US 20140285754A1

12 Patent Application Publication (o) Pub. No.: US 2014/0285754 A1

a9y United States

LEE et al,

(43) Pub, Date: Sep. 25, 2014

(54) DISPLAY DEVICE AND METHOD OF
MANUFACTURING THE SAME

(71)  Applicant: SAMSUNG DISPLAY CO., LID.,
Yongin-City (KR)

(72) Inventors: SANG-MYOUNG LEE, Gangseo-gu
(KR); Suwan Woo, Osan-si (KR);
Jang-Il Kim, Bucheo-si (KR);
Swae-Hyun Kim, Asan-si (KR); Jae
Hwa Park, Gumi-si (KR); Je Hyeong
Park, Hwaseong-si (KR); Younggoo
Song, Asan-si (KR); Hyunggi Jung,
Cheonan-si (KR); Kipyo Hong,
Suwon-si (KR); Sang Woo Whangbo,
Seoul (KR)

(21) Appl. No.: 13/944,544

(22) Filed:  Jul.17,2013
(30) Foreign Application Priority Data
Mar. 22,2013 (KR) .ooeveeereee. 10-2013-0031091

Publication Classification

(51) Int.CL
GO2F 1/1337 (2006.01)
(52) US.CL
CPC ... GO2F 1/1337(2013.01); GO2F 1/133788
(2013.01)
USPC ... 349/106; 349/123; 264/1.7; 264/1.37
(57) ABSTRACT

A display device includes a display area and a non-display
area, a first alignment layer disposed on a first substrate, a
second alignment layer disposed on a second substrate, a
liquid crystal layer disposed between the first alignment layer
and the second alignment layer; and a groove disposed in the
non-display area of the second substrate to correspond to at
leasta portion of an end portion of the second alignment layer.
The groove is provided along at least one side of the display
area and is configured to be filled by an alignment solution
used to from the second alignment layer and prevent the
alignment solution from dispersing to other areas of the sec-
ond substrate.
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Fig. 3
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Fig. 8
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DISPLAY DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This U.S. non-provisional patent application claims
priority under 35 U.S.C. §119 from Korean Patent Applica-
tion No. 10-2013-0031091, filed on Mar. 22, 2013 in the
Korean Intellectual Property Office, and all the benefits
accruing therefrom, the contents of which are herein incor-
porated by reference in their entirety.

BACKGROUND
[0002] 1. Technical Field
[0003] Embodiments of the present disclosure are directed

to a display device and a method of manufacturing the same.
More particularly, embodiments of the present disclosure are
directed to a display device with improved display quality and
a method of manufacturing the display device.

[0004] 2. Discussion of the Related Art

[0005] In general, a liquid crystal display includes two
transparent substrates and a liquid crystal layer interposed
between the two substrates. A liquid crystal display drives
liquid crystal molecules of the liquid crystal layer to control
the transmittance of light passing through each pixel, to dis-
play a desired image.

[0006] A liquid crystal display includes an alignment layer
to initially align liquid crystal molecules of the liquid crystal
layer. The alignment layer is disposed on a surface of each
substrate. When the alignment layer is overcoated or insuffi-
ciently coated on the surface of the substrates, the two sub-
strates do not appropriately adhere to each other and stains
may occur on the images.

SUMMARY

[0007] Embodiments of the present disclosure provide a
display panel that can prevent alignment defects from occur-
ring.

[0008] Embodiments of the present disclosure provide a
method of manufacturing the display panel.

[0009] Embodiments of the inventive concept provide a
display device that includes a display area and a non-display
area, a first alignment layer disposed on a first substrate, a
second alignment layer disposed on a second substrate, a
liquid crystal layer disposed between the first alignment layer
and the second alignment layer, and a groove disposed in the
non-display area of the second substrate to correspond to at
least a portion of an end portion of the second alignment layer.
The groove is configured to be filled by an alignment solution
used to from the second alignment layer and prevent the
alignment solution from dispersing to other areas of the sec-
ond substrate

[0010] The first substrate includes a first base substrate and
a pixel electrode disposed on the first base substrate, and the
second substrate includes a second base substrate and a com-
mon electrode disposed on the second base substrate. The
groove is disposed in the second base substrate.

[0011] The display device may further include an overcoat
layer disposed between the second base substrate and the
common electrode, and the groove is disposed in the overcoat
layer.

[0012] The groove is provided along at least one side of the
display area.
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[0013] A plurality of spaced apart grooves may be pro-
vided.
[0014] The display device may further include a barrier

dam disposed in the non-display area of the first substrate that
protrudes from the first substrate in an area corresponding to
an end portion of the first alignment layer; color filters dis-
posed between the first base substrate and the pixel electrode;
and a black matrix disposed on the first substrate between the
color filters. The barrier dam is formed of the same material as
the black matrix.

[0015] Embodiments of the inventive concept provide a
method of manufacturing a display device that includes a
display area that displays an image and a non-display area
disposed adjacent to at least a side of the display area. The
method includes manufacturing a first substrate, forming a
first alignment layer on the first substrate, manufacturing a
second substrate that includes a common electrode and a
groove disposed in the non-display area, and forming a sec-
ond alignment layer on the second substrate. The groove is
formed on the second substrate using a laser beam.

[0016] At least one of a width or a depth of the groove is
controlled by at least one of an energy intensity or a focusing
depth of the laser beam.

[0017] The method further includes forming a trimming
line and an alignment key pattern in the non-display area of
the second substrate using the laser beam. The alignment key
pattern is configured to align the first substrate and the second
substrate, and the trimming line separates a floating electrode
from the common electrode.

[0018] Themethod further includes removing the trimming
line and the alignment key pattern using the laser beam when
the groove is formed.

[0019] The trimming line, the groove, and the alignment
key pattern are formed in a single process step.

[0020] Themethod further includes forming aliquid crystal
layer between the first substrate and the second substrate.
[0021] Embodiments of the inventive concept provide a
display device that includes a display area and a non-display
area; a first alignment layer disposed on a first substrate; a
second alignment layer disposed on a second substrate; a
liquid crystal layer disposed between the first alignment layer
and the second alignment layer; a groove disposed in the
non-display area of the second substrate to correspond to at
least a portion of an end portion of the second alignment
layer; and a barrier dam disposed in the non-display area of
the first substrate that protrudes from the first substrate in an
area corresponding to an end portion of the first alignment
layer.

[0022] The second substrate further includes a common
electrode; a trimming line disposed in the non-display area
thereof that separates a floating electrode from the common
electrode; and an alignment key pattern disposed in the non-
display area thereof. The alignment key pattern is configured
to prevent misalignment between the first substrate and the
second substrate when the first substrate and the second sub-
strate are attached to each other.

[0023] According to the above, defects caused by the align-
ment layers and a sealant part may be prevented from occur-
ring on the display device. In addition, the manufacturing
process of the display panel may be simplified.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1isaplanview ofadisplay device according to
an exemplary embodiment of the present disclosure.
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[0025] FIG. 2 is a plan view of one pixel of the display
device shown in FIG. 1.

[0026] FIG.3isacross-sectional view taken along aline I-I'
of FIG. 2.
[0027] FIG. 4 is an equivalent circuit diagram of the pixel

shown in FIG. 2.

[0028] FIG. 5 is a cross-sectional view taken along a line
P1-P2 of FIG. 1.

[0029] FIG. 6 is a cross-sectional view taken along a line
P3-P4 of FIG. 1.

[0030] FIGS.7A to 7D are plan views of various examples
of groove in an area P5 of FIG. 1.

[0031] FIG. 8 is a flowchart of a method of manufacturing
adisplay panel according to an exemplary embodiment of the
present disclosure.

[0032] FIGS. 9A to 9C are cross-sectional views of pro-
cesses of forming a second substrate and a second alignment
layer according to an exemplary embodiment of the present
disclosure.

[0033] FIGS. 10A to 10C are cross-sectional views of pro-
cesses of forming a second substrate and a second alignment
layer according to another exemplary embodiment of the
present disclosure.

[0034] FIGS. 11A and 11B are graphs respectively of the
width and depth of the groove as a function of an energy
intensity of a laser beam according to an exemplary embodi-
ment of the present disclosure.

[0035] FIG. 12 is a cross-sectional view of a display panel
according to another exemplary embodiment of the present
disclosure, which is taken along the lint P1-P2 of FIG. 1.
[0036] FIG. 13 is a cross-sectional view of a display panel
according to another exemplary embodiment of the present
disclosure, which is taken along the lint P3-P4 of F1G. 1.
[0037] FIGS. 14A and 14B are graphs respectively of the
width and depth of the groove as a function of an energy
intensity of a laser beam according to an exemplary embodi-
ment of the present disclosure.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0038] 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. Like numbers refer to like elements
throughout.

[0039] Hereinafter, exemplary embodiments of the present
disclosure will be explained in detail with reference to the
accompanying drawings.

[0040] FIG.1isaplanview ofadisplay device according to
an exemplary embodiment of the present disclosure, F1G. 2 is
a plan view of one pixel of the display device shown in FIG.
1, FIG. 3 is a cross-sectional view taken along a line of FIG.
2, and FIG. 4 is an equivalent circuit diagram of the pixel
shown in FIG. 2.

[0041] Referring to FIGS. 1 to 4, a display device has a
rectangular shape with a pair of long sides and a pair of short
sides. The display device includes a display area DA that
includes a plurality of pixels PXL to display an image and a
non-display area NDA that surrounds the display area DA.
[0042] The display device includes a first substrate SUBI,
a first alignment layer ALN1 disposed on the first substrate
SUBI, a second substrate SUB2 that faces the first substrate
SUBL, a second alignment layer ALN2 disposed on the sec-
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ond substrate SUB2, and a liquid crystal layer LC disposed
between the first substrate SUB 1 and the second substrate
SUB2.

[0043] In a present exemplary embodiment, a substrate
upon which thin film transistors are disposed may be referred
to as the first substrate SUB 1 and a substrate that faces the
first substrate SUB 1 may be referred to as the second sub-
strate SUB2, but these reference names are exemplary and
non-limiting.

[0044] The first substrate SUB1 includes a first base sub-
strate BS1, a line part disposed on the first base substrate BS1,
and the pixels PXL connected to the line part.

[0045] The first base substrate BS1 may be a transparent
insulating substrate. The first base substrate BS1 may be
formed of various materials, e.g., glass, plastic, silicon, crys-
tal, etc.

[0046] The line part includes a plurality of gate lines GL, a
plurality of data lines DL, a plurality of storage lines SL, and
acommon line CML,, and the gate lines GL are connected to
a gate driver GDV disposed in the non-display area NDA.
Although not shown in figures, the storage lines SL are sepa-
rately connected to a storage voltage source. An exeniplary,
non-limiting gate driver GDV is disposed on the first base
substrate BS1 and includes thin film transistors formed from
amorphous silicon. The data lines DL are connected to exter-
nal lines through data pads DP, which are disposed in the
non-display area NDA. The common line CML is electrically
connected to a common electrode CE through a contact part
CP disposed in the non-display area NDA. The contact part
CP is formed by dotting a conductive material, e.g., silver.
The contact part CP may be disposed in the non-display area
NDA and overlaps the sealant part SLP, or may be disposed
adjacent to the sealant part SLP.

[0047] Each pixels PXL has the same configuration and
function, and thus for the convenience of explanation, one
pixel PXL has been shown with a gate line GL and a data line
DL, which are adjacent to the pixel PXL. In FIGS. 2 to 4, for
the convenience of explanation, an n-th gate line GLn, an
(n+1)th gate line GLn+1, an m-th data line DL.m, and an
(m+1)th data line DLm+1 have been shown with the pixel
PXL. Hereinafter, the n-th and (n+1)th gate lines GL.n and
GLn+1 are respectively referred to as first and second gate
lines, and the m-th and (m+1)th data lines DLLm and DLm+1
are respectively referred to as first and second data lines.
[0048] The first and second gate lines GLn and GLn+1 are
disposed on the first base substrate BS1 and extend in a first
direction D1 substantially parallel to each other. The first and
second data lines DLm and DL.m+1 are disposed on the first
base substrate BS1 and extend in a second direction D2 sub-
stantially perpendicular to the first direction D1 and substan-
tially parallel to each other. A first insulating layer INS1 is
disposed between the gate lines GLn and GLn+1 and the data
lines DLm and DLm+1.

[0049] Each pixel PXL includes a first sub-pixel SPX1 and
asecond sub-pixel SPX2. The first sub-pixel SPX1 includes a
first thin film transistor Trl, a first sub-pixel electrode PE1,
and a first storage electrode part, described in more detail
below, and the second sub-pixel SPX2 includes a second thin
film transistor Tr2, a second storage electrode part, described
in more detail below, a third thin film transistor Tr3, a second
sub-pixel electrode PE2, and a coupling capacitor CCP. The
first and second sub-pixels SPX1 and SPX2 are disposed
between the first data line DLm and the second data line
DLm+1, which are adjacent to each other.
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[0050] The first thin film transistor Tr1 of the first sub-pixel
SPX1 is connected to the first data line DLm and the first gate
line GLn.

[0051] The first thin film transistor Tr1 includes a first gate
electrode GE1 branched from the first gate line GLn, a first
source electrode SE1 branched from the first data line DLm,
and a first drain electrode DE1 electrically connected to the
first sub-pixel electrode PE1.

[0052] The first storage electrode part includes a first stor-
age line SLn that extends in the first direction D1 and first and
second branch electrodes LSLn and RSLn branched from the
first storage line SLn that extends in the second direction D2.
[0053] The first sub-pixel electrode PE1 partially overlaps
the first storage line SLn and the first and second branch
electrodes LSLn and RSLn to form a first storage capacitor
(not shown).

[0054] The first sub-pixel electrode PE1 includes a trunk
portion PEla and a plurality of branch portions PE15 that
radially extend from the trunk portion PE1a.

[0055] The trunk portion PE1a may have a cross shape as
shown in FIG. 2. In this case, the first sub-pixel electrode PE1
is divided into plural domains by the trunk portion PE1a. The
branch portions PE15 extend in different directions according
to the domains. In a present exemplary embodiment, the first
sub-pixel electrode PE1 includes first, second, third, and
fourth domains DM1, DM2, DM3, and DM4. The branch
portions PE15, which are adjacent to each other, extend sub-
stantially parallel to each otherand are spaced apart from each
other in each domain. The spacing between adjacent branch
portions PE15 is on the order of a micrometer. Due to the
above-mentioned structure, liquid crystal molecules of the
liquid crystal layer .C may be aligned at a specific azimuth on
a plane parallel to the first base substrate BS 1.

[0056] The second thin film transistor Tr2 includes a sec-
ond gate electrode GE2 branched from the first gate line GLn,
a second source electrode SE2 branched from the first data
line DLm, and a first drain electrode DE1 electrically con-
nected to the second sub-pixel electrode PE2.

[0057] The second storage electrode part includes a second
storage line SLn+1 that extends in the second direction D2
and third and fourth branch electrodes LSLn+1 and RSLn+1
branched from the second storage line SLn+1 that extend in
the second direction D2.

[0058] The second sub-pixel electrode PE2 partially over-
laps the second storage line SLn+1 and the third and fourth
branch electrodes LSLn+1 and RSLn+1 to form a second
storage capacitor (not shown).

[0059] Thesecond sub-pixel electrode PE2 includes a trunk
portion PE2a and a plurality of branch portions PE2b that
radially extend from the trunk portion PE2a. The trunk por-
tion PE2a may have the cross shape as shown in FIG. 2. In this
case, the second sub-pixel electrode PE2 is divided into plural
domains by the trunk portion PE2a. The branch portions
PE2b extend in different directions according to the domains.
In a present exemplary embodiment, the second sub-pixel
electrode PE2 includes fifth, sixth, seventh, and eighth
domains DM5, DM6, DM7, and DM8. The branch portions
PE2b, which are adjacent to each other, extend substantially
parallel to each other and are spaced apart from each other in
each domain. The spacing between adjacent branch portions
PE2b is of the order of a micrometer. Due to the above-
mentioned structure, liquid crystal molecules of the liquid
crystal layer LC may be aligned at a specific azimuth on a
plane substantially parallel to the second substrate SUB2.
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[0060] The third thin film transistor Tr3 includes a third
gate electrode GE3 branched from the second gate line GLn+
1, a third source electrode SE3 that extends from the second
drain electrode DE2, and a third drain electrode DE3 con-
nected to a coupling capacitor electrode CE1 that is part of the
coupling capacitor CCP. An exemplary, non-limiting cou-
pling capacitor CCP may be formed by the coupling capacitor
electrode CE1 and an opposite electrode CE2 that extends
from the second branch electrode RSLn.

[0061] The first and second sub-pixel electrodes PE1 and
PE2 form a pixel electrode PE, which is formed of a trans-
parent conductive material. In particular, the pixel electrode
PE is formed of a transparent conductive oxide, e.g., indium
tin oxide, indium zinc oxide, indium tin zinc oxide, etc.

[0062] Referringto FIGS. 1 and 3, the first substrate SUB1
includes the first insulating layer INS 1, a second insulating
layer INS2, color filters CF, and a black matrix BM. The color
filters CF and the black matrix BM are disposed on the first
insulating layer INS1. The color filters CF are disposed to
respectively correspond to the pixels, and each color filter CF
has ared R, green G, or blue B filter. The black matrix BM is
disposed between the color filters CF to block light from
passing through between the color filters CF. The black
matrix BM covers the channel portion of the first, second, and
third thin film transistors Trl, Tr2, and Tr3. Although not
shown in figures, a spacer formed of a same material as the
black matrix BM may be further provided. The second insu-
lating layer INS2 is disposed on the black matrix BM and the
color filters CF.

[0063] The first alignment layer ALN1 is disposed on the
first substrate SUB1. The first alignment layer ALN1 may
include an organic polymer material or an inorganic polymer
material, e.g., a polyimide, a polyamic acid, a polysiloxane,
etc. The first alignment layer ALN1 initially aligns the liquid
crystal molecules of the liquid crystal layer LC and includes
a polymer material in which light, such ultraviolet (UV) light
or a laser, initiates a decomposition, dimerization, or isomer-
ization reaction. In addition, the first alignment layer ALN1
may include a polymer polymerized with reactive mesogens.

[0064] The second substrate SUB2 includes a second base
substrate BS2, a common electrode CE, a floating electrode
FLE, and the second alignment layer ALN2.

[0065] The second base substrate BS2 is an insulating sub-
strate formed of glass, plastic, silicon, or crystal.

[0066] The common electrode CE is disposed on the sec-
ond base substrate BS2. The common electrode CE covers the
display area DA and a portion of the non-display area NDA.
The common electrode CE forms an electric field in coopera-
tion with the pixel electrode PE.

[0067] The floating electrode FLE is disposed on a portion
of the non-display area in which the common electrode CE is
not disposed.

[0068] A second alignment layer ALN2 is disposed on the
common electrode CE. The second alignment layer ALN2
may include an organic or an inorganic polymer material,
e.g., a polyimide, a polyamic acid, a polysiloxane, etc. The
second alignment layer ALN?2 initially aligns the liquid crys-
tal molecules of the liquid crystal layer LC and includes a
polymer material in which light, such as ultraviolet (UV) light
or a laser, initiates a decomposition, dimerization, or isomet-
ization reaction. In addition, the first alignment layer ALN1
may include a polymer polymerized with reactive mesogens.
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[0069] In a present exemplary embodiment, the second
base substrate BS2 includes a groove GRV, a trimming line
TRL, and an alignment key pattern CKY.

[0070] The groove GRV is a pattern used to place the sec-
ond alignment layer ALN2 in a predetermined area in the
non-display area NDA of the second substrate SUB2. The
groove GRV will be described in detail below.

[0071] The trimming line TRL is disposed between the
floating electrode FLE and the common electrode CE in the
non-display area NDA. The trimming line TRL separates the
floating line FLE from the common electrode CE. The trim-
ming line TRL may extend along the first direction D1 and/or
the second direction DR2 to be substantially parallel with the
gate lines GL or the data lines DL.

[0072] The alignment key pattern CKY is disposed in the
non-display area NDA of the second base substrate BS2 and
is used to prevent misalignment between the first substrate
SUB1 and the second substrate SUB2 when the first and
second substrates SUB1 and SUB2 are attached to each other.
The alignment key pattern CKY is provided adjacent to the
four corners of the second base substrate BS2. Although not
shown in figures, an alignment key pattern is also provided on
the first substrate SUBI to correspond to the alignment key
pattern CKY provided on the second base substrate BS2.
[0073] Anexemplary display device according to a present
exemplary embodiment includes the trimming line TRL and
the floating electrode FLE, but is not limited thereto. For
example, a portion of the non-display area in which the trim-
ming line and the floating electrode are formed may be
removed in a display device according to another exemplary
embodiment.

[0074] The liquid crystal layer LC is disposed between the
first alignment layer ALN1 and the second alignment layer
ALN2. The liquid crystal molecules of the liquid crystal layer
LC are vertically aligned to the first and second alignment
layers ALN1 and ALN2 when there is no electric field
between the pixel electrode PE and the common electrode
CE.

[0075] The liquid crystal layer LC and the sealant part SLP
are disposed between the first substrate SUB1 and the second
substrate SUB2. The sealant part SLP seals the liquid crystal
layer LC between the first substrate SUB1 and the second
substrate SUB2. When viewed in a plan view, the sealant part
SLP is provided along an end portion of the first substrate
SUBT to surround the liquid crystal layer LC and includes an
organic polymer.

[0076] Inadisplay device, when a gate signal is provided to
the gate line GLn, the thin film transistor Tr is turned on.
Accordingly, a data signal provided to the data line DLm is
applied to the pixel electrode PE through the turned on thin
film transistor Tr. When the data signal is applied to the pixel
electrode PE through the turned-on thin film transistor Tt, an
electric field is generated between the pixel electrode PE and
the common electrode CE. The liquid crystal molecules of the
liquid crystal layer LC are driven by the electric field gener-
ated between the common electrode CE and the pixel elec-
trode PE. Thus, the transmittance of light passing through the
liquid crystal layer LC is changed, and thus an image is
displayed.

[0077] In a present exemplary embodiment, each pixel is
connected to one gate line GLn and two data lines DLm and
DLm+1, but this arrangement is non-limiting. For example,
each pixel may be connected to two gate lines and one data
line. In addition, in a present exemplary embodiment, each
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pixel includes two sub-pixel electrodes, but this number of the
sub-pixel electrodes is also non-limiting. That is, each pixel
may include three or more sub-pixel electrodes. The number
of pixel electrodes may change depending on the design of
each pixel. For example, each pixel may be divided into plural
sub-pixels, and each sub-pixel may correspond to at least one
sub-pixel electrode.

[0078] Inaddition, ina present exemplary embodiment, the
pixel electrode includes plural branch portions and the com-
mon electrode is integrally formed as a single unitary and
individual unit, but they should not be limited thereto. The
pixel electrode and the common electrode may be patterned to
have various shapes. Further, the pixel electrode and the com-
mon electrode may be formed on only one of the first and
second substrates.

[0079] FIGS. 5 and 6 are cross-sectional views illustrating
a groove according to a present exemplary embodiment. In
detail, FIG. 5 is a cross-sectional view taken along a line
P1-P2 of FIG. 1, and FIG. 6 is a cross-sectional view taken
along a line P3-P4 of FIG. 1.

[0080] Referring to FIGS. 1 to 6, the groove GRV 1is pro-
vided in the second base substrate BS2. The groove GRV is
used to form the alignment layer in a predetermined area. To
this end, the groove GRV has a recessed shape.

[0081] In general, the alignment layer is formed by coating
an alignment solution on a substrate and curing the alignment
solution. Since the alignment solution is a fluid that has sur-
face tension, the alignment solution may be overcoated,
insufficiently coated, removed after being coated, or may
seep into other areas according to the topology and properties
of the substrate. To prevent the above-mentioned defects, a
groove may be formed in an area adjacent to the end portion
of the alignment layer, i.e., the contact portion between the
upper surface of the alignment layer and the substrate.
[0082] The groove GRV has a predetermined width and
depth. In a present exemplary embodiment, the groove GRV
has a width of about 20 micrometers or more. In addition, the
groove GRV is spaced apart from the end portion of the
second alignment layer ALN2 by a distance of about 300
micrometers or more. When the groove GRV has a width less
than about 20 micrometers or is spaced apart from the end
portion of the second alignment layer ALN2 by a distance less
than about 300 micrometers, the alignment solution for the
second alignment layer ALN2 may overflow into the non-
display area NDA. The depth of the groove GRV changes
depending on the material and thickness of the second base
substrate BS2. In a present exemplary embodiment, the
groove GRV has a depth less than or equal to about 20
micrometers. When the depth of the groove GRV is greater
than about 20 micrometers, the second base substrate BS2
may crack.

[0083] The groove GRV is disposed in at least a portion of
the end portion of the second alignment layer ALN2. The
groove GRV is provided along at least a portion of the display
area DA. In a present exemplary embodiment, the groove
GRV may be provided along a circumference of the display
area DA. The display area DA has a rectangular shape, and
thus the groove GRV extends along at least one side of the
rectangular shape.

[0084] The groove GRV separates the end portion of the
second alignment layer ALN2 from the sealant part SLP inthe
non-display area NDA of the second substrate SUB2. A plu-
rality of grooves GRV may be provided. In this case, the
grooves GRV are spaced apart from each other. As shown in
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FIG. 1, the groove GRV has a rectilinear shape along three
sides of the display area DA and has a dotted-line shape along
one side of the display area DA. Alternatively, the groove
GRV may extend along the long sides or the short sides and
may have a shape that differs from a rectilinear shape when
viewed in a plan view. In a present exemplary embodiment,
the common electrode CE is not provided in areas in which
the groove GRYV is disposed. Alternatively, according to other
exemplary embodiments, the common electrode CE may be
provided in the areas in which the groove GRV is disposed,
and the common electrode CE may be divided into two or
more portions according to the width and the depth of the
groove GRV. Since the common electrode CE is applied with
a common voltage through the contact part CP, the groove
GRYV is provided with a dotted-line shape to prevent the
contact part CP from separating from the common electrode
CE.

[0085] Inapresentexemplary embodiment, the sealant part
SLP is spaced apart from the groove GRV. In this case, the
alignment solution does not seep into the area in which the
sealant part SLP is formed, thus improving the adhesive
strength of the sealant part SLP with respect to the first and
second substrates SUB1 and SUB2. Alternatively, according
to other exemplary embodiments, the sealant part SLP may
overlap the groove GRV when viewed in a plan view. The
adhesive strength of the sealant part SLP may be maintained
since the alignment layer is formed only in the predetermined
area even though the sealant part SLP and the groove GRV
partially overlap each other.

[0086] In addition, the first substrate SUB1 may further
include a barrier dam DM to control a position of the align-
ment layer.

[0087] The barrier dam DM protrudes from the first sub-
strate SUBI so that the first alignment layer ALN1 is formed
in a predetermined area on the first substrate SUB1.

[0088] The barrier dam DM is formed of the same material
as the black matrix BM and is disposed on the same layer as
the black matrix BM in the non-display area NDA. The bar-
rier dam DM is disposed to correspond to the end portion of
the first alignment layer ALN1. In a present exemplary
embodiment, one barrier dam DM is provided on the first
substrate SUB1, but other embodiments are not limited
thereto. That is, a plurality of barrier dams DM may be pro-
vided, and the barrier dams DM may be spaced apart from
each other.

[0089] Inapresentexemplary embodiment, the barrier dam
DM partially overlaps the groove GRV when viewed in a plan
view, but is not limited thereto. According to another exem-
plary embodiment, the barrier dam DM may be spaced apart
from the groove GRV when viewed in a plan view.

[0090] The second alignment layer ALN2 covers the entire
display area DA and a portion of the non-display area NDA
and its end portion 1s located at a position corresponding to
the barrier dam DM.

[0091] Inapresentexemplary embodiment, the sealant part
SLP does not overlap the barrier dam DM. Alternatively,
according to other exemplary embodiments, the sealant part
SLP may overlap a portion of or the whole barrier dam DM.
In this case, although the barrier dam DM overlaps a portion
of the sealant part SLP, the sealant part SLP may maintain its
adhesive strength since the alignment layer is restricted to the
predetermined area.

[0092] In a display device having the above-mentioned
structure, the alignment layer may be formed in desired posi-
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tion or area, and thus defects caused by misalignment of the
alignment layer may be prevented. That is, the alignment
solution may be prevented from overcoating, insufficiently
coating, being removed after being coated, or seeping into
other areas. In particular, reducing the area in which the
alignment solution overlaps the sealant part may improve the
adhesive strength of the sealant part. In addition, defects due
to the display area being not fully covered due to the backdraft
of the alignment solution may be prevented. Further, the
alignment solution may be prevented from overcoating the
contact part, preventing a contact defect between the common
electrode and the common line. Further, the position of the
alignment solution is easily determined, the width of the
sealant part may be set to various values, and a material for the
sealant part may be prevented from being overcoated, insuf-
ficiently coated, removed after being coated, or seeping into
the other areas.

[0093] FIGS. 7A to 7D are plan views of various examples
of grooves in area P5 of FIG. 1.

[0094] Referring to FIG. 7A, two groups of grooves GRV
are provided in different sizes. The grooves GRV include first
grooves GRV 1 and second grooves GRV2. The first groove
GRV1 extends in a direction parallel to the sealant part SLP.
The second groove GRV?2 is disposed in an area not having
the first groove GRV1, overlaps with the first groove GRV1
when viewed in a plan view and prevents dispersion of the
alignment solution into the area not having the first groove
GRV1.

[0095] Referring to FIG. 7B, two groups of grooves GRV
are provided that are spaced apart from each other and extend
in the same direction. The grooves GRV overlap with each
other when viewed in a plan view. Accordingly, although the
alignment solution may flow over a groove GRV positioned at
a first position, the dispersion of the alignment solution may
be blocked by another groove GRV positioned at a second
position. In FIG. 7B, two grooves GRV overlap each other
when viewed in a plan view, but the number of overlapping
grooves GRV is not limited to two. In this case, each groove
GRV may open at a different position.

[0096] Referringto FIGS.7C and 7D, a plurality of grooves
GRV are provided that have various patterns, e.g., a zigzag
pattern, a wave pattern, etc., when viewed in a plan view. The
grooves GRV are disposed such that the common electrode
between the groove GRV and the display area is electrically
connected to the common electrode between groove GRV and
the sealant part SLP.

[0097] FIG. 8 is a flowchart of a method of manufacturing
adisplay panel according to an exemplary embodiment of the
present disclosure.

[0098] Referring to FIG. 8, a display device is manufac-
tured by manufacturing the first substrate (S110), forming the
first alignment layer on the first substrate (S 120), manufac-
turing the second substrate having a groove in the non-display
area (S130), forming the second alignment layer on the sec-
ond substrate (S140), and forming the liquid crystal layer LC
between the first substrate and the second substrate (S150).
[0099] The first substrate is manufactured by forming the
line part, the thin film transistors, the color filters, the black
matrix, and the pixel electrode on the first base substrate. In an
embodiment of the present disclosure, the barrier dam may be
formed together with the black matrix by a photolithography
process using the same mask. Since the black matrix and the
barrier dam have different heights on the first base substrate,
a diffraction mask or a halftone mask may be used as the
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mask. Thus, when the first alignment layer is formed, the
position of the end portion of the first alignment layer is
determined by the barrier dam. As described above, the
groove is formed in the non-display area of the second sub-
strate. When the second alignment layer is faulted, the posi-
tion of the end portion of the second alignment layer is deter-
mined by the groove.

[0100] The liquid crystal layer is formed between the first
substrate and the second substrate by forming the sealant part
on the first substrate or the second substrate, injecting liquid
crystal in the area surrounding by the sealant part, and cou-
pling the first substrate and the second substrate.

[0101] Meanwhile, before the second alignment layer is
formed on the second substrate, the spacer is formed on the
first substrate to maintain the distance between the first sub-
strate and the second substrate. The spacer may be formed
together with the black matrix by the same photolithograph
process using the same mask.

[0102] In addition, according to another exemplary
embodiment, the liquid crystal layer may include reactive
mesogens. In this case, a process of irradiating ultraviolet
light onto the liquid crystal layer is further performed after the
liquid crystal layer is injected between the first and second
substrates.

[0103] After coupling the first and second substrates to
each other, the non-display area having the trimming line and
the alignment key pattern CKY is removed by a cutting pro-
cess.

[0104] FIGS. 9A to 9C are cross-sectional views of pro-
cesses of forming the second substrate and the second align-
ment layer according to an exemplary embodiment of the
present disclosure. In FIGS. 9A to 9C, for the convenience of
explanation, the first substrate, the first alignment layer, and
the liquid crystal layer are omitted.

[0105] Referring to FIG. 9A, the second base substrate BS2
is prepared and the common electrode CE is formed on the
second base substrate BS2. The common electrode CE is
formed of a transparent conductive material, such as indium
tin oxide (ITO), indium zinc oxide (1ZO), etc.

[0106] Referring to FIG. 9B, a laser beam SR is irradiated
onto the common electrode CE on the second base substrate
BS2 to form the groove GRV. The laser beam LSR may be any
laser beam LSR capable of removing a portion of the second
base substrate BS2 and the common electrode CE. In an
embodiment of the present disclosure, the width and the depth
of the groove GRV may be controlled by controlling an
energy intensity of the laser beam LSR, a focusing depth of
the laser beam LSR, and the duration of laser beam LSR
irradiation.

[0107] In this case, the trimming line TRL and the align-
ment key pattern CKY of'the non-display area may be formed
by the laser beam while the groove GRV is formed. Therefore,
the groove GRY, the trimming line TRL, and the alignment
key pattern CKY are formed in a single process step using a
laser beam, and thus separate photolithography processes
may be omitted.

[0108] Referring to FIG. 9C, the alignment solution is
coated on the second base substrate BS2 on which the groove
GRYV is formed, to form the second alignment layer ALN2.
The boundary of the alignment solution is determined by the
groove GRV. That is, a portion of the alignment solution fills
into the groove GRV and is collected in the groove GRY,
which prevents the alignment solution from being dispersed
into other areas.
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[0109] As described above, since the end portion of the
second alignment layer ALN2 is disposed at the groove GRYV,
defects related to the second alignment layer ALN2 may be
prevented. In addition, the groove GRV serves as a barrier for
the second alignment layer ALN2 and for the sealant part
SLP. That is, when the sealant part SLP is formed, the groove
GRV may prevent a material for the sealant part SLP from
seeping into the display area.

[0110] FIGS. 10A to 10C are cross-sectional views of pro-
cesses of forming a second substrate and a second alignment
layer according to another exemplary embodiment of the
present disclosure. For the convenience of explanation, the
first substrate, the first alignment layer, and the liquid crystal
layer are omitted in FIGS. 10A to 10C.

[0111] Referring to FIG. 10A, the second base substrate
BS2 is prepared and a laser beam LSR is irradiated onto the
second base substrate BS2 to form the groove GRV. The laser
beam LSR may be any laser beam LSR capable of removing
aportion of the second base substrate BS2. In an embodiment
of the present disclosure, the width and the depth of the
groove GRV may be controlled by controlling an energy
intensity of the laser beam LSR, a focusing depth of the laser
beam LSR, and the duration of the laser beam LSR irradia-
tion. The trimming line and the alignment key pattern of the
non-display area may be removed using the laser beam when
the groove GRV is formed.

[0112] Referring to FIG. 10B, the common electrode CE is
formed on the second base substrate BS2 in which the groove
GRV is formed.

[0113] Referring to FIG. 10C, the alignment solution is
coated on the second base substrate BS2 to form the second
alignment layer ALN2, in which the groove GRV and the
common electrode CE are formed.

[0114] FIGS. 11A and 11B are graphs respectively of the
width and depth of the groove as a function of an energy
intensity of a laser beam according to an exemplary embodi-
ment of the present disclosure. In an embodiment of the
disclosure, the groove is formed in the second base substrate
and the second base substrate is formed of a glass. As shown
in FIGS. 11A and 11B, when the energy intensity of the laser
beam increases, the width and depth of the groove GRV
change. Accordingly, the width and depth of the groove may
be controlled by adjusting the energy intensity or the focusing
depth of the laser beam.

[0115] FIG. 12 is a cross-sectional view of a display panel
according to another exemplary embodiment of the present
disclosure taken along the line P1-P2 of FIG. 1, and F1G. 13
is a cross-sectional view of a display panel according to
another exemplary embodiment of the present disclosure
taken along the line P3-P4 of FIG. 1.

[0116] Referring to FIGS. 12 and 13, the second substrate
SUB2 may further include an overcoat layer OC between the
second base substrate BS2 and the common electrode CE.
The overcoat layer OC is disposed on the second base sub-
strate BS2 and includes an organic or inorganic insulating
material.

[0117] According to another exemplary embodiment, the
groove GRV is formed by removing a portion of the overcoat
layer OC and a portion of the common electrode CE. In the
present embodiment, since the groove GRV is formed to
penetrate through the overcoat layer OC and the common
electrode CE, a portion of the second base substrate BS2 is
exposed through the groove GRV.
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[0118] According to another exemplary embodiment, the
second substrate SUB2 may be manufactured by sequentially
forming the overcoat layer OC and the common electrode CE
on the second base substrate BS2 and removing a portion of
the overcoat layer OC and the common electrode CE using
the laser beam. Alternatively, the second substrate SUB2 may
be manufactured by forming the overcoat layer OC on the
second base substrate BS2, removing a portion of the over-
coat layer OC using the laser beam, and forming the common
electrode CE on the overcoat layer OC.

[0119] FIGS. 14A and 14B are graphs respectively of the
width and depth of the groove as a function of an energy
intensity of a laser beam according to an exemplary embodi-
ment of the present disclosure. The groove is formed in the
overcoat layer. As shown in FIGS. 14A and 14B, when the
energy intensity of the laser beam increases, the width and
depth of the groove changes. Accordingly, the width and
depth of the groove may be controlled by adjusting the energy
intensity or focusing depth of the laser beam.

[0120] Although exemplary embodiments of the present
disclosure have been described, it is understood that embodi-
ments of the present disclosure should not be limited to these
exemplary embodiments but that various changes and modi-
fications can be made by one ordinary skilled in the art within
the spirit and scope of the present disclosure as hereinafter
claimed.

What is claimed is:

1. A display device comprising a display area and a non-
display area, comprising:

a first alignment layer disposed on a first substrate;

a second alignment layer disposed on a second substrate;

and

a liquid crystal layer disposed between the first alignment

layer and the second alignment layer;

wherein a groove is disposed in the non-display area of the

second substrate to correspond to at least a portion of an
end portion of the second alignment layer.

2. The display device of claim 1, wherein the first substrate
includes a first base substrate and a pixel electrode disposed
on the first base substrate, and the second substrate includes a
second base substrate and a common electrode disposed on
the second base substrate, wherein the groove is disposed in
the second base substrate.

3. The display device of claim 2, further comprising an
overcoat layer disposed between the second base substrate
and the common electrode, wherein the groove is disposed in
the overcoat layer.

4. The display device of claim 1, wherein the groove is
provided along at least one side of the display area.

5. The display device of claim 4, wherein a plurality of
spaced apart grooves are provided.

6. The display device of claim 5, wherein at least a portion
of the grooves has a zigzag shape when viewed in a plan view.

7. The display device of claim 5, wherein at least a portion
of the grooves has a curved shape when viewed in a plan view.

8. The display device of claim 5, wherein two groups of
grooves are provided in that are spaced apart from each other,
extend in a same direction, and overlap with each other when
viewed in a plan view.

9. The display device of claim 1, wherein the groove has a
width equal to or greater than about 20 micrometers.
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10. The display device of claim 1, wherein the groove is
spaced apart from the end portion of the second alignment
layer by a distance equal to or greater than about 300
micrometers.

11. The display device of claim 2, further comprising:

a barrier dam disposed in the non-display area of the first
substrate that protrudes from the first substrate in an area
corresponding to an end portion of the first alignment
layer;

color filters disposed between the first base substrate and
the pixel electrode; and

a black matrix disposed on the first substrate between the
color filters, wherein the barrier dam is formed of the
same material as the black matrix.

12. A method of manufacturing a display device that com-
prises a display area that displays an image and a non-display
area disposed adjacent to at least a side of the display area, the
method comprising:

forming a first alignment layer on a first substrate;

manufacturing a second substrate facing the first substrate,
the second substrate including a common electrode and
a groove disposed in the non-display area, wherein the
groove is formed using a laser beam;

forming a second alignment layer on the second substrate
and forming a liquid crystal layer between the first sub-
strate and the second substrate.

13. The method of claim 12, wherein manufacturing the

second substrate comprises:

preparing a second base substrate;

forming the common electrode on the second base sub-
strate; and

irradiating the laser beam into the common electrode and
the second base substrate to form the groove.

14. The method of claim 12, wherein manufacturing the

second substrate comprises:

preparing a second base substrate;

irradiating the laser beam into the second base substrate to
form the groove; and

forming the common electrode on the second base sub-
strate.

15. The method of claim 12, wherein manufacturing the

second substrate comprises:

preparing the second base substrate;

forming an overcoat layer on the second base substrate;

forming the common electrode on the second base sub-
strate; and

irradiating the laser beam into the common electrode and
the overcoat layer to form the groove.

16. The method of claim 12, wherein manufacturing of

second substrate comprises:

preparing a second base substrate;

forming an overcoat layer on the second base substrate;

irradiating the laser beam into the overcoat layer to form
the groove; and

forming the common electrode on the overcoat layer.

17. The method of claim 12, wherein at least one of a width
or a depth of the groove is controlled by at least one of an
energy intensity or a focusing depth of the laser beam.

18. The method of claim 12, further comprising forming a
trimming line and an alignment key pattern in the non-display
area of the second substrate using the laser beam, wherein the
alignment key pattern is configured to align the first substrate
and the second substrate, and the trimming line separates a
floating electrode from the common electrode.
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19. The method of claim 18, wherein the alignment key
pattern, the trimming line, and the groove are formed in a
single process step.

20. The method of claim 19, further comprising removing
the trimming line and the alignment key pattern using the
laser beam when the groove is formed.

21. A display device, comprising:

adisplay area and a non-display area;

a first alignment layer disposed on a first substrate;

a second alignment layer disposed on a second substrate;

a liquid crystal layer disposed between the first alignment
layer and the second alignment layer;

a groove disposed in the non-display area of the second
substrate to correspond to at least a portion of an end
portion of the second alignment layer; and

a barrier dam disposed in the non-display area of the first
substrate that protrudes from the first substrate in an area
corresponding to an end portion of the first alignment
layer.

22. The display device of claim 21, wherein the second

substrate further comprises:

a common electrode;

a trimming line disposed in the non-display area thereof
that separates a floating electrode from the common
electrode; and

an alignment key pattern disposed in the non-display area
thereof,

wherein the alignment key pattern is configured to prevent
misalignment between the first substrate and the second
substrate when the first substrate and the second sub-
strate are attached to each other.

® % % % %
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