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DISPLAY DEVICE AND MANUFACTURING
METHOD THEREOF

RELATED APPLICATIONS

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2016-0004621 filed in
the Korean Intellectual Property Office on Jan. 14, 2016, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND

[0002] 1. Field

[0003] The described technology relates generally to a
display device and a manufacturing method thereof.
[0004] 2. Description of the Related Art

[0005] One of the currently most widely used flat panel
displays, a liquid crystal display (LCD), includes two sheets
of display panels formed with field generating electrodes
and a liquid crystal layer interposed therebetween. The LCD
displays an image by applying a voltage to the field gener-
ating electrodes to generate an electric field in a liquid
crystal layer, determining alignment directions of liquid
crystal molecules of the liquid crystal layer by the generated
field, and controlling polarization of incident light.

[0006] The two sheets of display panels included in the
LCD may be a thin film transistor array panel and an
opposed display panel. In the thin film transistor array panel,
a gate line for transmitting a gate signal and a data line for
transmitting a data signal are formed to cross each other, and
a thin film transistor connected to the gate and data lines, as
well as a pixel electrode connected to the thin film transistor,
may be formed. A light blocking member, a color filter, a
common electrode, and the like may be formed in the
opposed display panel. In some embodiments, the light
blocking member, the color filter, and the common electrode
may be formed in the thin film transistor array panel.
[0007] However, in conventional LCDs, since two sheets
of substrates are required and components are respectively
formed on the two sheets of substrates, there is a problem in
that the display device not only becomes heavy, thick, and
costly, but also requires a longer processing time.

[0008] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention, and therefore it may
contain information that does not form the prior art already
known in this country to a person of ordinary skill in the art.

SUMMARY

[0009] The inventive concept has been made in an effort to
provide a display device and a manufacturing method
thereof that are capable of reducing thickness, width, cost,
and processing time by manufacturing the display device
using one substrate.

[0010] As such, when the display device is manufactured
using one substrate, an encapsulation layer for encapsulating
a liquid crystal layer may be formed. The encapsulation
layer includes an organic material. Thus, there is a problem
that oxygen and moisture permeate through the encapsula-
tion layer from the outside, and characteristics of a device
are deteriorated.

[0011] Accordingly, the exemplary embodiment has been
made in an effort to provide a display device and a manu-
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facturing method thereof that prevent oxygen and moisture
from permeating through the encapsulation layer.

[0012] An exemplary embodiment provides a display
device, including: a substrate; a thin film transistor disposed
on the substrate; a first electrode connected to the thin film
transistor; a roof layer disposed on the first electrode and
spaced apart from the first electrode by interposing a micro-
cavity therebetween; a liquid crystal layer positioned inside
the microcavity; an encapsulation layer positioned on the
roof layer; and a barrier layer covering an upper surface and
a lateral surface of the encapsulation layer, wherein a lateral
surface of the barrier layer includes a thermal distortion
portion.

[0013] The encapsulation layer may include an organic
material, and the barrier layer may include an inorganic
material.

[0014] The barrier layer may include silicon nitride.
[0015] A lateral surface of the encapsulation layer may
include a thermal distortion portion.

[0016] An angle between the lateral surface of the encap-
sulation layer and the substrate may be equal to or greater
than about 80°.

[0017] The substrate may include a display area and a
peripheral area, and the thermal distortion portion of the
barrier layer may be disposed on either a boundary between
the display area and the peripheral area, or a portion of the
peripheral area adjacent the boundary.

[0018] The barrier layer may include a first barrier layer
and a second barrier layer disposed on the first barrier layer.
[0019] The first barrier layer may include an inorganic
material, and the second barrier layer may include an
organic material.

[0020] The barrier layer may further include a third barrier
layer disposed on the second barrier layer.

[0021] The first barrier layer and the third barrier layer
may include an inorganic material, and the second barrier
layer may include an organic material.

[0022] The exemplary embodiment may further include a
ground pattern disposed on the substrate, and the ground
pattern may be connected to the barrier layer.

[0023] The barrier layer may include a transparent con-
ductive material.

[0024] A plan shape of the ground pattern may be a rod
shape or a dot shape.

[0025] The substrate may include a display area and a
peripheral area, and the ground pattern may be disposed on
the peripheral area or a boundary between the display area
and the peripheral area.

[0026] An exemplary embodiment provides a display
device, including: a substrate; a ground pattern disposed on
the substrate; a thin film transistor disposed on the substrate;
a first electrode connected to the thin film transistor; a roof
layer disposed on the first electrode and spaced apart from
the first electrode by interposing a microcavity therebe-
tween; a liquid crystal layer positioned inside the microcav-
ity; an encapsulation layer positioned on the roof layer; and
a barrier layer covering an upper surface and a lateral surface
of the encapsulation layer and connected to the ground
pattern.

[0027] The barrier layer may include a transparent con-
ductive material.

[0028] An exemplary embodiment provides a manufactur-
ing method of a display device, including: forming a thin
film transistor on a display area of a substrate including the
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display area, a peripheral area, and an extra area; forming a
first electrode to be connected to the thin film transistor;
forming a sacrificial layer on the first electrode; forming a
roof layer on the sacrificial layer; forming a microcavity
between the first electrode and the roof layer by removing
the sacrificial layer; forming an encapsulation layer on the
roof layer; removing a portion of the encapsulation layer
disposed on a boundary between the display area and the
peripheral area of the substrate to form a trench; forming a
barrier layer covering an upper surface and a lateral surface
of the encapsulation layer; cutting a portion of the barrier
layer disposed in the trench; cutting the boundary between
the display area and the peripheral area; and removing a
portion of the barrier layer disposed on the peripheral area
and the extra area of the substrate.

[0029] Cutting a portion of the barrier layer disposed in
the trench may include irradiating, with a laser, a portion of
the barrier layer disposed on the boundary between the
display area and the peripheral area of the substrate.
[0030] Removing a portion of the encapsulation layer may
include irradiating, with a laser, a portion of the encapsula-
tion layer disposed on the boundary between the display area
and the peripheral area of the substrate.

[0031] The encapsulation layer may include an organic
material, and the barrier layer may include an inorganic
material.

[0032] The display device and the manufacturing method
thereof according to the current exemplary embodiment as
described above have the following effects.

[0033] According to the current exemplary embodiment,
since the display device is manufactured using one substrate,
the weight, thickness, cost, and processing time thereof can
be reduced.

[0034] In addition, a barrier layer is formed to cover an
upper surface and lateral surfaces of the encapsulation layer,
thereby preventing permeation of oxygen and moisture.
[0035] Further, the barrier layer is connected to a ground
pattern, thereby dispersing static electricity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG.1isa plan view of a display device according
to an exemplary embodiment.

[0037] FIG. 2 is a partial plan view of a display device
according to an exemplary embodiment.

[0038] FIG. 3 is a cross-sectional view of a display device
according to an exemplary embodiment taken along the line
HI-1T of FIG. 2.

[0039] FIG. 4 is a cross-sectional view of a display device
according to an exemplary embodiment taken along the line
IV-IV of FIG. 2.

[0040] FIGS.5,6,7, 8, 9,10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, and 22 are process cross-sectional views of
a manufacturing method of a display device according to an
exemplary embodiment.

[0041] FIG. 23 and FIG. 24 are cross-sectional views of a
display device according to an exemplary embodiment of
the present invention.

[0042] FIG. 25 is a plan view of a display device accord-
ing to an exemplary embodiment.

[0043] FIG. 26 is a partial plan view of a display device
according to an exemplary embodiment.

[0044] FIG. 27 is a cross-sectional view of a display
device according to an exemplary embodiment taken along
the line XXVII-XXVII of FIG. 26.
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[0045] FIG. 28 is a plan view of a display device accord-
ing to an exemplary embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0046] The exemplary embodiments will be described
more fully hereinafter with reference to the accompanying
drawings, in which exemplary embodiments are shown. As
those skilled in the art would realize, the described embodi-
ments may be modified in various different ways, all without
departing from the spirit or scope of the exemplary embodi-
ment.

[0047] Parts that are irrelevant to the description will be
omitted to clearly describe the inventive concept, and like
reference numerals designate like elements throughout the
specification.

[0048] Further, in the drawings, the size and thickness of
each element are arbitrarily illustrated for ease of descrip-
tion, and the inventive concept is not necessarily limited to
those illustrated in the drawings.

[0049] In the drawings, the thickness of layers, films,
panels, regions, etc., are exaggerated for clarity. It will be
understood that when an element such as a layer, film,
region, or substrate is referred to as being “on” another
element, it can be directly on the other element or interven-
ing elements may also be present.

[0050] In addition, unless explicitly described to the con-
trary, the word “comprise” and variations such as “com-
prises” or “comprising” will be understood to imply the
inclusion of stated elements but not the exclusion of any
other elements. Further, “on”, “over”, “under”, or “beneath”
does not only mean directly on or directly under an element
based on a gravity direction.

[0051] In addition, “in a plan view” means viewing from
above the element, and “in a cross-sectional view” means
viewing a cross-section from the side.

[0052] Referring first to FIG. 1, a display device according
to an exemplary embodiment will be described.

[0053] FIG. 1is a plan view of a display device according
to an exemplary embodiment.

[0054] The display device according to the exemplary
embodiment includes a substrate 110 that is made of a
material such as glass or plastic.

[0055] The substrate 110 is divided into a display area DA
and a peripheral area PA. The display area DA is positioned
in a center part of the substrate 110, and the peripheral area
PA surrounds an edge of the display area DA. The display
area DA is an area on which an image is displayed, and
drivers for transmitting driving signals are disposed in the
peripheral area PA to allow the image to be displayed on the
display area DA.

[0056] In the display area DA, a plurality of gate lines G1
to Gn are formed to be parallel to each other, and a plurality
of data lines D1 to Dm are formed to be parallel to each
other. The plurality of gate lines G1 to Gn and the plurality
of data lines D1 to Dm are insulated from each other, and
cross each other to define a plurality of pixels.

[0057] In each pixel, a thin film transistor Q, an LC
capacitor Clc, and a storage capacitor Cst are formed. A
control terminal of the thin film transistor Q is connected to
any one of the plurality of gate lines G1 to Gn, an input
terminal thereof is connected to any one of the plurality of
data lines D1 to Dm, and an output terminal thereof is
connected to one terminal of the LC capacitor Clc and one
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terminal of the storage capacitor Cst. A common voltage
may be applied to the other terminal of the LC capacitor Cle,
and a reference voltage may be applied to the other terminal
of the storage capacitor Cst.

[0058] The gate lines G1 to Gn and the data lines D1 to
Dm extend even to the peripheral area PA. Gate pad portions
GP connected to the gate lines G1 to Gn and data pad
portions DP connected to the data lines D1 to Dm are
positioned in the peripheral area PA. The gate pad portions
GP may be connected to a gate driver 500, and receive a gate
signal from the gate driver 500 to transmit the gate signal to
the gate lines G1 to Gn. The data pad portions DP may be
connected to a data driver 600, and receive a data signal
from the data driver 600 to transmit the data signal to the
data lines D1 to Dm.

[0059] In FIG. 1, the gate pad portions GP are illustrated
to be positioned at a left edge of the display area DA, but the
exemplary embodiment is not limited thereto, and the posi-
tion of the gate pad portions GP may be variously changed.
For example, the gate pad portions GP may be positioned at
opposite lateral edges of the display area DA.

[0060] In FIG. 1, the data pad portions DP are illustrated
to be positioned at an upper edge of the display area DA, but
the exemplary embodiment is not limited thereto, and the
position of the data pad portions DP may be variously
changed. For example, the data pad portion DP may be
positioned at both lateral edges of the display area DA.
[0061] Structures of one pixel and pad portions of a
display device according to an exemplary embodiment will
now be described with reference to FIGS. 2 to 4.

[0062] FIG. 2 is a partial plan view of a display device
according to an exemplary embodiment, FIG. 3 is a cross-
sectional view of the display device according to the exem-
plary embodiment taken along the line III-I1I of FIG. 2, and
FIG. 4 is a cross-sectional view of the display device
according to the exemplary embodiment taken along the line
IV-IV of FIG. 2.

[0063] Referring to FIG. 2 to FIG. 4, a gate line 121, a gate
electrode 124 protruding from the gate line 121, and a gate
pad 125 connected to the gate line are disposed on the
substrate 110.

[0064] The gate line 121 extends in a first direction, and
transmits a gate signal. For example, the gate line 121 may
extend in an approximately horizontal direction. In a plan
view, the gate electrode 124 protrudes upward of the gate
line 121. However, the exemplary embodiment is not limited
thereto, and a protruding shape of the gate electrode 124
may be variously modified. Alternatively, the gate electrode
124 may not protrude from the gate line 121, and may be
disposed on the gate line 121. The gate line 121 and the gate
electrode 124 are disposed in the display area DA, and the
gate line 121 is extended to the peripheral area PA.

[0065] The gate pad 125 extends from an end portion of
the gate line 121. The end portion of the gate line 121 is
disposed in the peripheral area PA, and the gate pad 125 is
positioned in the peripheral area PA. The gate pad 125 may
have a wider width than of the gate line 121. The gate pad
125 may be made of the same material as the gate line 121
and the gate electrode 124, and may be disposed as the same
layer.

[0066] A reference voltage line 131 and storage electrodes
1354 and 1355 protruding from the reference voltage line
131 may be further formed on the substrate 110.
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[0067] The reference voltage line 131 extends in a direc-
tion parallel to the gate line 121, and is spaced apart from the
gate line 121. A constant voltage may be applied to the
reference voltage line 131. The storage electrodes 1354 and
1355 include a pair of first storage electrodes 135a extend-
ing substantially perpendicular to the reference voltage line
131, and a second storage electrode 1355 connecting the pair
of first storage electrodes 135a. The reference voltage line
131 and the storage electrodes 1354 and 1355 may surround
a pixel electrode 191 to be described below.

[0068] A gate insulating layer 140 is disposed on the gate
line 121, the gate electrode 124, the gate pad 125, the
reference voltage line 131, and the storage electrodes 1354
and 135b. The gate insulating layer 140 may be made of an
inorganic insulating material such as a silicon nitride (SiNx)
or a silicon oxide (SiOx). In addition, the gate insulating
layer 140 may consist of a single layer or multiple layers.
[0069] A semiconductor 154 is disposed on the gate insu-
lating layer 140. The semiconductor 154 may be disposed on
the gate electrode 124. The semiconductor 154 may be made
of amorphous silicon, polycrystalline silicon, or a metal
oxide.

[0070] An ohmic contact member (not shown) may be
disposed on the semiconductor 154. The ohmic contact
member may be made of a silicide or a material such as n+
hydrogenated amorphous silicon in which an n-type impu-
rity is doped at a high concentration. When the semicon-
ductor 154 is made of a metal oxide, the ohmic contact
member may be omitted.

[0071] A data line 171, a source electrode 173, a drain
electrode 175, and a data pad 177 are disposed on the
semiconductor 154 and the gate insulating layer 140.
[0072] The data line 171 transmits a data signal and
extends in a second direction to cross the gate line 121 and
the reference voltage line 131. For example, the data line
171 may extend in an approximately vertical direction. In a
cross-sectional view, the source electrode 173 protrudes
above the gate electrode 124 from the data line 171, and in
a plan view, the source electrode 173 may be bent in a
U-shape. The drain electrode 175 includes one wide end
portion and one rod-shaped end portion. The wide end
portion of the drain electrode 175 overlaps the pixel elec-
trode 191. The rod-shaped end portion of the drain electrode
175 is partially surrounded by the source electrode 173.
However, the exemplary embodiment is not limited thereto,
and shapes of the source electrode 173 and the drain
electrode 175 may be variously modified. The data line 171,
the source electrode 173, and the drain electrode 175 are
disposed in the display area DA, and the data line 171 is
extended to the peripheral area PA.

[0073] The data pad 177 is connected to the data line 171.
The data pad 177 is extended from an end portion of the data
line 171, and both the data pad 177 and end portion of the
data line 171 are positioned in the peripheral area PA. The
data pad 177 may have a wider width than the data line 171.
The data pad 177 may be made of the same material as and
disposed on the same layer as the data line 171, the source
electrode 173, and the drain electrode 175.

[0074] The gate electrode 124, the source electrode 173,
and the drain electrode 175 form one thin film transistor
(TFT) Q along with the semiconductor 154. In this case, a
channel of the thin film transistor Q is formed in the
semiconductor 154 between the source electrode 173 and the
drain electrode 175.
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[0075] A passivation layer 180 is disposed on the data line
171, the source electrode 173, the drain electrode 175, an
exposed portion of the semiconductor 154, and the data pad
177. The passivation layer 180 may be made of an organic
insulating material or an inorganic insulating material, and
may consist of a single layer or multiple layers.

[0076] On the passivation layer 180, color filters 230 are
disposed inside each pixel.

[0077] Each color filter 230 may display one of three
primary colors such as red, green, and blue. The color filter
230 may not be limited to displaying the three primary
colors such as red, green, and blue, but may display cyan,
magenta, yellow, and white-based colors.

[0078] A light blocking member 220 is disposed between
adjacent color filters 230. The light blocking member 220
may be positioned at an edge of the pixel, and may overlap
the gate line 121, the data line 171, and the thin film
transistor Q to prevent light leakage. However, the exem-
plary embodiment is not limited thereto, and the light
blocking member 220 may overlap the gate line 121 and the
thin film transistor Q, but not the data line 171. In this case,
in order to prevent light leakage, the adjacent color filters
230 may overlap each other in a portion where the light
blocking member 220 overlaps the data line 171. The color
filter 230 and the light blocking member 220 may overlap
each other in some regions.

[0079] A first insulating layer 240 may be further disposed
on the color filter 230 and the light blocking member 220.
The first insulating layer 240 may be made of an organic
insulating material, and may serve to planarize upper sur-
faces of the color filter 230 and the light blocking member
220. The first insulating layer 240 may be a dual layer that
includes a laver made of an organic insulating material and
a layer made of an inorganic insulating material. Alterna-
tively, the first insulating layer 240 may be omitted, as the
case may be.

[0080] The first insulating layer 240, the light blocking
member 220, and the passivation layer 180 have a first
contact hole 181 overlapping at least a portion of the drain
electrode 175. The first contact hole 181 may overlap the
wide end portion of the drain electrode 175. In addition, the
passivation layer 180 and the gate insulating layer 140 have
a second contact hole 185 overlapping at least a portion of
the gate pad 125, and a third contact hole 187 overlapping
at least a portion of the data pad 177.

[0081] The pixel electrode 191 is disposed on the first
insulating layer 240. The pixel electrode 191 may be made
of a transparent metal oxide such as an indium tin oxide
(ITO) or an indium zinc oxide (IZO). The pixel electrode
191 is connected to the drain electrode 175 through the first
contact hole 181. Accordingly, when the thin film transistor
Q is turned on, a data voltage is applied to the drain electrode
175 through the pixel electrode 191.

[0082] The pixel electrode 191 is generally quadrangular.
The pixel electrode 191 includes a horizontal stem portion
193, a vertical stem portion 192, and a minute branch portion
194 extending from the horizontal and vertical stem portions
193 and 192. The pixel electrode 191 is divided into four
subregions by the horizontal stem portion 193 and the
vertical stem portion 192. The minute branch portion 194
obliquely extends from the horizontal stem portion 193 and
the vertical stem portion 192, and may form an angle of
about 45° or about 135° with an extending direction of the
gate line 121 or the horizontal stem portion 193. In addition,
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extending directions of the minute branch portions 194 of
the two adjacent subregions may be perpendicular to each
other.

[0083] In the exemplary embodiment, the pixel electrode
191 may further include an outer stem portion that surrounds
an outer edge of the pixel.

[0084] In addition, a gate contact assistant 195 and a data
contact assistant 197 are positioned on the peripheral area
PA of the substrate 110. The gate contact assistant 195 and
the data contact assistant 197 may be disposed on the
passivation layer 180.

[0085] The gate contact assistant 195 is connected to the
gate pad 125 through the second contact hole 185. The gate
contact assistant 195 may be made of the same material as
and disposed on the same layer as the pixel electrode 191.
The gate pad 125 and the gate contact assistant 195 are
laminated to form a gate pad portion GP.

[0086] The data contact assistant 197 is connected to the
data pad 177 through the third contact hole 187. The data
contact assistant 197 may be made of the same material as
and disposed on the same layer as the pixel electrode 191.
The data pad 177 and the data contact assistant 197 are
laminated to form a data pad portion DP.

[0087] The pixel electrode 191 may be disposed in the
display area DA, and the gate contact assistant 195 and the
data contact assistant 197 may be disposed in the peripheral
area PA.

[0088] The layout of the pixel, the structure of the thin film
transistor, and the shape of the pixel electrode described
above are merely exaniples, and the exemplary embodiment
is not limited thereto and may be variously modified. For
example, one pixel may include a plurality of subpixels to
which different voltages are respectively applied. For this
purpose, a plurality of thin film transistors may also be
formed in one pixel.

[0089] A common electrode 270 is disposed on the pixel
electrode 191 to be spaced apart from the pixel electrode 191
by a predetermined distance. A microcavity 305 is disposed
between the pixel electrode 191 and the common electrode
270. That is, the microcavity 305 is surrounded by the pixel
electrode 191 and the common electrode 270. The common
electrode 270 may extend in a row direction. The common
electrode 270 covers an upper surface of the microcavity
305 and a portion of a lateral surface thereof. A size of the
microcavity 305 may be variously modified depending on a
size and resolution of the display device.

[0090] However, the exemplary embodiment is not limited
thereto. For example, the common electrode 270 may be
disposed on the pixel electrode 191 by a predetermined
distance, with an insulating layer disposed between the
common electrode 270 and the pixel electrode 191, and the
microcavity 305 disposed on the common electrode 270.
[0091] Itis illustrated that a plurality of microcavities 305
are disposed on the substrate 110 and that one microcavity
305 corresponds to one pixel. However, the exemplary
embodiment is not limited thereto, so the microcavity 305
may correspond to a plurality of pixels, or the microcavity
305 may correspond to some of the pixels. When one pixel
consists of two subpixels, the microcavity 305 may corre-
spond to one subpixel. Alternatively, the microcavity 305
may correspond to two subpixels that neighbor each other.
[0092] The common electrode 270 may be made of a
transparent metal oxide such as an indium tin oxide (ITO) or
an indium zin¢ oxide (IZ0). A constant voltage may be
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applied to the common electrode 270, and an electric field
may be generated between the pixel electrode 191 and the
common electrode 270.

[0093] Alignment layers 11 and 21 are formed on the pixel
electrode 191 and under the common electrode 270.
[0094] The alignment layers 11 and 21 include a first
alignment layer 11 and a second alignment layer 21. The first
alignment layer 11 and the second alignment layer 21 may
be vertical alignment layers, and may be made of an aligning
material such as polyamic acid, polysiloxane, or polyimide.
The first and second alignment layers 11 and 21 may be
connected at a side wall of an edge of the microcavity 305.
[0095] The first alignment layer 11 is disposed on the pixel
electrode 191. The first alignment layer 11 may also be
disposed directly on at least some of the first insulating layer
240 that is not covered by the pixel electrode 191.

[0096] The second alignment layer 21 is disposed under
the common electrode 270 to face the first alignment layer
11.

[0097] A liquid crystal layer including liquid crystal (LC)
molecules 310 is disposed inside the microcavity 305 that is
positioned between the pixel electrode 191 and the common
electrode 270. The LC molecules 310 may have negative
dielectric anisotropy, and may be disposed perpendicularly
to the substrate 110 when no electric field is present. That is,
vertical alignment may be achieved. However, the exem-
plary embodiment is not limited thereto, and horizontal
alignment may be achieved.

[0098] The pixel electrode 191 to which the data voltage
is applied generates an electric field along with the common
electrode 270, thereby determining alignment directions of
the LC molecules 310 disposed inside the microcavity 305
between the two electrodes 191 and 270. As such, luminance
of light transmitted through the liquid crystal layer varies
depending on the determined alignment directions of the L.C
molecules 310.

[0099] A second insulating layer 350 may be further
formed on the common electrode 270. The second insulating
layer 350 may be made of an inorganic insulating material
such as a silicon nitride (SiNx) or a silicon oxide (SiOx), or
may be omitted, as the case may be.

[0100] A rooflayer 360 is formed on the second insulating
layer 350. The roof layer 360 may be made of an organic
material or an inorganic material. In addition, the roof layer
360 may consist of a single layer or multiple layers. The roof
layer 360 may extend in a row direction. The roof layer 360
covers an upper surface of the microcavity 305 and a portion
of a lateral surface thereof. The roof layer 360 may be
hardened by a curing process to maintain a shape of the
microcavity 305. The roof layer 360 is formed to be spaced
apart from the pixel electrode 191 while interposing the
microcavity 305 therebetween.

[0101] In the drawings, the color filter 230 is illustrated
such that it is positioned under the microcavity 305, but the
exemplary embodiment is not limited thereto. The position
of the color filter 230 may be changed. For example, the roof
layer 360 may be made of a color filter material, and in this
case, the color filter 230 may be positioned on the micro-
cavity 305.

[0102] The common electrode 270 and the roof layer 360
do not cover a portion of the lateral surface of the edge of
the microcavity 305, and parts of the microcavity 305 which
are not covered by the common electrode 270 and the roof
layer 360 are called injection holes 307a and 3075. The
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injection holes 307a and 3075 include a first injection hole
307a that exposes a lateral surface of a first edge of the
microcavity 305, and a second injection hole 307b that
exposes a lateral surface of a second edge of the microcavity
305. The first edge and the second edge face each other, and
for example, in a plan view, the first edge may be an upper
edge of the microcavity 305 and the second edge may be a
lower edge of the microcavity 305. In a manufacturing
process of the display device, since the microcavity 305 is
exposed by the injection holes 3074 and 3075, an aligning
agent or an LLC material may be injected into the microcavity
305 via the injection holes 3074 and 3075.

[0103] A third insulating layer 370 may be further formed
on the roof layer 360. The third insulating layer 370 may be
made of an inorganic insulating material such as a silicon
nitride (SiNx) or a silicon oxide (SiOx). The third insulating
layer 370 may be formed to cover an upper surface of the
roof layer 360 and/or a lateral surface thereof. The third
insulating layer 370 may serve to protect the roof layer 360
that is made of an organic material, and may be omitted, as
the case may be.

[0104] The third insulating layer 370 may have substan-
tially the same plan shape as the roof layer 360. The roof
layer 360 may consist of multiple layers, and in this case, the
third insulating layer 370 may be one of layers that consti-
tute the roof layer 360.

[0105] An encapsulation layer 390 is formed on the third
insulating layer 370. The encapsulation layer 390 may cover
the injection holes 3074 and 3075. That is, the encapsulation
layer 390 may encapsulate the microcavity 305 such that the
LC molecules 310 disposed inside the microcavity 305 do
not leak to the outside.

[0106] The encapsulation layer 390 may be made of an
organic insulating material. The encapsulation layer 390 is
preferably made of a material that does not react with the LC
molecules 310, since it contacts the LC molecules 310. For
example, the encapsulation laver 390 may be made of
perylene or the like.

[0107] The encapsulation layer 390 is disposed in the
display area DA, and any portion of the encapsulation 390
that is disposed in the peripheral area PA may ultimately be
removed. The gate pad portion GP and the data pad portion
DP may not be covered by the encapsulation layer 390, and
upper surfaces of the gate pad portion GP and the data pad
portion DP may be exposed. After forming the encapsulation
layer 390 on the display area DA and peripheral area PA, a
portion of the encapsulation layer 390 disposed on the
peripheral area PA may be removed. In this case, a laser may
be used. The laser may irradiate a boundary between the
display area DA and the peripheral area PA of the substrate
110. As a result, a lateral portion of the encapsulation layer
390 may include a thermal distortion portion. The thermal
distortion portion means a trace of laser irradiation. An angle
between the lateral surface of the encapsulation layer and the
substrate is equal to or greater than about 80°.

[0108] Ahbarrier layer 392 is disposed on the encapsulation
layer 390. The barrier layer 392 may cover an upper surface
and the lateral surface of the encapsulation layer 390.
[0109] The barrier layer 392 may be made of an inorganic
material. For example, the barrier layer 392 may be made of
a silicon nitride (SiNx). The barrier layer 392 is formed to
cover the upper surface and the lateral surface of the
encapsulation layer 390. Thus, oxygen and moisture may be
prevented from permeating through the encapsulation layer
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390. If the barrier layer 392 were to cover only the upper
surface of the encapsulation layer 390, oxygen or moisture
would be able to permeate through the lateral surface of the
encapsulation layer. If oxygen or moisture passed through
the encapsulation layer 390, reliability of an element such as
the thin film transistor could be compromised. In the exem-
plary embodiment, reliability of the element may be
improved by forming the barrier layer 392 to cover the upper
surface and the lateral surface of the encapsulation layer 390
by using a material preventing permeation of oxygen and
moisture.

[0110] Furthermore, the barrier layer 392 may cover por-
tions of lateral surfaces of the third insulating layer 370, the
roof layer 360, the second insulating layer 350, the first
insulating layer 240, and the light blocking member 220
disposed under an edge portion of the encapsulation layer
390. Even furthermore, the barrier layer 392 may cover a
portion of the upper surface of the passivation layer 180
adjacent to the edge portion of the encapsulation layer 390
and not covered by the encapsulation layer 390. Thus, the
edge portion of the barrier layer 392 may be disposed
outside of the edge portion of the encapsulation layer 390.
For example, the edge portion of the encapsulation layer 390
may be disposed on the display area DA of the substrate 110,
with the edge portion of the barrier layer disposed on a
boundary between the display area DA and the peripheral
area PA of the substrate 110. Alternatively, the edge portion
of the barrier layer 392 may be disposed on the peripheral
area PA of the substrate 110.

[0111] The barrier layer 392 may be disposed on the
display area DA, and may not be disposed on the peripheral
area PA. The gate pad portion GP and the data pad portion
DP may not be covered by the encapsulation layer 390, and
the gate pad portion GP and the data pad portion DP may be
exposed to the outside. After forming the barrier layer 392
on the display area DA and peripheral area PA, a portion of
the barrier layer 392 disposed on the peripheral area PA may
be removed. In this case, a laser may be used to remove the
portion of the barrier layer. The laser may irradiate a
boundary between the display area DA and the peripheral
area PA. As a result, a lateral portion of the encapsulation
layer 390 may include a thermal distortion portion. The
thermal distortion portion may be disposed on the boundary
between the display area DA and the peripheral area PA.
However, the exemplary embodiment is not limited thereto,
and the thermal distortion portion of the barrier layer 392
may be disposed on a portion of the peripheral area PA
adjacent to the boundary between the display area DA and
the peripheral area PA.

[0112] Although not illustrated, a polarizer may be further
formed at top and bottom surfaces of the display device. The
polarizer may consist of a first polarizer and a second
polarizer. The first polarizer may be attached to a bottom
surface of the substrate 110, and the second polarizer may be
attached to the encapsulation layer 390.

[0113] Next, with reference to FIG. 5 to FIG. 22, a
manufacturing method of a display device according to an
exemplary embodiment will be described as follows. In
addition, the description will be made with reference to FIG.
1 to FIG. 4.

[0114] FIGS. 5 to 22 are process cross-sectional views of
a manufacturing method of a display device according to an
exemplary embodiment.
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[0115] As shown in FIG. 5 and FIG. 6, a gate line 121
extending in a first direction and a gate electrode 124
protruding from the gate line 121 are formed on a substrate
110 made of glass or plastic. The gate line 121 may
substantially extend in a horizontal direction.

[0116] In forming the gate line 121 and gate electrode 124,
a gate pad 125 connected to the gate line 121 is formed
together therewith. The gate line 121 is extended from a
display area DA to a peripheral area PA. The gate pad 125
extends from an end portion of the gate line 121, and is
disposed in the peripheral area PA. The gate pad 125 may be
made of the same material as the gate line 121 and the gate
electrode 124, and may be disposed on the same layer.
[0117] In addition, a reference voltage line 131 and stor-
age electrodes 1354 and 1356 protruding from the reference
voltage line 131 may be formed together such that they are
separated from the gate line 121. The reference voltage line
131 extends in a direction parallel to the gate line 121. The
storage electrodes 135¢ and 1356 include a pair of first
storage electrodes 1354 extending substantially perpendicu-
lar to the reference voltage line 131, and a second storage
electrode 1355 connecting the pair of first storage electrodes
135a. The reference voltage line 131 and the storage elec-
trodes 1354 and 13556 may surround the pixel electrode 191
to be described below.

[0118] Next, using an inorganic insulating material such as
a silicon nitride (SiNx) or a silicon oxide (SiOx), a gate
insulating layer 140 is formed on the gate line 121, the gate
electrode 124, the gate pad 125, the reference voltage line
131, and the storage electrodes 135a¢ and 1356. The gate
insulating layer 140 may consist of a single layer or multiple
layers.

[0119] As shown in FIG. 7 and FIG. 8, a semiconductor
material such as amorphous silicon, polycrystalline silicon,
or a metal oxide is deposited on the gate insulating layer 140.
Next, after depositing a metal material, the metal material
and the semiconductor material are patterned to form a
semiconductor 154, a data line 171, a source electrode 173,
a drain electrode 175, and a data pad 177. The data line 171,
the source electrode 173, the drain electrode 175, and the
data pad 177 may consist of a single layer or multiple layers.
[0120] The semiconductor 154 is positioned on the gate
electrode 124, and is also disposed under the data line. In the
above description, the method in which the semiconductor
material and the metal material are sequentially deposited
and are then simultaneously patterned is described, but the
exemplary embodiment is not limited thereto. The semicon-
ductor 154 is formed first by depositing and then patterning
the semiconductor material, and then the metal material may
be deposited and patterned to form the data line 171. In this
case, the semiconductor 154 may not be disposed under the
data line 171.

[0121] The data line 171 extends in a second direction to
cross the gate line 121 and the reference voltage line 131.
The data line 171 may extend in a substantially vertical
direction. The source electrode 173 protrudes above the gate
electrode 124 from the data line 171, and a part of the drain
electrode 175 is surrounded by the source electrode 173. The
data line 171, the source electrode 173, and the drain
electrode 175 are disposed in the display area DA, and the
data line 171 extends to the peripheral area PA.

[0122] The data pad 177 is connected to the data line 171.
The data pad 177 extends from an end portion of the data
line 171. The end portion of the data line 171 is positioned
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in the peripheral area PA, and the data pad 177 is positioned
in the peripheral area PA. The data pad 177 may be made of
the same material as and disposed on the same layer as the
data line 171, the source electrode 173, and the drain
electrode 175.

[0123] The gate electrode 124, the source electrode 173,
and the drain electrode 175 form one thin film transistor
(TFT) Q along with the semiconductor 154. The thin film
transistor Q may function as a switching element that
transmits a data voltage of the data line 171. In this case, a
channel of the switching element is formed in the semicon-
ductor 154 between the source electrode 173 and the drain
electrode 175.

[0124] Next, a passivation layer 180 is formed on the data
line 171, the source electrode 173, the drain electrode 175,
and an exposed portion of the semiconductor 154. The
passivation layer 180 may be made of an organic insulating
material or an inorganic insulating material, and may consist
of a single layer or multiple layers.

[0125] As shown in FIGS. 9 and 10, a color filter 230 is
formed on the passivation layer 180. The color filter 230
may be formed inside each pixel, and may not be formed at
an edge of the pixel. A plurality of color filters 230 allowing
different wavelengths of light to be transmitted therethrough
may be formed, and in this case, color filters 230 of the same
color may be formed along a column direction. When
forming color filters 230 of three colors, a color filter 230 of
a first color may be formed first using a mask, the mask may
be shifted to form a color filter 230 of a second color, and
the mask may be shifted again to form a color filter 230 of
a third color.

[0126] Subsequently, a light blocking member 220 is
formed on the passivation layer 180 by using a light block-
ing material. The light blocking member 220 may be dis-
posed at the edge of the pixel, and may overlap the gate line
121, the data line 171, and the thin film transistor Q to
prevent light leakage. However, the exemplary embodiment
is not limited thereto, and the light blocking member 220
may overlap the gate line 121 and the thin film transistor Q,
but not the data line 171.

[0127] Next, a first insulating layer 240 is formed on the
color filter 230 and the light blocking member 220. The first
insulating layer 240 may be formed of an organic insulating
material, and may serve to planarize upper surfaces of the
color filter 230 and the light blocking member 220. The first
insulating layer 240 may be formed as a dual layer by
sequentially depositing a layer made of an organic insulating
material and a layer made of an inorganic insulating mate-
rial.

[0128] Next, the first insulating layer 240, the light block-
ing member 220, and the passivation layer 180 are patterned
to form a first contact hole 181 that exposes at least some of
the drain electrode 175. In the step of the forming of the first
contact hole 181, a second contact hole 185 exposing at least
some of the gate pad 125 and a third contact hole 187
exposing at least some of the data pad 177 may be formed
together therewith.

[0129] Next, a transparent metal material such as an
indium tin oxide (ITO) or an indium zinc oxide (IZO) is
deposited on the first insulating layer 240 and then patterned
to form the pixel electrode 191. The pixel electrode 191 is
connected to the drain electrode 175 through the first contact
hole 181. The pixel electrode 191, which has an overall
quadrangular shape, includes horizontal and vertical stem
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portions 193 and 192 crossing each other, and a minute
branch portion 194 extending from the horizontal and ver-
tical stem portions 193 and 192.

[0130] In the step of the forming of the pixel electrode
191, a gate contact assistant 195 and a data contact assistant
197 are formed together therewith. The gate contact assistant
195 is connected to the gate pad 125 through the second
contact hole 185, and the data contact assistant 197 is
connected to the data pad 177 through the third contact hole
187. The gate contact assistant 195, the data contact assistant
197, and the pixel electrode 191 may be made of the same
material, and disposed as the same layer.

[0131] As shown in FIGS. 11 and 12, a sacrificial layer
300 is formed on the pixel electrode 191, the gate contact
assistant 195, the data contact assistant 197, and the first
insulating layer 240. In a plan view, the sacrificial layer 300
may be formed to extend in the column direction. The
sacrificial layer 300 may be formed in the display area DA
and the peripheral area PA. In the display area DA, the
sacrificial layer 300 may overlap the pixel electrode 191, but
not the data line 171. In the peripheral area PA, the sacrificial
layer 300 may overlap the gate contact assistant 195 and the
data contact assistant 197.

[0132] As shown in FIGS. 13 and 14, a transparent metal
material such as an indium tin oxide (ITO) or an indium zinc
oxide (IZ0) is deposited on the sacrificial layer 300 to form
a common electrode 270.

[0133] Next, a second insulating layer 350 may be formed
on the common electrode 270 by using an inorganic insu-
lating material such as a silicon oxide or a silicon nitride.
[0134] Subsequently. an organic material is coated on the
second insulating layer 350 and is then patterned to form a
roof layer 360. In this case, the patterning may be performed
such that a portion of an organic material overlapping the
gate line 121 and the thin film transistor Q is removed.
Accordingly, the roof layer 360 may extend along a row
direction.

[0135] After the roof layer 360 is patterned, a curing
process is performed on the roof layer 360 by irradiating the
roof layer 360 with light. Since the roof layer 360 is
hardened after performing the curing process, the roof layer
360 may maintain its shape even if a predetermined space is
created under the roof layer 360.

[0136] Portions of the second insulating layer 350 and the
common electrode 270 overlapping the gate line 121 and the
thin film transistor Q are then removed by patterning the
second insulating layer 350 and the common electrode 270
by using the roof layer 360 as a mask.

[0137] Next, an inorganic insulating material such as a
silicon nitride (SiNx) or a silicon oxide (SiOx) may be
deposited on the roof layer 360 and then patterned to form
a third insulating layer 370. In this case, the patterning may
be performed such that portions of the inorganic insulating
material overlapping the gate line 121 and the thin film
transistor Q are removed. The third insulating layer 370 may
cover an upper surface of the roof layer 360, and may further
cover a lateral surface of the roof layer 360.

[0138] As the roof layer 360, the second insulating layer
350, the common electrode 270, and the third insulating
layer 370 are patterned, some of the sacrificial layer 300 is
exposed to the outside.

[0139] When a developer or a stripper solution is supplied
on the sacrificial layer 300 to completely remove the sacri-
ficial layer 300, or when an ashing process is used to
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completely remove the sacrificial layer 300, a microcavity
305 and a dummy microcavity 3054, as shown in FIGS. 15
and 16, are created at the position where the sacrificial layer
300 was previously positioned. The microcavity 305 is
disposed in the display area DA, while the dummy micro-
cavity 3054 is disposed in the peripheral area PA.

[0140] The pixel electrode 191 and the roof layer 360 are
spaced apart from each other while interposing the micro-
cavity 305 therebetween. The gate contact assistant 195 and
the roof layer 360 are spaced apart from each other while
interposing the microcavity 305 therebetween. The data
contact assistant 197 and the roof layer 360 are spaced apart
from each other while interposing the microcavity 305
therebetween. The roof layer 360 covers an upper surface of
the microcavity 305 and some of a lateral surface thereof,
and covers an upper surface of the dummy microcavity 305a
and a portion of a lateral surface thereof.

[0141] The microcavity 305 is exposed to the outside
through portions where the roof layer 360 and the common
electrode 270 are removed, and the portions via which the
microcavity 305 is exposed may be called injection holes
307a and 3075. The two injection holes 307a and 3075 may
be formed in one microcavity 305. For example, a first
injection hole 307a exposing a lateral surface of a first edge
of the microcavity 305 and a second injection hole 3075
exposing a lateral surface of a second edge of the micro-
cavity 305 may be formed. The first edge and the second
edge may face each other. For example, the first edge may
be an upper edge of the microcavity 305, while the second
edge may be a lower edge of the microcavity 305.

[0142] Next, when an aligning agent containing an align-
ment material is dripped onto the substrate 110 using a spin
coating method or an inkjet method, the aligning agent is
injected into the microcavity 305 via the injection holes
307a and 307h. When a curing process is performed after the
aligning agent is injected into the microcavity 305, a solu-
tion component is evaporated and the alignment material
remains at inner wall surfaces of the microcavity 305.
[0143] Accordingly, a first alignment layer 11 may be
formed on the pixel electrode 191, and a second alignment
layer 21 may be formed under the common electrode 270.
The first and second alignment layers 11 and 21 are formed
to face each other while interposing the microcavity 305
therebetween, and to be connected to each other at a lateral
wall of the edge of the microcavity 305.

[0144] 1In this case, the first and second alignment layers
11 and 21 may be aligned in a direction perpendicular to the
substrate 110, except at the lateral surface of the microcavity
305.

[0145] Next, when an inkjet method or dispensing method
is used to drip a liquid crystal material onto the substrate
110, the liquid crystal material is injected through the
injection holes 307a and 3075 into the microcavity 305 by
a capillary force. Accordingly, a liquid crystal layer consist-
ing of liquid crystal molecules 310 is formed inside the
microcavity 305.

[0146] The alignment layers 11 and 21 and the LC layer
may be formed or may not be formed in the dummy
microcavity 305a.

[0147] Next, a material that does not react with the LC
molecules 310 is deposited on the third insulating layer 370
to form an encapsulation layer 390. The encapsulation layer
390 is formed such that it covers the injection holes 3074
and 3075 to seal the microcavity 305, thereby preventing the
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LC molecules 310 formed inside the microcavity 305 from
being leaked to the outside. The encapsulation layer 390
may be made of an organic insulating material.

[0148] Next, a portion of the encapsulation layer 390
disposed on a boundary between the display area DA and the
peripheral area PA of the substrate 110 is removed to form
a trench 391.

[0149] To form the trench 391, a laser may irradiate a
portion of the encapsulation layer 390 disposed on a bound-
ary between the display area DA and the peripheral area PA
of the substrate 110. A lateral portion of the encapsulation
layer 390 may include a thermal distortion portion formed
by irradiation by the laser. However, the exemplary embodi-
ment is not limited thereto, and the trench 391 may be
formed on the encapsulation layer 390 by using a photoli-
thography process.

[0150] As shown in FIG. 17 and FIG. 18, an inorganic
material is deposited on the encapsulation layer 390 to form
a barrier layer 392. The barrier layer 392 is also formed in
the trench 391. Thus, the barrier layer 392 covers an upper
surface and a lateral surface of the encapsulation layer 390,
and a portion of the passivation layer 180 disposed in the
trench 391.

[0151] The barrier layer 392 may be made of a silicon
nitride (SiNX). The barrier layer 392 may be made of another
material preventing permeation of oxygen and moisture
instead of the silicon nitride (SiNx).

[0152] As shown in FIG. 19 and FIG. 20, a portion of the
barrier layer 392 disposed in the trench 391 is cut, and a
boundary between the peripheral area PA and an extra area
EA of the substrate 110 is cut. After cutting the portion of the
barrier layer 392 and the boundary between the peripheral
area PA and the extra area EA of the substrate 110, the extra
area EA of the substrate 110 is separated from the peripheral
area PA of the substrate. As a result, a portion of the barrier
layer 392 disposed on the peripheral area PA and the extra
area EA of the substrate 110 is separated with the extra area
EA of the substrate 110. That is, a portion of the barrier layer
392 disposed on the peripheral area PA and the extra area EA
of the substrate 110 is removed with the extra area EA of the
substrate 110. As shown in FIG. 21 and F1G. 22, the display
area DA and the peripheral area PA of the substrate 110
remain. The barrier layer 392 remains only on the display
area DA of the substrate 110. Portions of the encapsulation
layer 390, the third insulating layer 370, the roof layer 360,
the second insulating layer 350, and the common electrode
270 disposed on the peripheral area PA and the extra area EA
of the substrate 110 may be removed together.

[0153] In the step of cutting the barrier layer 392, a laser
may irradiate a portion of the barrier layer 392 disposed in
the trench 391. A location to be irradiated may be a portion
of the barrier layer 392 disposed on a boundary between the
display area DA and the peripheral area PA of the substrate
110. However, the exemplary embodiment is not limited
thereto. The location to be irradiated may be a portion of the
barrier layer 392 disposed on a portion of the peripheral area
PA adjacent to the boundary between the display area DA
and the peripheral area PA of the substrate 110.

[0154] A lateral portion of the barrier layer 392 may
include a thermal distortion portion formed by irradiation of
the laser. An irradiated location does not overlap the gate pad
portion GP and the data pad portion DP. Thus, damage to the
gate contact assistants 195 and the data contact assistants
197 may be prevented.
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[0155] However, the exemplary embodiment is not limited
thereto, and the barrier layer 392 may be cut by using a
mechanical method. The barrier layer may be cut without
damage to portions of elements including the substrate 110
disposed under the barrier layer 392 by using a half-cutting
method.

[0156] It is illustrated that a cutting region of the barrier
layer 392 overlaps the trench 391, but the exemplary
embodiment is not limited thereto. Alternatively, the cutting
region of the barrier layer 392 may not overlap the trench
391. The cutting region of the barrier layer 392 may be on
the peripheral area PA of the substrate 110. A portion
overlapping the barrier layer 392, the encapsulation layer
390, and the roof layer 360 may be cut. Furthermore, a
portion overlapping the barrier layer 392, the encapsulation
layer 390, and the dummy microcavity 305a may be cut.
[0157] In the cutting of the substrate 110, a mechanical
cutting method may be used.

[0158] Subsequently, although not illustrated, polarizers
may be further attached to top and bottom surfaces of the
display device. The polarizers may include a first polarizer
and a second polarizer. The first polarizer may be attached
to the bottom surface of the substrate 110, and the second
polarizer may be attached to the barrier layer 392.

[0159] Next, referring to FIG. 23 to FIG. 24, a display
device according to an exemplary embodiment will be
described as follows.

[0160] Since the display device according to the current
exemplary embodiment illustrated in FIG. 23 and FIG. 24
has substantially the same configuration as the display
device according to the exemplary embodiment illustrated in
FIGS. 1 to 4, a description thereof will be omitted. The
current exemplary embodiment differs from the aforemen-
tioned exemplary embodiment in that the barrier layer
consists of multiple layers, and will be described below in
detail.

[0161] FIG. 23 and FIG. 24 are cross-sectional view of a
display device according to an exemplary embodiment of
the present invention.

[0162] Referring to FIG. 23 and FIG. 24, a barrier layer
392 is disposed on the encapsulation layer 390. The barrier
layer 392 may cover an upper surface and a lateral surface
of the encapsulation layer 390. In the aforementioned exem-
plary embodiment, the barrier layer 392 consists of a single
layer. In the current exemplary embodiment, however, the
barrier layer 392 consists of multiple layers.

[0163] The barrier layer 392 includes a first barrier layer
392¢ and a second barrier layer 3925 disposed on the first
barrier layer 392a. The first barrier layer 392a may be made
of an inorganic material, and the second barrier layer 3925
may be made of an organic material.

[0164] The barrier layer 392 further includes a third bar-
rier layer 392¢ disposed on the second barrier layer 3924.
The third barrier layer 392¢ may be made of an inorganic
material.

[0165] In the current exemplary embodiment, it is illus-
trated that the barrier layer 392 consists of three layers.
However, the exemplary embodiment is not limited thereto.
Alternatively, the barrier layer 392 may consist of two or
more layers, including four layers.

[0166] Next, referring to FIG. 25 to FIG. 27, a display
device according to an exemplary embodiment will be
described as follows.

Jul. 20, 2017

[0167] Since the display device according to the current
exemplary embodiment illustrated in FIG. 25 to FIG. 27 has
substantially the same configuration as the display device
according to the exemplary embodiment illustrated in FIGS.
1 to 4, a description thereof will be omitted. The current
exemplary embodiment differs from the aforementioned
exemplary embodiment in that a ground pattern is further
disposed under the barrier layer, and will be described below
in detail.

[0168] FIG. 25 is a plan view of a display device accord-
ing to an exemplary embodiment, FIG. 26 is a partial plan
view of a display device according to an exemplary embodi-
ment, and FIG. 27 is a cross-sectional view of a display
device according to an exemplary embodiment taken along
the line XXVII-XXVII of FIG. 26.

[0169] Referring to FIG. 25 to FIG. 27, a display device
according to the exemplary embodiment further includes a
ground pattern 700 disposed on the substrate 110. The
ground pattern 700 may be made of the same material as the
data line 171, and the ground pattern 700 and the data line
171 may be disposed as the same layer. However, the
exemplary embodiment is not limited thereto. The ground
pattern 700 may be made of the same material as the gate
line 121, and the ground pattern 700 and the gate line 121
may be disposed as the same layer.

[0170] The ground pattern 700 may be connected to the
gate driver 500, and a ground voltage may be applied to the
ground pattern 700. However, the exemplary embodiment is
not limited thereto. That is, the ground pattern 700 may be
connected to the data driver 600.

[0171] The ground pattern 700 may be disposed on the
peripheral area PA or the boundary between the display area
DA and the peripheral area PA. The ground pattern 700 may
have a rod shape extending in a direction parallel to the data
line 171. However, the exemplary embodiment is not limited
thereto. The ground pattern 700 may have a rod shape
extending in a direction parallel to the gate line 121.

[0172] The ground pattern 700 is connected to the barrier
layer 392. The barrier layer 392 may cover the ground
pattern 700. The barrier layer 392 may be made of an
inorganic material. Particularly, the barrier layer 392 may be
made of a transparent conductive material. The barrier layer
392 may be made of a transparent metal or a metal oxide.
For example, the barrier layer 392 may be made of a material
such as an indium zinc oxide (IZO), an amorphous indium
tin oxide (a-ITO), etc.

[0173] The barrier layer 392 may be made of a conductive
inorganic material and be connected to the ground pattern
700, and static electricity may therefore be dispersed when
static electricity occurs. Simultaneously, the barrier layer
392 may prevent oxygen and moisture from permeating
through the encapsulation layer from the outside.

[0174] Next, referring to FIG. 28, a display device accord-
ing to an exemplary embodiment will be described as
follows.

[0175] Since the display device according to the current
exemplary embodiment illustrated in FIG. 28 has substan-
tially the same configuration as the display device according
to the exemplary embodiment illustrated in FIG. 25 to FIG.
27, a description thereof will be omitted. The current exem-
plary embodiment differs from the aforementioned exem-
plary embodiment in a shape of the ground pattern, and will
be described below in detail.
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[0176] FIG. 28 is a plan view of a display device accord-
ing to an exemplary embodiment.

[0177] Referring to FIG. 28, a display device according to
the exemplary embodiment includes a ground pattern 700
disposed on the substrate 110. The ground pattern 700 is
connected to a barrier layer 392 made of a conductive
inorganic material.

[0178] In the aforementioned exemplary embodiment, the
ground pattern 700 has a rod shape extending according to
a predetermined direction. In the current exemplary embodi-
ment, however, the ground pattern 700 has a dot shape. The
ground pattern 700 is not limited thereto, and the ground
pattern 700 may have various shapes. For example, the
ground pattern 700 may have an L-shape that is curved once
in a plan view.

[0179] While this disclosure has been described in con-
nection with what is presently considered to be practical
exemplary embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments, but,
on the contrary, is intended to cover various modifications
and equivalent arrangements included within the spirit and
scope of the appended claims.

What is claimed is:

1. A display device comprising:

a substrate;

a thin film transistor disposed on the substrate;

a first electrode connected to the thin film transistor;

a roof layer disposed on the first electrode and spaced
apart from the first electrode by interposing a micro-
cavity therebetween;

a liquid crystal layer positioned inside the microcavity;

an encapsulation layer positioned on the roof layer; and

a barrier layer covering an upper surface and a lateral
surface of the encapsulation layer,

wherein a lateral surface of the barrier layer comprises a
thermal distortion portion.

2. The display device of claim 1, wherein

the encapsulation layer comprises an organic material,
and the barrier layer comprises an inorganic material.

3. The display device of claim 2, wherein

the barrier layer comprises silicon nitride.

4. The display device of claim 1, wherein the thermal
distortion portion of the barrier layer is a first thermal
distortion portion, and

a lateral surface of the encapsulation layer comprises a
second thermal distortion portion.

5. The display device of claim 4, wherein

an angle between the lateral surface of the encapsulation
layer and the substrate is equal to or greater than about
80°.

6. The display device of claim 1, wherein

the substrate comprises a display area and a peripheral
area, and

the thermal distortion portion of the barrier layer is
disposed on either a boundary between the display area
and the peripheral area, or a portion of the peripheral
area adjacent the boundary.

7. The display device of claim 1, wherein

the barrier layer comprises a first barrier layer and a
second barrier layer disposed on the first barrier layer.

8. The display device of claim 7, wherein

the first barrier layer comprises an inorganic material, and
the second barrier layer comprises an organic material.
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9. The display device of claim 8, wherein

the barrier layer further comprises a third barrier layer
disposed on the second barrier layer.

10. The display device of claim 9, wherein

the first barrier layer and the third barrier layer comprise
an inorganic material, and the second barrier layer
comprises an organic material.

11. The display device of claim 1, further comprising:

a ground pattern disposed on the substrate,

wherein the ground pattern is connected to the barrier
layer.

12. The display device of claim 11, wherein

the barrier layer comprises a transparent conductive mate-
rial.

13. The display device of claim 11, wherein

a plan shape of the ground pattern is a rod shape or dot
shape.

14. The display device of claim 11, wherein

the substrate comprises a display area and a peripheral
area, and

the ground pattern is disposed on the peripheral area or a
boundary between the display area and the peripheral
area.

15. A display device comprising:

a substrate;

a ground pattern disposed on the substrate;

a thin film transistor disposed on the substrate;

a first electrode connected to the thin film transistor;

a roof layer disposed on the first electrode and spaced
apart from the first electrode by interposing a micro-
cavity therebetween;

a liquid crystal layer positioned inside the microcavity;

an encapsulation layer positioned on the roof layer; and

a barrier layer covering an upper surface and a lateral
surface of the encapsulation layer and connected to the
ground pattern.

16. The display device of claim 15, wherein

the barrier layer comprises a transparent conductive mate-
rial.

17. A manufacturing method of a display device compris-

ing:

forming a thin film transistor on a display area of a
substrate including the display area, a peripheral area,
and an extra area;

forming a first electrode to be connected to the thin film
transistor;

forming a sacrificial layer on the first electrode;

forming a roof layer on the sacrificial layer;

forming a microcavity between the first electrode and the
roof layer by removing the sacrificial layer;

forming an encapsulation layer on the roof layer;

removing a portion of the encapsulation layer disposed on
a boundary between the display area and the peripheral
area of the substrate to form a trench;

forming a barrier layer covering an upper surface and a
lateral surface of the encapsulation layer;

cutting a portion of the barrier layer disposed in the
trench;

cutting the boundary between the display area and the
peripheral area; and

removing a portion of the barrier layer disposed on the
peripheral area and the extra area of the substrate.

18. The manufacturing method of claim 17, wherein

cutting a portion of the barrier layer disposed in the trench
includes:
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irradiating, with a laser, a portion of the barrier layer
disposed on the boundary between the display area and
the peripheral area of the substrate.

19. The manufacturing method of claim 17, wherein

removing a portion of the encapsulation layer includes

irradiating, with a laser, a portion of the encapsulation
layer disposed on the boundary between the display
area and the peripheral area of the substrate.

20. The manufacturing method of claim 17, wherein

the encapsulation layer comprises an organic material,
and the barrier layer comprises an inorganic material.
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