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LIQUID CRYSTAL DISPLAY AND
MANUFACTURING METHOD THEREOF

[0001] This application is a divisional of U.S. patent
application Ser. No. 13/689,518, filed on Nov. 29, 2012,
which claims priority to Korean Patent Application No.
10-2012-0083359 filed on Jul. 30, 2012, and all the benefits
accruing therefrom under 35 U.S.C. §119, the content of
which in its entirety is herein incorporated by reference.

BACKGROUND

[0002] (a) Field

[0003] Exemplary embodiments of the invention relate to
aliquid crystal display and a manufacturing method thereof,
and in detail, to a liquid crystal display including a touch
sensor and a manufacturing method thereof.

[0004] (b) Description of the Related Art

[0005] A liquid crystal display (“LLCD”), which is one of
the most widely used types of flat panel display, typically
includes two display panels provided with field generating
electrodes such as pixel electrodes and an opposing elec-
trode, and a liquid crystal layer interposed between the two
display panels. The LCD displays images by applying
voltages to the field-generating electrodes to generate an
electric field in the liquid crystal (“LC”) layer that deter-
mines the orientation of LC molecules therein to adjust
polarization of incident light.

[0006] In a conventional LCD, two substrates are gener-
ally included, and constituent elements are respectively
disposed on the two substrates. Recently, an LCD including
only one substrate has been developed such that the manu-
facturing cost may be reduced and the manufacturing pro-
cess may be simplified.

[0007] The flat panel displays including the LCD perform
functions using various input devices. Recently, a touch
panel has been widely used as an input device.

[0008] The touch panel may allow a device such as a
computer to perform various commands by writing a char-
acter, drawing a picture or executing an icon through a touch
by a finger or a touch pen (or a stylus) on a screen. A display
device, to which the touch panel is attached, may determine
whether an object, e.g., a finger of a user or a touch pen,
touches a screen and generate touch position information
thereof. The touch panel is typically classified into a resis-
tive type, a capacitive type, and an electro-magnetic (“EM™)
type based on the sensing method of the touch.

[0009] This touch panel may be attached on the upper
substrate or the flat layer of the flat panel display such as the
LCD or may be implemented in the LCD.

SUMMARY

[0010] Exemplary embodiments of the invention provide a
liquid crystal display including a touch sensor, and a manu-
facturing process of the liquid crystal display including the
touch sensor.

[0011] An exemplary embodiment of a manufacturing
method of a liquid crystal display according to the invention
includes: providing a thin film transistor on a substrate;
providing a pixel electrode connected to the thin film
transistor; providing a microcavity layer including a liquid
crystal material on the pixel electrode; providing a support-
ing member layer on the microcavity layer; patterning the
supporting member layer to form a plurality of recess
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portions therein; and providing a plurality of touch signal
lines for transmitting a touch signal in the plurality of recess
portions.

[0012] In an exemplary embodiment, the method may
further include providing an insulating layer on the plurality
of touch signal lines.

[0013] In an exemplary embodiment, the providing the
insulating layer may include providing a first insulating
layer, where the first insulating layer covers the plurality of
touch signal lines and exposes at least a portion of a terminal
of the plurality of touch signal lines.

[0014] In an exemplary embodiment, the method may
further include providing a plurality of transparent conduc-
tive layers connected to the plurality of touch signal lines.

[0015] In an exemplary embodiment, the method may
further include providing a plurality of connecting islands in
the plurality of recess portions, where the providing the
insulating layer may include providing a second insulating
layer on the connecting islands, and the providing a plurality
of transparent conductive layers may include providing a
first transparent conductive layer including a plurality of
portions connected to each other through the plurality of
connecting islands.

[0016] In an exemplary embodiment, the providing the
plurality of transparent conductive layers may further
include providing a second transparent conductive layer,
where the first transparent conductive layer and the second
transparent conductive layer collectively define a touch
sensor, and the second transparent conductive layer may be
insulated from the connecting islands via the second insu-
lating layer.

[0017] In an exemplary embodiment, the method may
further include providing a signal line connected to the thin
film transistor on the substrate, where the signal line
includes a pad portion, and the providing the first insulating
layer further may include forming a contact hole which
exposes the pad portion by patterning the first insulating
layer.

[0018] In an exemplary embodiment, the providing the
plurality of transparent conductive layers may further
include providing a contact assistant connected to the pad
portion through the contact hole.

[0019] In an exemplary embodiment, the method may
further include providing a signal line connected to the thin
film transistor on the substrate, where the signal line
includes a pad portion, and the providing the pixel electrode
may include providing a contact assistant connected to the
pad portion.

[0020] In an exemplary embodiment, the method may
further include providing a capping layer on the plurality of
transparent conductive layers, where the providing the cap-
ping layer may include exposing the contact assistant.

[0021] In an exemplary embodiment, the method may
further include ashing the supporting member layer.

[0022] An exemplary embodiment of a liquid crystal dis-
play according to the invention includes: a substrate; a thin
film transistor disposed on the substrate; a pixel electrode
connected to a terminal of the thin film transistor; a micro-
cavity layer disposed on the pixel electrode, where the
microcavity layer includes a liquid crystal material; a sup-
porting member disposed on the microcavity layer, where
the supporting member includes a plurality of recess por-
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tions; and a plurality of touch signal lines disposed in the
plurality of recess portions and which transmits a touch
signal.

[0023] In an exemplary embodiment, the liquid crystal
display may further include a first insulating layer disposed
on the plurality of touch signal lines.

[0024] Inanexemplary embodiment, the plurality of touch
signal lines may include a terminal, at least a portion of
which is exposed by the first insulating layer.

[0025] In an exemplary embodiment, the liquid crystal
display may further include a plurality of transparent con-
ductive layers connected to the plurality of touch signal
lines.

[0026] In an exemplary embodiment, the liquid crystal
display may further include a plurality of connecting islands
disposed in the plurality of recess portions and a second
insulating layer disposed on the connecting islands, where
the plurality of transparent conductive layers may include a
first transparent conductive layer including a plurality of
portions connected to each other through the plurality of
connecting islands.

[0027] In an exemplary embodiment, the plurality of
transparent conductive layers may further include a second
transparent conductive layer, where the first and second
transparent conductive layers collectively define a touch
sensor, and the second transparent conductive layer may be
insulated from the connecting islands via the second insu-
lating layer.

[0028] In an exemplary embodiment, the liquid crystal
display may further include a signal line disposed on the
substrate and connected to the thin film transistor, and a
contact assistant connected to the signal line, where the
signal line may include a pad portion disposed at an end
thereof, the first insulating layer may include a contact hole
which exposes the pad portion, and the contact assistant
connected to the pad portion through the contact hole.
[0029] In an exemplary embodiment, the liquid crystal
display may further include a signal line disposed on the
substrate and connected to the thin film transistor, and a
contact assistant connected to the signal line, where the
signal line may include a pad portion disposed at an end
thereof, and the contact assistant is disposed in a same layer
as the pixel electrode and connected to the pad portion.
[0030] According to one or more exemplary embodiment
of the invention, the manufacturing process of the liquid
crystal display including the touch sensor is substantially
simplified and the manufacturing cost is substantially
reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The above and other features of the invention will
become more apparent by describing in further detail exem-
plary embodiments thereof with reference to the accompa-
nying drawings, in which:

[0032] FIG. 1 is a block diagram showing an exemplary
embodiment of a liquid crystal display according to the
invention,

[0033] FIG. 2 is a block diagram showing an exemplary
embodiment of a liquid crystal display according to the
invention,

[0034] FIG. 3 is a top plan view of one pixel of a liquid
crystal display according to an exemplary embodiment of
the invention,
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[0035] FIG. 4 is a cross-sectional view taken along line
IV-IV of an exemplary embodiment of the liquid crystal
display shown in FIG. 1 and FIG. 3,

[0036] FIG. 5 is a cross-sectional view taken along line
V-V of an exemplary embodiment of the liquid crystal
display shown in FIG. 1 and FIG. 3,

[0037] FIG. 6 is a block diagram showing an intermediate
step of an exemplary embodiment of a method of manufac-
turing a liquid crystal display according to the invention,
[0038] FIG. 7, FIG. 8, and FIG. 9 are cross-sectional views
taken along line VII-VII of the liquid crystal display of FIG.
6 and taken along line A-A' of the liquid crystal display of
FIG. 1 sequentially showing intermediate steps of an exem-
plary embodiment of a method of manufacturing a liquid
crystal display according to the invention,

[0039] FIG. 10 is block diagram showing another inter-
mediate step of an exemplary embodiment of a method of
manufacturing a liquid crystal display according to the
invention, which is a step following the step shown in FIG.
65

[0040] FIG. 11 is a cross-sectional view taken along line
XI-XTI of the liquid crystal display of FIG. 10 and taken
along line A-A' of the liquid crystal display of FIG. 1
showing an intermediate step of an exemplary embodiment
of a method manufacturing a liquid crystal display according
to the invention,

[0041] FIG. 12 is a block diagram showing another inter-
mediate step following the step shown in FIG. 10 of an
exemplary embodiment of a method of manufacturing a
liquid crystal display according to the invention,

[0042] FIG. 13 and FIG. 14 are cross-sectional views
taken along line XIII-X1II of the liquid crystal display of
FIG. 12 and taken along line A-A' of the liquid crystal
display of FIG. 1 sequentially showing an intermediate step
of an exemplary embodiment of a method of manufacturing
a liquid crystal display according to the invention, and
[0043] FIG. 15, FIG. 16, FIG. 17 and FIG. 18 are cross-
sectional views showing intermediate steps of an exemplary
embodiment of a method of manufacturing a liquid crystal
display according to the invention.

DETAILED DESCRIPTION

[0044] The invention will be described more fully here-
inafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
This invention may, however, be embodied in many different
forms, and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled in the art. Like reference numerals refer to like
elements throughout.

[0045] It will be understood that when an element or layer
is referred to as being “on”, “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numbers refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.
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[0046] Tt will be understood that, although the terms first,
second, etc. may be used herein to describe various ele-
ments, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another region, layer or section. Thus, a first
element, component, region, layer or section discussed
below could be termed a second element, component,
region, layer or section without departing from the teachings
of the invention.

[0047] Spatially relative terms, such as “beneath”,
“below”, “lower”, “above”, “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device in use or operation in addition to
the orientation depicted in the figures. For example, if the
device in the figures is turned over, elements described as
“below” or “beneath” other elements or features would then
be oriented “above” the other elements or features. Thus, the
exemplary term “below” can encompass both an orientation
of above and below. The device may be otherwise oriented
(rotated 90 degrees or at other orientations) and the spatially
relative descriptors used herein interpreted accordingly.
[0048] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the invention. As used herein, the singular
forms, “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “includes” and/or
“including”, when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0049] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this invention belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0050] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example,
of manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not
be construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated
in the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are
not intended to limit the scope of the claims set forth herein.
[0051] All methods described herein can be performed in
a suitable order unless otherwise indicated herein or other-
wise clearly contradicted by context. The use of any and all
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examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does
not pose a limitation on the scope of the invention unless
otherwise claimed. No language in the specification should
be construed as indicating any non-claimed element as
essential to the practice of the invention as used herein.
[0052] Hereinafter, exemplary embodiments according to
the invention will be described with reference to the accom-
panying drawings.

[0053] Firstly, an exemplary embodiment of a liquid crys-
tal display according to the invention will be described with
reference to FIG. 1 and FIG. 2.

[0054] FIG. 1 is a block diagram showing an exemplary
embodiment of a liquid crystal display according to the
invention, and FIG. 2 is a block diagram showing an
exemplary embodiment of a liquid crystal display according
to the invention.

[0055] Referring to FIG. 1 and FIG. 2, an exemplary
embodiment of a liquid crystal display according to the
invention includes a display panel 300 including a plurality
of pixels PX and a touch controller 700.

[0056] The display panel 300 includes a display area DA
for displaying an image and a peripheral area PA surround-
ing at least a portion of the display area DA.

[0057] In an exemplary embodiment, a plurality of gate
lines 121, a plurality of data lines 171, and a plurality of
pixels PX connected to the gate lines 121 and the data lines
171 are disposed in the display area DA.

[0058] The gate lines 121 transfer a gate signal, and extend
substantially in a row direction to be substantially parallel to
each other. Each gate line 121 may include a pad portion 129
for connection with a gate driver (not shown). When the gate
driver is provided, e.g., integrated, on the display panel 300,
the pad portion 129 of each gate line 121 may be directly
connected to the gate driver. The pad portion 129 may be
disposed in the peripheral area PA.

[0059] The data lines 171 transmit the data voltage cor-
responding to the image signal and extend substantially in a
column direction to be substantially parallel to each other.
Each data line 171 may include a pad portion 179 for
connection with a data driver (not shown). When the data
driver is integrated on the display panel 300, the pad portion
179 of the data line 171 may be directly connected to the
data driver. The pad portion 179 may be disposed, e.g.,
positioned, in the peripheral area PA.

[0060] The pixels PX are arranged substantially in a
matrix form. Each pixel PX may include a switching ele-
ment (not shown) connected to a corresponding gate line
121 and a corresponding data line 171, and a pixel electrode
(not shown) connected to the corresponding gate and data
lines 121 and 171. The switching element may be a three-
terminal element such as a thin film transistor, which may be
integrated on the display panel 300. The switching element
is turned on or turned off in response to the gate signal of the
gate line 121, thereby selectively transmitting the data signal
from the data line 171 to the pixel electrode.

[0061] Referring to FIG. 2, a first touch signal line 51 and
a second touch signal line 61 are disposed in the peripheral
area PA of the display panel 300, and a first transparent
conductive layer 55 and a second transparent conductive
layer 65 are disposed in the display area DA.

[0062] The first touch signal line 51 receives a touch input
signal from the touch controller 700 and transmits the touch
input signal to the first transparent conductive layer 55.
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[0063] The first touch signal line 51 is connected to a first
pad portion 59 for transmitting the touch input signal from
the touch controller 700, and includes a terminal 53 to
transmit the touch input signal to the first transparent con-
ductive layer 55. The first pad portion 59 may be disposed
substantially close to a first edge of the display panel 300 at
the side where the touch controller 700 is disposed. The
terminal 53 of the first touch signal line 51 may be arranged
along a direction substantially parallel to the first edge. In
one exemplary embodiment, as shown in FIG. 2, for
example, the first edge extends in the column direction.
[0064] The second touch signal line 61 receives a touch
output signal from the second transparent conductive layer
65 and transmits the touch output signal to the touch
controller 700.

[0065] The second touch signal line 61 includes a terminal
63 for receiving the touch output signal from the second
transparent conductive layer 65, and may transmit the touch
output signal to the touch controller 700 through a second
pad portion 69. The second pad portion 69 may be disposed
substantially close to the first edge of the display panel 300
at the side, where the touch controller 700 is disposed, along
with the first pad portion 59 of the first touch signal line 51.
The terminal 63 of the second touch signal line 61 may
include a terminal 63 disposed at a first side, e.g., an upper
side, of the display area DA and a terminal 63 disposed at a
second side, e.g., a lower side, opposite to the first side. The
terminal 63 disposed at to the first or second side of the
display area DA may be arranged along a direction substan-
tially perpendicular to the first edge.

[0066] The first touch signal line 51 including the terminal
53 thereof and the second touch signal line 61 including the
terminal 63 thereof may include a conductive material, e.g.,
metal, and may be disposed in a same layer and provided
together in a same process.

[0067] According to an alternative exemplary embodi-
ment of the invention, the terminal 63 of the second touch
signal line 61 may be disposed in only one side of the display
area DA.

[0068] According to another alternative exemplary
embodiment of the invention, the functions of the first touch
signal line 51 and the second touch signal line 61 may be
exchanged. In one exemplary embodiment, for example, the
second touch signal line 61 receives the touch input signal
from the touch controller 700 and transmits the touch input
signal to the second transparent conductive layer 65, and the
first touch signal line 51 receives the touch output signal
from the first transparent conductive layer 55 and transmits
the touch output signal to the touch controller 700.

[0069] In an exemplary embodiment, an insulating layer
280 is disposed on the first touch signal line 51 and the
second touch signal line 61. The insulating layer 280 may
include a first insulating layer 280a disposed in the periph-
eral area PA of the display panel 300 and a second insulating
layer 2805 disposed in the display area DA.

[0070] The first insulating layer 280a covers the first touch
signal line 51 and the second touch signal line 61 such that
the first touch signal line 51 and the second touch signal line
61 is effectively protected. The second insulating layer 2805
may include a plurality of islands.

[0071] The insulating layer 280 may expose at least a
portion of the terminal 53 of the first touch signal line 51 and
at least a portion of the terminal 63 of the second touch
signal line 61.
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[0072] The insulating layer 280 may include an inorganic
insulator such as silicon nitride (SiNx) and silicon oxide
(S8i0x), for example.

[0073] The first transparent conductive layer 55 and the
second transparent conductive layer 65 may be disposed on
the insulating layer 280.

[0074] First transparent conductive layer 55 may extend
substantially in the row direction and include a plurality of
portions disposed substantially parallel to each other. The
first transparent conductive layer 55 is electrically connected
to the terminal 53 of the first touch signal line 51, such that
the first transparent conductive layer 55 receives the touch
input signal from the touch controller 700 through the
terminal 53 and outputs the touch output signal. The touch
input signal and the touch output signal will be collectively
referred to as a touch signal.

[0075] In an exemplary embodiment, the portions of the
first transparent conductive layer 55, which are disposed in
a same line, are spaced apart from each other, as shown in
FIG. 2. Neighboring portions of the first transparent con-
ductive layer 55 may be electrically connected to each other
through a connecting member. The connecting member may
include a connecting island 57.

[0076] The connecting island 57 may overlap the second
insulating layer 2805. In an exemplary embodiment, a pair
of edges of the connecting island 57 facing each other, e.g,,
a pair of edges facing each other in the column direction,
may be covered by the second insulating layer 2805. At least
a portion of the connecting island 57 may be exposed by the
insulating layer 280. In an exemplary embodiment, each
connecting island 57 may include exposed end portions at
opposing sides thereof with reference to the second insulat-
ing layer 2805.

[0077] The connecting island 57 may be provided in the
same process as the first touch signal line 51 and the second
touch signal line 61, and the connecting island 57 may
include the same material as the first touch signal line 51 and
the second touch signal line 61.

[0078] Second transparent conductive layer 65 may
extend substantially in the column direction and include a
plurality of portions disposed substantially parallel to each
other. The second transparent conductive layer 65 is elec-
trically connected to the terminal 63 of the second touch
signal line 61, such that the second transparent conductive
layer 65 receives the touch input signal from the touch
controller 700 through the terminal 63 and outputs the touch
output signal.

[0079] In an exemplary embodiment, each of the portions
of the second transparent conductive layer 65 may be
integrally formed as a single unitary and indivisible unit, as
shown in FIG. 2.

[0080] The second insulating layer 2805 is disposed
between the first transparent conductive layer 55 and the
second transparent conductive layer 65, thereby insulating
the first transparent conductive layer 55 and the second
transparent conductive layer 65. In an exemplary embodi-
ment, as shown in FIG. 2, the second transparent conductive
layer 65 extends overlapping the second insulating layer
2804 on the connecting island 57 and in the column direc-
tion.

[0081] The first transparent conductive layer 55, the sec-
ond transparent conductive layer 65, the first pad portion 59
and the second pad portion 69, include a transparent con-
ductive material such as indium tin oxide (“ITO”) or indium
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zinc oxide (“TZ0”). In an exemplary embodiment, the first
transparent conductive layer 55, the second transparent
conductive layer 65, the first pad portion 59 and the second
pad portion 69 may include a same material and provided in
a same process.

[0082] According to an alternative exemplary embodi-
ment of the invention, the structures of the first transparent
conductive layer 55 and the second transparent conductive
layer 65 may be exchanged. In such an embodiment, the first
transparent conductive layer 55 may be integrally formed as
a single unitary and indivisible unit, and the second trans-
parent conductive layer 65 may include a plurality of
portions that are spaced apart from each other and electri-
cally connected through the connecting member.

[0083] According to another alternative exemplary
embodiment of the invention, the first transparent conduc-
tive layer 55 and the second transparent conductive layer 65
may be disposed in different layers via the second insulating
layer 2804. In such an embodiment, each of the first trans-
parent conductive layer 55 and the second transparent con-
ductive layer 65 may be integrally formed as a single unitary
and indivisible unit extending substantially in the row direc-
tion or the column direction.

[0084] According to another alternative exemplary
embodiment of the invention, the second insulating layer
280b between the first transparent conductive layer 55 and
the second transparent conductive layer 65 may include a
fluent insulating material and a spacer. In such an embodi-
ment, the second insulating layer 2805 may maintain an
interval between the first transparent conductive layer 55
and the second transparent conductive layer 65. Such a
structure may be applied to a resistive type of touch sensor.

[0085] In an exemplar embodiment of the liquid crystal
display according to the invention, the first transparent
conductive layer 55 and the second transparent conductive
layer 65 collectively form a resistive type of touch sensor or
a capacitive type of touch sensor, thereby sensing an external
contact thereon.

[0086] In an exemplary embodiment, where the touch
sensor is the capacitive type, a sensing capacitor may be
defined at portions where the first transparent conductive
layer 55 and the second transparent conductive layer 65
overlap or are substantially close to each other. The touch
sensor including the sensing capacitor receives the touch
input signal input from the touch controller 700 and then
outputs the touch output signal corresponding to the change
of the charge amount of the sensing capacitor by the contact
of the external object.

[0087] Inan alternative exemplary embodiment, where the
touch sensor is the resistive type, the fluent second insulating
layer 2805 maintains the interval between the first transpar-
ent conductive layer 55 and the second transparent conduc-
tive layer 65 in absence of contact, and the second trans-
parent conductive layer 65 physically contacts the first
transparent conductive layer 55 by the external contact. In
such an embodiment, the first transparent conductive layer
55 or the second transparent conductive layer 65, which
receives the touch input signal, outputs the touch output
signal corresponding to the voltage that is changed based on
the resistance of the contact position.

[0088] The touch controller 700 processes the touch out-
put signal output from the first transparent conductive layer
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55 or the second transparent conductive layer 65 to deter-
mine the contact existence and the contact position of the
display panel 300.

[0089] Next, a structure of an exemplary embodiment of
the liquid crystal display including the touch sensor accord-
ing to the invention will be described with reference to FIG.
3 to FIG. 5. The same or like elements shown in FIGS. 3 to
5 have been labeled with the same reference characters as
used above to describe the exemplary embodiments of the
liquid crystal display shown in FIGS. 1 and 2, and any
repetitive detailed description thereof will hereinafier be
omitted or simplified.

[0090] FIG. 3 is a top plan view of one pixel of an
exemplary embodiment of a liquid crystal display according
to the invention, FIG. 4 is a cross-sectional view taken along
line IV-IV of the liquid crystal display shown in FIG. 1 and
FIG. 3, and FIG. 5 is a cross-sectional view taken along line
V-V of the liquid crystal display shown in FIG. 1 and FIG.
3

[0091] Referring to FIG. 3 to FIG. 5, which show a
schematic deposition structure of an exemplary embodiment
of the liquid crystal display according to the invention, thin
film transistors, e.g., a first thin film transistor Qa, a second
thin film transistor Qb and a third thin film transistor Qc, are
disposed on a substrate 110 including transparent glass or
plastic. A passivation layer (not shown) may be disposed on
the thin film transistors Qa, Qb and Qc, and a color filter 230
and a light blocking member 220, e.g., first and second light
blocking members 220a and 2205, may be disposed on the
passivation layer. A pixel electrode 191 may be disposed on
the color filter 230 and the light blocking member 220. The
pixel electrode 191 is electrically connected to terminals of
the first and second thin film transistors Qa and Qb through
contact holes 185a and 1855 of the passivation layer that
exposes the terminals of the first and second thin film
transistors Qa and Qb.

[0092] In FIG. 3 and FIG. 4, for convenience of illustra-
tion, constitutions between the substrate 110 and the color
filter 230, for example, partial constitutions of the thin film
transistors Qa, Qb and Qc, are omitted.

[0093] Color filters 230 may extend along a column of the
pixel electrode 191. Each of the color filters 230 may display
one of primary colors such as three primary colors of the red,
green and blue, for example. However, it is not limited to
three primary colors such as red, green and blue. In an
alternative exemplary embodiment, each of the color filters
230 may display one of cyan, magenta, yellow and white-
based colors.

[0094] A lower alignment layer 11 is disposed on the pixel
electrode 191.
[0095] A microcavity layer 400 is disposed on the lower

alignment layer 11. In an exemplary embodiment, the micro-
cavity layer 400 has a liquid crystal injection hole A, and the
microcavity layer 400 may be provided by injecting a liquid
crystal material including liquid crystal molecules 310
through the liquid crystal injection hole A. The microcavity
layer 400 may be disposed along a column direction of the
pixel electrode 191, that is, in a vertical direction. In an
exemplary embodiment, the liquid crystal material may be
injected to the microcavity layer 400 using a capillary force.
[0096] An upper alignment layer 21 is disposed on the
microcavity layer 200, and an opposing electrode 270 and an
overcoat 250 are disposed on the upper alignment layer 21.
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[0097] The opposing electrode 270, which receives a
common voltage, generates an electric field along with the
pixel electrode 191 applied with the data voltage to deter-
mine an inclination direction of the liquid crystal molecules
310 in the microcavity layer 400 between the opposing and
pixel electrodes 270 and 191.

[0098] The overcoat 250 may include silicon nitride
(SiNx) or silicon oxide (S8i0,), for example.

[0099] The deposited portions from the substrate 110 to
the overcoat 250 will now be referred to as a display panel
unit 100.

[0100] A supporting member 260 is disposed on the dis-
play panel unit 100. The supporting member 260 may
include silicon oxycarbide (SiOC), a photoresist, or an
organic material, for example. In an exemplary embodiment,
where the supporting member 260 includes silicon oxycar-
bide (SiOC), a chemical vapor deposition method may be
used to provide the supporting member 260. In an alternative
exemplary embodiment, where the supporting member 260
includes the photoresist, a coating method may be used to
provide the supporting member 260.

[0101] In an exemplary embodiment, a groove GRYV,
formed through the microcavity layer 400, the upper align-
ment layer 21, the opposing electrode 270, the overcoat 250
and the supporting member 260, may be defined between the
neighboring pixels PX. In an alternative exemplary embodi-
ment, the groove GRV may be defined in the region where
the thin film transistors Qa, Qb and Qc are disposed.
[0102] The microcavity layer 400 is divided into a plural-
ity of portions by a plurality of grooves GRV, and the micro
activity layer 400 may be disposed along the row direction.
The portions of the microcavity layer 400 may respectively
correspond to the pixels PX. The groove GRV between the
microcavity layers 400 may be formed along the row
direction.

[0103] The liquid crystal injection hole A of the micro-
cavity layer 400 may be defined at a region corresponding to
the boundary between the groove GRV and the microcavity
layer 400.

[0104] An open portion OPN is defined between the
portions of the microcavity layer 400 neighboring each other
in the row direction and defined between the pixels PX
neighboring each other in the row direction, and the open
portion OPN may be covered by the supporting member
260.

[0105] The liquid crystal injection hole A is formed in the
direction, in which the groove GRV extends. A width of the
liquid crystal injection hole A between the supporting mem-
ber 260 and the pixel electrode 191 is relatively wide, and
a width of the liquid crystal injection hole A between the
upper alignment layer 21 and the lower alignment layer 11
is relatively narrow.

[0106] According to an alternative exemplary embodi-
ment of the invention, a plurality of grooves GRV may be
defined along the column direction.

[0107] The deposition structure of an exemplary embodi-
ment of the liquid crystal display according to the invention
is not limited to the above-described structure and may be
variously changed.

[0108] Inanexemplary embodiment, the supporting mem-
ber 260 includes a plurality of recess portions 265. The
position of the recess portion 265 corresponds to the position
of the first touch signal line 51, the second touch signal line
61 and the connecting island 57. In an exemplary embodi-

Nov. 3,2016

ment, a bottom surface of the recess portion 265 may contact
an upper surface of the overcoat 250. In an alternative
exemplary embodiment, as shown in FIG. 4, the bottom
surface of the recess portion 265 may be spaced apart from
the upper surface of the overcoat 250.

[0109] The first touch signal line 51, the second touch
signal line 61 and the connecting island 57 are disposed in
the recess portion 265 of the supporting member 260. Levels
of the upper surface of the first touch signal line 51, the
second touch signal line 61 and the connecting island 57
may be substantially the same or higher than a level of the
upper surface of the supporting member 260.

[0110] The insulating layer 280 including the first insu-
lating layer 280a and the second insulating layer 2805 is
disposed on the first touch signal line 51, the second touch
signal line 61 and the connecting island 57.

[0111] The first transparent conductive layer 55 and the
second transparent conductive layer 65 are disposed on the
supporting member 260 and the insulating layer 280.
[0112] In an exemplary embodiment, a capping layer (not
shown) may be disposed on the first transparent conductive
layer 55 and the second transparent conductive layer 65. The
capping layer may contact the upper surface and the side
surface of the supporting member 260. The capping layer
may cover the liquid crystal injection hole A of the micro-
cavity layer 400 exposed by the groove GRV.

[0113] In an exemplary embodiment, the liquid crystal
material is injected through the liquid crystal injection hole
A of the microcavity layer 200, thereby providing a liquid
crystal display without additional formation of an upper
substrate, which is typically included in a conventional
liquid crystal display. In such an embodiment, the volume of
the liquid crystal display is substantially reduced, the manu-
facturing process is substantially simplified, and the manu-
facturing cost is substantially reduced.

[0114] According to an exemplary embodiment of the
invention, the touch panel to sense the touch is not addi-
tionally formed and is not attached to the liquid crystal
display, but the first touch signal line 51 and the second
touch signal line 61, for example, are formed in the recess
portion 265 of the supporting member 260, and the first
transparent conductive layer 55 and the second transparent
conductive layer 65 which collectively define the touch
sensor are provided thereon such that the manufacturing
process of the liquid crystal display having the touch sensing
function is substantially simplified and the manufacturing
cost is thereby reduced. In such an embodiment, the volume
and the weight of the liquid crystal display are substantially
reduced.

[0115] Next, a detailed structure of one pixel of an exem-
plary embodiment of a liquid crystal display according to the
invention will be described with reference to FIG. 1 to FIG.
3.

[0116] A plurality of gate conductors including a plurality
of gate lines 121a, a plurality of step-down gate lines 1215
and a plurality of storage electrode lines 131 are disposed on
the substrate 110 including transparent glass or plastic, for
example.

[0117] The gate lines 1214 and the step-down gate lines
1215 extend substantially in a horizontal direction and
transmit gate signals. Each of the gate lines 121a includes a
first gate electrode 124a and a second gate electrode 1245,
and each of the step-down gate lines 1215 includes a third
gate electrode 124¢. The first gate electrode 124a and the
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second gate electrode 1245 are connected to each other and
collectively form a protrusion.

[0118] The storage electrode lines 131 are extended sub-
stantially in the transverse direction, and transfer a prede-
termined voltage such as a common voltage.

[0119] A gate insulating layer (not shown) is disposed on
the gate conductors.

[0120] A plurality of semiconductor stripes (not shown)
that may include amorphous silicon or crystallized silicon is
disposed on the gate insulating layer. The semiconductor
stripes extend substantially in the vertical direction, and
include first and second semiconductors 154a and 1545,
which are protruding toward the first and second gate
electrodes 1240 and 1245 and connected to each other, and
a third semiconductor 154¢ disposed on the third gate
electrode 124c.

[0121] A plurality of pairs of ohmic contacts (not shown)
is disposed on the semiconductors 154a, 1545 and 154¢. The
ohmic contacts may include silicide or of n+ hydrogenated
amorphous silicon doped with an n-type impurity at a high
concentration, for example.

[0122] A data conductor, including a plurality of data lines
171, a plurality of first drain electrodes 175a, a plurality of
second drain electrodes 1756 and a plurality of third drain
electrodes 175¢, is disposed on the ohmic contacts.

[0123] The data lines 171 transmit data signals and extend
substantially in the vertical direction, thereby intersecting
the gate line 121¢ and the step-down gate line 1215. Each
data line 171 includes a first source electrode 173a and a
second source electrode 1735, which are extending toward
the first gate electrode 1244 and the second gate electrode
124b, respectively, and connected to each other. Each data
line 171 may include a pad portion 179 having a relatively
wide width for connection with another layer or the data
driver.

[0124] The first drain electrode 175a, the second drain
electrode 1755 and the third drain electrode 175¢ include a
wide end and a bar-shaped end. The Bar-shaped ends of the
first drain electrode 175a and the second drain electrode
175b are partially enclosed by the first source electrode 1734
and the second source electrode 1736. The wide end of the
first drain electrode 175a is connected to a third source
electrode 173¢ having a U-liked shape. A wide end 177¢ of
the third drain electrode 175¢ overlaps a capacitive electrode
137, thereby forming a step-down capacitor Cstd, and the
bar-shaped end of the third drain electrode 175¢ is partially
enclosed by the third source electrode 173¢.

[0125] The first gate electrode 124a, the first source elec-
trode 1734 and the first drain electrode 175a collectively
define a first thin film transistor Qa along with the first
semiconductor 1544, the second gate electrode 1245, the
second source electrode 1735 and the second drain electrode
175b collectively define a second thin film transistor Qb
along with the second semiconductor 154, and the third
gate electrode 124¢, the third source electrode 173¢ and the
third drain electrode 175¢ collectively define a third thin film
transistor Qc along with the third semiconductor 154c.

[0126] The semiconductor stripes including the first semi-
conductor 1544, the second semiconductor 1545 and the
third semiconductor 154¢ except for the channel region
between the source electrodes 1734, 1736 and 173¢, and the
drain electrodes 175a, 1755, and 175¢ have substantially the
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same planar shape as the data conductors 171, 173a, 1735,
173¢, 175a, 1755 and 175¢ and the ohmic contacts disposed
therebelow.

[0127] Alower passivation layer (not shown) including an
inorganic insulator such as silicon nitride or silicon oxide is
disposed on the data conductors 171, 173a, 173b, 173¢,
175a, 1756 and 175¢ and the exposed first, second and third
semiconductors 154a, 1545 and 154c.

[0128] The color filter 230 and the light blocking member
220 may be disposed on the lower passivation layer. The
light blocking member 220 includes the first light blocking
member 220a extending vertically along the gate line 121a
and the step-down line 1215 and covering the region at
which the first thin film transistor Qa, the second thin film
transistor Qb and the third thin film transistor Qc are
disposed, and the second light blocking member 2205 that
extends along the data line 171.

[0129] The lower passivation layer and the light blocking
member 220 have a plurality of contact holes 1852 and 1855
exposing the first drain electrode 175a and the second drain
electrode 1755.

[0130] Inanexemplary embodiment, a pixel electrode 191
including a first sub-pixel electrode 191a and a second
sub-pixel electrode 1915 is disposed on the color filter 230
and the light blocking member 220. The first sub-pixel
electrode 191a and the second sub-pixel electrode 1915 are
divided with respect to the gate line 121a and the step-down
gate line 1215, and are disposed below and above with
respect to the gate line 121a and the step-down gate line
1215 such that The first sub-pixel electrode 191a and the
second sub-pixel electrode 1915 are adjacent to each other
in the column direction.

[0131] The first sub-pixel electrode 191a and the second
sub-pixel electrode 1915 respectively include a cross stem
including transverse stems 1934 and 1935 and longitudinal
stems 192a and 1924 crossing the transverse stems 193a and
1935. The first sub-pixel electrode 191a and the second
sub-pixel electrode 1915 further respectively include a plu-
rality of minute branches 194a and 19456 and a plurality of
protrusions 197a and 1974.

[0132] The pixel electrode 191 is divided into four sub-
regions by the transverse stems 193a and 1935 and the
longitudinal stems 192a and 192b. The minute branches
1944 and 1945 obliquely extend from the transverse stems
193a and 1935 and the longitudinal stems 192a and 1925,
and the extending direction thereof forms an angle of about
45 degrees or about 135 degrees with the gate lines 121a and
1215 or the transverse stems 193¢ and 1934. In such an
embodiment, the minute branches 194a and 1944 of two
neighboring sub-regions may be substantially perpendicular
to each other.

[0133] In an exemplary embodiment, as described above,
the lower alignment layer 11, the microcavity layer 400, the
upper alignment layer 21, the opposing electrode 270, the
overcoat 250, the supporting member 260, the first and
second touch signal lines 51 and 61, and the first and second
transparent conductive layers 55 and 65 are disposed on the
pixel electrode 191.

[0134] Next, an exemplary embodiment of a manufactur-
ing method of the liquid crystal display including the touch
sensor according to the invention will be described with
reference to FIG. 6 to FIG. 14 as well as the above-described
drawings.



US 2016/0320651 A1

[0135] FIG. 6 is a block diagram showing an intermediate
step of an exemplary embodiment of a method of manufac-
turing a liquid crystal display according to the invention,
FIG. 7, FIG. 8 and FIG. 9 are cross-sectional views taken
along line VII-VII of the liquid crystal display of FIG. 6 and
taken along line A-A' the liquid crystal display of FIG. 1,
sequentially showing intermediate steps of an exemplary
embodiment of a method of manufacturing a liquid crystal
display according to the invention, FIG. 10 is a block
diagram showing another intermediate step of an exemplary
embodiment of a method of manufacturing a liquid crystal
display according the invention, which is a step following
the step shown in FIG. 6, FIG. 11 is a cross-sectional view
taken along line XI-XI of the liquid crystal display of FIG.
10 and taken along line A-A' of the liquid crystal display of
FIG. 1 showing an intermediate step of an exemplary
embodiment of a method of manufacturing a liquid crystal
display according to the invention, FIG. 12 is a block
diagram showing another intermediate step of an exemplary
embodiment of a method of manufacturing a liquid crystal
display according to the invention, which is a step following
the step shown in FIG. 10, and FIG. 13 and FIG. 14 are
cross-sectional views taken along line XIII-XI1I of the liquid
crystal display of FIG. 12 and taken along line A-A' of the
liquid crystal display of FIG. 1, sequentially showing inter-
mediate steps of an exemplary embodiment of a method of
manufacturing a liquid crystal display according to the
invention.

[0136] Firstly, referring to FIG. 6 and FIG. 7 as well as the
above-described drawings, the thin film transistor is pro-
vided on the insulation substrate 110. The thin film transistor
may include the gate electrode, the semiconductor, the
source electrode and the drain electrode, and the gate
insulating layer 140 may be provided between the gate
electrode and the semiconductor.

[0137] The source electrode of the thin film transistor
includes the pad portion 179.

[0138] A passivation layer 180, the color filter 230 and the
light blocking member 220 are provided, e.g., formed, on the
thin film transistor. The pixel electrode 191 including the
transparent conductive material or a metal, such as ITO and
170, for example, is provided on the passivation layer 180,
the color filter 230 and the light blocking member 220.

[0139] A buffer layer (not shown) including SiOC or the
photoresist is provided on the pixel electrode 191, and an
opposing electrode 270, an overcoat 250, and a supporting
member layer 260" are sequentially provided on the buffer
layer.

[0140] The overcoat 250 may include silicon nitride
(SiNx) or silicon oxide (SiO0x).

[0141] The supporting member layer 260" may include an
organic material having photosensitivity.

[0142] The opposing electrode 270, the overcoat 250 and
the supporting member layer 260" may be provided over an
entire area of the buffer layer, and may fill the open portion
OPN. In an exemplary embodiment, the opposing electrode
270, the overcoat 250, and the supporting member layer 260’
overlapping the groove GRV may be removed such that a
path for removing the buffer layer is provided.

[0143] Next, the buffer layer is removed through the
groove GRV by an ashing treatment such that the micro-
cavity layer 400 having the liquid crystal injection hole A is
provided.
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[0144] An alignment material is injected through the
groove GRV and the liquid crystal injection hole A such that
the lower and upper alignment layers 11 and 21 are provided
on the pixel electrode 191 and the opposing electrode 270,
respectively.

[0145] Next, a liquid crystal material including liquid
crystal molecules 310 is injected to the microcavity layer
400 through the groove GRV and the liquid crystal injection
hole A using capillary force.

[0146] In an exemplary embodiment, the display panel
unit 100 may be formed by a method as described above.

[0147] Next, referring to FIG. 6 and FIG. 7, the supporting
member layer 260" is exposed and a plurality of recess
portions 265 is formed in the supporting member layer 260'.
Each recess portion 265 is formed on the position corre-
sponding to the first touch signal line 51, the second touch
signal line 61 and the connecting island 57.

[0148] Next, referring to FIG. 6 and FIG. 8, a conductive
material 50, e.g., a metal such as silver (Ag) and copper
(Cu), is filled in the recess portion 265 of the supporting
member layer 260" using Inkjet printing to form the first
touch signal line 51, the second touch signal line 61 and the
connecting island 57.

[0149] Next, referring to FIG. 9, the ashing treatment
using oxygen gas is processed on the upper portion of the
supporting member layer 260" to reduce the thickness of the
supporting member layer 260", such that the supporting
member 260 is provided. Thus, a level of the upper surface
of the first touch signal line 51, the second touch signal line
61 and the connecting island 57 disposed in the recess
portion 265 may be higher than a level of the upper surface
of the supporting member 260.

[0150] Next, referring to FIG. 10 and FIG. 11, an insulat-
ing material layer is provided by coating an inorganic
insulating material on the supporting member 260, the first
touch signal line 51, the second touch signal line 61 and the
connecting island 57, and the insulating material layer is
patterned to form an insulating layer 280 including the first
insulating layer 280a in the peripheral area PA of the display
panel 300 and the second insulating layer 2805 in the display
area DA.

[0151] The first insulating layer 280a covers substantially
an entire of the first touch signal line 51 and the second touch
signal line 61 in the peripheral area PA of the display panel
300. When patterning the insulating layer 280, the passiva-
tion layer 180 and the overcoat 250 on the pad portion 179
of the data line 171 or the pad portion 129 of the gate line
121 in the peripheral area PA may be patterned together,
thereby forming a contact hole 285 exposing the pad por-
tions 129 and 179.

[0152] The insulating layer 280 may expose at least a
portion of the terminal 53 of the first touch signal line 51, at
least a portion of the terminal 63 of the second touch signal
line 61 and at least a portion of each connecting island 57.
In an exemplary embodiment, each connecting island 57
may include exposed end portions disposed opposite to each
other with respect to the second insulating layer 2805.

[0153] Next, referring to FIG. 12 and FIG. 13, a transpar-
ent conductive material, such as ITO and IZ0, is deposited
on the insulating layer 280 and the connecting island 57, and
patterned to form a plurality of first transparent conductive
layers 55, a plurality of second transparent conductive layers
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65 and a plurality of contact assistants 79 on the first pad
portion 59, the second pad portion 69 and the pad portions
129 and 179.

[0154] A plurality of portions of the first transparent
conductive layers 55 respectively contact a neighboring
connecting island 57 to be electrically connected to the
neighboring connecting island 57. The second transparent
conductive layer 65 is provided on the second insulating
layer 2804 at a portion crossing the first transparent con-
ductive layer 55 to be insulated from the first transparent
conductive layer 55.

[0155] The contact assistant 79 is connected to the pad
portion 129 of the gate line 121 or the pad portion 179 of the
data line 171 through the contact hole 285.

[0156] Next, referring to FIG. 14, a capping layer 290 may
be provided on the insulating layer 280, the first transparent
conductive layer 55 and the second transparent conductive
layer 65.

[0157] As described above, in an exemplary embodiment
of the manufacturing method of the liquid crystal display
according to the invention, the manufacturing process is
substantially simplified and the cost is substantially reduced.
In such an embodiment, the volume and the weight of the
liquid crystal display are substantially reduced.

[0158] Next, an exemplary embodiment of a manufactur-
ing method of the liquid crystal display including the touch
sensor according to the invention will be described with
reference to FIG. 15 to FIG. 18. The same or like elements
shown in FIGS. 15 to 18 have been labeled with the same
reference characters as used above to describe the exemplary
embodiments of the liquid crystal display shown in FIGS. 6
to 14, and any repetitive detailed description thereof will
hereinafter be omitted or simplified.

[0159] FIG. 15, FIG. 16, FIG. 17 and FIG. 18 are cross-
sectional views showing intermediate steps of an exemplary
embodiment of a method of manufacturing a liquid crystal
display according to the invention.

[0160] The manufacturing method of the liquid crystal
display of FIGS. 15 to 18 is substantially the same as the
manufacturing method of the liquid crystal display shown in
FIGS. 6 to 14 except for the manufacturing method of the
pad portion 179 of the data line 171 or the pad portion 129
of the gate line 121. The same or like elements shown in
FIGS. 15 to 18 have been labeled with the same reference
characters as used above to describe the exemplary embodi-
ments of the liquid crystal display shown in FIGS. 6 to 14,
and any repetitive detailed description thereof will herein-
after be omitted or simplified.

[0161] Firstly, referring to FIG. 15 along with FIG. 9,
when a passivation layer 180 is provided on the thin film
transistor on the substrate 110 and the passivation layer 180
is patterned, the contact hole 185 exposing the pad portion
179 of the data line 171 or the pad portion 129 of the gate
line 121 may also be provided.

[0162] Next, when providing the pixel electrode 191 on
the passivation layer 180, the contact assistant 79 contacting
the pad portion 179 of the data line 171 or the pad portion
129 of the gate line 121 through the contact hole 185 may
be provided using a same material as the formation material
of the pixel electrode 191, for example, the transparent
conductive material such as 12O and ITO.
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[0163] In an exemplary embodiment, the several layers
such as the microcavity layer 400 and the overcoat 250 are
provided on the pixel electrode 191 to form the display panel
unit 100.

[0164] Next, referring to FIG. 16, the insulating layer 280
including the first insulating layer 280a and the second
insulating layer 2806 is provided on the supporting member
260, the first touch signal line 51, the second touch signal
line 61 and the connecting island 57. In such an embodi-
ment, the first insulating layer 280q in the peripheral area PA
of the display panel 300 may be provided to cover the
contact assistants 79.

[0165] Next, referring to FIG. 17, a plurality of first
transparent conductive layers 55, second transparent con-
ductive layers 65, first pad portions 59 and second pad
portions 69 are provided on the insulating layer 280 and the
connecting island 57.

[0166] Next, referring to FIG. 18, the capping layer 290 is
provided on the insulating layer 280, the first transparent
conductive layer 55 and the second transparent conductive
layer 65. In such an embodiment, the overcoat 250, the first
insulating layer 2804 and the capping layer 290 covering the
contact assistants 79 contacting the pad portion 179 of the
data line 171 or the pad portion 129 of the gate line 121 are
removed to expose the contact assistants 79.

[0167] As described, the contact assistants 79 provided
along with the pixel electrode 191 of the transparent con-
ductive material such as ITO and IZO is exposed after
providing the first transparent conductive layer 55 and the
second transparent conductive layer 65 such that lifting of or
damage to the contact assistant 79 is effectively prevented.
[0168] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention
is not limited to the disclosed embodiments, but, on the
contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What is claimed is:
1. A method of manufacturing a liquid crystal display, the
method comprising:

providing a thin film transistor on a substrate;

providing a pixel electrode connected to the thin film
transistor;

providing a microcavity layer comprising a liquid crystal
material on the pixel electrode;

providing a supporting member layer on the microcavity
layer;

patterning the supporting member layer to form a plurality
of recess portions therein; and

providing a plurality of touch signal lines for transmitting
a touch signal, in the plurality of recess portions of the
supporting member layer.

2. The method of claim 1, further comprising:

providing an insulating layer on the plurality of touch
signal lines.

3. The method of claim 2, wherein

the providing the insulating layer comprises providing a
first insulating layer,

wherein the first insulating layer covers the plurality of
touch signal lines and exposes at least a portion of a
terminal of the plurality of touch signal lines.
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4. The method of claim 3, further comprising:

providing a plurality of transparent conductive layers
connected to the plurality of touch signal lines.

5. The method of claim 4, further comprising:

providing a plurality of connecting islands in the plurality
of recess portions,

wherein

the providing the insulating layer comprises providing a
second insulating layer on the connecting islands, and

the providing the plurality of transparent conductive lay-
ers comprises providing a first transparent conductive
layer comprising a plurality of portions connected to
each other through the plurality of connecting islands.

6. The method of claim 5, wherein

the providing the plurality of transparent conductive lay-
ers further comprises providing a second transparent
conductive layer,

wherein

the first transparent conductive layer and the second
transparent conductive layer collectively define a touch
sensor, and

the second transparent conductive layer is insulated from
the plurality of connecting islands through the second
insulating layer.

7. The method of claim 6, further comprising:

providing a signal line connected to the thin film transistor
on the substrate, wherein the signal line comprises a
pad portion,

wherein the providing the first insulating layer further
comprises forming a contact hole which exposes the
pad portion by patterning the first insulating layer.

8. The method of claim 7, wherein

the providing the plurality of transparent conductive lay-
ers further comprises providing a contact assistant
connected to the pad portion through the contact hole.
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9. The method of claim 6, further comprising:

providing a signal line connected to the thin film transistor
on the substrate, wherein the signal line comprises a
pad portion, and

the providing the pixel electrode comprises providing a
contact assistant connected to the pad portion.

10. The method of claim 9, further comprising:

providing a capping layer on the plurality of transparent
conductive layers,

wherein the providing the capping layer comprises expos-
ing the contact assistant.
11. The method of claim 2, further comprising:
providing a plurality of transparent conductive layers
connected to the plurality of touch signal lines; and
providing a plurality of connecting islands in the plurality
of recess portions, and

wherein

the providing the insulating layer comprises providing a
second insulating layer on the connecting islands, and

the providing the plurality of transparent conductive lay-
ers comprises providing a first transparent conductive
layer comprising a plurality of portions connected to
each other through the plurality of connecting islands.

12. The method of claim 11, wherein

the providing the plurality of transparent conductive lay-
ers further comprises providing a second transparent
conductive layer, wherein the second transparent con-
ductive layer and the first transparent conductive layer
collectively define a touch sensor, and

the second transparent conductive layer is insulated from
the plurality of connecting islands via the second
insulating layer.

13. The method of claim 1, further comprising:

ashing the supporting member layer.

* ok % % ¥
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