystal
display device capable of reducing the number of steps and
material costs and a method of producing the liquid crystal
display device.

BRIEF DESCRIPTION OF DRAWINGS

[0065] FIG. 1is a cross-sectional view schematically illus-
trating a liquid crystal display device of an embodiment of the
present invention.

[0066] FIG. 2 is a view for describing alignment between
the back surface-side and the front surface-side of a glass
substrate of the liquid crystal display device.

[0067] FIG. 3 isa view illustrating the steps of a method for
producing the liquid crystal display device. (a) to (f) of FIG.
3 are cross-sectional views showing how the liquid crystal
display device looks after the respective steps are carried out.
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[0068] FIG. 4 is a view for describing other alignment
between the back surface-side and the front surface-side of
the glass substrate of the liquid crystal display device.
[0069] FIG. 5 is a view illustrating the steps of another
method for producing the liquid crystal display device. (a) to
(e) of FIG. 5 are cross-sectional views showing how the liquid
crystal display device looks after the respective steps are
carried out.

[0070] FIG. 6 is a cross-sectional view schematically illus-
trating a configuration of a liquid crystal display device of
another embodiment of the present invention.

[0071] FIG. 7 is a view for describing alignment between
the back surface-side and the front surface-side of the glass
substrate of the liquid crystal display device.

[0072] FIG. 8is a view illustrating the steps of a method for
producing the liquid crystal display device. (a) to (f) of FIG.
8 are cross-sectional views showing how the liquid crystal
display device looks after the respective steps are carried out.
[0073] FIG. 9 is a view for describing other alignment
between the back surface-side and the front surface-side of
the glass substrate of the liquid crystal display device.
[0074] FIG. 10 is a view illustrating the steps of another
method for producing the liquid crystal display device. (a) to
(e) of FIG. 10 are cross-sectional views showing how the
liquid crystal display device looks after the respective steps
are carried out.

[0075] FIG. 11 is a cross-sectional view schematically
illustrating a configuration of a conventional liquid crystal
display device.

[0076] FIG. 12 is a view for describing alignment between
the back surface-side and the front surface-side of the glass
substrate of the liquid crystal display device.

[0077] FIG. 13 is a view illustrating the steps of a method
for producing the liquid crystal display device. (a) to (g) of
FIG. 13 are cross-sectional views showing how the liquid
crystal display device looks after the respective steps are
carried out.

[0078] FIG. 14 is a view illustrating the steps of another
method for producing the liquid crystal display device. (a) to
(®) of FIG. 14 are cross-sectional views showing how the
liquid crystal display device looks after the respective steps
are carried out.

[0079] FIG. 15 is a cross-sectional view schematically
illustrating a configuration of a conventional liquid crystal
display device.

[0080] FIG. 16 is a view for describing alignment between
the back surface-side and the front surface-side of the glass
substrate of the liquid crystal display device.

[0081] FIG. 17 is a view illustrating the steps of a method
for producing the liquid crystal display device. (a) to (g) of
FIG. 17 are cross-sectional views showing how the liquid
crystal display device looks after the respective steps are
carried out.

[0082] FIG. 18 is a view illustrating the steps of another
method for producing the liquid crystal display device. (a) to
(®) of FIG. 18 are cross-sectional views showing how the
liquid crystal display device looks after the respective steps
are carried out.

DESCRIPTION OF EMBODIMENTS

[0083] The following description discusses embodiments
ofthe present invention with reference to the drawings. In the
drawings referenced in the following descriptions, identical
or similar parts are assigned identical or similar referential
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numerals. Note, however, that the drawings are illustrated
schematically. Therefore, relationships between the thick-
nesses and dimensions viewed from above, and the ratio
between the thicknesses of respective layers etc., are different
from actual ones. Further, the dimensions and ratios etc. may
be shown differently in different drawings.

Embodiment 1

[0084] FIG. 11is a cross-sectional view schematically illus-
trating a configuration of a liquid crystal display device of
Embodiment 1 of the present invention. As illustrated in FIG.
1, a liquid crystal display device 100 of the present embodi-
ment includes a liquid crystal display panel 105 and a touch
panel 106.

[0085] The liquid crystal display panel 105 is constituted
by a TFT substrate 101, a color filter substrate 102 and a glass
substrate 103. The touch panel 106 is constituted by the glass
substrate 103 and a protection film 104.

[0086] On the back surface-side (one main surface-side) of
the glass substrate 103, the TFT substrate 101 and the color
filter substrate 102 are provided. On the front surface-side
(the other main surface-side) of the glass substrate 103, the
protection film 104 is provided.

[0087] That is, the liquid crystal display panel 105 is con-
stituted by (i) the glass substrate 103 and (ii) the TFT sub-
strate 101 and the color filter substrate 102 which are pro-
vided on the back surface-side of the glass substrate 103.
Further, the touch panel 106 is constituted by (a) the glass
substrate 103 and (b) the protection film 104 provided on the
front surface-side of the glass substrate 103.

[0088] The liquid crystal display device 100 is configured
such that the liquid crystal display panel 105 and the touch
panel 106 are arranged in this order. The touch panel 106 is an
in-cell touch panel included in the liquid crystal display panel
105.

[0089] The TFT substrate 101 is constituted by a transpar-
ent insulating substrate such as glass. On this substrate, TFTs
and pixel electrodes are arranged in a matrix manner.

[0090] The color filter substrate 102 is constituted by an
insulating substrate such as glass. On this substrate, a plural-
ity of black matrices (BM) and color filters provided in
regions separated by the black matrices are arranged on the
glass substrate 103-side.

[0091] Further, a liquid crystal layer (not illustrated) is
sandwiched between the TFT substrate 101 and the color
filter 102, in which liquid crystal layer a liquid crystal mate-
rial is enclosed.

[0092] According to the configuration, alignment is
required between an existing pattern on the color filter sub-
strate 102, which existing pattern is positioned on the back
surface-side of the glass substrate 103, and a design pattern
under the protection film 104, which design pattern is posi-
tioned on the front surface-side of the glass substrate 103.
This is to optimally set the relative position of the patterns.
The following description discusses the alignment.

[0093] FIG. 2 is a view for describing alignment between
the back surface-side and the front surface-side of the glass
substrate 103. As illustrated in FIG. 2, an alignment mark
(first alignment mark) 11 is provided on the color filter sub-
strate 102. The alignment mark 11 is in the shape of a cross
when viewed from above (referto A in FIG. 2). The alignment
mark 11 is 50 pumx50 pm in size.

[0094] Tt is needless to say that the shape of the alignment
mark 11 viewed from above is not limited to the shape of a
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cross. For example, the alignment mark 11 may be in the
shape of a rectangle (50 umx50 pum in size) or in the shape of
acircle (50 um in diameter) when viewed from above. That is,
the shape and the size of the alignment mark 11 viewed from
above may be suitably selected according to how the align-
ment mark 11 is to be detected.

[0095] The alignment mark 11 may be made from for
example a metal film for the black matrices arranged on the
color filter substrate 102. This makes it unnecessary to stack
a separate metal film for forming the alignment mark 11.
Accordingly, it is possible to further reduce the number of
steps and material costs for the liquid crystal display device
100.

[0096] A design pattern on the glass substrate 103 is
aligned with the alignment mark 11 which serves as a refer-
ence.

[0097] On the glass substrate 103, a design pattern opti-
mally positioned relative to the alignment mark 11 is formed.
The design pattern includes an alignment mark (second align-
ment mark) 12. The alignment mark 12 is also in the shape of
a cross when viewed from above (refer to B in FIG. 2).
[0098] It is needless to say that the shape of the alignment
mark 12 viewed from above is not limited to the shape of a
cross, as is the case with the foregoing alignment mark 11. For
example, the alignment mark 12 may be in the shape of a
rectangle (50 pmx50 pum) or in the shape of a circle (50 pm in
diameter) when viewed from above. That is, the shape and the
size of the alignment mark 12 viewed from above may be
suitably selected according to how the alignment mark 12 is
to be detected.

[0099] According to the liquid crystal display device 100,
the alignment mark 12 is constituted by a known transparent
conductive film (transparent member) such as ITO, IZO or
Zn0. On the alignment mark 12, an opaque film (opaque
member) 13 is provided (described later).

[0100] The opaque film 13 may be in any shape when
viewed from above, provided that the opaque film 13 is in the
shape that at least entirely covers the alignment mark 12 when
viewed from above.

[0101] The following description discusses the steps of
forming the alignment mark 11, the alignment mark 12 and
the opaque film 13. FIG. 3 is a view for describing the steps of
forming the alignment mark 11, the alignment mark 12 and
the opaque film 13.

[0102] First, as illustrated in (a) of FIG. 3, a transparent
conductive film 12a is stacked on the glass substrate 103. The
transparent conductive film 12a is stacked on the entire sur-
face of the glass substrate 103.

[0103] The transparent conductive film 12a¢ may be for
example made from a touch electrode transparent conductive
film that constitutes the touch panel 106. The touch electrode
transparent conductive film is a film formed on the glass
substrate 103. This makes it unnecessary to stack a separate
transparent conductive film for forming the alignment mark
12. Accordingly, it is possible to further reduce the number of
steps and material costs for the liquid crystal display device
100.

[0104] Next, as illustrated in (b) of FIG. 3, a resist pattern
14 is formed on the transparent conductive film 12a. The
resist pattern 14 is a pattern for forming the alignment mark
12. A design pattern of the resist pattern 14 is aligned with the
alignment mark 11 which serves as a reference.

[0105] Note here that, according to the conventional liquid
crystal display device 500, the resist pattern 53 is formed on
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the metal film 525 (see (b) of FIG. 13). The resist pattern 53
is a pattern for removing the metal film 524, which is stacked
above the alignment region of the color filter substrate 502.
[0106] This is because, under the condition where the metal
film 525 is stacked on the entire surface of the glass substrate
503, it is not possible to detect the alignment mark 51 on the
color filter substrate 502.

[0107] That is, as described earlier, the conventional liquid
crystal display device 500 requires the step of removing the
metal film 525, which is stacked above the alignment region
of the color filter substrate 502, in order to align the design
pattern on the glass substrate 503 with the alignment mark 51
which serves as a reference.

[0108] This is very problematic in reducing the number of
steps and material costs for the liquid crystal display device
500.

[0109] In contrast, according to the liquid crystal display
device 100, since the alignment mark 12 is constituted by the
transparent conductive film 12a, it is possible to detect the
alignment mark 11 through the transparent conductive film
124 stacked on the entire surface of the glass substrate 103,
and thus possible to align the design pattern on the glass
substrate 103 with the alignment mark 11 which serves as a
reference (see (b) of FIG. 3).

[0110] This makes it unnecessary to carry out the step of
removing the metal film 525 for detection of the alignment
mark 51 (see (b) of FIG. 13), and thus makes it possible to
reduce the number of steps and material costs for the liquid
crystal display device 100.

[0111] Next, as illustrated in (c) of FIG. 3, the transparent
conductive film 124 is removed according to the resist pattern
14. That is, the alignment mark 12 is formed on the glass
substrate 103.

[0112] Next, as illustrated in (d) of FIG. 3, a metal film 134
is stacked on the glass substrate 103 and the alignment mark
12. The metal film 13a is stacked on the entire surface of the
glass substrate 103. After the metal film 13a is stacked, a
resist pattern 15 is formed on the metal film 13a.

[0113] The metal film 13a is a film for making opaque the
alignment mark 12 constituted by the transparent conductive
film 12a. As is the case with the alignment mark 11, a design
pattern above the alignment mark 12 is aligned with the
alignment mark 12 which serves as a reference. Therefore, the
alignment mark 12 needs to be made opaque so as to be
detectable.

[0114] The metal film 134 may be made from for example
a metal film for metal wires that constitute the touch panel
106, which metal wires are provided on the glass substrate
103. This makes it unnecessary to stack a separate metal film
to make the alignment mark 12 opaque, and thus possible to
further reduce the number of steps and material costs for the
liquid crystal display device 100.

[0115] Next, as illustrated in (d) of FIG. 3, the resist pattern
15 is formed on the metal film 13a. The resist pattern 15 is a
pattern for forming the opaque film 13 which makes the
alignment mark 12 opaque. A design pattern of the resist
pattern 15 is aligned with for example the alignment mark 12
which serves as a reference. It is needless to say that the
design pattern of the resist pattern 15 may be aligned with the
alignment mark 11 which serves as a reference.

[0116] As described earlier, the opaque film 13 may be in
any shape when viewed from above, provided that the opaque
film 13 is in the shape that at least entirely covers the align-
ment mark 12 when viewed from above. This is because the
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shape of the alignment mark 12 viewed from above is made
opaque and thus becomes detectable if the opaque film 13
viewed from above is in the shape that at least entirely covers
the alignment mark 12 when viewed from above.

[0117] Next, as illustrated in (e) of FIG. 3, the metal film
13a is removed according to the resist pattern 15. That is, the
opaque film 13 is formed on the glass substrate 103. After the
metal film 134 is removed, the resist pattern 15 is removed.
[0118] Lastly, as illustrated in (f) of FIG. 3, the protection
film 104 is stacked on the glass substrate 103 and the opaque
film 13.

[0119] As has been described, according to the liquid crys-
tal display device 100 of Embodiment 1 of the present inven-
tion, since the alignment mark 12 is constituted by the trans-
parent conductive film 12a, it is possible to detect the
alignment mark 11 through the transparent conductive film
12a stacked on the entire surface of the glass substrate 103,
and thus possible to align the design pattern on the glass
substrate 103 with the alignment mark 11 which serves as a
reference.

[0120] Accordingly, it is unnecessary to carry out the step
of removing the transparent conductive film 124 for detection
of the alignment mark 11, and thus possible to reduce the
number of steps and material costs for the liquid crystal
display device 100.

Embodiment 2

[0121] The following description discusses Embodiment 2
of the present invention. As is the case with the Embodiment
1, according to the present embodiment, alignment is
required between an existing pattern on the color filter sub-
strate 102, which existing pattern is positioned on the back
surface-side of the glass substrate (transparent substrate) 103,
and a design pattern under the protection film 104, which
design pattern is positioned on the front surface-side of the
glass substrate 103. This is to optimally set the relative posi-
tion of the patterns.

[0122] The present embodiment is different from the
Embodiment 1 in the steps of forming alignment marks for
use in alignment. FIG. 4 is a view for describing alignment
between the back surface-side and the front surface-side of
the glass substrate 103.

[0123] As illustrated in FIG. 4, an alignment mark 11 is
provided on the color filter substrate 102. The alignment mark
11 is in the shape of a cross when viewed from above (refer to
Cin FIG. 4). Since the alignment mark 11 is the same as that
of the Embodiment 1, its description is omitted here.

[0124] On the glass substrate 103, a design pattern opti-
mally positioned relative to the alignment mark 11 is formed.
The design pattern includes an alignment mark (second align-
ment mark) 16. The alignment mark 16 is also in the shape of
a cross when viewed from above (refer to D in FIG. 4).
[0125] Note here that the alignment mark 16 is different
from the alignment mark 12 of the Embodiment 1 in that it is
a protrusion (protruding part) formed on the glass substrate
103, which protrusion is part of the glass substrate 103.
[0126] The protrusion may be formed for example concur-
rently with the glass substrate 103 when the glass substrate
103 is formed into a thin film. This makes it unnecessary to
separately carry out a step of forming the glass substrate 103
into a thin film to form the alignment mark 16, and thus makes
it possible to further reduce the number of steps and material
costs for the liquid crystal display device 100.
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[0127] Asis the case with the foregoing alignment mark 11,
the shape of the alignment mark 16 viewed from above is not
limited to the shape of a cross. For example, the alignment
mark 16 may be in the shape of a rectangle (50 pmx50 um in
size) or in the shape of a circle (50 um in diameter) when
viewed from above. That is, the shape and the size of the
alignment mark 16 viewed from above may be suitably
selected according to how the alignment mark 16 is to be
detected.

[0128] As is the case with the Embodiment 1, an opaque
film 13 is provided on the alignment mark 16. Since the
opaque film 13 is the same as that of the Embodiment 1, its
description is omitted here.

[0129] The following description discusses the steps of
forming the alignment mark 11, the alignment mark 16 and
the opaque film 13. FIG. 5 is a view for describing the steps of
forming the alignment mark 11, the alignment mark 16 and
the opaque film 13.

[0130] First, asillustrated in (a) of FIG. 5, a resist pattern 17
is formed on the glass substrate 103. The resist pattern 17 is a
pattern for forming the alignment mark 16. A design pattern
of'the resist pattern 17 is aligned with the alignment mark 11
which serves as a reference.

[0131] Next, as illustrated in (b) of FIG. 5, the glass sub-
strate 103 is removed according to the resist pattern 17. That
is, the alignment mark 16, which is constituted by a protrusion
that is part of the glass substrate 103, is formed on the glass
substrate 103.

[0132] Next, as illustrated in (¢) of FIG. 5, a metal film 13a
is stacked on the glass substrate 103 and the alignment mark
16. After the metal film 13a is stacked, a resist pattern 18 is
formed on the metal film 13a. Since the metal film 13a is the
same as that of the Embodiment 1, its description is omitted
here.

[0133] Then, the resist pattern 18 is formed on the metal
film 13a. The resist pattern 18 is a pattern for forming an
opaque film 13 which makes the alignment mark 16 opaque.
A design pattern of the resist pattern 18 is aligned with for
example the alignment mark 16 which serves as a reference.
It is needless to say that the design pattern of the resist pattern
18 may be aligned with the alignment mark 11 which serves
as a reference.

[0134] Next, as illustrated in (d) of FIG. 5, the metal film
13a is removed according to the resist pattern 18. That is, the
opaque film 13 is formed on the glass substrate 103. After the
metal film 13a is removed, the resist pattern 18 is removed.
[0135] Lastly, as illustrated in (e) of FIG. 5, the protection
film 104 is stacked on the glass substrate 103 and the opaque
film 13.

[0136] As has been described, according to the liquid crys-
tal display device 100 of Embodiment 2 of the present inven-
tion, since the alignment mark 16 is constituted by a protru-
sion that is part of the glass substrate 103, it is possible to
detect the alignment mark 11 through the glass substrate 103,
and thus possible to align the design pattern on the glass
substrate 103 with the alignment mark 11 which serves as a
reference.

[0137] Accordingly, it is possible to reduce the number of
steps and material costs for the liquid crystal display device
100.

Embodiment 3

[0138] The following description discusses Embodiment 3
of the present invention. FIG. 6 is a cross-sectional view
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schematically illustrating a configuration of a liquid crystal
display device of Embodiment 3 of the present invention. As
illustrated in FIG. 6, a liquid crystal display device 200 of the
present embodiment includes a touch panel 205 and a liquid
crystal display panel 206.

[0139] The touch panel 205 is constituted by a protection
film 201 and a glass substrate 202. The liquid crystal display
panel 206 is constituted by the glass substrate 202, a color
filter substrate 203 and a TFT substrate 204.

[0140] On the back surface-side (one main surface-side) of
the glass substrate 202, the protection film 201 is provided.
On the front surface-side (the other main surface-side) of the
glass substrate 202, the color filter substrate 203 and the TFT
substrate 204 are provided.

[0141] That is, the touch panel 205 is constituted by (i) the
glass substrate 202 and (ii) the protection film 201 provided
on the back surface-side of the glass substrate 202. Further,
the liquid crystal display panel 206 is constituted by (a) the
glass substrate 202 and (b) the color filter substrate 203 and
the TFT substrate 204 which are provided on the front sur-
face-side of the glass substrate 202.

[0142] The liquid crystal display device 200 is configured
such that the touch panel 205 and the liquid crystal display
panel 206 are arranged in this order. The touch panel 205 is an
in-cell touch panel included in the liquid crystal display panel
206.

[0143] The color filter substrate 203 is constituted by an
insulating substrate such as glass. On this substrate, a plural-
ity of black matrices (BM) and color filters provided in
regions separated by the black matrices are arranged on the
glass substrate 202-side.

[0144] The TFT substrate 204 is constituted by a transpar-
ent insulating substrate such as glass. On this substrate, TFTs
and pixel electrodes are arranged in a matrix manner.

[0145] Further, a liquid crystal layer (not illustrated) is
sandwiched between the color filter substrate 203 and the
TFT substrate 204, in which liquid crystal layer a liquid
crystal material is enclosed.

[0146] According to the configuration, alignment is
required between an existing pattern on the protection film
201, which existing pattern is positioned on the back surface-
side of the glass substrate 202, and a design pattern under the
color filter substrate 203, which design pattern is positioned
on the front surface-side of the glass substrate 202. This is to
optimally set the relative position of the patterns. The follow-
ing description discusses the alignment.

[0147] FIG. 7 is a view for describing alignment between
the back surface-side and the front surface-side of the glass
substrate 202. As illustrated in FIG. 7, an alignment mark
(first alignment mark) 21 is provided on the protection film
201. The alignment mark 21 is in the shape of a cross when
viewed from above (refer to E in FIG. 7). The alignment mark
21 is 50 umx50 pum in size.

[0148] It is needless to say that the shape of the alignment
mark 21 viewed from above is not limited to the shape of a
cross. For example, the alignment mark 21 may be in the
shape of a rectangle (50 umx50 pm in size) or in the shape of
acircle (50 um in diameter) when viewed from above. That is,
the shape and the size of the alignment mark 21 viewed from
above may be suitably selected according to how the align-
ment mark 21 is to be detected.

[0149] The alignment mark 21 may be made from for
example a metal film for metal wires that constitute the touch
panel 205, which metal film is provided on the protection film
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201. This makes it unnecessary to stack a separate metal film
for forming the alignment mark 21. Accordingly, it is possible
to further reduce the number of steps and material costs for
the liquid crystal display device 200.

[0150] A design pattern on the glass substrate 202 is
aligned with the alignment mark 21 which serves as a refer-
ence.

[0151] On the glass substrate 202, a design pattern opti-
mally positioned relative to the alignment mark 21 is formed.
The design pattern includes an alignment mark (second align-
ment mark) 22. The alignment mark 22 is also in the shape of
a cross when viewed from above (refer to F in FIG. 7).
[0152] It is needless to say that the shape of the alignment
mark 22 viewed from above is not limited to the shape of a
cross, as is the case with the foregoing alignment mark 21. For
example, the alignment mark 22 may be in the shape of a
rectangle (50 umx50 um in size) or in the shape of a circle (50
um in diameter) when viewed from above. That is, the shape
and the size of the alignment mark 22 viewed from above may
be suitably selected according to how the alignment mark 22
is to be detected.

[0153] According to the liquid crystal display device 200,
the alignment mark 22 is constituted by a known transparent
resin film (transparent member) such as alkali resin or epoxy
resin. On the alignment mark 22, an opaque film (opaque
member) 23 is provided (described later).

[0154] The opaque film 23 may be in any shape when
viewed from above, provided that the opaque film 23 is in the
shape that at least entirely covers the alignment mark 22 when
viewed from above.

[0155] The following description discusses the steps of
forming the alignment mark 21, the alignment mark 22 and
the opaque film 23. FIG. 8 is a view for describing the steps of
forming the alignment mark 21, the alignment mark 22 and
the opaque film 23.

[0156] First, as illustrated in (a) of FIG. 8, a transparent
resin film 22a is applied to the glass substrate 202. The
transparent resin film 22a is applied to the entire surface of the
glass substrate 202.

[0157] The transparent resin film 22a may be for example
made from a light-sensitive transparent resin film that consti-
tutes a pillar of the color filter substrate 203, which transpar-
ent resin film is provided on the glass substrate 202. This
makes it unnecessary to apply a separate transparent resin
film for forming the alignment mark 22. Accordingly, it is
possible to further reduce the number of steps and material
costs for the liquid crystal display device 200.

[0158] Next, as illustrated in (b) of FIG. 8, a resist pattern
24 is formed on the transparent resin film 22a. The resist
pattern 24 is a pattern for forming the alignment mark 22. A
design pattern of the resist pattern 24 is aligned with the
alignment mark 21 which serves as a reference.

[0159] According to the liquid crystal display device 200,
since the alignment mark 22 is constituted by the transparent
resin film 22a, it is possible to detect the alignment mark 21
through the transparent resin film 22a applied to the entire
surface of the glass substrate 202, and thus possible to align
the design pattern on the glass substrate 202 with the align-
ment mark 21 which serves as a reference.

[0160] Next, as illustrated in (c) of FIG. 8, the transparent
resin film 22q is removed according to the resist pattern 24.
That is, the alignment mark 22 is formed on the glass sub-
strate 202.
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[0161] Next, as illustrated in (d) of FIG. 8, a metal film 23a
is stacked on the glass substrate 202 and the alignment mark
22. The metal film 23a is stacked on the entire surface of the
glass substrate 202. After the metal film 23a is stacked, a
resist pattern 25 is formed on the metal film 23a.

[0162] The metal film 234 is a film for making opaque the
alignment mark 22 constituted by the transparent resin film
22a. As is the case with the alignment mark 21, a design
pattern above the alignment mark 22 is aligned with the
alignment mark 22 which serves as a reference. Therefore, the
alignment mark 22 needs to be made opaque so as to be
detectable.

[0163] The metal film 23a is for example made from a
metal film for the black matrices to be provided on the color
filter substrate 203, which metal film is provided on the glass
substrate 202. This makes it unnecessary to stack a separate
metal film to form the opaque film 23, and thus possible to
further reduce the number of steps and material costs for the
liquid crystal display device 200.

[0164] Then, the resist pattern 25 is formed on the metal
film 23a. The resist pattern 25 is a pattern for forming the
opaque film 23 which makes the alignment mark 22 opaque.
A design pattern of the resist pattern 25 is aligned with for
example the alignment mark 22 which serves as a reference.
It is needless to say that the design pattern of the resist pattern
25 may be aligned with the alignment mark 21 which serves
as a reference.

[0165] As described earlier, the opaque film 23 may be in
any shape when viewed from above, provided that the opaque
film 23 is in the shape that at least entirely covers the align-
ment mark 22 when viewed from above. This is because the
shape of the alignment mark 22 viewed from above is made
opaque and thus becomes detectable if the opaque film 23
viewed from above is in the shape that entirely covers the
alignment mark 22 when viewed from above.

[0166] Next, as illustrated in (e) of FIG. 8, the metal film
23a is removed according to the resist pattern 25. That is, the
opaque film 23 is formed on the glass substrate 202. After the
metal film 23a is removed, the resist pattern 25 is removed.
[0167] Lastly, as illustrated in (f) of FIG. 8, the color filter
substrate 203 is formed on the glass substrate 202 and the
opaque film 23.

[0168] As has been described, according to the liquid crys-
tal display device 200 of Embodiment 3 of the present inven-
tion, since the alignment mark 22 is constituted by the trans-
parent resin film 224, it is possible to detect the alignment
mark 21 through the transparent resin film 22a applied to the
entire surface of the glass substrate 202, and thus possible to
align the design pattern on the glass substrate 202 with the
alignment mark 21 which serves as a reference.

[0169] This makes it unnecessary to carry out the step of
removing the transparent resin film 224 for detection of the
alignment mark 21, and thus makes it possible to reduce the
number of steps and material costs for the liquid crystal
display device 200.

[0170] Note that, although the alignment mark 22 is made
opaque by coating the alignment mark 22 with the metal film
23a in the present embodiment, this does not imply any
limitation on the present invention.

[0171] For example, the alignment mark 22 may be made
opaque by blackening (subjecting to blackening treatment)
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the alignment mark 22 made from the transparent resin film
22a by irradiating the alignment mark 22 with laser.

Embodiment 4

[0172] The following description discusses Embodiment 4
of the present invention. As is the case with the Embodiment
3, according to the present embodiment, alignment is
required between an existing pattern on the protection film
201, which existing pattern is positioned on the back surface-
side of the glass substrate 202, and a design pattern under the
color filter substrate 203, which design pattern is positioned
on the front surface-side of the glass substrate 202. This is to
optimally set the relative position of patterns.

[0173] The present embodiment is different from the
Embodiment 3 in the steps of forming alignment marks for
use in alignment. FIG. 9 is a view for describing alignment
between the back surface-side and the front surface-side of
the glass substrate 202.

[0174] As illustrated in FIG. 9, an alignment mark 21 is
provided on the protection film 201. The alignment mark 21
is in the shape of a cross when viewed from above (refer to G
in FIG. 9). Since the alignment mark 21 is the same as that of
the Embodiment 3, its description is omitted here.

[0175] On the glass substrate 202, a design pattern opti-
mally positioned relative to the alignment mark 21 is formed.
The design pattern includes an alignment mark 26 (second
alignment mark). The alignment mark 26 is also in the shape
of'a cross when viewed from above (refer to H in FIG. 9).
[0176] Note here that the alignment mark 26 is different
from the alignment mark 22 of the Embodiment 3 in that it is
a protrusion formed on the glass substrate 202, which protru-
sion is part of the glass substrate 202.

[0177] The protrusion may be formed for example concur-
rently with the glass substrate 202 when the glass substrate
202 is formed into a thin film. This makes it unnecessary to
separately carry out a step of forming the glass substrate 202
into a thin film to form the alignment mark 26, and thus makes
it possible to further reduce the number of steps and material
costs for the liquid crystal display device 200.

[0178] Asis the case with the foregoing alignment mark 21,
the shape of the alignment mark 26 viewed from above is not
limited to the shape of a cross. For example, the alignment
mark 26 may be in the shape of a rectangle (50 pmx50 pm in
size) or in the shape of a circle (50 um in diameter) when
viewed from above. That is, the shape and the size of the
alignment mark 26 viewed from above may be suitably
selected according to how the alignment mark 26 is to be
detected. As is the case with the Embodiment 3, an opaque
film 23 is provided on the alignment mark 26. Since the
opaque film 23 is the same as that of the Embodiment 3, its
description is omitted here.

[0179] The following description discusses the steps of
forming the alignment mark 21, the alignment mark 26 and
the opaque film 23. FIG. 10 is a view for describing the steps
of forming the alignment mark 21, the alignment mark 26 and
the opaque film 23.

[0180] First, as illustrated in (a) of FIG. 10, a resist pattern
27 is formed on the glass substrate 202. The resist pattern 27
is a pattern for forming the alignment mark 26. A design
pattern of the resist pattern 27 is aligned with the alignment
mark 21 which serves as a reference.

[0181] Next, as illustrated in (b) of FIG. 10, the glass sub-
strate 202 is removed according to the resist pattern 27. That
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is, the alignment mark 26, which is constituted by a protrusion
that is part of the glass substrate 202, is formed on the glass
substrate 202.

[0182] Next, as illustrated in (¢) of FIG. 10, ametal film 23a
is stacked on the glass substrate 202 and the alignment mark
26. After the metal film 23a is stacked, a resist pattern 28 is
formed on the metal film 23a. Since the metal film 23a is the
same as that of the Embodiment 3, its description is omitted
here.

[0183] Then, the resist pattern 28 is formed on the metal
film 23a. The resist pattern 28 is a pattern for forming the
opaque film 23 which makes the alignment mark 26 opaque.
A design pattern of the resist pattern 28 is aligned with for
example the alignment mark 26 which serves as a reference.
It is needless to say that the design pattern of the resist pattern
28 may be aligned with the alignment mark 21 which serves
as a reference.

[0184] Next, as illustrated in (d) of FIG. 10, the metal film
23a is removed according to the resist pattern 28. That is, the
opaque film 23 is formed on the glass substrate 202. After the
metal film 23a is removed, the resist pattern 28 is removed.
[0185] Lastly, as illustrated in (e) of FIG. 10, the color filter
substrate 203 is formed on the glass substrate 202 and the
opaque film 23.

[0186] As has been described, according to the liquid crys-
tal display device 200 of Embodiment 4 of the present inven-
tion, since the alignment mark 26 is constituted by a protru-
sion that is part of the glass substrate 202, it is possible to
detect the alignment mark 21 through the glass substrate 202,
and thus possible to align the design pattern on the glass
substrate 202 with the alignment mark 21 which serves as a
reference.

[0187] This makes it possible to reduce the number of steps
and material costs for the liquid crystal display device 200.
[0188] Note that, although the alignment mark 26 is made
opaque by coating the alignment mark 26 with the metal film
23a in the present embodiment, this does not imply any
limitation on the present invention.

[0189] For example, the alignment mark 26 may be made
opaque by blackening (subjecting to blackening treatment)
the alignment mark 26 constituted by the protrusion of the
glass substrate 202 by irradiating the alignment mark 26 with
laser.

[0190] The present invention is not limited to the descrip-
tions of the respective embodiments, but may be altered
within the scope of the claims. An embodiment derived from
a proper combination of technical means disclosed in differ-
ent embodiments is encompassed in the technical scope of the
invention.

[0191] As has been described, a liquid crystal display
device of the present invention includes: a touch panel; and a
liquid crystal display panel, out of the touch panel and the
liquid crystal display panel, one panel serving as a reference
for alignment between the touch panel and the liquid crystal
display panel and the other panel being aligned with the one
panel, the other panel being provided with a second alignment
mark that is aligned with a first alignment mark of the one
panel, and the second alignment mark being constituted by a
transparent member.

[0192] The liquid crystal display device is preferably con-
figured such that the transparent member is a protruding part
disposed on a transparent substrate that constitutes the other
panel. In particular, the liquid crystal display device is pref-
erably configured such that the transparent member is formed
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by removing the transparent substrate around an area where
the protruding part is to be formed, the area being an area on
amain surface, which is on a side opposite the one panel side,
of the transparent substrate.

[0193] According to the configuration, the protrusion can
be formed concurrently with the transparent substrate when
the transparent substrate is formed into a thin film. This makes
it unnecessary to separately carry out a step of forming the
transparent substrate into a thin film to form the second align-
ment mark, and thus makes it possible to further reduce the
number of steps and material costs for the liquid crystal
display device.

[0194] The liquid crystal display device is preferably con-
figured such that the transparent member is formed by remov-
ing part of a transparent film stacked on a main surface, which
is on a side opposite the one panel side, of a transparent
substrate that constitutes the other panel, the part being a part
around an area of the main surface in which area the second
alignment mark is to be positioned.

[0195] According to the configuration, the transparent
member may be made from for example a touch electrode
transparent conductive film that constitutes the touch panel.
This makes it unnecessary to separately stack the transparent
member for forming the second alignment mark, and thus
makes it possible to further reduce the number of steps and
material costs for the liquid crystal display device.

[0196] The liquid crystal display device is preferably con-
figured such that the other panel further includes an opaque
member provided so as to cover the second alignment mark.
[0197] According to the configuration, the second align-
ment mark constituted by the transparent member can be
made opaque.

[0198] This makes it possible to cause the second align-
ment mark to serve as a reference, and to align a design
pattern above the second alignment mark with the second
alignment mark.

[0199] Accordingly, it is possible to improve accuracy in
alignment of a design pattern above the second alignment
mark.

[0200] The liquid crystal display device is preferably con-
figured such that the second alignment mark is made opaque
by a blackening treatment by laser irradiation.

[0201] The configuration makes it unnecessary to provide
an opaque member that covers the second alignment mark,
and thus makes it possible to further reduce the number of
steps and material costs for the liquid crystal display device.
[0202] A method of producing a liquid crystal display
device of the present invention is a method of producing the
liquid crystal display device configured such that: out of a
touch panel and a liquid crystal display panel, one panel
serves as a reference for alignment between the touch panel
and the liquid crystal display panel and the other panel is
aligned with the one panel; and the other panel is provided
with a second alignment mark that is aligned with a first
alignment mark of the one panel, said method including the
steps of: providing a transparent member on an entire surface
of a transparent substrate that constitutes the other panel; and
patterning the transparent member so that a transparent mem-
ber remaining on the transparent substrate is aligned with the
first alignment mark, thereby allowing the transparent mem-
ber thus remaining on the transparent substrate to serve as the
second alignment mark.

[0203] TItis preferable that the method of the present inven-
tion further include the step of forming a resist pattern on the
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transparent member provided on the entire surface of the
transparent substrate, the resist pattern being aligned with the
first alignment mark through the transparent member, the
resist pattern being used to pattern the transparent member.
[0204] According to the configuration, the first alignment
mark is detected through the transparent member that is to be
patterned, and the resist pattern is aligned with the first align-
ment mark thus detected.

[0205] This makes it possible to pattern the transparent
member with reference to the first alignment mark thus
detected.

[0206] A method of producing a liquid crystal display
device of the present invention is a method of producing the
liquid crystal display device configured such that: out of a
touch panel and a liquid crystal display panel, one panel
serves as a reference for alignment between the touch panel
and the liquid crystal display panel and the other panel is
aligned with the one panel; and the other panel is provided
with a second alignment mark that is aligned with a first
alignment mark of the one panel, said method including the
step of: patterning a transparent substrate that constitutes the
other panel so that a protruding part to be formed is aligned
with the first alignment mark, thereby allowing the protruding
part thus formed on the transparent substrate to serve as the
second alignment mark.

[0207] TItis preferable that the method of the present inven-
tion further include the step of forming a resist pattern on the
transparent substrate, the resist pattern being aligned with the
first alignment mark through the transparent substrate, the
resist pattern being used to pattern the transparent substrate.
[0208] According to the configuration, the first alignment
mark is detected through the transparent substrate that is to be
patterned, and the resist pattern is aligned with the first align-
ment mark thus detected.

[0209] This makes it possible to pattern the transparent
substrate with reference to the first alignment mark thus
detected.

It is preferable that the method of the present invention further
include the step of providing an opaque member so that the
opaque member covers the second alignment mark.

[0210] According to the configuration, the second align-
ment mark constituted by the transparent member or the
transparent substrate can be made opaque.

[0211] This makes it possible to cause the second align-
ment mark to serve as a reference, and to align a design
pattern above the second alignment mark with the second
alignment mark.

[0212] Accordingly, it is possible to improve accuracy in
alignment of a design pattern above the second alignment
mark.

[0213] Itis preferable that the method of the present inven-
tion further include the step of making the second alignment
mark opaque by blackening the second alignment mark by
irradiating the second alignment mark with laser.

[0214] The configuration makes it unnecessary to provide
an opaque member that covers the second alignment mark
constituted by the transparent member or the transparent sub-
strate. This makes it possible to further reduce the number of
steps and material costs for the liquid crystal display device.

INDUSTRIAL APPLICABILITY

[0215] The present invention is applicable to a liquid crys-
tal display device having a touch panel function. Specifically,
the present invention is usable in a liquid crystal display
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device such as for example an active matrix liquid crystal
display device. Further, the present invention is usable in an
electrophoresis display, a twisting ball display, a reflective
display using a fine prism film, and a display using an optical
modulator such as a digital mirror device. Moreover, the
present invention is usable in: a display using, as a light
emitting element, an element whose luminance is variable
such as an organic EL light emitting element, an inorganic EL,
light emitting element or an LED (light emitting diode); a
field emission display (FED); and a plasma display.

REFERENCE SIGNS LIST
[0216] 11,21 Alignment mark (first alignment mark)
[0217] 12, 16, 22, 26 Alignment mark (second alignment

mark, protruding part)

[0218] 12a Transparent conductive film (transparent mem-
ber)

[0219] 13, 23 Opaque film (opaque member)

[0220] 22a Transparent resin film (transparent member)

[0221] 100, 200 Liquid crystal display device

[0222] 101, 204 TFT substrate

[0223] 102, 203 Color filter substrate

[0224] 103, 202 Glass substrate (transparent substrate)

[0225] 104, 201 Protection film

[0226] 105, 206 Liquid crystal display panel

[0227] 106, 205 Touch panel

1. A liquid crystal display device comprising:

a touch panel; and

a liquid crystal display panel,

out of the touch panel and the liquid crystal display panel,

one panel serving as a reference for alignment between
the touch panel and the liquid crystal display panel and
the other panel being aligned with the one panel,

the other panel being provided with a second alignment

mark that is aligned with a first alignment mark of the
one panel, and

the second alignment mark being constituted by a trans-

parent member.

2. The liquid crystal display device according to claim 1,
wherein the transparent member is a protruding part disposed
on a transparent substrate that constitutes the other panel.

3. The liquid crystal display device according to claim 2,
wherein the transparent member is formed by removing the
transparent substrate around an area where the protruding
part is to be formed, the area being an area on a main surface,
which is on a side opposite the one panel side, of the trans-
parent substrate.

4. The liquid crystal display device according to claim 1,
wherein the transparent member is formed by removing part
of a transparent film stacked on a main surface, which is on a
side opposite the one panel side, of a transparent substrate that
constitutes the other panel, the part being a part around an area
of the main surface in which area the second alignment mark
is to be positioned.

5. The liquid crystal display device according to claims 1,
wherein the other panel further includes an opaque member
provided so as to cover the second alignment mark.

6. The liquid crystal display device according to claims 1,
wherein the second alignment mark is made opaque by a
blackening treatment by laser irradiation.

7. A method of producing a liquid crystal display device,
the liquid crystal display device being configured such that:
out of a touch panel and a liquid crystal display panel, one
panel serves as a reference for alignment between the touch
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panel and the liquid crystal display panel and the other panel
is aligned with the one panel; and the other panel is provided
with a second alignment mark that is aligned with a first
alignment mark of the one panel,

said method comprising the steps of:

providing a transparent member on an entire surface of a

transparent substrate that constitutes the other panel; and
patterning the transparent member so that a transparent
member remaining on the transparent substrate is
aligned with the first alignment mark, thereby allowing
the transparent member thus remaining on the transpar-
ent substrate to serve as the second alignment mark.

8. The method according to claim 7, further comprising the
step of forming a resist pattern on the transparent member
provided on the entire surface of the transparent substrate, the
resist pattern being aligned with the first alignment mark
through the transparent member,

the resist pattern being used to pattern the transparent

member.

9. A method of producing a liquid crystal display device,
the liquid crystal display device being configured such that:
out of a touch panel and a liquid crystal display panel, one
panel serves as a reference for alignment between the touch
panel and the liquid crystal display panel and the other panel
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is aligned with the one panel; and the other panel is provided
with a second alignment mark that is aligned with a first
alignment mark of the one panel,

said method comprising the step of:

patterning a transparent substrate that constitutes the other

panel so that a protruding part to be formed is aligned
with the first alignment mark, thereby allowing the pro-
truding part thus formed on the transparent substrate to
serve as the second alignment mark.

10. The method according to claim 9, further comprising
the step of forming a resist pattern on the transparent sub-
strate, the resist pattern being aligned with the first alignment
mark through the transparent substrate,

the resist pattern being used to pattern the transparent sub-

strate.

11. The method according to claim 7, further comprising
the step of providing an opaque member so that the opaque
member covers the second alignment mark.

12. The method according to claim 7, further comprising
the step of making the second alignment mark opaque by
blackening the second alignment mark by irradiating the sec-
ond alignment mark with laser.
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