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(57) ABSTRACT

A liquid crystal display device includes a display area, a
peripheral area, and a boundary area between the display
area and the peripheral area and further includes: a first
substrate; a switching element disposed on the first substrate
in the display area; a pad disposed on the first substrate in the
peripheral area and electrically connected with the switching
element; a protective film disposed on the first substrate in
the display area, the peripheral area, and the boundary area,
and covering the switching element and the pad; a color filter
disposed on the protective film in the display area; and a
planarization film covering the color filter and contacting the
protective film in the boundary area and the peripheral area.
The planarization film is provided with a first opening
overlapping the pad and at least one second opening formed
in the boundary area.

19 Claims, 25 Drawing Sheets
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1
LIQUID CRYSTAL DISPLAY DEVICE

This application claims priority from Korean Patent
Application No. 10-2016-0148747 filed on Nov. 9, 2016 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND
1. Field of the Invention

The present disclosure relates to a liquid crystal display
device, more particularly, a liquid crystal display device
including an alignment liquid control groove.

2. Description of the Related Art

Generally, a liquid crystal display device includes two
substrates facing each other and a liquid crystal material
injected between the two substrates. A voltage is applied to
the injected liquid crystal material to change the molecular
arrangement of the liquid crystal material, thereby display-
ing an image. In such a liquid crystal display device, it is
difficult to obtain a uniform molecular arrangement by
merely injecting the liquid crystal material between the two
substrates. Therefore, an alignment film is provided to align
the molecular arrangement of the injected liquid crystal
material in a predetermined direction.

The alignment film may be formed by applying a liquid
solution that contains an alignment film forming material
(hereinafter referred to as an alignment liquid) to a display
area. In the process of applying the alignment liquid to the
display area of the substrate, the alignment liquid may
spread to an area other than the display area.

SUMMARY

Aspects of the present disclosure provide a liquid crystal
display device that can control the spreadability of an
alignment liquid.

However, aspects of the present disclosure are not
restricted to the one set forth herein. The above and other
aspects of the present disclosure will become more apparent
to one of ordinary skill in the art to which the present
disclosure pertains by referencing the detailed description of
the present disclosure given below.

In accordance with one embodiment, a liquid crystal
display device includes a display area, a peripheral area, and
a boundary area between the display area and the peripheral
area, and further includes: a first substrate; a switching
element disposed on the first substrate in the display area; a
pad disposed on the first substrate in the peripheral area and
electrically connected with the switching element; a protec-
tive film disposed on the first substrate in the display area,
the peripheral area, and the boundary area, and covering the
switching element and the pad; a color filter disposed on the
protective film in the display area; and a planarization film
covering the color filter and contacting the protective film in
the boundary area and the peripheral area, wherein the
planarization film is provided with a first opening overlap-
ping the pad and at least one second opening formed in the
boundary area.

The liquid crystal display device may further include: an
alignment film disposed on the planarization film without
overlapping the pad, and the alignment film may overlap the
second opening.
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The second opening may continuously extend along one
direction.

The liquid crystal display device of claim may further
include: a gate line extending along a first direction on the
first substrate and connected with the switching element and
the pad, wherein the second opening may extend along a
second direction intersecting the first direction.

The liquid crystal display device may further include: a
spacer disposed on the planarization film in the display area;
and a protrusion disposed on the planarization film in a
region between the first opening and the second opening.

The spacer and the protrusion may be made of the same
material.

A height of the spacer measured from one side of the first
substrate may be higher than a height of the protrusion
measured from one side of the first substrate.

A height of the spacer measured from one side of the
planarization film may be substantially the same as a height
of the protrusion measured from one side of the planariza-
tion film.

A height of the spacer measured from one side of the
planarization film may be higher than a height of the
protrusion measured from one side of the planarization film.

The switching element may include: a gate electrode
disposed on the first substrate; a gate insulating film dis-
posed on the gate electrode; a semiconductor pattern dis-
posed on the gate insulating film; and a source electrode and
drain electrode electrically connected with the semiconduc-
tor pattern, wherein the gate electrode and the pad may be
made of the same material.

The liquid crystal display device may further include: a
connection electrode disposed on the planarization film in
the peripheral area, and connected with the pad through the
first opening.

The liquid crystal display device may further comprise: a
pixel electrode disposed on the planarization film, located in
the display area, and electrically connected with the switch-
ing element, wherein the pixel electrode and the connection
electrode may be made of the same material.

In accordance with another embodiment, a liquid crystal
display device includes a display area, a peripheral area, and
a boundary area between the display area and the peripheral
area, and further includes: a first substrate; a protective film
disposed on the first substrate in the display area, the
peripheral area, and the boundary area; a color filter dis-
posed on the protective film in the display area; and a
planarization film covering the color filter in the display
area, contacting the protective film in the boundary area and
the peripheral area, and having one or more openings that
expose at least a part of the protective film in the boundary
area.

The one or more openings may be arranged in parallel in
one direction at opposing sides of the display area.

The one or more openings may be arranged in a bar shape
or a stitch pattern along one direction.

The one or more openings may surround an outer periph-
ery of the display area.

The liquid crystal display device may further include: one
or more spacers disposed on the planarization film in the
display area; and one or more protrusions disposed on the
planarization film in the boundary area in a region between
the peripheral area and the one or more openings.

The one or more openings may continuously extend along
one direction, and the one or more protrusions continuously
extend along an outer periphery of the one or more openings.
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The one or more openings and the one or more protrusions
may be arranged in a zigzag fashion to be shifted along one
direction.

The one or more openings may surround an outer periph-
ery of the display area, and the one or more protrusions may
surround an outer periphery of the one or more openings.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects and features of the present
disclosure will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
attached drawings, in which:

FIG. 1 is a plan view of a liquid crystal display device
according to an embodiment of the present disclosure;

FIG. 2 is a partially enlarged view of a structure of one
pixel in the liquid crystal display device according to an
embodiment of the present disclosure;

FIG. 3 is a sectional view of the liquid crystal display
device shown in FIG. 2 taken along the lines I-I', II-II', and
TI-11T

FIG. 4 is an enlarged view of the portion A of FIG. 3;

FIG. 5 is an enlarged view of the portion B of FIG. 3;

FIGS. 6 to 17 are sectional views showing a method of
manufacturing the liquid crystal display device shown in
FIGS. 1 to 5 in a stepwise manner;

FIG. 18 is a sectional view of a liquid crystal display
device according to another embodiment of the present
disclosure;

FIG. 19 is a sectional view of a liquid crystal display
device according to still another embodiment of the present
disclosure;

FIG. 20 is a sectional view of a liquid crystal display
device according to still another embodiment of the present
disclosure; and

FIGS. 21 to 25 are plan views showing various arrange-
ment relationships of the alignment liquid control grooves
and protrusions in liquid crystal display devices according to
other embodiments of the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Advantages and features of the present disclosure and
methods of accomplishing the same may be understood
more readily by reference to the following detailed descrip-
tion of various embodiments and the accompanying draw-
ings. The present disclosure may, however, be embodied in
many different forms and should not be construed as being
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete and will fully convey the inventive
concept of the present disclosure to those skilled in the art.

It will also be understood that when a layer is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or one or more intervening
layers may also be present. The same reference numbers
may indicate the same components throughout the specifi-
cation.

It will be understood that, although the terms first, second,
third etc. may be used herein to describe various elements,
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 distin-
guish one element, component, region, layer, or section from
another element, component, region, layer, or section. Thus,
a first element, component, region, layer, or section dis-
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cussed below could be termed a second element, component,
region, layer, or section without departing from the teach-
ings of the present disclosure.

Hereinafter, embodiments of the present disclosure will
be described with reference to the attached drawings.

FIG. 1 is a plan view of a liquid crystal display device
according to an embodiment of the present disclosure, FIG.
2 is a partially enlarged view of a structure of one pixel in
the liquid crystal display device according to an embodiment
of the present disclosure. and FIG. 3 is a sectional view of
the liquid crystal display device shown in FIG. 2 taken along
the lines I-I', II-II', and III-III".

FIG. 4 is an enlarged view of the portion A of FIG. 3, and
FIG. 5 is an enlarged view of the portion B of FIG. 3.

Referring to FIGS. 1 to 5, a liquid crystal display 1000
includes a display area DA, a peripheral area NA, and a
boundary area BA between the display area DA and the
peripheral area NA.

The display area DA is located at the center of the liquid
crystal display 1000, and displays an image. The display
area DA may have a rectangular shape, but the present
disclosure is not limited thereto. For example, the display
area DA may have a circular shape, or may have a closed
curve shape with a curved rim, such as a display for a
vehicle.

A plurality of pixels PX are arranged in the display area
DA. In one embodiment, the pixels PX are arranged in the
display area DA in a matrix shape. Fach of the pixels PX
includes a color filter 150, a pixel electrode 171, and a thin
film transistor Tr.

The peripheral area NA is disposed around the display
area DA. The peripheral area NA may be disposed to
surround the display area DA.

A gate pad GP and a second contact hole CH2 exposing
a part of the gate pad GP are disposed in the peripheral area
NA. The gate pad GP may be connected to a connection
electrode 173 through the second contact hole CH2.

The boundary area BA is disposed between the display
area DA and the peripheral area NA.

An alignment liquid control groove 162 is disposed in the
boundary area BA. The alignment liquid control groove 162
is located closer to the display area DA than the second
contact hole CH2. The second contact hole CH2 and the
alignment liquid control groove 162 may be formed in a first
planarization film 160. That is, the alignment liquid control
groove 162 may be openings disposed in the first planariza-
tion film 160. The alignment liquid control groove 162 can
prevent an alignment liquid from spreading toward the
peripheral area NA at the time of applying the alignment
liquid for forming a first alignment film 190. As shown in
FIG. 1, the alignment liquid control groove 162 may be
located adjacent to one edge of the display area DA, more
specifically, between the gate pad GP and the display area
DA. In some embodiments, another alignment liquid control
groove 164 may be disposed in the boundary area BA in an
opposite side of the display area DA from the alignment
liquid control groove 162. A detailed description of the
alignment liquid control grooves 162 and 164 will be
described later.

Hereinafter, a sectional structure of the liquid crystal
display 1000 will be described in detail. As shown in FIG.
3, the liquid crystal display 1000 includes a first display
panel 100, a second display panel 200 facing the first display
panel 100, and a liquid crystal layer 300 interposed between
the first display panel 100 and the second display panel 200.
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Hereinafter, the first display panel 100 will be described.

The first display panel 100 includes a first substrate 110.
The first substrate 110 may be a transparent insulating
substrate. For example, the first substrate 110 may be a glass
substrate, a quartz substrate, a transparent resin substrate, or
the like.

A gate line GL extending in the first direction D1 and a
gate electrode GE protruding from the gate line GL are
formed on the first substrate 110 in the display area DA. The
gate line GL. may extend to the boundary area BA and the
peripheral area NA, and a gate pad GP may be formed in the
peripheral area NA.

The gate line GL, the gate electrode GF, and gate pad GP
may contain an aluminum-based metal such as aluminum or
an aluminum alloy, a silver-based metal such as silver or a
silver alloy, a copper-based metal such as copper or a copper
alloy, a molybdenum-based metal such as molybdenum or a
molybdenum alloy, chromium, tantalum, or titanium.

A gate insulating film 130 is disposed on the first substrate
110, the gate line GL, and the gate electrode GE. The gate
insulating film 130 may extend to the boundary area BA and
the peripheral area NA.

A first opening 133 may be formed in the gate insulating
film 130 to expose at least a part of the gate pad GP in the
peripheral area NA.

The gate insulating film 130 may be made of an inorganic
insulating material. For example, the gate insulating film
130 may be made of silicon oxide, silicon nitride, silicon
oxynitride, or the like.

A semiconductor layer SM and an ohmic contact layer
(not shown) are disposed on the gate insulating film 130 in
the display area DA. The semiconductor layer SM may at
least partially overlap the gate electrode GE. The semicon-
ductor layer SM may contain amorphous silicon, polycrys-
talline silicon, or an oxide semiconductor. When the semi-
conductor layer SM is made of an oxide semiconductor, the
ohmic contact layer may be omitted.

A data line DL extending in a second direction D2
intersecting the first direction D1 is disposed on the gate
insulating film 130 and semiconductor layer SM. The data
line DL, may extend to the boundary area BA and the
peripheral area NA. The gate line GL and the data line DL
intersect with each other to define a pixel area that is
surrounded by the gate line GL and the data line DL, and a
pixel PX may be disposed in the pixel area.

A source electrode SE that is branched from the data line
DL and a drain electrode DE that is spaced apart from the
source electrode SE are disposed on the semiconductor layer
SM in the display area DA. The source electrode SE and the
drain electrode DE may at least partially overlap the gate
electrode GE. The source electrode SE and the drain elec-
trode DE may be connected with the semiconductor layer
SM.

The data line DL may be made of aluminum, copper,
silver, molybdenum, chromium, titanium, tantalum, or an
alloy thereof.

The gate electrode GE, the source electrode SE, and the
drain electrode DE may form a switching element together
with the semiconductor layer SM. The switching element,
herein also denoted as a thin film transistor Tr, may be
disposed in the display area DA.

A protective film 140 is disposed on the gate insulating
film 130, the data line DL, and the thin film transistor Tr in
the display area DA. The protective film 140 may extend to
the boundary area BA and the peripheral area NA.

A second opening 141 may be formed in the protective
film 140 to expose at least a part of the drain electrode DE
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in the display area DA. A third opening 143 may be formed
in the protective film 140 to overlap the first opening 133
and expose the part of the gate pad GP that is exposed
through the first opening 133.

The protective film 140 may include an inorganic insu-
lating material such as silicon oxide, silicon nitride, or
silicon oxynitride. The protection layer 140 can protect the
thin film transistor Tr, and can prevent a material contained
in a color filter 150 from spreading into the semiconductor
layer SM.

A color filter 150 may be disposed on the protective film
140 of the display area DA.

The color filter 150 may be any one of a red color filter,
a green color filter, and a blue color filter. The color filter 150
may be disposed to overlap a pixel electrode 171. The color
filter 150 may contain a photosensitive organic material
containing a color pigment. The color filter 150 may be
disposed only in the display area DA, and may not extend to
the peripheral area NA and the boundary area BA.

A fourth opening 151 may be formed in the color filter
150 to overlap the second opening 141 and expose the part
of the drain electrode DE that is exposed through the second
opening 141.

A first planarization film 160 is disposed on the color filter
150 of the display area DA.

The first planarization film 160 may alleviate the step
formed by the thin film transistor Tr or the color filter 150.
The first planarization film 160 may extend to the boundary
area BA and the peripheral area NA.

In the display area DA, the first planarization film 160
may be in direct contact with the color filter 150, and, in the
peripheral area NA and the boundary area BA, the first
planarization film 160 may be in direct contact with the
protective film 140. In other words, in the peripheral area
NA and the boundary area BA, the first planarization film
160 may be disposed directly on the protective film 140.

In some embodiments, the first planarization film 160
may be made of an organic material having photosensitivity.

A fifth opening 161 may be formed in the first planariza-
tion film 160 to overlap the second opening 141 and the
fourth opening 151 in the display area DA. The second
opening 141, the fourth opening 151, and the fifth opening
161 may form a first contact hole CH1 that exposes at least
a part of the drain electrode DE. The first contact hole CH1
serves as a passage through which a pixel electrode 171 is
electrically connected with the drain electrode DE.

An alignment liquid control groove 162 may be formed in
the first planarization film 160 to expose at least a part of the
protection layer 140 in the boundary area BA. In some
embodiments, the alignment liquid control groove 162 may
be a trench that penetrates the first planarization film 160 in
the boundary area BA to expose the part of the protective
film 140.

From the plan view as shown in FIG. 2, the alignment
liquid control groove 162 may be formed in a stripe shape
extending in the second direction D2 along the outer periph-
ery of the display area DA and intersecting the gate line GL.

The alignment liquid control groove 162 may be disposed
at the left and right sides of the boundary area BA that is
disposed around the outer periphery of the display area DA.
The alignment liquid control groove 162 may have various
shapes such as a stick shape and a stitch pattern. However,
the present disclosure is not limited thereto. The alignment
liquid control groove 162 serves to prevent an alignment
liquid 190a from spreading from the boundary area BA
toward the peripheral area NA.
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The arrangement of the alignment liquid control groove
162 will be described later in detail.

A sixth opening 163 may be formed in the first planariza-
tion film 160 to overlap the first opening 133 and the third
opening 143 in the peripheral area NA. The first opening
133, the third opening 143, and the sixth opening 163 may
form a second contact hole CH2 that exposes at least a part
of the gate pad GP. The second contact hole CH2 serves as
a passage through which a connection electrode 173 is
electrically connected with the gate pad GP.

A pixel electrode 171 for each pixel PX may be disposed
on the first planarization film 160 in the display area DA.
The pixel electrode 171 may be connected with the drain
electrode DE through the first contact hole CH1. The pixel
electrode PE may be made of a transparent conductive
material. For example, the pixel electrode PE may be made
of Indium Tin Oxide (ITO) or Indium Zinc Oxide (IZO).

A connection electrode 173 may be disposed on the first
planarization film 160 in the peripheral area NA. The
connection electrode 173 serves to electrically connect a
driving circuit (for example, a gate driving unit) and the gate
pad GP through the second contact hole CH2. The connec-
tion electrode 173 may be made of a transparent conductive
material. For example, the connection electrode 173 may be
made of ITO or IZO. In some embodiments, the pixel
electrode 171 and the connection electrode 173 may be
made of the same material, and may be formed simultane-
ously in the same process.

A spacer 181 may be disposed on the first planarization
film 160 in the display area DA. The spacer 181 may
protrude toward the second display panel 200, and serves to
maintain a cell gap between the first display panel 100 and
the second display panel 200 by making contact with the
second display panel 200. The spacer 181 may be made of
an organic insulating material having photosensitivity.

The spacer 181 may be disposed to overlap at least a
portion of the thin film transistor Tr. Resultantly, the size of
a light-blocking pattern 280 formed in the second display
panel 200 can be relatively reduced, and the aperture ratio of
the liquid crystal display device 1000 can be improved. The
spacer 181 may be a column spacer.

A first alignment film 190 may be disposed on the first
planarization film 160 to cover the pixel electrode 171 and
the spacer 181. The first alignment film 190 may be disposed
not only in the display area DA but also in the boundary area
BA, and a part of the first alignment film 190 may be
disposed in the alignment liquid control groove 162.

Specifically, an alignment liquid 190a spreading to the
outside of the display area DA in the process of forming the
first alignment film 190 may be collected within the align-
ment liquid control groove 162 preventing the alignment
liquid 190¢ from spreading toward the peripheral area NA.
Accordingly, the first alignment film 190 may be terminated
by the alignment liquid control groove 162 without reaching
to the peripheral are NA. Therefore, the gate pad GP, the
second contact hole CH2, or the connection electrode 173
may not overlap the first alignment film 190 preventing the
first alignment film 190 from extending to the connection
electrode 173 or the peripheral driving circuit (for example,
a gate driving unit).

In addition, the first alignment film 190 serves to align the
liquid crystal layer 300 by determining the alignment of
liquid crystal molecules in the liquid crystal layer 300. The
first alignment film 190 may be made of polyimide,
polyamic acid, polyamide, polyester, polyethylene, polyure-
thane, polystyrene, or the like.

Next, the second display panel 200 will be described.
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The second display panel includes a second substrate 210.
The second substrate 210 may be a transparent insulating
substrate. For example, the second substrate 210 may be a
glass substrate, a quartz substrate, a transparent resin sub-
strate, or the like. One side of the second substrate 210 may
face the first display panel 100.

A light-blocking pattern 280 may be disposed on one side
of the second substrate 210 in the display area DA. The
light-blocking pattern 280 may be disposed at a position
facing the first opening CH1 of the first display panel 100.
Here, the light-blocking pattern 280 can prevent light leak-
age through the first opening CHI. The light-blocking
pattern 280 may be made of a black organic polymer
material containing a black dye or pigment. The light-
blocking pattern 280 may contain a photosensitive material.
The light-blocking pattern 280 may also be disposed in the
boundary areca BA and the peripheral area NA.

A second planarization film 260 may be disposed on the
light-blocking pattern 280 in the display area DA. The
second planarization film 260 may also be disposed in the
boundary areca BA and the peripheral area NA.

A common electrode 270 may be disposed on the second
planarization film 260 in the display area DA. The common
electrode 270 may be made of a transparent conductive
material such as ITO or IZO. The common electrode 270
may also be disposed in the boundary area BA and the
peripheral area NA. However, the disposition of the com-
mon electrode 270 in the liquid crystal display device 1000
according to the present disclosure is not limited thereto.

A second alignment film 290 may be disposed on the
common electrode 270 in the display area DA. The second
alignment film 290 may be disposed over the entire bound-
ary area BA and/or the entire peripheral area NA.

The first display panel 100 and the second display panel
200 are disposed to face each other. A liquid crystal layer
300 may be interposed between the first display panel 100
and the second display panel 200 in the display area DA.

Meanwhile, although not shown in the peripheral area NA
of the liquid crystal display 1000, a sealing member (not
shown) made of a sealant or the like is formed along the
periphery of the display area DA to surround the display area
DA. Accordingly, the first display panel 100 and the second
display panel 200 are attached to each other by the sealing
member (not shown), and a predetermined space may be
defined therebetween. Since the liquid crystal layer 300 is
provided in the above-defined space, it is possible to prevent
liquid crystal molecules from being discharged to the out-
side.

Next, a method of manufacturing a liquid crystal display
device according to an embodiment of the present disclosure
will be described.

FIGS. 6 to 17 are sectional views showing a method of
manufacturing the liquid crystal display device shown in
FIGS. 1 to 5 in a stepwise manner.

First, referring to FIGS. 2 and 6, a gate line GL extending
in the first direction D1 and a gate electrode GE protruding
from the gate line GL are formed on the first substrate 110
in the display area DA. The gate line GL extends to the
boundary area BA and the peripheral area NA, and a gate
pad GP is formed in the peripheral region NA.

Referring to FIG. 7, a gate insulating film 130 is formed
on the first substrate 110 covering the gate line GL, the gate
electrodes GE, and gate pads GP. The gate insulating film
130 may cover the entire display area DA, the boundary area
BA, and the peripheral area NA.

Subsequently, a data line DL extending in the second
direction D2, a source electrode SE, a drain electrode DE,
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and a semiconductor layer SM are formed on the gate
insulating film 130. The data line DL may extend to the
boundary area BA and the peripheral area NA.

Referring to FIG. 8, a protective film 140 is formed on the
gate insulating film 130 covering the data line DL, the
source electrode SE, and the drain electrode DE. The pro-
tective film 140 may cover the entire display area DA, the
boundary area BA, and the peripheral area NA.

Referring to FIG. 9, a color filter 150 including a fourth
opening 151 is formed on the protective film 140 in the
display area DA. The fourth opening 151 exposes at least a
part of the protective film 140 where the drain electrode DE
overlaps in the display area DA. The color filter 150 may be
formed of a photosensitive organic material containing a
color pigment by exposing and developing the photosensi-
tive organic material.

Referring to FIG. 10, a first planarization film 160 is
formed on the protective film 140 covering the color filter
150. The first planarization film 160 includes a fifth opening
161 that exposes at least a part of the protective film 140
corresponding to the fourth opening 151 in the display area
DA. The first planarization film 160 further includes an
alignment liquid control groove 162 that exposes at least a
part of the protective film 140 in the boundary area BA, and
a sixth opening 163 that exposes at least a part of the
protective film 140 disposed on the gate pad GP in the
peripheral area NA. The first planarization film 160 may
cover the display area DA, the boundary area BA, and the
peripheral area NA except the fifth opening 161, the align-
ment liquid control groove 162, and the sixth opening 163.
The first planarization film 160 may be formed of a photo-
sensitive organic material by exposing and developing the
photosensitive organic material. The fifth opening portion
161, the alignment liquid control groove 162, and the sixth
opening 163 of the first planarization film 160 may be
formed simultaneously in one process.

Next, referring to FIG. 11, a resist pattern PR is formed on
the first planarization film 160 in the display area DA, the
boundary area BA, and the peripheral area NA. The resist
pattern PR selectively exposes regions in which a second
opening 141 is formed in the display area DA and a first
opening 133 and a third opening 143 are formed in the
peripheral area NA.

Referring to FIG. 12, the second opening 141 is formed in
the display area DA, and the first opening 133 and the third
opening 143 are formed in the peripheral area NA by using
the resist pattern PR as a mask.

Referring to FIG. 13, the resist pattern PR is removed.

The second opening 141 in the display area DA overlaps
the fourth opening 151 and the fifth opening 161 to form a
first contact hole CHI1. Further, the first opening 133 and
third opening 143 in the peripheral area NA overlaps the
sixth opening 163 to form a second contact hole CH2.

Referring to FIG. 14, a pixel electrode 171 and a con-
nection electrode 173 are formed on the first planarization
film 160. For example, a transparent conductive material is
deposited on the first planarization film 160 in the display
area DA, the boundary area BA, and the peripheral area NA,
and then the transparent conductive material is patterned.
Subsequently, through an etching process, the pixel elec-
trode 171 is formed in the display area DA, and the
connection electrode 173 is formed in the peripheral area
NA.

The pixel electrode 171 may be formed to overlap the
color filter 150 disposed in the display region DA, and may
be connected to the drain electrode DE through the first
contact hole CH1. The connection electrode 173 may be
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formed to overlap the gate pad GP disposed in the peripheral
region NA, and may be connected to the gate pad GP
through the second contact hole CH2.

Referring to FIG. 15, a spacer 181 is formed in the display
area DA. For example, the spacer 181 may be formed by
applying a spacer forming material on the first planarization
film 160 and then exposing and developing the spacer
forming material.

Referring to FIG. 16, subsequently, an alignment liquid
1904 is applied. The alignment liquid 190a may be applied
by inkjet printing, nozzle printing, or the like.

Referring to FIG. 17, the alignment liquid 190« is applied
onto the entire display area DA. The alignment liquid 190a
may spread to the boundary area BA and stop within the
alignment liquid control groove 162 in the boundary area
BA. Resultantly, the alignment liquid 190a may be applied
to the inside of the alignment liquid control groove 162 in
the boundary area BA. Then, the alignment liquid 190« is
dried to form a form a first alignment film 190.

Then, a second display panel 200 is formed.

Specifically, a light-blocking pattern 280 is formed on a
second substrate 210. The light-blocking pattern 280 is
patterned at a position facing the first contact hole CH1 that
is formed on the first substrate 110 in the display area DA.
Further, the light-blocking pattern 280 is patterned to cover
the boundary area BA and the peripheral area NA.

Then, a second planarization film 260 is formed on the
second substrate 210 covering the light-blocking pattern
280. The second planarization film 260 is formed to cover
the display area DA, the boundary area BA, and the periph-
eral area NA.

Then, a common electrode 270 is formed on the second
planarization film 260. The common electrode 270 1s formed
to cover the display area DA, the boundary area BA, and the
peripheral area NA.

Then, a second alignment film 290 is formed on the
common electrode 270. The second alignment film 290 is
formed to cover the boundary area BA and the inner side of
a sealing member (not shown) in the peripheral area NA.

Thereafter, the sealing member (not shown) is formed in
the peripheral area NA of the first substrate 110, a liquid
crystal layer 300 is formed between the first display panel
100 and the second display panel 200, and the first display
panel 100 and the second display panel 200 are attached to
each other using the sealing member to manufacture the
liquid crystal display device 1000 as shown in FIG. 3. Since
various manufacturing processes and methods to form the
liquid crystal display device 1000 are well known in the art,
a detailed description thereof will be omitted.

Hereinafter, a liquid crystal display device according to
another embodiment of the present disclosure will be
described.

FIGS. 18 and 19 are sectional views of liquid crystal
display devices according to other embodiments of the
present disclosure.

Referring to FIG. 18, a liquid crystal display device 1001
is different from the liquid crystal display device 1000
shown in FIG. 3 in that the liquid crystal display device 1001
further include a protrusion 182 formed in a space between
the alignment liquid control groove 162 and the second
contact hole CH2.

Specifically, the protrusion 182 may be disposed on the
first planarization film 160 between the alignment liquid
control groove 162 and the second contact hole CH2. The
protrusion 182 may be disposed to extend in one direction
along the outer periphery of the alignment liquid control
groove 162. The protrusion 182 may be formed at the same
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time together with the spacer 181 that is formed on the first
planarization film 160 in the display area DA. The protru-
sion 182 may be made of the same organic insulating
material as the spacer 181, and may have photosensitivity.

The spacer 181 is formed to have a first height H1 from
one side of the first substrate 110 serving as a main column
spacer maintaining a cell gap between the first display panel
100 and the second display panel 200 in the display area DA.

The protrusion 182 is formed to have a second height H2
that is shorter than the first height H1 serving as a sub
column spacer in the boundary area BA addition to the main
column spacer in the display area DA.

In the liquid crystal display device 1001, the first height
H1 of the spacer 181 measured from one side of the first
substrate 110 and the second height H2 of the protrusion 182
measured from one side of the first substrate 110 to be
different from each other.

Specifically, as shown in FIG. 18, the height H3 of the
spacer 181 measured with respect to one side of the first
planarization film 160 may be higher than the height H4 of
the protrusion 182 measured with respect to one side of the
first planarization film 160. The spacer 181 and the protru-
sion 182 may be formed using a halftone mask.

Referring to FIG. 19, a liquid crystal display device 1002
is different from the liquid crystal display device 1000
shown in FIG. 3 in that the liquid crystal display device 1002
further include a protrusion 183 formed in a space between
the alignment liquid control groove 162 and the second
contact hole CH2. Specifically, the height H3 of the spacer
181 measured from one side of the first planarization film
160 may be the same as the height H6 of the protrusion 183
measured from one side of the first planarization film 160.

The spacer 181 is formed to have a first height H1 from
one side of the first substrate 110.

Meanwhile, the protrusion 183 is formed to have a second
height H5 from one side of the first substrate 100.

Since the spacer 181 overlaps the color filter 150 that is
formed on the first planarization film 160 in the display area
DA while the protrusion 183 is formed directly on the first
planarization film 160 in the boundary area BA, the first
height H1 of the spacer 181 measured from one side of the
first substrate 110 is higher than the second height H2 of the
protrusion 183 measured from one side of the first substrate
110.

Therefore, as described above, even when the spacer 181
and the protrusion 183 have the same thickness, the spacer
181 may serve as a main column spacer maintaining a gap
between the first display panel 100 and the second display
panel 200 in the display area DA, and the protrusion 183
may serve as a sub column spacer in the boundary area BA.

Further, since the spacer 181 and protrusion 183 may be
formed without using a halftone mask, there is an advantage
of reducing process costs.

FIG. 20 is a sectional view of a liquid crystal display
device according to still another embodiment of the present
disclosure.

Referring to FIG. 20, a liquid crystal display device 1003
is different from the liquid crystal display device 1000
shown in FIG. 3 in that the liquid crystal display device 1003
further includes an alignment liquid control groove 262
formed in the second planarization film 260 of the second
display panel 200.

Specifically, the alignment liquid control groove 262 may
be disposed in the boundary area BA or the peripheral area
NA. In some embodiments, the alignment liquid control
groove 262 may be disposed to face the alignment liquid
control groove 162 formed in the first display panel 100.
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The alignment liquid control groove 262 disposed in the
second display panel 200 may be formed in the same manner
as the alignment liquid control groove 162 disposed in the
first display panel 100. Therefore, a detailed description
thereof will be omitted.

A common electrode 270 may be disposed on the second
planarization film 260. The common electrode 270 may also
be disposed in the boundary area BA and the peripheral area
NA.

A second alignment film 290 may be disposed on the
common electrode 270 in the display area DA. The second
alignment film 290 may also be disposed on the inner side
of the alignment liquid control groove 262 in the boundary
area BA.

Hereinafter, the arrangement relationships of the align-
ment liquid control grooves and the protrusions will be
described.

FIGS. 21 to 25 are plan views showing various arrange-
ment relationships of the alignment liquid control grooves
and protrusions in the liquid crystal display devices accord-
ing to other embodiments of the present disclosure.

First, referring to FIG. 21, a liquid crystal display device
1004 may include an alignment liquid control groove 162
extending in the second direction D2 along the outer periph-
ery of the display area DA and having a bar shape, and a
protrusion 182 extending in the second direction D2 along
the outer periphery of the alignment liquid control groove
162 and having a bar shape.

When the alignment liquid control groove 162 and the
protrusion 182 are disposed adjacent to each other, the
protrusion 182 and the alignment liquid control groove 162
form a large dam-shaped step, thereby effectively blocking
an overflow of the alignment liquid 190« from the alignment
liquid crystal groove 162.

Further, the liquid crystal display device 1004 may further
include an alignment liquid control groove 164 and a
protrusion 184 disposed in an opposite side of the display
area DA from the alignment liquid control groove 162 and
the protrusion 182.

Next, referring to FIG. 22, a liquid crystal display device
1005 may include an alignment liquid control groove 162
extending in the second direction D2 along the outer periph-
ery of the display area DA and having a bar shape, and a
plurality of protrusions 186 extending in the second direc-
tion D2 along the outer periphery of the alignment liquid
control groove 162 as being spaced apart from each other in
a stitch pattern.

Further, the liquid crystal display device 1005 may further
include an alignment liquid control groove 164 and a
plurality of protrusions 188 disposed in an opposite side of
the display area DA from the alignment liquid control
groove 162 and the protrusions 186.

Next, referring to FIG. 23, a liquid crystal display device
1006 may include alignment liquid control grooves 166
extending in the second direction D2 along the outer periph-
ery of the display area DA as being spaced apart from each
other by a predetermined distance in a stitch pattern, and a
plurality of protrusions 186 extending in the second direc-
tion D2 along the outer periphery of the alignment liquid
control groove 162 as being spaced apart from each other by
a predetermined distance in a stitch pattern.

The alignment liquid control grooves 166 and the protru-
sions 186 may be arranged in a zigzag fashion to be shifted
from each other. Therefore, a portion where the alignment
liquid control grooves 166 are formed may collect the
alignment liquid 190a, and a portion where the protrusions
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186 are formed may serves as a dam preventing the align-
ment liquid 190a from spreading toward the peripheral area
NA.

Further, the liquid crystal display device 1006 may further
include an alignment liquid control grooves 168 and a
plurality of protrusions 188 disposed in an opposite side of
the display area DA from the alignment liquid control
grooves 166 and the protrusions 186.

Next, referring to FIG. 24, a liquid crystal display device
1007 may include an alignment liquid control groove 165
surrounding the outer periphery of the display area DA, and
a protrusion 182 extending in the second direction D2 along
the outer periphery of the alignment liquid control groove
165 and having a bar shape.

When the alignment liquid control groove 165 and the
protrusion 182 are disposed adjacent to each other, the
protrusion 182 and the alignment liquid control groove 165
form a large dam-shaped step, thereby effectively blocking
an overflow of the alignment liquid 190qa from the alignment
liquid control groove 165.

Further, the alignment liquid control groove 165 extends
in the first direction D1 of the display area DA to control the
spreading of the alignment liquid 190 in the first direction
D1 as well as in the second direction D2.

Further, the liquid crystal display device 1007 may further
include a protrusion 184 disposed in an opposite side of the
display area DA from the protrusion 182.

Next, referring to FIG. 25, a liquid crystal display device
1008 may include an alignment liquid control groove 162
extending in the second direction D2 along the outer periph-
ery of the display area DA and having a bar shape, and a
protrusion 185 surrounding the outer periphery of the dis-
play area DA.

When the alignment liquid control groove 162 and the
protrusion 185 are disposed adjacent to each other, the
protrusion 185 and the alignment liquid control groove 162
form a large dam-shaped step, thereby effectively blocking
an overflow of the alignment liquid 190« from the alignment
liquid crystal groove 162.

Further, the protrusion 185 extends in the first direction
D1 of the display area DA to control the spreading of the
alignment liquid 190« in the first direction D1 as well as the
second direction D2.

Further, the liquid crystal display device 1008 may further
include an alignment liquid control groove 164 disposed in
an opposite side of the display area DA from the alignment
liquid control groove 162.

As described above, according to the liquid crystal dis-
play devices of embodiments of the present disclosure,
effects thereof are as follows.

It is possible to control the spreadability of an alignment
liquid by providing an alignment liquid control groove.

Further, it is possible to control the spreadability of an
alignment liquid by providing a protrusion adjacent the
alignment liquid control groove.

Therefore, it is possible to prevent the alignment liquid
from spreading toward a peripheral area by providing the
alignment liquid control groove and the protrusion.

The effects of the present disclosure are not limited by the
foregoing, and other various effects are anticipated herein.

In concluding the detailed description, those skilled in the
art will appreciate that many variations and modifications
can be made to the exemplary embodiments disclosed herein
without substantially departing from the principles of the
present disclosure. Therefore, the disclosed embodiments of
the present disclosure are used in a generic and descriptive
sense only and not for purposes of limitation.
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What is claimed is:

1. A liquid crystal display device including a display area,
a peripheral area, and a boundary area between the display
area and the peripheral area and comprising:

a first substrate;

a switching element disposed on the first substrate in the

display area;

a pad disposed on the first substrate in the peripheral area
and electrically connected with the switching element;

a protective film disposed on the first substrate in the
display area, the peripheral area, and the boundary area,
and covering the switching element and the pad;

a color filter disposed on the protective film in the display
area;

a first planarization film covering the color filter and
contacting the protective film in the boundary area and
the peripheral area; and

a first alignment film disposed on the first planarization
film without overlapping the pad,

wherein the first planarization film is provided with a first
opening overlapping the pad and at least one second
opening formed in the boundary area,

wherein the first alignment film overlaps the at least one
second opening, and

wherein the first alignment film directly contacts the
protective film and the first planarization film in the at
least one second opening.

2. The liquid crystal display device of claim 1, wherein
the at least one second opening continuously extends along
one direction.

3. The liquid crystal display device of claim 1, further
comprising:

a gate line extending along a first direction on the first
substrate and connected with the switching element and
the pad,

wherein the at least one second opening extends along a
second direction intersecting the first direction.

4. The liquid crystal display device of claim 1, further

comprising:

a spacer disposed on the first planarization film in the
display area; and

a protrusion disposed on the first planarization film in the
boundary area, the protrusion disposed in a region
between the first opening and the at least one second
opening,

wherein the first alignment film directly contacts the
protrusion.

5. The liquid crystal display device of claim 4,

wherein the spacer and the protrusion are made of the
same material.

6. The liquid crystal display device of claim 4,

wherein a height of the spacer measured from one side of
the first substrate is higher than a height of the protru-
sion measured from one side of the first substrate.

7. The liquid crystal display device of claim 4,

wherein a height of the spacer measured from one side of
the first planarization film is substantially the same as
a height of the protrusion measured from one side of the
first planarization film.

8. The liquid crystal display device of claim 4,

wherein a height of the spacer measured from one side of
the first planarization film is higher than a height of the
protrusion measured from one side of the first pla-
narization film.

9. The liquid crystal display device of claim 1, further

comprising:

a second substrate facing the first substrate;
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a light-blocking pattern disposed on a surface of the
second substrate in the boundary area and the periph-
eral area, the surface of the second substrate facing the
first substrate;

asecond planarization film disposed on the light-blocking
pattern;

a second alignment film disposed on the second planariza-
tion film,

wherein a third opening is formed in the second planariza-
tion film,

wherein the second alignment film overlaps the third
opening, and

wherein the switching element comprises:

a gate electrode disposed on the first substrate;

a gate insulating film disposed on the gate electrode;

a semiconductor pattern disposed on the gate insulating
film; and

a source electrode and drain electrode electrically con-
nected with the semiconductor pattern,

wherein the gate electrode and the pad are made of the
same material.

10. The liquid crystal display device of claim 1, further

comprising:

a connection electrode disposed on the first planarization
film in the peripheral area and connected with the pad
through the first opening.

11. The liquid crystal display device of claim 10, further

comprising:

apixel electrode disposed on the first planarization film in
the display area and electrically connected with the
switching element,

wherein the pixel electrode and the connection electrode
are made of the same material.

12. A liquid ecrystal display device including a display
area, a peripheral area around the display area, and a
boundary area between the display area and the peripheral
area and comprising:

a first substrate;

a pad disposed on the first substrate in the peripheral area;

a protective film disposed on the first substrate in the
display area, the peripheral area, and the boundary area;

a color filter disposed on the protective film in the display
area;

a planarization film covering the color filter in the display
area, contacting the protective film in the boundary area
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and the peripheral area, and having one or more open-
ings that expose at least a part of the protective film in
the boundary area; and

an alignment film disposed on the planarization film
without overlapping the pad,

wherein the alignment film overlaps the one or more
openings, and

wherein the alignment film directly contacts the protective
film and the planarization film in the one or more
openings.

13. The liquid crystal display device of claim 12,

wherein the one or more openings are arranged in parallel
in one direction at opposing sides of the display area.

14. The liquid crystal display device of claim 12,

wherein the one or more openings are arranged in a bar
shape or a stitch pattern along one direction.

15. The liquid crystal display device of claim 12,

wherein the one or more openings surround an outer
periphery of the display area.

16. The liquid crystal display device of claim 12, further

comprising:

one or more spacers disposed on the planarization film in
the display area; and

one or more protrusions disposed on the planarization film
in the boundary area in a region between the peripheral
area and the one or more openings,

wherein the alignment film directly contacts the one or
more protrusions.

17. The liquid crystal display device of claim 16,

wherein the one or more openings continuously extend
along one direction, and the one or more protrusions
continuously extend along an outer periphery of the one
Or more openings.

18. The liquid crystal display device of claim 16,

wherein the one or more openings and the one or more
protrusions are arranged in a zigzag fashion to be
shifted along one direction.

19. The liquid crystal display device of claim 16,

wherein the one or more openings surround an outer
periphery of the display area, and the one or more
protrusions surround an outer periphery of the one or
more openings.
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